B.C.flpom

Pemenue ocodoro Bonpoca
TEOPUH YHUCEJ

Kparkoe BBeaenue

MareMaTu4eckne 10Ka3aTeJbCTBA MOTYT ObITh HHAYKTUBHBIMH U
AeAyKTHBHBIMH.

Ecun noxazaresibcTBO 0epéT cBOE HAYAJI0 B HeIpaxX HATYPAJbHBIX YHCeJI U MOCTeNeHHO
MOJAHMMAETCS HA YPOBEHb CJI0KHBIX MaTeMaTH4ecKuX (popM, TO TaKOe I0KA3aTeJIbCTBO
SIBJIsIeTCS] MHAYKTHUBHBIM . OHO Beerja 3akaHunBaercs GopMyJaamMu 1Jisl BLIYHCJICHUS
noxKazyemMoro (akra.

Ecan nokazareqbcTBo 0epéT cBOE HA4aJI0 B CJI0KHOH MaTeMaTH4Yeckol ¢opme U nbITaeTcst
BbIITH Ha GopMy.Ty MM HA (POPMYJIbI VI BBIYUCJIEHHS I0Ka3yeMoro (pakra , To Takoe
A0Ka3aTeIbCTBO Ha3bIBaeTcCH AeAyKTUBHbIM. EMy 04eHb TPY/IHO BBITH HA BBIYHCJIsIEMBbIH
pe3yJabTar.

NHaykTHBHOE 10Ka3aTeIbCTBO BBIPACTAET €CTECTBEHHBIM MMYTEM , KaK CTBOJI JiepeBa
BbIPACTAET U3 COOCTBEHHBIX KOPHEH.

JenykTuBHOE 10KA3aTEIbCTBO 0€PET CBOE HAYAJI0 B «BETOUYKE» MATEMATHYECKOI0 peBa ,
NBITAsICh BBIATH K €ro0 CTBOJIY , IPOOHUBAsICh CKBO3b BCTPEYHbIE IOTOKH , IOJHUMAIOIIHECS
U3 KOpHeil ApeBa.

IIpumMepoM HHAYKTHMBHOIO I0KA3aTEJbCTBA MOKET CJIYKUTh 3JIeMEHTApPHOe
nokazareabcTBO [locaeaneit Teopembl [Ibepa @epma (1oka3aTenbeTBo SApoma), 6Gepyiuree
CBO¢ HAYAJI0 B HeAPAaX HATYPAJIbHBIX YHCE W 3aKaHuYMBawoumeecs popmyaamu aist
BbIYHCJIEHUS] 0€CKOHEYHbIX MHOKeCTB KOpPHeii ypaBHeHusi ®epma..
IIpuMepom 1eyKTHBHOIO I0KA3aTeJbCTBA MOXKET CJIYKUTH J0Ka3aTejbcTBO Ilocaenneit
TeopeMbl (I0Ka3aTeJbCTBOY ailyica) , Oepyliee CBOE HAYAI0 B MATEMAaTHYECKUX 3apPOCJIfAX
JUIMNTHYECKUX KPUBBIX U He 3aKaHYnBawueecs: GopMyJiaMu /151 BbIYHCICHUSA
AoKasyemoro (axra.

«YTo Takoe MmaTeMaTuka? MaTreMaTHKa COAEP:KUT B cede

4epThl BOJICBOM AeATeIbHOCTH, YMO3PUTEIBHOI0 PACCYXKACHUS

U CTPeMJICHHUS K ICTETHYECKOMY coBepleHCcTBY. E€ 0CHOBHBIE
U B3aMMHO NPOTHBOIOJIOKHbIE 3JIEMEHThI — JIOTUKA U HHTYHLHS,

AHAJIU3 U KOHCTPYKUHS, O0IIIHOCTH U KOHKPETHOCTD... TOJbKO

COBMECTHOE /IeliCTBHE 3THX NMOJSIPHBIX HA4YaJ U 00pb0a 3a X CHHTe3
00eCcreYuBaloT )KU3HEHHOCTD, M0JIe3HOCTh U BHICOKYI0 IECHHOCTh
MaTeMaTH4eCKOH HAYKN»
Richard Courant and Herbert Robbins.

