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TetaHa JlyKawosa
CymcoKuli deprcasHull nedaeoziyHull yHisepcumem imeni A.C. MakapeHKa, YKkpaiHa

NMPOCTI YUCNA TA AEAKI NOB’A3AHI 3 HUMW NPOBJIEMMU TEOPIT YUCEN

MocTtaHoBKa npobnemu. Y Teopii yncen yac Big 4Yacy BMHMKAKOTb 3adadi, B AKMUX
BMMAra€Tbca J0BECTU TOM YM iHLLIMIN 3aKOH, LLO € NPaBUIbHUM i NepeBipeHnm ans baratbox
YACTUHHUX BUNAAKiB. AK MpPaBWAO, TaKi 3agadi € HACTIIbKM enemeHTapHMMK 33 CBOIM
3MICTOM, LLLO 3PO3YMITU IX MOXKE KOXKeH WKoaap. NpoTe He3BaXatoun Ha OMaHAMBY NPOCTOTY
bopMynoBaHHA, X PO3B’A3aHHA POKamM, a iHOAI W CTONITTAMWU He NiAAa€TbCA 3YyCUNNAM
HaMBUAATHILLINX MATEMATUKIB. YMMaNo Takux NpobJsiem CTOCYETbCA CaMe MPOCTUX YMCEN
(ams., Hanpwuknag, [1,367]).

AK BiAOMO, yCi Lini Yncna 3anexHo Big KiNbKOCTI iX 4iNbHUKIB MOXHA po34innTn Ha 4
rpynu:

— Yucha, WO MatoTb ivwe 1 HaTypanbHUIA AinbHUK (ue yncna 1 1a -1);

— Yyuchaa, AKi MaloTb PiBHO 2 HaTypanbHUX AiNbHUKK (Ue, Hanpuknag, uucna: 2, -2, 3,
-3, 5, -5,....) - ix Ha3nBalOTb NPOCTUMMU;

— 4ucna, B AKMX KiNbKICTb HaTypasbHUX AiNbHWUKIB CKiHYeHHa, ane binbwa 3a ABa
(Hanpwuknag: 4, -4, 6, -6, 9, -9,...) - TaKi YMcna Ha3UBaOTb CKNAAEHUMU;

— YMCAa, LWO MatoTb HECKIHYEHHY KiNbKiCTb HaTypasbHUX AiNbHUKIB (LLe YNCNO HY/b).

3po3ymino, WO AOCUTb PO3rnA4atM Auwe [odaTtHi uini umcna. BuHATKOBA ponb
NPOCTUX YUCEN MOACHIETbCA TUM, WO BOHW BUCTYNalOTb CBOroO poay byaiBenbHUM
MmaTepiasioM AN KOHCTPYIOBAHHA CKAaAeHUX ymcen. Tomy 1 He OMBHO, WO BOHW 3 AABHiX
yaciB 6ynm npegMeToM cnewiasibHOro BUBUYEHHS.

AHanis aktyanbHuUX AocnigKeHb. [eBHI PaKkTM MNPO KiNbKiCTb NPOCTUX 4yucen, ix
po3nogin Ta BNacTMBOCTI 6y/n BiAOMI e cTapoaaBHim rpekam. 3okpema, EBKnig y aes'sTin
KHU3I «EnemeHTiB» HaBiB MpoCTe M opuriHasibHe [A0BeAeHHA HECKIHYEHHOCTI MHOMMWHMU
npoctux yncen. MNUTaHHA WOA[0 PO3NOAINY NPOCTUX YNCEN Y HATYpPa/lbHOMY pALi BUABUNOCH
HabaraTto cknagHiwunm. 3Hagobunoca maiixKe ABi TUCAYI POKIB, WOO «OUIHUTU» KiNbKiCcTb
NPOCTUX YMcen Ta nepeadaunTn ix NoABy y HaTypanbHOMY pALi. Y BUBYEHHA LbOTO MUTAHHA
ocobnmnBuiA BHecoK 3pobunu /1. Ennep, M. ®epma, A. NlexkaHgp, K. lMaycc, M. Yebuwos,
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K.Agamap, W.Banne lycceH, |. BuHorpagos. pu ubomy cnif, 3a3HayvymTh, WO AOBEAEHHA
oKpemmx GaKTiB WOoA0 PO3NOAiNy NPOCTUX Ymcen noTpebyBano Ginbll TOHKMX iHCTPYMEHTIB
HiIX Ti, AKUMW BONOAINA KNACMYHA Teopia yucen, Ta CNMPanocAa Ha creuianbHi NUTaHHA
KOMMNAEKCHOTO aHanildy i Teopii MmoBipHOCTeN. He3Baxaloum Ha [OCUTb [OBry icTOpito
OOCNIAXKEHHSA, NPOCTi YMCNA NPUXOBYIOTb LLLE YNMANO TAEMHULb, AKI 1 AoTenep 3a/IMLWA0TbCA
6e3 Bignosig,.

