DPYHIAMEHTAJIbBHASI KOHCTATA “w”
B OCHOBAHHSX MATEMATUKHA

I'.b. Apaxensn,
Beoywuii nayunuiit campyonuk
A iyma du.
coyuonozuu u npasa HAH PA
doxmop unocogpcxux nayx

Monsamue HamypanvHozo 4ucna ecezda Kasanocb Ha-
CMOABKO NPOCMbIM U HE3AMEHUMbIM, YmOo 30420€ 8peMs He 803HU-
Kano nompe6Hocmu 8 ezo onpedeseHuu nocpedcmeom dpyaux no-
Hamui. OOHaKo ece nonvimku 060CHOBAHUS MAMEMAMUKU cee-
deHuem ee K apugmemuke HamypaabHO20 psda 0KA3AAUCL Ge3-
ycnewnsimu. JemanvHoili aHaAU3 0CHOBAQHUI Mamemamuku, om-
gepaas udero nepsuMHOCMU HAMYPANLHOZ0 pada, npugodum K cuc-
meme d8yx ucxoOHuix PyHKYull u 80cbMu HyHOAMEHMANLHBIX Ma-
memamuveckux KOHCMaHm, 8KAI0YAs HOBYI0 KOHCMAaHmy, 0603Ha-
YeHHYI0 HaMu apmaHcKoll 6ykeoti w. ITocpedcmeom KOHCmMaxme!t w
s psd “nenp motx” npobaem gusuyeckoll meopuu, a
a2 duHamu-

p
nepcnekmueHbsiMUu cepamu eé npu. 64,
veckue U CaMOOPzaHu3yIOWUecs CucmeMbl, Koae6amenvHole U 3H-
mponuiiibte npoyeccel, meopust xaoca, asossie nepexodwvi, Ppak-

masawt, mypéy mb, n. Hble opbumet...

C 4ero HaUHHAETCSI MHOKECTBO YHcea? .

“C HaTypajibHbIX YHCEN”’, — OYEBUAHO CKaXyT MHorue. Cam xe
HATypasIbHbIi pAL OOBIYHO HAYMHAIOT ¢ €AMHHULBI, HO MOCICAHAS NPU
riIyGOKOM pPacCMOTPEHHH B TGOPHHM YMCEN M aHAJIM3e OKa3blBaeTcs
BECHMa CIIOKHBIM MaTeMaTHYEeCKHM O0GBEKTOM. MOXHO, KOHE4HO, Ha-
YHHATh C 2 WIH 3 MM AaKe, KaK 3TO MHOTAA JenaioT, ¢ 4, cuuras
HMMEHHO [BOKY (TpOWKY, YETBEpKy) MEPBbIM HaTYPalbHBIM HHCIIOM,
ONHAaKO Hallla MaTEMaTHYECKas MHTYHLHA BOCCTacT NMpPOTHB 3TOrO:
pan, HayMHaowmuica He ¢ HYJIA U JaXe HE C €HHHLbI, BBIMJIAAUT Ha-
JYMaHHO ¥ He OYeHb NPUBJIEKATENBHO. XyXKe BCErO TO, YTO CAMHHLLY
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TaK MJIH HHAa4Y€ BBECTH HANO, KaK H Hy/b, KOTOPhIH BCErJa nmo4YeMy-To
TIIOXO BMHCBIBAETCS B HACIO H3HAYAJIBHOCTH HATypabHOTO psja.

Kouilenuus, OCHOBaHHaA Ha HAEE MEPBUYHOCTH HATYPalbHBIX
YHCEJT MO OTHOIICHHIO KO BCEM OCTAILHBIM MATEMAaTHYECKUM OOBEK-
TaM, BBIHYXAEHA [UIst MIOCTPOCHHS JACHCTBUTENBHBIX H KOMIUIEKCHBIX
yMcen npuberats K HCKYCCTBEHHBIM NpHeMaM. B 4acTHOCTH, OTpHUa-
TenbHBIE LENbIC uHcaa —1, —2, —3, ... Tak ke Kak Hylb, He MOTyT OBITh
[OJTy4EHb! U3 HATYPaIbHBIX YKcen 6e3 OMONHUTENBHBIX AOMYILECHHHA.
HapepHoe HC Cily4aiiHO, 4TO OTpHUATCNBHEIE yHcna tumws B X111 Be-
ke 6butH 3aBe3eHbl JleoHapao IMusanckum (Pubonayuu) B Espony ¢
BocToka, ric OHH TakKe MOSBUIMCH NO3KE APOGHBIX YHCEN M TOXKE
ZAanexo He cpasy — BHayane B Jipenem Kurae, ¢ VII Bexa B Mnaun.
Henb3s ynpoLICHHO NPEACTABAATH cebe AeNo Tak, YTO U3 MOHATHA Ha-
TypanbHOTO 4HCNa JIOTHYECKH BBHITCKAET MOHATHE OTPHUATENBHOrO
HaTypanbHoro paga —1, =2, =3, ... Jlns BBe/ICcHHs MOCICAHHX Heobxo-
MMM KakKo#-TO MPHUHLMI, AOMYCTHM, ACIAlOWHKH BO3MOXHBIM yCTa-
HOBJICHHE B3aMMHO-OJHO3HAaYHOr0 COOTBETCTBHA MEXAY TEMHU H IApYy-
THMH. 3.[lCCb cymcc*rneHHo, YTO HOBBIC 0OGBEKThE BpOIE OTpHLATEJIb-
HBIX YMCEN M HYNs HC CTPOATCA M3 HaTypalbHbIX, a (aKTHIECKH
onpezencHHbBIM 06pa3oM BBOATCA B JOMONHCHHE K HUM.

Mexy TeM OCHOBHas Leib Jt060i KOHLENUUH, CTPpEMALICHCS K
yHUGHKALMY MATCMATHKH TyTEM BLIAB/ICHHS €€ NepBOOCHOBBI, BCCTAA
OIIHA ¥ Ta e: H3 MUHHMaIbHOrO 6a3uca HCXOMHBIX MaTEMaTHYECKHX
06BEKTOB M MpPaBUI ONIEPUPOBAHHA HMH NMOCTPOHTH OCTANBHBIC 00%-
CKTBI — 3A€Ch 3TO MHOXECTBO BCEX YHCEJ, — HE BBIXOAA 3a MpEAeIbl
nepBoHayanbHO BeIGpaHHOTO Gasuca. KoneuHo, B IaHHOM Cily4ae B
MCXOIHBIH 6a3uC C CaMOro Hayana MOryT GbITb BKIIOYCHBI H TaKHe
06BEKThI KaK GECKOHECUHBIA PANl OTPHUATENbHBIX YHCEN BMECTE C Hy-
JieM, pa3 Y MpOLECC HX MOMYHEHHA HApyIIacT YKa3aHHOE YCIOBHE.
Pacmupenneiii nofoGHsM 06pasom 6a3uc OKa3bIBACTCA AOCTaTOYHBIM
JU1A TOTO YTOGHI yke Ge3 oMeX MOCTPOHT MHOXKECTBO BCEX JefCTBH-
TenbHbIX unces. Ho, BO-TIEPBBIX, 3TO YK€ He HaTypanbHuIH 6a3uc, BO-
BTOpBIX, OH CIIMIIKOM FPOMO3JIOK, a [JIaBHOE, BCE paBHO He crocobeH
PelIUTh HEKOTOPBIE OYEHb BXXHBIC BOMPOCEL