Moé pemenue npodsaembl Conjecture Beal ocHoBaHO Ha eTUHCTBeE
UHTYUIUN, JIOTUKH U T€OMEeTPUIECKOl MHTEePIPeTAIMU ITHX
CBOIICTB pa3yma.

I'eomeTpuyeckasi HHTepHpeTanus — B cOOTBeTcTBUM ¢ [IpuHIUmom
BceoO1el (reoMeTpu4ecKoil) KOBAPUAHTHOCTH, KOTOPbIHA MOAPOOHO
ONMCAH HA CTPAHUIIAX:
http://yvsevolod-26.narod.ru/index.html



http://yvsevolod-26.narod.ru/index.html

http://yvsevolod-27.narod.ru/index.html
®opMy.ibl, KOTOPBIMH f I10J1b3YIOCh, CKOHCTPYHUPOBAHBI MHOU B
IOJITHOM COOTBETCTBUM € YIIOMAHYTBIMH BbIlI€e NOJASAPHBIMHA
CBOMCTBAMM MAaTEeMATHYECKON HAYKH.

Kypanrt u Po00uHC nosiararwr:
«/loka3zaTeJIbCTBO CYlIeCTBOBAHUS TPAHCUEHAEHTHBIX YK cel
emé 10 Kanropa 0b110 1ano K.JInyBuiiiem. OHO 1aéT BO3MOKHOCTH
HA CaMOM [iejie KOHCTPYMPOBAaTh NpUMepbl TAKUX yucel... KoHcTpynpoBaTh
npumMep, Bood1e roBOpsl, CJI10KHee, YeM I0KA3bIBATh CyIlleCTBOBAHME.)

Mou ¢opmyJibl, NpUBeIeHHbIE HUAKE, O3BOJAKT KOHCTPYMPOBATH, KAK 0€CKOHEUYHbIe
MHOKeCTBA YHiCceJ HATYPAJIbHBIX H PANMOHAJIBHBIX, TAK U 0€CKOHEYHbIe MHOKECTBA
YyHceJ MPPALHOHAIbHBIX.

HNmest B BUY U3J105KEHHOE, MIEPEiIEM K pACCMOTPEHHUIO MPO00JaeMbl.
CyTb €€ cocTonT B ciIeAyIOLIeM.

Conjecture Beal He Bkirouaer B ce0st BOIPOC 0 KOJIHYECTBE TPOEK
neJbix yucesa (A.B,C) , koTopble MMEIOT 00LIIHE MHOKUTEIH H
KOTOPBbI€ YA0BJICTBOPSIOT YPABHCHUSIM:

A" +BY =C*
APx+By =C'z

Bomnpoc o0 komnuecTBax Tpoek (A,B,C) - 310 0c00BIM BONIPOC,
pemaembiii BHe Conjecture Beal.
Tem He MeHee 51 peliar 3TOT BONMPOC HA TOT CJAY4Yal, eCJIU KAKOH-TO
ONMOHEHT 3aX04YeT MOCTABUTH TAKOW BONPOC HA MYyTH NMPU3HAHUS
MOero J0Ka3aTejbcTBa cnpaseaiuBoctu Conjecture Beal.

Pemenue ocodoro Bompoca.

N pemienune Conjecture Beal , u pemienue 0co00ro Bonpoca 6epyr
CBO¢ HAYAJI0 B HeAPaxX 0€CKOHEYHOT0 MHOKECTBA HATYPAJIbHBIX
yuceJl.
31echb, Kak U3BECTHO, CYyIECTBYeT KaxKylleecsi IPOTUBOpeYue,
KOTOPOE 3aKJIIYAeTCH B KAKYLIEHCH HECOBMECTUMOCTH JIBYX
YTBEPKACHUH TEOPUHU YHCeJ:


http://yvsevolod-27.narod.ru/index.html

1. KosimyecTBO panMoHaJbHBIX YHCeJ (PAIMOHAIBHBIX TOYEK)
BCIOJ1y IVIOTHO HA NMPSAMOM.
2. KosinuecTBO Ynices1 MPPAMUOHAIBHBIX TAKKE BCIOAY MJIOTHO
HA NMPAMOM.