MerTa cTaTTi — po3rIAHYTU HaMBIAOMILWI Npobnemu Teopii umcen, 3okpema, npobremy
po3MnoAiny NPoCTUX YNCen y HaTypanbHOMY pAAi Ta Npobaemy NOLWyYKy aHaNiTUYHOrO BMpPasy
ONA 3anUcy NPOCTUX YMCeN, a TaKOXK MOB’A3aHI 3 UMM MWUTAHHA WOAO0 NPOCTOTU AEeAKMX
cnewiasibHUX TUNIB HATYpPaNbHUX YMCeN.

Buknag ocHoBHOro marepiany. 3 yacis EBkniga, matemaTuKiB pi3HWUX YaciB LiiKaBMIO
NUTaHHA, 33 AKMM 3aKOHOM PO3MOAINATLCA MNPOCTI YMcaa y HaTypanbHOMy psaai. 3a
CN0BaMM BiAOMOro amMepuKaHCbKOro matemaTtuka, ¢daxisua 3 Teopii uncen, [oHa Uaripa,
«NPOCTi YnCNa POCTYyTb cepen HaTypasbHUX, AK Byp'aH, NiGKOPAOYMCL BUMNAAKY, i HIXTO He
MoKe nepenbaymTtu, ge BUPOCTe HACTyMHe NPOCTE YUCNO».

HepiBHOMIipHICTb po3noAiny NPoCTUX YUCEN BUABNAETLCA Y HACTYNHOMY:

— iCHY€E egMHa napa NocAiAoBHMX NpoCcTUx Yncen (2 3);

— € NPOCTi Yncna, Pi3HMUA MiXK AKMMK piBHa 2 (Ue TaK 3BaHi Yncna-6amnsHioku: 3i 5,
5i7,11i13 Towo);

—  BiAOMO, WO MiXK ymMcnamm n Ta 2n (N>7) mictutbcs xo4a 6 1 npocTe umcno (Tak
3BaHMI nocTtynat bepTtpaHa, cpopmynboBaHuii y 1845 poui. JoBeaeHHs uboro ¢akTty byno
OTPUMaHO 3HA4HO nisHiwe, y 1852 pou,i M. Yebnwosum);

— ICHYIOTb MPOMIXKKM, LLO BKAKOYAIOTb MiIbUOHM HATypaNbHUX YMcCen, cepen, AKUX
Hemae ¥ogHoro npocrtoro. Lle, Hanpuknaa, pag umcen: nt+ 2, n! + 3, ..., nl+n, B Aakomy
KOXKHE YNCA0 AinnTbeca Ha 2, 3,..., N BianoBiaHo.

AKLWO po3TawyBaTN HaTypasibHi YMCNa NO cnipani, MOXHa NobaunTh, WO NPOCTi Yncna
YTBOPIOKOTb AOCUTb A0Bri IAHLOXKKW B3[,0BXK AiaroHanen (Tak 3BaHa ckatepTMHa Ynama). Ha
PUCYHKY 1 YOPHMMM TOYKAMKM NO3HAYEHO NPOCTi Yncna.

Puc. 1
Y Teopii uncen ana nigpaxyHKy KinbKOCTI NPOCTMX YMCeN, LLO HE NePEBULLYIOTb YMCAA
X, byno yBegeHo cneuianbHy ¢pyHKLUitO, AKY nosHavaoTb 7(X). 3okpema, 7(100) =25, wo

CTaHOBUTb 25% BiA, 3aranbHOi KiNbKOCTI HATypasibHUX yucen, AKi He nepesuwytoTb 100;
7(1000) =169 - 17%, 7(10°) =78498 — 7,8%, 7(10°) =50847478 — 5,1% sia 3aranbHOro
Yyncna HaTypaabHUX YMCEN Y BKAa3aHOMY Aiana3oHi. K BUAHO, YacToTa NOSABU NPOCTUX YnUCen
3i 36iNbWEHHAM X 3MEHLYETbCA.
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X X
Y 1850p. . Yebuwos aosis, WO a|—<7r(x)<b|—, ne a= 0,921; b=1,106.
n X n X

besnocepeaHbo 3 Lboro ¢pakTy BUNANBAE, Bigoma Teopema Elnepa

lim M:O.

X—>0 X

DaKTUYHO, LLe 03HAYAE, WO NPOCTUX YMCEN Y HAaTYypaSbHOMY pPALi Mi3epHa KiNnbKicTb.
Y 1792p. Kapn Faycc, gocnigxytoum Tabaumui npocTmx yncen, 3HanwoB yHKLito, SKa

X
[lA€ [OCUTb TOYHE HAabAMXKEHHA 3HaueHb OYHKUIT 7(X): 7(X) = ny MisHiwe HUM e 6yno
n x
y cdt
3HalAeHe We Kpalle HabamxkeHHa: 7(X) =~ J‘ﬁ = Li(x).
n
2