Cpenu HHX NpoGnemMa KOMIUVIEKCHBIX YHCCIL. Munmas eAMHHLA

. .2
06bIYHO OMPEAENACTCS PaBEHCTBAMH 1 = V-1 um i* = -1, a MHOXECT-

BO KOMIUICKCHBIX YHCCJT KaK MHOXECTBO YHCEJ THNRA X + ly, TAEXH)Y
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NpOH3BONbHEIE NEHCTBUTENbHbIE uucna. He rosopa yx 06 uckyc-
CTBEHHOCTH MOXO6HOrO Onp Ype3BbIUAHO BaXKHOH BEITHYH-
HBI, KOTOPOE B CYIIHOCTH ABJIAETCA ML CBOHCTBOM YHCJA i, B3ATHIM
332 HEMMEHHEM JIy4LIETO B Ka4ECTBE €ro OMPENCICHHSA, €CTh H HEYTO
apyroe. COBEPLICHHO HETIOHATHO, MI0YEMY HalpUMEP MHHMAs CAUHH-
La B CBOEii ke CTeneHu paBHa e ™2 :

P aCD =e?
B pamkax ofcyxaaemMoii KOHUENMUHH TaKOE€ COOTHOLIEHHE Bbl-
DJIAAKT 3aralOYHBIM. DTO COOTHC oy 0e B TEOPHHU (YHK-

UMl KOMIUIEKCHOTO MEPEMEHHOro, He NOANAETCA PaUHOHATLHOMY
OCMBICJICHHIO B MpEAeNaX KOHLENLMH MEPBHYHOCTH HATypalbHBIX
gHCen.

He menee 3arafiouHeIM BBITIAAMT MPOCTOMH NMPUMED H3BJIEYEHHS
KODHS CTENEHH 7 U3 €[MHMILBI. YPaBHCHHE X = %1, B npasoit vactu
KOTOpOIro HET HHYEro KpOME HaTypajlbHBIX YHCeN, UMECT 1 KOpHeﬁ

xe=e"" (k=0,1,2,....,n-1)

M3 KOTOPBIX UMb OfuH (npH k = 0) ABIACTCA ACHCTBHTENbHbIM,
a BCE OCTANILHbIC KOPHH — KOMIUIEKCHBIE.

COBpEMEHHYI0 MATEMaTHKy HEBO3MOXHO MpENCTaBUTh Ge3 Ta-
KUX BEJIMYMH KaK KOHCTAaHTHI € M T, MEX/y TeM OHHM He HaXOMaT cebe
HHKaKOro pa3yMHOro oGbACHEHHA B paMKaX OGCYyKZaeMoi KOHLen-
LIMH, XOTA M MOTYT BBIP@XKAaThCA Yepe3 HaTypajibHbIE YHCIA C MoMo-
b0 GECKOHEYHBIX PAZIOB M NpoH3BeAeHuit. [IPHTOM BO MHOTHX CiTy-
YagX MOABJIEHHE STHX KOHCTAHT, B 9aCTHOCTH MPH PElIeHHH pasiud-
HBIX 3a/aY, BEChbMa HECOXXHIAHHO M €IBa JIH MPEICKa3yeMo, XOTA U
CTpOro N0Ka3aHo.

MOXHO NPHBECTH MHOXKECTBO BNEYaT/IAIOIWMX MPHMEPOB, MOKa-
3bIBAIOILMX COBEPIICHHO 0COGYIO POJb B MaTEMAaTHKE TAKHUX BENHYHH
Kak m # e. HenoHsTHO, mouemy cpeau OGECKOHEYHOTO MHOXeCTBa
TPaHCUEHAEHTHBIX, HPPALHOHATBHBIX YHCE/ ABHO BBUICNACTCA CPeaH
OCTajbHbIX HeGoNbIlas rpynna (GpyHIaMEHTATBHBIX KOHCTAHT, MOsAB-
JIAIOIMXCA BO BCEX cepax MaTeMaTHKH BKIIOYaA TaKOe HCKOHHOE
“BlIaieHHe” HaTyPaILHOTO pANa KaK TEOpHs MPOCTBIX uHcen. Mexay
TeM B KOHIENLHH, NEPBOOCHOBY KOTOPOH COCTAaBJACT HaTypaibHbIH
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PpsA, YMCNa THNA T U € BBICTYNAIOT KaK BTOPHUYHLIE 10 OTHOIICHHIO K
HAaTypanbHbIM YHCIIaM KOHCTPYKTHI, ONPENeNEHHEIM 06pasoM U3 HHX
nocTpc 1e. O6BC y! PCAIBHOM 3HAYMMOCTH H YHHKANb-
HOCTH (DyHIAMEHTATBHBIX MaTeMaTHueckuX koHcTauT (PMK) sxomut
B MpsAMble 06GA3AHHOCTH JAHHO KOHLIETILMH, SABAETCA €€ BHYTPEHHEH
3anaueif. OIHAKO XECTKas YMCIOBask ICMOKPATHA HAaTYPaIbHOTO pAla
HE B COCTOAHMH OGBACHUTH MOSBICHHE YMCEN-aPUCTOKPATOB, IPHTOM
4y)XIOH MPUPOABI, HE MONYHUHAIOLMXCA ACHCTBYIOIMM KaHOHaM.
311605 HE BHAHO HHKAKOI0 NMOAXO0Aa: YHCha T H €, MHHMas €AHHHLIA iu
IpyTHE, MEHee 3HaYHTE/ILHEIE KOHCTAHTHI 9TO KaK GBI MPHIIEHBLUEL! H3
ApYroro MaTeMaTHYeCKOTO MHDa, HEOGBACHUMBIE (PCHOMEHEI B MaTe-
MaTHYecKoit H punocodckoit NOKTPHHE H3HAYATLHOCTH HATypPabHBIX
YHCeN.

IMoaBoAs MTOT CKAa3aHHOMY, MPEXMIE BCETo KOHCTaTHpyeM, 4TO
BEJIMKas THICAYENETHAA Mies, NPEBPAaTHBIIMCH B KaKOH-TO MOMEHT B
CTojiKHii, HepyLMMBIit AOFMaT, a BIOCIEACTBUH — B TOPMOSSILHH pas-
BHTHE TIPCAPACCYOK, MbITANIACH 3aXBATHTH BCIO C(epy UHCTOH MaTe-
MaTHKH, 2 TAKKE MaTEMAaTHYECKOrO CTECTBO3HAaHMA. JIOCTHYL KOHEed-
HO# LenH WK XOTA 6bl NPHGIH3NTECA K HEH HM B TOM HH B JIPyroM
ciyuac He ynanoch. Hu orpomHas MpakTHteckas nojb3a, HY aBTOPH-
TeT GAUCTATENbHOM TUIESAB! MBICTHTENCH PasHBIX JMOX, ABIAIOUMXCS
npeaBecT MH COBpE )i JOKTPHHBI MCKITIOUHTENBHOCTH H H3-
HAUANBHOCTH HATYPATBHBIX UHCEN, HH Kakue-mHGo Apyrue (haxropl
He B COCTOSHUMH KOMIICHCHPOBATh €€ GeCCHIME B PElIEHHH npobreM,
KacalOMMXCA OCHOBAaHMI MAaTEMAaTHKH M MaTEMaTHYECKOro eCTeCTBO-
3HaHMA. 30€ch AOCTATOHHO JHINb YKa3aTh HAa OAHO pelaouee 06-

croaTenscTBo (noapobuee cM. [Apakenan 2007a, 38,39): cucmemur
& u Hbix Yucen He cooep 8 cebe ece me nep-

puQ P A
poie Heobx ons nocmp -

Hbix 06beKmo8 MamemMamuxu.