Moii ajaropurm :

{[A+1)=2]x2"}xN
{[@+2%)=3"1x(3%)"}IxN @

U MOHU (popMyJibI

- 2 11/
a, =[a, xD,]""
Tk 2 11/n

* -bO X :)n-
-2 11/
c,=[c,”xD, "

D, =[a"“+b " +c, "~°T"/3

n

B KOTOPBIX :
a =V -
b, = 2vu

C =V +U

npuMuTHBHbIE TPoiikH [Tudaropa, crposimecs u3 J000 Napbl
HATYPaJbHbIX YHCEJI PA3JIMYHON YETHOCTH:



JAEMOHCTPHUPYIOT HPOLHECC HPEBPAIIEHUSA HATYPAJIBHBIX
YUCEJI B YUCJIA PAIIMOHAJIBHBIE U UPPAIITMOHAJIBHBIE

(a,b,,c,)

HATYPAJbHBIX U PALMOHAJIbHBIX, POPMHUPYIOT OeCKOHEYHbIE MHOKECTBA
pelieHni 0a3MCHBIX YPABHEHUI :

Tpoiiku UppalMOHAJBHBIX YHCEJI , IOCTPOECHHbIE U3 YHCeJI

n
*

a.a +b"=c

a TPOWKHM :
a=a, xS
b=Db, xS
C=C,%xS

raie S Jr00il MHOKHTED

COCTABJAKT 0€CKOHEYHbIe MHOKECTBA pPellleHU i JII000ro ypaBHeHHS :
a"+b" =¢"

Bcé 310 MHOT000Opa3ue Ynces MOKHO NPEJICTABUTL B BUJIE
reoMeTpu4ecKoil Mo/Ie/Iu.

BHyTpHu Takoi MoJe/ M mpoJieraer npsaMas, IJI0THO 3aceJI¢HHAs
HATYPAJbHBIMH U PALMOHAJIbHBIMH YU CJIAMMU.
IIpsamMast HAXO0AUTCH BHYTPU TPYOKH, TEJIO0 KOTOPOI IJIOTHO
3aCeJICHO YUCJIaMU HPPALUOHAIbHBIMHU.

Meskay npsiMoi 1 TpPyOKO# MPOJIeral0T HATH NMPAMBIX U
00paTHBIX CBSI3CH.



TPYEKA KOHCTPYKLAK YACNOBbLIX ®OPM - HATYPANBbHBIX,PALINOHANBbHLIX 11
VPPALLINOHANBHBLIX. TUBE FOR MODELS-FORMS : WOHL{NATURAL) NUMBERS,
RATIONAL AND TRANSCENDENTS (IRRATIONAL) NUMBERS.

1,2,3,4,5,.....
1/Newereeeeees
1+2=3
3-2=1
r/ ratll AT SYSTEM DIRECT AND RETURN
' s BANDS

MPAMAA, NMAOTHO FACENEHHAA HATYPASNBHbLIMIA 1 PALIMOHANBHBLIMLA
HACTTAMIA

STRAIGHT LINE DENSE FAHLENS POPULATION: FOR WHOL {NATURAL)
NUMBERS AND TRANSCEMNDENTS NUMBERS.

®dur. 1

AHAJIOTHYHYI0 KAPTHHY NPAMbIX U 00paTHBIX CBsA3eil Mbl HA0II01aeM U
MexK1y 0eCKOHEeYHbIM MHOKECTBOM YPaBHEHH i, (POPMHUPYEMbIX
aJIropuT™MoM (A), 1 MHOKECTBOM YPABHEHHUH TUIIA &

1+2%=3°

2°+7°=3"

7°+13° =2°

2" +17° =717

3 +11% =122°

17" +76271° = 21063928%
1414°% + 2213459% = 65’
43° +96222° = 30042907°
92623 +15312283% =113’
33% +1549034% =15613°

KOTOpPbIE HE UMEKOT 001X MHOKHUTEJICH.



Kaxxnoe n3 ymoMsiHyThIX MHOKECTB B3aMMOCBSI3aHHBIX YHCEJ 00pa3yeT
CBOIO COOCTBEHHYI0 TPYOKY, BHYyTPH KOTOPOi MpoJieraet nmpsimast
HATYPAJbHBIX H PAIIMOHAIBLHBIX YHCEJI.