X
Hocnigxyoun rpadikn odyHKuin y=(X) Ta y=|— MOXHa MOMITUTK, WO 3i
n x

36iNbWIEHHAM X NOXMBKA HabnuxkeHHa OyHKuii Y =7(X) 3meHwyeTbca. Lei dakT 6yno

06rpyHTOBaHO Yy 1848p. YebMwoBUM, AKUI1 40BIB, WO
. X
lim 7(x) =1,

x—wo X

In x
32 YMOBMW, L0 rpaHnLA iCHYE.
OcTaHHA PiBHICTb BUPAXKa€E aCMMNTOTUYHWUIA 3aKOH PO3MOAiNy MPOCTUX 4Yucen Ta

X L
03Hauvae, wo OyHKuii y=7(X) Ta yzl— aCMMMTOTUYHO PiBHi, TOBTO «MNOBOAATL» cebe
n X

MaliXKe 0HaKOBO Ha HECKiHYEeHHOCTI.

IcHyBaHHA BKa3aHOI BWLLE rpaHuUi byno posBedeHO Mmaiixke 4epes 50 pokis
K.Agamapom Ta L. Banne MNycceHOM i3 BUKOPUCTAHHAM YHKLIii KOMMNAEKCHOT 3MiHHOI Ta
AOCNiaXKeHHi noBeAiHKM A3eTa-PyHKLUii PimaHa

1
g(X):H—l,XEC.
P 1—

X

p

EnemeHTapHe poBefeHHA QACMMMOTOTUYHOTO 3aKOHy 6yno OTpuMMaHO nuvwe vy

1949 poui A. Cenbbeprom Ta I. Epgbowem. AK Hacnigok 3 acMMNTOTUYHOFO 3aKOHY

po3noAiny MpPOCTUX YMCen BUNAMBAE NocnabneHHAa noctynaty bepTpaHa npo Te, wWwo B
iHTepBani Mixk X Ta (1+ &)X,& > 0 3HalAEeTbCA XO4 OAHE NPOCTE YMUCAO.

HacTynHe nuWTaHHA, WO MNOCTaE MNPW BUBYEHHI MNPOCTUX uYMcen nos'A3aHe 3
BU3HA4YeHHAM, YM Byae 3agaHe ymcno N npoctum. [ns uboro cnig 3'scysatu, um 6yayTtb oro

AiNbHUKaMM NPOCTi YMcna, WO He NepeBuLLyHOTb Jn . OcranHii dakT 6yno obrpyHTOBaHO
BisoMMm maTtemaTukom CepeaHboBivus JleoHapao ®PiboHauui.

MeToa 3HAXO4XKEHHA MNPOCTUX 4YMCen Y BKa3aHOMYy Jiana3oHi Ta CKNALAHHA
BiANoBigHMX Tabauub NPOCTUX uuncen 6OyB 3anpPoNOHOBAHMM HanpukiHui lllct. go H.e.
EpatocheHom KnpeHcbKnm. BiH nonsarae y nocnigoBHOMY BUKPECAIOBAHHI YMCeN, KPaTHUX 2,
3, i 1.4. | HasuBaeTbcsa pelweTom EpatocdeHa. Mpu UbOMY HEBUKPECAEHUMM 3aNMLLATHCA
AKpa3s NpocTi umcna.

2, 3, 4 5 6, 7,8 916
11, 12, 13, 14, 15, 16, 17, 18, 19, 20....
3a3Haunmo, Wo 3i 36inblIEHHAM N BKasaHWI cnocib cTtae HenpuaaTHMM. Y Halw 4ac
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CHYE UiNa HM3Ka 6inbll epeKTUBHMX i WUBUAKMX METOAIB NepeBipKM NPocToTH Yncna n. Ona
uboro byayeTbcA NOCNiI[OBHICTL
2k;, 2k; <n,

ko =1 Kk, Kk,,..k,,, ae ki, = 2K, —n, B HIIOMY BHIAJIKy

i=01.n-2

Akwo Kk, , #1, To N - cknageHe, B iHWOMY BWMAAKY NWUTAHHA 3a/NULLIAETLCA

BIAKPUTUM. BKasaHuit cnocib rpyHTyeTbCcA Ha Maniin Teopemi ®Pepma i 6y Bigomui
maTemaTuKam ctapogaBHboro Kutato.

MontoBaHHA 3a MNPOCTUMM 4YMcNaMu Habpano obeptie y 17-my crtonitti. Mepuuy
Tabanuto npoctux umcen (Big, 2 ao 713) cknas AHToHIio Katanbai (1608p.). Y 1668p. Mennb
3HaliWoB npocTi uncna y mexax 10 Tucau. Y 1770p. Moran Nlambept onybnikysas Tabauuio
HaMMeEHLWKNX NPOCTUX AiINbHUKIB YNCen, Wo He nepesunLLytoTb 102 Tucau.

[o cepeanHu XIX cT. 6ynm cknageHi tabauui npoctux uncen Ao 1 maH. 3oKpema,
npodecop MpasbKoro yHisepcuteTy AKy6 Kynumk 3HanwoB npocTi uncna go 100 maH. Ue
3aMHANO 7 TomiB. Y XXCT. amepuKaHuem Jlemepom Ta Moro ydyHAMK Byno 3HalaeHo npocTi
ymcna B mexax go 10 mapg,.