Axkcuomarnueckas cucreMa AG

OTBeyatomas BceM TpeGoBaHHAM HCKOMaA (opMalbHas CHCTEMA
XOTA M HE TAaK TIOMY/IAPHA KAK CHCTEMB! apU(METHKH HAaTypalbHBIX
yHcen, HO TOXeE W3BECTHAa M OGO3HAYAETCA CHMMBOJIOM AG [Kmnan
1973, 259-263]. Cuctema AG COACPXHT CIEAYIONHUEC dopmansHbIC

CHMBOJIBI:
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~D2&Vv aV3I=+-0abc.xyza
Bvy.wx v o (),

TO ceMb JIOTHYECKHX (3KBHBANEHTHOCTb, UMILTHKALMS, KOHb-
IOHKIHA, AM3BIOHKUHMSA, OTPULAHHUE, KBAHTOPH BCCOGIIHOCTH M Cy-
LCCTBOBAHMSA) M TPH MAaTEMATHYECKHE OMNEpauuH (PaBEHCTBO, Cio-
JKEHHE, BEIYHTAHKE), PACTIONOXKEHHBIE B MOPALKC YObIBaIOWICrO ClieBa
HanpaBo paHra, MHAMBHAyanbHbIA 00beKT O (Hymb), 26 KypCHBHBIX
GyKB naTHHCKOrO 1 24 CTpoYHBIE GYKBbI FPEYeCcKoro andasuta, ncsas
¥ IpaBast CKOGKH, HaKOHell CHMBOJ |, CHabas KOTOPbIM NepeMeHHble
a, b, c, ..., MOXHO NOTY4YHTb NOTEHLHMATEHO GECKOHCYHOE MHOXECTBO
HOBLIX NIEPEMEHHbIX a @) ay, ay - b, by, by,,..., @ CTPOUHBIC rpeuec-
KHe GYKBbI MCTIONb3YIOTCA /U1 0603HAYEHNS TONBKO (yHKUMIA.

Cucrema G, NOCPEACTBOM KOTOPO# OCYLECTBIACTCSA IEPEXO OT
JIOrHKO-MaTeMaTHYECKOro (opMann3Ma, TOYHCE HCIMCICHUS Npeau-
KaToB, K (JOpMaITbHO MaTeMaTyKe, CONEPIKHUT CEYIOLIME CCMb aKCH~
oM:

M, a=b>o(@a=c>b=¢)
M, a=boa+c=b+c
M; a=boc+a=c+b
M, (@+b)+c=a+(b+c)

Ms; a+0=a
Mg a-a=0
M, a+b=b+a

ConepxaTenbHbI CMBICT aKCHOM JAOCTaTOYHO ACEH. AKCHOMBI
M|-M, duKCHpYIOT CBOHCTBA paBEHCTBAa H CIOXEHUS, Ms — yHu-
KaJIbHOE CBOWCTBO HyJIs, COCTOALIEE B TOM, YTO NpHGaBIEHHCE HYNA K
11060My a He MeHSeT a, Mg BBOAHT Onepauuio “~"" u 06beKT —a, npo-
THBOMOJIOXKHBIA @ B CMBICJIE PaBEHCTBA MX CYMMbI Hymo, M; — kom-
MYTaTHBHBIH 3aKOH ClioxeHus. TakuM 06pa3oM, MOCTY/IaThl HCHHCIIE-
HHA NMPeaHKaToB (He MPUBEJEHHbIE 3/ECh, CM [TaM e, ri. 1]) BMecTe
C CeMbI0 MaTeMaTHYeCKMMM aKCHOMaMH Ui ONepauuii paBeHCTBa,
CIIOKEHHS, BBIYUTaHUS 06BEKTOB a, b, ¢ U Hyna 06pasyioT JOrHKO-

MaTeMaTHIECKyIO aKCHOMATHKY cHcTeMbl AG.
Ho B uem, cnip csl, MPEUMYILECTBO 3TOH CHCTEMBI MEpER

APYTHMH d)OpMﬂJIbHHMH CHCTEMaMH H YTO CJICAYET NMOHUMATh MOA
6ECKOHEYHBIM MHOXECTBOM 00BEKTOB 4, b, ¢, ...7 B orauuMe ot cHe-
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TEM, HM?IOLL\MX CAHHCTBCHHYIO HHTEPNpPETALMI0 HA MHOXKECTBE Ha-
TypaJlbHbIX YHcen, GopmanbHas cuctema AG omycKaeT GoNbILIoe Ko-
JIHYECTBO HHTCPNPETaUHii KaK YMCIOBOM, TaK H HEYMCIIOBOH, Teope-
THKO-TPYNNOBOH NpupoAsl. B YHCIOBBIX MHTEPNPETALMAX CHCTEMBI
AG MHOXeCTBaMH 06EKTOB 4, b, ¢, ... MOTYT ObITb:

a) BCE LIEJIBIC YHCIa

6) BCE PallMOHANBHBIE YHCA
B) BCE JICHCTBHTE/IbHbIC YHCIIA
r) BCE€ KOMIUIEKCHBIE YHCa

Ecnu B akcuomax M—Mg cHMBOIBI +, —, 0 3aMEHHTb COOTBET-
CTBEHHO Yepe3 CHMBOJIBI -, 1 wm, ar0 B TNPHHLHAIE TO XKE CaMoe,
TONKOBATH + KaK YMHOXEHHE, —a kak 0603HaueHHe 06paTHOrO a 37e-
MeHTa, TO €CTh ACIEHHS eUHHLIBI Ha a, 0 KaK efuHHIY, TO GeckoHed-
HBIMH MHOXECTBaMH 06BEKTOB cHCTEMBbI G MOTYT OBITH:

n) TOJIOXKHTENbHBIE PALIHOHANBHBIC YHC/IA
e) paLMOHATbHBIC YHCIIA, HE PABHbIE HYMIO

%) MOJIOXKHTENbHBIE ACHCTBHTENbHBIE YHCITA

3) JCHCTBUTEIBHBIC YHCIIA, OMAUYHbIE OM HYAA

") MHOXECTBO He PAGHbIX HYMI0 KOMILIEKCHBIX YHCEN

CopepsaTe/bHBIX HHTEPNIPETALHH, KaK BUAHM, MHOTO, HO [11aB-
HOE 3/1eCh HE HX KOJIMYECTBO H MHOTOOGpa3He, a TO, 4TO CPEMH ITOro
MHOrooGpasust ecTb MHTEpNpPETauus () Ha MHOXKECTBE BCEX KOM-
NJICKCHBIX YHCET, TO €CTb Ha MHOXCECTBE BCEX HHCEJ, CCIIH YHECT,
YTO HEHCTBHTENbHBIC YHCNA, YACTHBIM CIY4aeM KOTOPbIX ABNSIOTCA
HATypabHbIC, €CTh YACTHBIH CITyqail KOMILIEKCHBIX YHCel. OTMeTHM,
4TO cHCTeMa akcHoM M —M; C ONepauHaMy +,  H HHAMBHIYAIbHBIM
06bexToM 1 (B MX OOBIYHBIX 3HAYEHHSAX) HMEST HHTEPNpETaLHIO (H)
Ha MHOXCCTBE BCeX KOMIUIEKCHBIX YHCEJ, HO TONbKO Ge3 Hyas. A Tbl-
TaThCA CTPOMTH YHHBEPCAILHYIO CHCTEMY 6e3 HyJIs HEMb3s, MOCKOIb-
Ky 3T0 Y Hasi M MareMaTHyeckad BENHYHHa,
(yHnamenTaIbHaA MaTEMATHYECKA KOHCTAHTA.