Me:kay OnMCAHHBIMHU 3/1€Ch TPYOKAMH YHMCJIOBBIX H
reoMeTpU4eCKUX MHOT000pa3uii CyllleCTBYeT CeTh MPAMBIX U
00paTHBIX CBS3€EH.

AJITOPUTM KOHCTPYMPOBAHMS CETH ITUX CBSI3eil M3BECTECH
TOJIbLKO MHe.

S ero ony0JmKy10 nmocJie Toro, kak Andrew Beal
BBIIJIATUT MHE 00CHIAHHBIA UM IPHU3 32 pelieHue
Conjecture Beal.

Pemienune Conjecture Beal npunaniexxkur Mue.
Best ero cymHoCTh 3aKJIK04Y€EHA B MIPOCTEHIeH
KOHCTPYKIMH ajaropurma (A).
boJsee noapooHy0 uHGpOpPMALUIO 00 ITOM AJITOpPUTME

YUTaATEJdb HAUJET HA calTe:
http://Conject.narod.ru/index.html

B 3akir0uenue s Xo1y OﬁpaTI/ITI) BHHUMAaHHeE YyMTaTe/Ied HA
CJeayuee O4Y€Hb Ba’KHOC 00CTOSATEJILCTBO :

BCE UCTUHHBIE ®YHAAMEHTAJIBHBIE
3JAKOHOMEPHOCTH ITPEAEJIBHO INPOCTHI U
JIAKOHUYHBI.

KoncTpykuust Mmoero (pyHaaMeHTAJIbLHOTO ajJropurma (A)
npeaejabHO MPOCTAa U JIAKOHUYHA:

{[1+1)=2]x2"}xN
{[1+2°)=F]x@)"IxN @
JTa KOHCTPYKIMS TreHepUpPyeT 0eCKOHEYHOe MHOKECTBO

YPABHEHMH, MOATBEPKAAIOIUX cipaBeiuBocTh Conjecture
Beal.


http://conject.narod.ru/index.html

Pa3Be MOKHO CPABHHUTH 3Ty KOHCTPYKIHUIO C KOHCTPYKIUAMU
LIMNTHYEeCKUX KpuBbIX A.Wiles ?
Nam ¢ koncTpykuueii nporpammsl Peter Norvig , konuio
KOTOPOl )il HATJIAAHOCTH A NPHUJIATAKO :

Beal's Conjecture: A Search for Counterexamples
Beal's Conjecture is this:

There are no positive integers x,m,y,n,z,r satisfying the equation
Xm + yn — ZI‘

where m,n,r > 2 and x,y,z are co-prime (that is, gcd(x,y) = gcd(y,z) =
gcd(x,z) =1).

There is a $75,000 prize for the first proof or disproof of the conjecture. The conjecture is
obviously related to Fermat's Last Theorem, which was proved true by Andrew Wiles in 1994. A
wide array of sophisticated mathematical techniques could be used in the attempt to prove the
conjecture true (and the majority of mathematicians competent to judge seem to believe that it
likely is true).

Less sophisticated mathematics and computer programming can be used to try to prove the
conjecture false by finding a counterexample. This page documents my progress in this direction.

There are two things that make this non-trivial. First, we quickly get beyond the range of 32 or
64 bit integers, so any program will need a way of dealing with arbitrary precision integers.
Second, we need to search a very large space: there are six variables, and the only constraint on
them is that the sum must add up.

Suppose we wanted to search, all bases (x,y,z) up to 100,000 and all powers (m,n,r) up to 10.
Then the first problem is that we will be manipulating integers up to
100,000,000,000,000,000,000,000,000,000,000,000,000,000,000,000,000 (that is, 10°°). And we
will be dealing with 1,000,000,000,000,000,000 (that is, 10'®) potential combinations of integers.

The "large integer” problem requires either a language that supports such integers directly, such
as Lisp or Python, or a package that adds the functionality, such as the NTL package for C++.