CKNnagHiCTb nepeBipKM 4YMcen Ha NpoOCTOTYy CNOHyKasna 6araTbOX MaTemaTukis
NOCTaBUTM MUTAHHA NPO Nowyk Gopmynn, Aki 6 reHepysanu npocti uncna. Taki bopmynu
NponoHyBanucb 6araTbMa BYEHMMM, MNpoTe y 6araTbOX BMMALKAX BOHM AaBanu nuvwe
CKiHYEHHE YMC/I0 MPOCTMX 3HAYeHb. 30Kpema, HacTynHi GopMy/aN FeHepyoTb NPOCTi YMcaa
ONA BKa3aHUX 3HA4YeHb N:

P=2n*+29 — JlexaHap (Npu [AOBINbHMX HaTypasbHUX 3HAUYEHHAX apryMeHTa

n=0,1,...,29);

p=n®+n+41 —Einep (n=0, 1,...39);

p=n?—-79n+1601 — EckoT (N=0, 1,...79) [1, 36].

Y 3B'A3Ky 3 UMM Big3HauyMmo npobnemy JlexkaHapa (XVII cT.) npo Te, WO KoXHa
apudMeTMYHa Nporpecis, PisHULA | NepLUIMA YNeH AKOT B3AEMHO NPOCTi, MiCTUTb HECKIHYEHHY
KinbKicTb npoctux uucen. Tobto, mHorouneH 2+3n reHepye 6e3niy npoctux uucen. Lle
TBEPAKEHHS 6yno goseaeHo nuiie yepes 100 pokis JlexkeHom [ipixne.

Y 1752 p. Fonbabax nokasas, L0 KOAEH MHOroYieH Bifd, OAHIEl 3MiHHOI 3 Ui MMM
KoedilieHTaMN He MoXKe HabyBaTK AnLLe NPOCTUX 3HaYeHb. MpoTe 1 J0Ci HEBIZOMO, UM iCHYE
MHOTro4Y/1eH Big, ogHiel 3miHHOI (OKpiM NiHIMHOro) cepes 3HayYeHb AKOro byae HecKiHYeHHa
KiNbKICTb NMPOCTUX 4YMcen npu AO0BINbHWUX HATypanbHUX 3HAYeHHAX aprymeHTta [1, 36]. 3
iHWworo 60Ky, BiAOMUIA Linni pas GyHKLUiN, WO NPKU BCiX HAaTypasibHUX 3HAYEHHAX aprymeHTa
HabyBaloTb NMLIe NPOCTUX 3HaYeHb. 30Kpema, we y 1947 poui Minnc goBiB, WO iCHYE TaKe

AincHe yncno A, 6inbwe 3a 1, wo 4yncno [Asn] € npoctum ans Bcix N € N. Ha *Kanb, HixTO I
[0Ci He 3HaE, YoMy A0PiBHIOE A.

Y 1952 p. Axynia PobiHCOH AoBena, WO iCHYE eKCMOHeHLUia/iIbHUIM MHOToYNeH Big,
KiIbKOX 3MiHHMX, MHOXWHA 3Ha4yeHb SIKOTO ANA HaTypasibHUX 3HAYEHb apryMeHTiB 36iraeTbca
3 MHOXWHOI npocTtux uncen. Ha niacrasi uboro y 1970p. HOpin MaTisaceBnY CKOHCTpYytOBaB
MHOrouYneH 25-ro creneHs 3 26 3MiHHMMM, 3HAYEHHA AKOTO B LLI/IMX TOYKAxX OA€ nLe NpPoCTi
yucna.

OgHy 3 dopmyn Ana 3agaHHA NPOCTUX YMCeN 3anponoHYyBaB CBOMO 4Yacy Bigomui
dpaHUuy3bkM maTemaTuKk [l.depma. BiH BMCNOBMB npunyweHHA, WO BCi 4Yucna Buay

F = 2% +1, ae n=0,1, 2, 3, ..., byayTb npoctumu. Lle niaTBepAXKyBanoch TMM, LWo npu N =0,
1, 2, 3, 4 dopmyna cnpaBai gasana npocti umcna 3, 5, 17, 257, 65537. HactynHe uuncno,
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F =27 11= 4294867297 , Bbyno HacTinbkn Bennkum, wo Pepma He 3mir BCTAHOBUTU, €
BOHO MPOCTMM, um Hi. Y 1732 poui Einep nokasas, wo e 4nucno cknagene (6o K pinntbea
Ha 641) i TMUM camum cnpocTyBaB rinotesy Pepma. OKpim Toro, Ennep 3HaMwWoB 3aranbHUM
KpuTepii nepesipkn Toro ¢akTty, un € uncno F, cknageHum i OOBIB, WO yCi HaTypanbHi
ninbHukn uncna F. mictatbea cepep uncen suay 2% -k +1 (e k=0, 1, 2,...) [3, 65].