TMockonbKy MBI fo6uBaeMcs OpMATBHOH CHCTEMBI, uMeroLeH B
Buay BcE 6e3 MCKITIOYEHHA MHOXECTBO YHCEN, TO BbIGOP OAHO3HAYHO
NajaeT Ha OMEPaLH CIIOKCHHA, BLIYHTAHHS H KOHCTaHTY 0, a He Ha
yMHOXeHue, feneHne # 1. MOXHO Teneph yxe roBoputh 06 yHusep-
CallbHO# JIOTHKO-MATEMATHYECKOH CHCTEME, aKCHOMATHYECKH OIpe-

35



JeNAIOLEH MaTeMaTHICCKOE YHCIO BOODIIE, KOHTHHYYM BCEX YHCen
6e3 kakux-nmuGo ynyuwieHuii u makyH. BaxHo Takxe, 4TO Hapamy co
MHOXKECTBOM MCXOAHBIX 00BEKTOB cucreMa AG 3aaeT MOaHbIH Ha-
60p NMepBHUHBIX JIOTHYECKMX H MAaTEMaTHYECKUX ONEPaitHii, depes Ko-
TOpBIE 10 HIEE MOTYT GbITh BHIPaXKEHBI BCE OCTanbHble. Ha atom myTu
HacC XAYT HHTCPECHBIC PE3YJIbTaThl, B YaCTHOCTH IMPH MOMbBITKE Noy-
YEHHs NPOBANMBIIMXCA B KOHKYpCE Ha POJb MCXOAHBIX 3NICMEHTOB
CHCTEMBI OTIEPaLIHii YMHOXCEHHUS, NENCHUS ¥ €AMHULEBL

HeTpyaHO 3aMeTHTb, 4TO B CIMCKe Ga3MCHBIX KOMIIOHCHTOB HET
HH OIHOTO YHCJIA 33 HCKUIIOYEHHEM HYJIA; MOCPEACTBOM CEMH aKCHOM
M nONHOCTBIO, XOTA M HEABHO, ONpENENEHO NOHATHE MaTeMaTH-
YECKOTIO YHCIa, HO KOHKDEMHbIE YUCAA KaK MAKogble HOKa omcymen-
eyiom. He onpeo ewe eOunuya u emop. payuu yMHo-
JHceHun u 310 BaxHEH 3ajada, KOTOpas B pamkax
cuctembl AG 0/DKHa GBITh PelIeHa Kak MPAMOE, JTOTHYECKH H OHTO-
JIOrM4eckH HEOGXOAUMOE NPOXOIKEHHE MEPBIX ABYX 3TanoB. Heob-
XOIMMO TPEXIE BCEro OCYLIECTBHTh MNEPEXON OT aKCHOMATHUECKH
3aaBaeMbIX OCHOBHbIX CBOHCTB 4HC/Ia K KOHKPETHBIM yHcnaM. Kakue
UMEHHO YUCNA DONIICHbI CAE008AMb 30 HyneM 8 POPMANLHON UepapxUU

< .

e-

1 ecmec 1P

KUx ly 4
Huem u 6x001 M cned p i cucmembl y opcans-
Hou u? Kaxoewr np - 4
Medncoy u3 nep X u -
HbIX GeMUHUH MHOJICECMEAMY, UHAYE 2060PA, KAKOGHI UCXOOHblE, Ma-
2p Kue ?‘, nocpeod PLIX CIMP oci
dynxyuu?

dyHKnMoHAIbHbIE ypaBHeHHs E

Bomnpoc B TOM, KaK PELIMTh NOCTABCHHYIO 3aKaty, He npuberas
K HCKYCCT np KaK, OCTaBajiCh B paMKax HCXOZHOro
dopmansHoro 6asnca cuctemsl AG, BBECTH B HEC KOHKDETHbIE yucna?
TlocTaBuM mpobiieMy HECKONBKO HHade M CIPOCHM, YEro B NEpBYIO
ouepens HexocTaeT noka cucreme AG, kakue ri1yGHHHBIE BHYTPEHHUE
HOTEHIMH: CHCTEMbI ellie He BOCTPeGOBaHb! H HE PacKphITH? B HesB-
HOii (hOpMe OTBET HaCTHHHO COAEPKUTCA B PEBIAYLIEM pasfiere, Ko-
T 006CyXIANHCh pasil 1e HHTEPIP cucremsl AG. Tam Ha-
PANly ¢ MHTepHIpeTalmei Ha MHOXKECTBE BCEX WHCEM, C NOHHMAHHEM
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Tpex CHMBOJOB (POPMATBHOrO A3b1Ka KaK CIIOXKCHHS, BLIMHTAHHA H
HyJ1s GbUIa M MHTEPTIPETALHA CHCTEMBI AG TaKoKe Ha MHOXECTBE BCEX
uncen (Tonbko 6e3 Hy/i) H NpPH TONKOBAHMH TEX XK€ CHMBOIIOB KakK
YMHOMKEHHS, OGPATHOrO 3/1eMeHTa (IENCHHA SAUHHLbI Ha a) u emu-
Huup!. [IPHHAB TOTAa SAUHCTBEHHO BO3MOXHOE PEIICHHE, Mbl BMECTE
¢ TeM Kak Gb1 NpUHSIK Ha ce6s1 06A3aTENBCTBO HEMPEMEHHO BHIPA3UTH
OTOXBHHYTBIE “ITO KOHKYPCY” Ha BTOPOH ILIaH Onepauy -, )
1 uepes MCXOXHBIE OMEPALMH +, — ¥ ducio 0. BrpodeM, u Tak ACHO,
410 63 YMHC U CBOJWCTB 1 TOBOPHUTb O TEO-
pHH 4HCEN M BOOGILE O MATEMATHKE HE MPHXOMMTCA, H Tak WIH HHake
OHH JOIKHBL GbITh KaK-TO ompefieneHsl. OTMETHM, 9TO 3ajada KOp-
PEKTHOTO BBEACHHA apuMeTHECKHX HEHCTBHA CTOHT M NEpex Jo-
Goil nocTaToyHo Goratofi cuCTeMol (opManbHOH apudmernku. B
cnyyae (popManbHOH CHCTEMBI YHHBEPCANbHOH YHCIOBOH MaTeMaTH-
KM 3aa4ya BBEACHHS HEAOCTAIOMIUX MOka apH(MeTHIECKHX NeHCTBUH,
a TaKKe HUYYTh He MEHEE BAXKHAS 3a[a4a NOAYYEHUS NEPEUHHbIX Hu-
cen u ucxoonwvix @ynxkyuti GaKTHIECKH CBOAATCH, KaK ceifyac yBHAUM,
K DEIICHHIO COOTBETCTBYIOIMM O0GpasoM COCTaBJICHHOH CHCTEMBI
(pyHKUHOHATBHEIX yPABHEHHUH.