The "many combinations” problems requires a clever search algorithm. As a start, we can cut the
space in half (without loss of solutions) by only considering combinations with x less than or
equal to y. This helps a little, getting us down to 0.5 * 10'® combinations. The next step is to
eliminate the need to consider combinations of z, r. The idea is that we can precompute all z'
combinations and store them in a hash table. Then when we get a x™ + y" sum, we just look it up
in the table, rather than enumerating all z, r pairs. This gets us down to 0.5 * 10*? combinations,
at the cost of having to store 10° large integers. Both storage and projected computation times are
now within range of what I can expect to handle on my home PC.


http://www.lisp.org/
http://www.python.org/
http://www.shoup.net/ntl/

Now its time to implement the program. | chose Python as the implementation language because
it happened to already be installed on the machine | had (I also had Lisp installed, but it was an
evaluation copy that was limited in the amount of memory allowed, so I couldn't use it for this
problem). Python is the slowest of the choices in terms of execution speed, but it allowed me to
program a solution in only a few hours.

The Python program is very straightforward: enumerate all x,y,m,n combinations, and for each
one check if the sum of the exponents is in the table. Initial testing on small search spaces was
rewarding: it took only 3.3 minutes to verify that there are no solutions with x,y,m,n less than
100. I was then ready to scale up, but first | made some very minor improvements to the
algorithm: instead of looking up the sum in the table with table.get(x**m + y**n), | moved
each part of the calculation out of as many loops as possible, and pre-computed as much as
possible. In other words, | changed from the original:

def beal (max_base, max_power):
bases, powers, table = initial_data(max_base, max_power)
for x in bases:
for y in bases:
if y > x or gecd(x,y) > 1: continue
for m in powers:
for n in powers:
sum = X**m + y**n
r = table.get(sum)
if r: report(x, m, y, n, nth_root(sum, r), r)

to the optimized version running about 2.8 times faster:

def beal (max_base, max_power):
bases, powers, table, pow = initial_data(max_base, max_power)
for x in bases:
powx = pow[x]
for y in bases:
if y > x or gecd(x,y) > 1: continue
powy = pow[y]
for m in powers:
xm = powx[m]
for n in powers:
sum = xm + powy[n]
r = table._get(sum)
if r: report(x, m, y, n, nth_root(sum, r), r)

Results
Alas, I have found no counterexamples yet. But I can tell you some
places where you shouldn't look for them (unless you think there's
an error in my program). Running my program on a 400 MHz PC
using Python 1.5 I found that:

beal ( 100, 100) took 3.3 mins ( 9K elements in table)
beal ( 100,1000) took 19.3 hours ( 92K elements in table)
beal( 1000, 100) took 6.2 hours ( 95K elements in table)
beal( 10000, 30) took 52 hours ( 278K elements in table)
beal ( 10000, 100) took 933 hours ( 974K elements in table)
beal ( 50000, 10) took 109 hours ( 399K elements in table)
beal (100000, 10) took 445 hours ( 798K elements in table)
beal (250000, 7) took 1323 hours (1249K elements in table)



To put it another way, in the following table a red cell indicates
there is no solution involving a b® for any value of b and p less than
or equal to the given number. A yellow cell with a '"?" means we
don't know yet. Run times are given within some cells in minutes
(m), hours (h) or days (d).
p=7 p=10 p=30 p=100 p=1000
b=100 SN N Y S O
b=1,000 NN FE N G °

b=10,000 ----
b=100,000 IS > ~°

b=250000 5802 2?2 2

o~ (°w V|

How do we know the program is correct? We don't for sure, but removing "or gcd(x,y) > 1"
prints some non-co-prime solutions that can be verified by hand, suggesting that we're doing
something right.

KomOunnaTopuka 310ii nporpamMmMsbl 0eCCMBbICJIEHHA.
beccMBICTIEHHOCTH IPOrpaMMBbl COCTOUT B TOM, YTO €€ aBTOP
MPOU3BOJIbLHO 0epéT uKcia U3 TeJia TPYOOK YHUCJIOBBIX
KOMOMHAIU.

Sl umero B BUY YMCJI0BbIE TPYOKHU, M300PaKEHHbIE BbIIIE HA
®@ur.1.

MoxkHO OpaTh 0eCKOHEYHOEe MHOKEeCTBO YHCJIOBbIX KOMOMHAUIA
U3 3TUX TPYOOK, CTPOUTH CTATUCTHYECKHE TAOJUIILI ¥ HUKOTIA
He HANTH 3aKOHOMEPHOCTb, CBA3BIBAKIIYI0 TAKHE KOMOUHAIIUU
B MPOCTYI0 KOHCTPYKIMIO (A).
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