MisHiwe uncnammn F, novann Hasueatn yucaamu Pepma. HuHi Bigomo Bxe 46
cKnageHux uyucen ®epma. Takummn €, Hanpuknag, Ko, F K, FL Fe FoFso FusFioss:
Cepep, HUX € YMCNa, ANA AKMX MOBHICTIO 3HAMAEHO BCi X NPOCTi AiNbHUKK (HanpuKknag, ansa
F.ta Fg); ana akvx 3HaiAeHo nvile oAMH NPOCTUIA AiNbHUK (Hanpuknag, ans uncna Fg,q),
a € 1 TaKi, ANA AKUX LWe He 3HANAEHO KOAHOro NPOCTOro AiNbHMKA, X04a TOYHO BiAOMO, LLO
BOHW iCHYIOTb (Hanpuknag, ana F,, F,, F,) [2, c 25].

Ona ysBneHHA TrpPaHAIiO3HOCTI TaKMX PO3paxyHKiB CAig 3ayBa*kKUTW, WO YMCNO
F36=2236 +1 mictutb 6inbw sk 20 minbapais umMdp, a Hanbinbwe 3 BIAOMMX CKNAZEHMUX

uncen depma Fy,, Mae 6inbw Ak 10°82 uudp. Y 70-TUX poKax MUHYNAOrO CTONITTA 6yno

21947

3HaAEHO OAMH MPOCTUIA AiNbHMK ANA UbOro Yucna, a came: p=>5- +1. Ans uboro,

.o o . 1947
cnuparounc Ha Kputepiit Einepa, umcno Fg,s ainmam Ha uucna sugy 2 -K+1 3a

[0MOMOrolo creuiasbHo 3anporpamoBaHux EOM [3, 65].
Mi3Hiwe, AK NonpaBKy A0 TBepAKeHHA Pepma, 6yno BUCNIOBAEHO NPUNYLLEHHSA, WO

»2 222
yci unenn nocnigosHocti 2+1, 2241, 222 +1, 2% +1, 2° +1, .. npocTi. MNpote, y

2
1953 poui 1 uto rinotesy byno cnpoctoBaHo. Buasnnoce, Wo n’are ymcno — F16=2222 +1 Hee
npocTum (ioro ainbHukom € umcno 2'%-3150 +1) [3, 71].

MpocTi uncna Pepma TicHO NoB’A3aHi 3 PoO3B'A3YBAaHHAM OAHIEI 3 HaMUiKaBiLWIMX
npobnem reometpii. MaeTbca NPo MOMAMBICTL NOBYA0BM MPaBUAbHUX MHOFOKYTHMKIB 3a
OO0MOMOrol UMPKYyNA M NiHinkn. Po3B'A30K Uiei 3agadi, 3HageHMin Tayccom, nondArae y
HacTtynHomy (amB. [2, 28]): npasunbHuUli MHO20KYmMHUK Moxce bymu nobydosaHull 3a
donomozoro yupKyna U niHiliku modi i minbKu modi, Koau KinbKicme (io2o cmopiH 0opieHOE
006ymkKy 2 y byOb-KOMYy Uinomy Hegio’eMHOMY cmerneHi i pi3Hux npocmux yucesn depma.

TakMM UYMHOM, KifNbKICTb CTOPIH NPaBUABHOTO N-KYTHMKA Ma€E [AOpPiBHIOBATU:

n=2" PPy P (me k=0, 1, 2, 3, ..., @ P, Pys-ry Pp- — PIi3HI NpoCTi uncna depma).
Hanpuknag, npu k=0 i p=F =5, n=5,a npu p=F, =17, n=17. Omxe, 3a AONOMOrot
UMPKYNA " NiHIMKM MOXKHa nobyayBaTu nNpaBuAbHi: 5-KyTHWMK, 10-KyTHUK, 17-KyTHUK,
npasuabHnit 85-kKyTHUK, 340-KyTHWK i T. 4. Cnig Big3Haumtn, wo cepeg 1000 nepimx

3HaYeHb 11 € BCbOro 54 ymcna Takoro Buay.
[HWOW BaK/NIMBOI TFPYMOO HaTypasbHUX YUCEN € TaK 3BaHi Yyucna MepceHHa. Lle

uncna sugy M, =2"-1, ne n — posinbHe HaTypanbHe Yncno. CBOO HA3BY BOHU OTPMMAM

Ha YyecTb PpaHLy3bKkoro matematmka XVII ctonitra M. MepceHHa, Akuin y poboTi «dDisnyHo-
MaTeMaTU4Hi po3aymun» CTBepaKysaB, WO uncna M, ana N <257 6yayTb NpocTUMMU nule

npu n= 2,3,5,7,13,19,31,67,127,257. 3a3HauMmo, wWo Yy 6araTtbox BuNaAKax MepceHH
NOMUANABCA.