IpenBapUTENbHO YCIOBUMCH O TepmuHonoruy. Jlio6oe Marema-
THUeCKOE PABEHCTBO HA30BEM, Kak HHOTZa AENACTCA, 3aKoKOM coxpa-
Henus, Kenas TEM CaMBIM TIOMMEPKHYTh, TO B PABCHCTBE ABYX HacTeH
MaTeMaTH4ecKoi (OopMyJIb (NpeAIOXKEHHA) COACPHHTCA rayGoxas
OCTOAHCTBA MaTEMATHUECKOTO 3aKOHA, HEM3MEHAEMOCTH aHa-

uaea I
JIMTHYECKHX CBA3eii H B HEKOTOPBIX CIIy4asX MAEs COXPAHCHHA KaKHX-
TO BEJIV . P TBO, COACP TOJILKO MOCTOAHHBIC BEIHYHHBL,
Ha30BeEM C p TBO C MeEp M — yp

a paBeHCTBO, TA€ B KaiecTBe MCKOMO# BETMYMHBI BBICTYNIaeT QyHK-
ums, — Q@YHKY bIM  YP B HOBBIX MaTe-

MAaTHYEeCKHX Peajiui peAyKuHel UX MOCPEACTBOM yHKUHOHANBHBIX
ypaBHenuil K HCXOIHEIM J/IEMEHTaM 3TO Morydee CPeACTBO, 0OmImit
METOJ pa3BepThIBaHHA (OpManbHOMN CHCTEMBI, nonomm?muﬁ dynk-
MOHANLHBIMU CBOHCTBAMH 3a/1aBaCMble aKCHOMAMH CBOHCTBa IHCHIa.
B CyLIHOCTH, 3TO HESABHOE ONp HOBBIX HTOB, PacKpBI-
Baiolllce H3HAYAIBHO 3ANOKEHHEIA B CHCTEME TMOTCHUHMAN. DyHKIHO-
npocTefimuii W cambli BEpHBIA MyTh K
K CIIC ) U BBIYH-

HaIBHBIE YP aTo
penyKuMM ONeparii yMHC H
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TaHHIO; 3/1ECh IOCTATOYHO OrPAHHYHTLCA YMHOXKCHHEM H CTIOXEHHEM,
TIOCKOJIKY OCTAIbHOE Y)KE TPUBHANBHO.

Hrax, 0603Ha4HB HOBYIO ONEPALIHIO YMHOXCHHA TOUKOI - , KOTO-

pyio BO _MHOTHX CHy4aiX MOXHO ONYCTHTE, MBI XOTHM C MOMOLLbIO

X y_’unn Y i 4 ONpPEHEInTb, HIH B HEKO-

/4

TOpoM CMBICIIE CBECTH, YMHOMEHHE K CIIOXEHHIO, H ceifuac TpeGyercs
COCTaBHTE COOTBETCTBYIOIME ypaBHEHHA. JIA IBYX YHCIOBHIX Bblpa-
XKEHHH X + y H X"y, @ CTICIOBATENBHO HeThIPeX (YHKIHOHANBHBIX Bbi-
paxeHHii

S+, fep), [R)+1(0), F)S()

BO3MOXHBI B 06Iel cnoxHocTH wects ypasHenuit. Ilockonsky
YpaBHeHus :

S+ =1y, SO+ =1()/(»)

TIPOCTO 03HAYAIOT OTOXCCTBICHHE YMHOXCEHHS CO CTOXKEHHEM,
a B ypaBHEHHAX

S =f)S) [(x+9)=f(x)+1(»)

HET CBENCHHs OJHOH OmepauuM K APYroH, OCTAaeTcd BCEro ABa
(YHKUHOHANLHEIX YPAaBHEHHS — TaK Ha3biBaeMeie ypasHeHHa Koum.
O603HauuB HCKOMbIE PyHKLHMM Yepes W(x) u a(x), HMeeM:

E; vw(x+y)=y()-y(»)
E, ax)+a(y)=a(xy) (x#0,y#0)

@DyHkuuoHanbHEIC ypaBHeHus E,, E, HerpyaHo 0606wuTts Ha
Cayyai MHOTHX IIEPEMEHHBIX:

Ep yOr+2+.+x) =y () w(x) ... v(x)
Ey a(x)+...+alx) =a(x; x;..x)

Baenewm Tenephb GyHKLHOHANbHBIH aHATOT H3HAYATLHOH MaTeMa-
THYECKOH KOHCTAHTBI HYJIb — KOHCTAHTY A, TO €CTb OCHOBHBIM CBOJiC-
TBaM HyJA a + 0 = a, 3adUKCHPOBaHHBIM B akCHOMax M—~My, npu-
HaguM (GYHKIMOHANBHBIH xapaktep. JUIA 3TOr0 €CTh TONBLKO OAHH
nyTh. B exuHcTBEHHOI NMox 3HakoM (YHKUMM CyMME ORHY M3 mepe-
MEHHBIX 3aMEHHM, 1O aHAIOTHH ¢ +0, BHIPDKEHHAMH A I8 HeKoeH
KOHCTAHTHI A, TaK 4TO

Es s W(x 1) =y(x)
YTO PaBHOCHJIBHO ABYM yPaBHCHHAM:
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E; yx+M)=y()
E, wx-2)=vy(x)

B Gonee ofem ciydae, y4HTHIBAIOLIEM BO3MOXHOCTb MHOTO-
KPaTHOTO NPHMEHEHHS (yHKY 1p Hyns (nepuomuy-
HOCTH), 3TH YPaBHCHHA BHITJIANAT TaK:

Ejp Wx+A+..+1) =y
Ep Yy(x—-A-..-}) =y(x)

Jlorosopumcs npu nouumanuu E,—E,, wm E,—E, kak emu-
HBIX, LCJIOCTHBIX CHCTEM YPaBHEHUH MPUMEHATD 06061EHHBIE CHMBO-
b1 E v Eg, a nony4eHHyIO K HACTOSILIEMY MOMEHTY JIOTHKO-MaTeMa-
THYECKYI0 cHcTeMy 0603HauaTh Aanee cumponom AGE.

OtmeTHM A1A CrpaBku, 4To ¢opmansHas cucrema AGE, no-
1po6HO NpeAcTaBieHHAs B KANHTAIbHOH, MOHOrpaduu “®yHrameH-
TansHas Teopus JIM®”, 3TO JIMIE NepBble TPH YaCTH NATHWICHHOTO
¢opmanu3ma 6a3ucHOl, GyHAAMEHTANBHOH TEOPHH (PU3MIECKOrO MH-
pa JIM®, koTopas OCHOBaHa Ha HA€e EAMHCTBA MAaTEMaTHIECKOH 110~
ruku (JI), uncnosoii MaTemathkd (M) # dyHIaMEHTaNbHOH (QU3NKH
(). Ee kopHeBasi CTPYKTypa Ha4MHAETCA C JIOTHIECKUX aTOMOB H 32~
Bepiactcs 0G0GIIEHHEIMH (PH3HIECKHMH 3aKORAMH COXPAHEHHA, H3-
MeHeHHs ¥ kBaHTOBaHHA., TeOpHs M3/OXKEHa B YKa3aHHOH MOHOrpa-
(uu, €& CKaThlii MPUMEPHO B YETHIPE pa3sa BapHAaHT — B KHHMTE “Or
JIOFUYCCKHX aTOMOB K (pM3MYECKuM 3akoHaM”, a B 2010 r. BeLIa B
ceer kuura “LMP Fundamental Theory” — ¢ yueToM HoBeHmuX 3KC-
MCPHMEHTANBHBEIX JaHHEIX MIOOHHOH (H3UKH, COOTBETCTBYIOIIMX HH~
ClIOBBIM TpesickazaHHAM Teopuy JIM®D u TeM caMbiM MOATBEPXKAAI0-
ILMX €€ HCTHHHOCT.

Peenne ypasHeHuii Eg. ITocTpoeHHe KOHTHHYYMa

TMoxpoGHBIi H BCECTOPOHHHUI aHATH3 [Apaxemsn 2007; 2007a]
ypasHennii E g—E,o B paMKax CHCTEMbI AG 0fHO3HAaYHO MPUBOAMT K
MAaTEPHHCKHM (KOMIUIEKCHBIM) QYHKIHAM SKCTIOHEHTBI y(x)=€e'n
norapugma a(x) = Ln x, k cucreme ®MK e, 7, i, 2, CBA3AHHBIX H3-
BecTHHIMM (opmynamu Dilitepa

~if2 . 2ri .2 3rif2

e =i, e = 1, e =

i, ir=-

i .2 .2
w0 2.2

-i, e

¢ nepuozoM A = 27i.
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Hocpenctsom OMK e, m, i, 2 HeTpyaHO NOCTPOHTL KOHTHHYYM
KaK yrnopsno4eHHOE MHOXKECTBO KOHKPCTHBIX 4ucen. [TocTponTs umc-
JI0 3HAYHUT BLIPA3UTD €r0 Yepe3 U3BECTHLIC BENHYHHbI W N0 KpaiiHei
MEpe yKa3aTh CNoco6, anropuT™ CBEAEHHS K HUM. A TaKOBbIX y Hac
YKe OCTaTO4HO, ¥ 1o GopMynam

e’ =iti’=1, e"=i, e =i’=c1, ...

OHM 00pasyioT €IMHYIO M CaMOJOCTAaTO4HYIO CHCTEMY Hpomo-
4ucen — HCXOAHBIX MaTEMaTHYECKHX aTOMOB JIsl TIOCTPOEHHS OCTANlb-
HbIX umcen. Criefiyer 0co60 MOAYEpKHYTh, YTO MBI HMEEM HE OmHY,
KaKk B KOHUENLHH NEPBUYHOCTH HAaTypanbHOro psAa, a cpasy Bce ue-
ThIpe MaTeMaTHYeckue “‘eauHHubI”. B reometpuueckoii MHTepnpe-
TauMH OHH NPEACTABIAIOTCA B BMAE MOKa3aHHBIX HA PHCYHKC TOYEK
Ha OCAX NpPAMOYTONBHOH CHCTEMBI KOODAMHAT, B KOTOPOH nioGoe
YHCJIO TOJIKYETCS KaK TOYKa Ha TUIOCKOCTH (KOMIUIekcHOi). Mcnoms-
3ys reOMETpHYECKHE 00pasbi, MOXKHO CKa3aTb, YTO BCE, Ha 4TO CHO-
€o6Ha HHTYHUMOHHMCTCKAs MAaTEMATHKA B OXHOM, TONIOKHTEILHOM Ha-
npasieHuu ocu OX, 37ech NeNaeTcs OAHOBPEMEHHO (He B (u3uyec-
KOM, pa3yMeeTCs, CMbICIIC, a B CMbIC/IE PaBHONpABHs, OTCYTCTBHS JI0-
THYECKOH O4EPEHOCTH) H €AMHOOGPAa3HO BO BCEX YETHIPEX BO3MOX-
HBIX HaNPaBJICHHAX; MPH 3TOM He BO3HHKAeT NpoGieM C BBEACHHEM,
HalpUMep, OTPHLATEBHBIX YHCEI, C MHUMO# eHHULICH, C MaTEMaTH-
4eCKHMH KOHCTaHTaMH H T.A. CaMo MOCTPOEHHE MHOXKECTBA BCEX YH-
cen, ocywiecTsiaeHHoe B [Apakeman 1981, 123—-129], mokaxeM cxema-
THYHO, HE BHHKAA B JCTANH.

Puc. 1
TeoMeTpuyeckas HHTEpNp L
eauHuu U obp I1X M3 HHX TB THNA {ni }
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Buauane u3 ucxonsslx anementos 0, i, —1, —i, 1, nocrenosa-
TEAbHO NPHMEHSS CXEMY CIOKEHHA

0, O0+a=a, a+a=2a, 2a+a=3a, 3a+a=4a,...

C BIONHE OYEBHUAHBIMH COKDALICHHBIMH 0GO3HaYeHUAMH, NOMY-
YHM YETHIPE MNMOTEHUHAIBHO 6eCKOHEYHBIX MHOXKECTBA THIIA

(ni'} (*k=1,2,3,4)