3 Bigomoi popmynn a* —b* =(a—b)-(@“* +a*? -b+..+a-b*? +b**") sunausae, wo

2" —1=2""4+2"%+ ..+ 2% +2' +1, T06T0 uncno MepceHHa M, MOXKHa BU3HAUMTU AK CyMy

33



PHYSICAL & MATHEMATICAL EDUCATION issue 2(5), 2015

N Neplmnx YneHiB reomeTpuuHoi nporpecii 1, 2, 2%, 2°, 2%, ... . 3 ujiei bopmynn Bunavsae
TaKoXK, Wo ana cknageHoroumcna n=k-1, ge k>1, 1 >1
2" —1=(2")Y-1= @' -DE'*P +..+2? +2' +1),
10670 2" —1 pinuTbca Ha 2' —1. Omke, 2" —1 Moe BYTW MPOCTUM YUCIOM NULLE TOZ], KONM
N — NpoCTe YUCno.
JOBrnin yac BBa)Kasiocs, WO NPaBUIbHUM € 11 obepHeHe TBepAMKeHHs, TobTo ans
6yab-akoro npoctoro N, umcno M, Takox € npoctum. Mpote, y 1536 poui 6yno goseaeHo

CknageHictb uncna M, = 21 —1=2047 =23-89 (I. Periyc ), y 1640 poui —cKnageHicTb Yncen
M,, Ta Mz7(Pepma), ay 1738 poui —uncna Moo (Eiinep).
Mpu BEMKMX 3HAYEHHAX N BCTAaHOB/NIEHHA TOTO, UM € BiANOBiAHE Yncno M, npoctum,

BMMarae sesnyesHmx obumcneHb. Y Haw 4Yac Bigomo BCcboro 35 npoctux uncen MepceHHa.
TpvBanuii yac (axk Ao 1952 poky) HaibiNbWKMM 3 HUM BBaxkanocs umcno Mi127=2%"-1, wo
mano y csoemy 3anuci 39 umdp. MpoctoTy uboro yncna 6yno BcTaHoBseHO y 1876 poui
MmaTemaTMkom JTtoKa. MepeBipKa cnupanaca Ha HacTynHi TBePAKEHHA:

1) dsa HenapHoeo n 4yucao M, npocme modi i minbKu Modi, Koau 8oHo dinume K1,
de Ku+1=K,’>—2 i K1=4 (kpuTepiii Jlioka-/lemepa);

2) AKWO N — npocme 4ucsno, Mo 8Ci HamMypasnbHi OinbHUKU yucaa M, maromes
euenad 2-n-k+1 (0ek=0,1, 2, 3,...).

Hanpuknag, M3=23-1=7 € pinbHukom K>=14, M5=2°-1=31 € pinbHukom K4=37643,
TOMY 33 NepLwnMm i3 TBepaKeHb uncna Mz ta Ms— npocrTi.

Cnupatoumcb Ha Apyre TBepAMEHHA, MOXHa 3HAaWTW BNACHI AiNbHUKK yncna M . Tak,

ANnA umcna Mi1 HUMM € umcna 231 89: 23=2-11-1+14(k =1), 89=2-11-4+1(k =4). MoHa
NnepeKkoHaTUChb, WO W AiINbHUKKM Yncna M, TaKOXK 33[,0BO/IbHAIOTL BKasaHe TBEPAMKEHHA:

193707721 =2-67-1445580 +1, 7618382572 87 = 2- 67 - 5685360129 +1.

3aBAAKN eNeMeHTapHOCTi nepeBipku KpuTepito Jlioka-/lemepa Ha Komn'toTepi,
NOCTIMHO 0BYUCNIOTLCA HOBI NPOCTI Yncna MepceHHa, AKi HUHI € HaNBiNbWMMK 3 BiSOMUX
NPoCcTUX umcen. 30Kpema, OCTaHHE BiAKpuTe npocTte uyncno MepceHHa Mizggze9 MICTUTL Y
CBOEMY AecsTKoBOMy 3anuci 420921 3Hakis. LLLo6 BMicTUTU Lie YyMcno, 3HaA0buTbea 61M3bKO
120 »KypHanbHUX CTOPIHOK!

BigKpUTTA KOXXHOrFO TaKOro 4Mc/ia CTAE CNPABXKHbOK CeHcauieto. Tak, Ha 4ecTb
BiAKpMTTA 23 npoctoro uucna MepceHHa 21212 —1 B  064YMCNIOBANbHOMY  LLEHTPI
InniHoMCbKOro YyHiBEpPCUTETY, Lel YyHiBepcuTeT 306pasveB MOro Ha CBOEMY MOLITOBOMY
wremneni, a BiaKpUTTA 25 Ta 26 uynmcen MepceHHa CTano CMAPaBXKHbLOKW Tenesi3inHow
ceHcaueto [4].

IHbopmaLito Npo BigAOMI y Haw Yac NPoOCTi YyMcna MepceHHa HaBeAeHO HUKYe Yy
Tabnanui 1 [4].