““LIeTOYMC. 1X” (IO OTHC ) K YEThIpeM E€OUHHLAM) 9H-

Cell C COOTBETCTBY! YCIOBHBIMH 3

{ni} 0, i, 2i,..., ki,.. MHHMO-
MOJOXKHTE/BHBIE LIETbIC YHCNA

(i} 0, -1, - Dl = k,.. uemse
OTpHUATE/BHbIE YHCIA

{ni’} 0, -i, -2i,..., — ki, ..  mHHMO-
OTpHUATebHbIE LENBIE YHCITA

{ni‘} 0, L 2 k,... UeJBIE NONOXKHTEIbHEIE

4uciaa
JIBa cieayrolHX NOCTPOCHHA I Ka)XAOro M3 MHOXECTB TAKXKE

BIIO/IHE OYEBH/HbI H B IPHHIIHIIE HUUEM HE OTIMIAIOTCS OT OGBIMHOrO
TOCTPOEHNA MHOKECTBA BCEX MIOJOXKHTEIBHEIX JCACTBHTENBHBIX HH-
cenl, SBAIOWEroCs PasHOBHIHOCTHIO OHOTO H3 HETHIPEX KOHCTPYH-
pyeMbix 3ech MHOXeCTB. [TOCTPOCHHA 3TH CBOAATCA K MOJyHERHIO
NONOXHUTENbHBIX PALMOHANBHBIX YHCEN KaK OTHOLICHHH Mexiy ue-
JBIMH TIONOXUTENHAIMH M TPEX HX AHAIOTOB — OTPHLATENbHBIX,
MHHMO-MIONIOKHUTENbHBIX B MHHMO-OTPHLIATENbHBIX; 3aTEM K MOJIyYe-
HMIO HETHIPEX MHOXKECTB MONOXKHTEBHBIX, OTPHLATENEHEIX, MHHMO-
[OJOKHTENbHBIX H MHHMO-OTPHLATENBHBIX MPPALHOHATBHEIX YHCEN,
06pasyeMeIX, HaNIPUMEP, MYTEM COC GECKOHEUHBIX HEMEPHO-
JMYECKUX, B YACTHOCTH JBOMYHBIX, Apobeii. B reomerpuueckoi uH-
TEpNpETALMH HM CTABHTCA B COOTBETCTBHE 6ecKOHEYHOE MHOXECTBO
TOueK Ha OCAX aGCIMCC H OPIMHAT YKa3aHHOH TIPAMOYTONILHOH CHC-
TeMBl KOOPAMHAT W OCTAETCA JIHIIb MOCTPOMTH TOUKH KOMILIEKCHOH
II0CKOCTH, MPOEKLMAMH KOTOPBIX CHUMTAlOTCS TOYKH Ha OCAX. Oro
OCYILECTBIAETCA ABYWICHHbIM BLIPOKCHHEM THIA +xtiy, raexuiy
B reOMETPHYECKO HHTEPTPETALHH — TOYKH NPaBOrO BEPXHErO KBafl-
panTa [eKapTOBOH CHCTEMB! KOOPZMHAT KOMIUICKCHOH IIOCKOCTH.
Ecnu yCTPaHHTB 5TO BECHMa HCKYCCTBCHHOE OTPaHHHEHHE H, HE yMa-
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7155 OBILIHOCTH, CYUTATD X M y OTIHYHBIMH OT i, BCC ABYYICHBI MOX-
HO NMPHBECTH K eMHON 3HaKoMO#H BceM dopme z = x + iy. Pasymeercs,
K reoMeTpuyeckuM o6pa3aM Mbl npuGeriy Juilb A1 HATIALHOCTH,
MO Hfiee BNOJHE MOXHO 0GOHTHCH GC3 MOHATHI TOYKH, MJIOCKOCTH,
CHUCTEMBbI KOOPAWHAT M T.1. KpoMe Toro, KOJIHYECTBO LIaros, NPUBO-
JAIMX K KOMIUIEKCHBIM YMCNIaM, MOXHO COKPAaTHTb, MHHYS, Hapu-
Mep, TMOCTPOEHHA ‘“paLMOHANBHBIX” YHCEN MAH, JAOMYCTHM,
TE€HepUpOBaHHe Yncen u3 o6wekToB 0, i, —1, —i, 1 paccmaTpuBaTh Kak
€IHHOE, HE PacWICHAEMOe, HE Paclafalouleecs Ha OTAENbHBIC Npole-
nypsl AekicTBre. MOXHO Jaxe MPH HKENaHUH TOCTPOHTH MHOXKCCTBO
BCEX 4HCENT U3 UCXOAHBIX eQuHuy YHUYULHPOBAHO, MHHYS BCE MpoOMe-
JKYTOYHBbIE 3BEHbA. BCE 3T0 B KOHLE KOHLIOB BONPOCH! TEXHHYECKOTO
CBOHCTBA, KOTOPbIC B NAaHHOH CHTYaUMH HE CTOb CYIUECTBEHHBI.
Llens 06CyxaeHHA CXeMBI IOCTPOEHHS B APYTOM: NOKa3aTh, YTO CHC-
TeMa AGE mecTBHTENbHO 06/1akaeT MOTEHIHAIOM, BOMJIOMAEMbIM B
HMHCTPYMEHTapHii, HCOGXOAMMBIN M AOCTAaTOuHbIH WIS MOMYYEHHs
KOHTHHYYMa KaK MHOXECTBA MaTEMaTHYECKHX KOHCTPYKTOB, CTPOsi-
LUXCA [0 ONpEAENCHHBIM IPABUIAM H3 HCXOAHBIX.

Jlo6aBuM, 4TO XOTA COAEPKATENBHBIE TONKOBAHHS MHOXCCTBA
KOMIUIEKCHBIX YHCEN MOTYT OBITh Pa3sHBIMH, MPOTOYHMCIA KaK reHe-
PaTop 4EThIpEX ENHHHMII M MHOXECTBO YHMCEN, KOHCTPYHPYEMBIX W3
NOC/ENHUX, 061aaI0T HCKIIOUHTENBHO BAXKHBIM CBOWCTBOM €IMH-
cTBeHHOCTH. OG 3TOM B KaKOH-TO Mepe CBUAETENLCTBYET Ge3anbtep-
HaTHBHOCTb BCEX (HE MOKA3aHHBIX 3[€Ch) NOCTPOCHHI, OCHOBAHHBIX
Ha Mjee MONHOTO MCYEPNAaHUs BCEX BO3MOXHbBIX NMPOCTEHLIMX Bapu-
@HTOB, a CTPOroe 0Ka3aTeIbCTBO €AMHCTBEHHOCTH UMEETCA B COIpr-
xatenpHo# Teopuu. He yrny6nssce B feTanH, cKakeM TONbKO, YTO
npUMeHHTENBHO K cucteMe AGE eQMHCTBEHHOCTb CICAYET MOHH-
Mathb, BO-IIEPBBIX, KaK OTCYTCTBHE KaKHX-THOO ApYrHX MOMHMO CHC-
TeMbl BENIWYHH €, 7, i, 2 YHCHOBBIX DEMICHHH HMCXOMHBIX
(yHKUMOHANIBHBIX YPaBHEHHUI M OTCYTCTBME KaKHMX-THO0 APYTHX mo-
MHMO MHOXECTBA 3ICMEHTOB THNA X + iy 3aBEPLICHHBIX YHCIOBBIX
MHOXECTB, COOTBETCTBYIOIHX MOCTY/IaTaM CUCTEMBI H KOHCTpYHpye-
MBIX U3 aToMOB 0, *i, +1. Bo-BTOpBIX, JI06as moneITka 0606wweHus,
PaCIUMpEHHA, NOTONHEHHS W T.Il. MHOXECTBA KOMIUIEKCHBIX HHCEN
BO3MOMHA JIMILb LEHON OTKa3a OT TeX MM HHbIX HCXOMHBIX MOJONKe-
Hu# cuctembl AGE.
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Tot ¢axr, uto mocpeacTBoM GyHKUMI ¥ M 0. OKA3LIBAETCH BO3-
MOJMHBIM HE TOJILKO CBEICHHE ONEPalMii YMHOXEHHA U JIENICHHS K aK-
CHOMATHYECKH 33/IaHHBIM ONIEPAlUAM CJIOXKCHHA U BBIYHTAHHS, HO H
ONHO3HAYHOE TOJYYEHHE YETHIpEX (YHAAMEHTATBHBIX MaTeMaTHue-
CKHX KOHCTaHT, onp X C il ypaHeruit E u E,,
TOBOPHT O COBEPIUEHHO HCKITIOYHTENbHOH PONM ITHX (yHKIMiT B Ma-
TeMaTHke. Jpyroro yHu(pHIHPOBaHHOrO cnocofa BBEJEHHS B MaTe-
MaTHYeCKyl0 TEOPHIO KOHCTAHT e, T, i, 2 Kak 3aMKHYTOH, COr1aco-
BAHHO# CHCTEMBbI QYHAAMEHTANbHBIX BETHYHH HE CYIECTBYET.