Tabnuua 1.
Mpocmi yucna MepceHHa

Ne n 3Hakie y My Pik 8iokpumms Biokpusay
1 2 1 - -

2 3 1 - -

3 5 2 - -

4 7 3 - —

5 13 4 1456 -

6 17 6 1588 KaTtanbai
7 19 6 1588 KaTtanbai
8 31 10 1772 Einep
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Ne n 3Hakie y My Pik 8iokpumms Bidkpueay

9 61 19 1883 MepByLWnH

10 89 27 1911 Mayepc

11 107 33 1914 Mayepc

12 127 39 1876 JloKa

13 521 157 1952 PobiH30H

14 607 183 1952 PobiH30H

15 1279 386 1952 PobiH30H

16 2203 664 1952 PobiH30H

17 2281 687 1952 PobiH30H

18 3217 969 1957 Pisenb

19 4253 1281 1961 l'ypsiy,

20 4423 1332 1961 M'ypsiy,

22 9941 2993 1963 Oxunic

23 11213 3376 1963 Lxunic

24 19937 6002 1971 AKepMmaH

25 21701 6533 1978 Honn, Hikenb

26 23209 6987 1979 Honn

27 44497 13395 1979 HencoH, CnoBiHCbKUI
28 86243 25962 1982 CNnoBiHCbKUM

29 110503 33265 1988 KonksiT, Yenuw

30 132049 39751 1983 CNnoBiHCbKUM

31 216091 65050 1985 CNnoBiHCbKUM

32 756839 22732 1992 CnoBiHcbKuiA, Nengx
33 859433 258416 1994 CnoBiHCbKUI, MenaxK
34 1257787 378632 1996 CnoBiHCbKUIA, MenaxK
35 1398269 420921 1996 ApmeHraya

36 2976221 895932 1997 CneHc, BonbTmaH
37 3021377 909526 1998 Knapkcon, BonbTmar,

KypoBcbki
38 6972593 2098960 1999 Xapmparsana
BonbTmaH, KipoBcbKi
39 13466917 4053946 2001 Kamepow
BonbTmaH, KypoBCbKi

3 uncnamm MepceHHa TiCHO MOB'A3aHi Tak 3BaHi AOCKOHaAi uyucna. JockoHaaumu
Ha3MBaOTb YNCNA, AKI LOPIBHIOOTb CyMi CBOIX BIACHUX AiNbHMKIB. CTapoaaBHiIM rpekam 6ynu
Biflomi 2 nocKkoHani uncna: 6 i 28. Hikomax lepacbkuit (I-1l cT.) 3HaMWOB We ABa TakKMX Yncna:
496 Ta 8128. l'aTe AgoCKoHane uymcno byno Biakpute ax y XV cT. Y Haw yac Bigomo
40 fOCKOHANMX Yuncen.

Y IX KHM3i EBKAig, HABOAUTb HACTYMHE TBEPAKEHHSA.

MapHe 4ucno byde OOCKOHAAUM MOOi | MinbKu moodi, Koau B0HO MJE 8U2/[0:
2" M o, Ae M, —npocme yucno MepceHHa.

OTKe, 3a4a4a 3HAXOAXKEHHA AOCKOHANMX YNCEN 3BOAUTLCS A0 3HAXOAKEHHS MPOCTUX
ymncen MepceHHa.

3apas BiAoMO, L0 BCi NapHi AOCKOHa/i YMcaa 3akiHvyoTbcA abo Ha 6, abo Ha 8, npoTe
HeBiAOMO, 4YM IiCHYIOTb HenapHi AO0CKOHani uymcna. HesBarkatouM Ha Ue, € UiAnKA pag
B/IaCTUBOCTEN TakKuX Ymcen. Y 3B's3Ky 3 uMm BanbTep bopo BiamiTUB, WO NpaLi, NpucBAYEHi
HenapHMM AO0CKOHA/IMM YMCNAM HaraayloTb NMOAOBAHHA 33 NPUBUAOM: HIXTO MOro He 6ayms,
npote € 6arato gocnigKeHb Toro, AK BiH HE MOXE Burnagatu.

Mpobnema noOLWyKy riraHTCbKMX MPOCTUX YMcen nos'A3aHa 3 npobnemoro posKnagy
CKNAAEHUX YMCeN HA MHOMHMKM i LUMPOKO BUKOPUCTOBYETLCA Y HAC Yac B Kpuntorpaodii ana
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CTBOPEHHA HAAiNHMX WrdpiB. 3a3HAYMMO, WO A0 MOLYKY FiraHTCbKMX MPOCTUX YUCEN MOXKE
OONYY4UTUCA KOXKEH OXO4Yuii, CTaBlM 4YieHom acouiauii Great Internet Mersenne Prime
Search.

MpocTi Yncna NpMxXoBYOTL LTy HU3KY TAaEMHULL. 30KpeMa, i 40Ci HEeBIAOMO:

— uyun byae MHOXKMHA Yncen-611M3HIOKIB CKIHYEHHOHO;

—  UYM € MHOXWHa NPOCTUX uncen MepceHHa HeCKiHYeHHO1D;

—  AKWO MHOXMHA npocTuX uymcen MepceHHaA HEeCKiHYeHHa, 3HanTU QyHKLUito,
aCMMNTOTUYHO piBHY QYHKLiT po3noainy npoctnx uncen MepceHHa;

— 4YnicHyoTb npocti yncna Pepma npu N >5;

— uyun byae MHOXMHA npocTux Yncen epma CKiHYEHHOIO;

— YK BCi HEOANHUYHI AiNnbHMKM Yncen epma — NPoOCTi;

— 4n Bbyae MHOXKMHA CKNageHux ymcen MepceHa HeCKiHYEHHOI0;

— YK iCHYIOTb HEeMapHi 4OCKOHaNi YMCcna TOLLO.

Po3B’A3aHHA KOXHOI 3 uUMX Npobnem [03BOAUTL Kpalwe 3pO3yMiTUM BAACTMBOCTI
NPOCTUX YNCEN Ta NPOHUKHYTU Y iX TAEMHULL.
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AHomayis. /lykawoea T.4. Mpocmi yucna ma Oeski noe’asaHi 3 HUMU npobaemu
meopii Yyucen.

Cmammsa npucesvyeHa 02180y Oesakux npobaem Kaacu4yHoi meopii 4ucesn, wo
noe’asaHi iz npocmumu Yucnamu. 30Kkpema, pPo321900EMbCA MUMAHHA PO3M00iny npocmux
yucen y HamypanobHoMy pA0i ma nowyky aHaaimu4yHo2o supasy, akuli bu eeHepysas npocmi
yucaa. 3Ha4yHy ysazy y cmammi npudineHo 02180y enacmusocmell ducen Pepma ma
MepceHHa, HasedeHo Kpumepili /lloka-/lemepa nepesipku yucen MepceHHa Ha npocmomy, a
MAKOX BKA3AHO 8i00OMi HA CbO20OHIWHIl OeHb npocmi uucna MepceHHa. HanpukiHyi
po3ensHymo Oeski enacmusocmi OOCKOHAAUX HAMypasnbHUX 4ucesa ma HABEOEeHO
Haligidomiwi i3 Hepo3e’a3zaHux npobsem meopii Yucesn, WO MO8’A3AHI i3 po3enaHymumu y
cmammi Kaacamu yuces.

Knwouosi cnosa: meopia 4ucesn, npocmi yucaa, po3nodin npocmux 4yucea y
HamypaneHoMy padi, npocmi uyucna Pepma, npocmi 4ucna MepceHHa, npocmi 4ucna-
61u3HIOKU, OOCKOHAsTI Yucna.
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AHHOmayusA. /lykawosea T.[]. lpocmeble yucaa u HeKomopeole C8A30HHbIe ¢ HUmu
npobaembl meopuu 4ucen.

Cmames nocesvyeHa paccMompeHuro HeKomopbix npobaem Kaaccudyeckoli meopuu
yuces, Komopele C8A3GHbI C MPOCMbIMU Yucaamu. B yacmHocmu, paccmampusaemcs
npobnema pacnpedeneHus NpPOCMbIX 4Yucesn 8 HAMypanabHoM pady U MOUCKA
aHAAUMUYECcKo20 8bipaiceHusa, Komopoe bbl 2eHepuposaso rnpocmele 4vucaa. Ocoboe
BHUMOHUE 8 cmamee ydesieHO paccmMompeHuro ceolicme 4ucen ®Pepma u MepceHHa,
npusedeH Kpumepuli /lloka-/lemepa nposepku 4ucesn MepceHHa Ha npocmomy, a Makice
YKA3QHbI U3BeCMHble HO ce200HAWHUl 0eHb rpocmesle Yucaa MepceHHa. B KoHUe cmameu
paccmompeHbl Hekomopele ceolicmea cosepweHHbIX HamypasabHUX 4ucesn U rpusedeHsl
Haubonee u3sBecmHble HepeweHHble npobsemMsbl meopuu Yuces, CBA3QHHbIE C
PACCMOMPEHHBIMU 8 CMAMBbE KAACamMu Yucesn.

Knrouessble ca108a: meopus Yuces, npocmele Yucaa, pacrpeodesneHue npocmsix Yucesn 8
HamypaneHom pAdy, npocmele yucaa Pepma, npocmeie Yyucaa MepceHHa.

Abstract. Lukashova T.D. Primes and some other related problems of number
theory.

Article looks over some classical number theory problems connected with primes. In
particular, under the consideration such problems like the problem of the distribution of
primes in natural series, the problem of research the analytical expression that would
generate primes. Special attention is paid for viewing the properties of Fermat and Mersenne
numbers,is given the Lucas-Lehmer criterion for checking Mersenne numbers on simplicity,
also are denoted the Mersenne primes, known nowadays. In the end considered some
properties of perfect natural numbers and are given the most famous unresolved problems of
number theory, connected with the classes of numbers reviewed in the article.

Keywords: Number Theory, Primes, the distribution of primes in natural series, Fermat
primes, Mersenne primes, twin primes, perfect numbers.
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