IIporouncna u pynxunu

He coBceM 0YEBHAHBIM CIIEACTBHEM BCEX ITHX PAacCyICHHit AB-
JIS€TCS BBIBOJ, 4TO JI0GasA MOMBITKA CBEACHHA BCEX MAaTEMaTHYECKHX
yHKUM K KakoMy-THGO CMHCKY MCXOAHBIX (QYHKUMH HeusbexHo
cTonKHeTcs ¢ npobnemoit (yHIaMeHTalbHbIX KOHCTaHT, Heobxomu-
MOCTb PELUICHHA KOTOPOH CTOMb ke HEH30eXKHO NPHBEAET KO BCE TEM
e IKCIOHeHTe  Jorapumy. [TostoMy Mbl eie pa3s yTsepxnmaeM,
YTO HHKAKHX APYrHX OYHKUMi, CMOCOGHBIX peanbHO MpPeTeHAOBATh
Ha 6a3nCHYIO ponb B MaTeMaTHKe HeT. JlioGaa ananuTuHyeckan QyHK-
LM, KaKoii 6bl CIIOXKHOM, HEOPAMHAPHOH OHA HH GbLIa, MOCPEACTBOM
MaTeMaTHYECKHX KOHCTAaHT M HX KOMOWHaLmH, onepaumii +, —, +, :,
lim, cymMmbl cnaraeMbix T, npoussefienus comuoxuteneit IT, nudde-
peHuupoBanua df/dz, WHTETrpUPOBaHHA, CYNEPNOSHIMH M APYTHX
onepauuit Moxer GbITh BHIpDKEHa, IO KpafiHei Mepe B 061aCTH KOM-
nNeKCHbIX uncen, yepes €” U Ln z. KonuuecTBo MHTEpeCyromux Hac
(yHKUMI NPaKTHYECKH HEOGO3PHMO, H HE TONBKO PacCMOTPEHHE, HO
JaXe MpOCTOe NEPEYHCICHHE BCEX CMyHaeB 3aHWIO Gbl CIUUIKOM
MHOTO MECTa H €/Ba JIH Boobie peabHo. Toro, BNpoYeM, H HE Tpe-
6ye’rcx — J[OCTAaTOYHO OrpaHHYHTBCA OCHOBHBIMH 3JI€MCHTapHLIMH
(yHKUMAMHU, TPOCTHIE KOMGHHALMH KOTOPBIX € HOMOILIBIO GecKoHed-
HBIX CYMM, TIPOH #, cynepriosuuuii ¥ T.4. 06pasyioT obwup-
Hblif K/IaCC HENIEMEHTAapHBIX QyHKIM.

MpocTeiimyumn 1 HanGonee MONE3HBIMH B CAMBIX PasTHYHBIX
Clyyasx, He HCKITIOYas CaMbie CIIOXKHBIE, KOMOGHHALMAMH IKCIIOHEHTHI
u npoTouncen (e-i-2-npeobpa3oBanus) ABIAIOTCA WECTb XOPOLIO U3~
BECTHBIX TPHIOHOMETPHYCCKUX (YHKIH, COKpamleHHO o06o3Ha-
YyaeMbIX KaK COS z, sin z, tg z, ctg z, Sec z, €sC z (ans TaHreHca u KOTaH-
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TeHCa HEPEAKO HCTIONB3YIOTCA K APYTHE 0603HAYCHHUSA), U CTONBKO XKe
AHATOTHYHBIX MM M HE COACPXAIUMX MHHMOH CaMHMUBI (€-2-
npeobpasoBanus) runepbonuueckux Qynxumii. Illects 0GpaTHBIX
TPUrOHOMETPUYECKHX M IIECTh OOPATHBIX THMEPOONMYECKHX (yHK-
LM NOMAapHO CBA3aHBI MEXAY COGOH MOCPEACTBOM KOHCTAHTHI i, M
Bce 6e3 MCKIIOYCHHA ABCHaauaTh o6paTHbIX (GYHKUMI BhIpaXaioTcs
4epes i ¥ JiorapupM.

Bripaxenue z", BO3BOAMIIICE KOMIUIEKCHOE YMCIO Z B KOM-
IUIEKCHYIO CTENEHb %, PACNIaZacTCA Ha ABa YACTHBIX CIIy4as, KOT/a JiH-
60 OCHOBaHHE CTENEHH z, MHOO MOKa3aTeNb CTENEHH 4 MOCTOSHHOE
KOMILIEKCHOE uHCO. ClleAoBaTeNsHO, cmenennas Gyskuns z° (z # 0)
NpPEACTABIACTCA B BUAC

o7 Ln7 _ galinz+k2ni) _ alinlz| +ie +k2ni)

H BCJICACTBHE CBOMCTB JOrapH(Ma oHO3HauHa, ecnn a = 0, £1,
+2..., ¥ MHOrO3HayHa B OCTaJbHBIX Toukax. Jlns nokaszamenvrot
dyuxumn a” (a # 0) TaKke Bee AcHO: @’ = ¢ " ? eCcTh MHOrO3HauHas
(u3-32 Ln @) GyHKuMA B OTIMYME OT SKCTIOHEHTH! €, 0611aCThIO OIHO-
3HAYHOCTH KOTOpOH 1 BCA KOMIL NJI0CKOCTb, “paspe-
3aHHaA” BIONL OTPHUATENBHOH YaCTH AeHCTBHTENbHOM OcH. B Teopuu
CreUHaNbHBIX (yHKuMHA, Hanpumep I- d)yﬂkmm, HepeaKo Bcrpe-
YaeTcs MPOH3BEIEHHE TOKA3ATENbHOM (YHKUUM a” Ha CTENCHHYIO 2’

rae a u b MoryT GBITh PasIHYHBIMU MOCTC IMH B!
oﬁmeM cnyq
zLna+blnz
a'b=e
1S TIaBHOTO ke 3Ha4YeHUs Jlorapuma
@izt = gFmateinz

K 3ToMy BUIy MOXHO NPHBECTH Taloke I060E YHCIIO 33 HCKITIO-
yeHueM 0, U B ONpPENENECHHBIX ClTy4adX MMEHHO Takas tdopma npen-
CTaB/eHHs uHCNa ABsETCH Haubonee ynoGHOH M OTBEHAIOWICH Cy-

MECTBY ena.
HeorpaHH4eHHOE KONHYECTBO JIEMEHTAPHBIX (byHKuuH noiyya-
€TCs M3 OCHOBHEIX KOHEYHBIM NPHMEHEHHEM omepaluii +, —, -, : H

cyneprnosuuyy. CHUMasA OTPaHMYEHHs HA KOHEYHOCTb M nonycxax
TeM CaMBIM OECKOHEYHble pANBl M NPOM3BEACHMA, Audpde-
PEHLMPOBAHHE ¥ HHTETPUPOBAHME BO BCEX MX Pa3sHOBMIHOCTAX, Gec-
KOHEYHYIO CYNEPIO3HLIMIO, TO ECTh AOMYCKas ONEpaLyHy, CBA3AHHBIC C

44



NpefesbHbBIM NepexofoM lim, momydnM mouTH HeoGOo3puMBLi Kmace
HE3NIEMEHTAPHBIX BYHKIWH, TO-TPEXHEMy BbIpaXaeMBIX Jepes e”, Ln
2, HO ye NOCPEJICTBOM U MpEe/bHBIX onepauuit. Xenatomme MoryT
3aTAHYTL B SHUMKIONEAMH M CNEUHaIbHBIE CPABOYHMKH WIM B
CNpaBOYHYIO 9acTh W3BECTHOM mporpammsl “Mathematica 7” u y6e-
ZIUTHCA KaK B CYILECT TBa a3’ IX CBA3el MexTy
OTHENBHEIMH (YHKUMAMH, TaK H B MX CBOXMMOCTH K HCXOIHBIM Y H
0. 3aBepmas o6CyxaeHHE QYHKIMH, ClIEXyeT HenpeMeHHO A06aBUTh
(3T0 06CTOATENLCTBO SABMAETCA KPAiiHE BAXKHBIM, BO3MOXKHO JAXKE Pe-
IIAIOUIMM), 4TO NPOH3BOABHAA MATEMaTHYECKas (YHKUMA MONET
6BITh MPEACTABIEHA, IPUTOM EAMHCTBEHHbIM 06pa3oM, B BUJIE KOHEY-
HOTO, a yanie 6ECKOHEYHOTO €-i-2-Npeobpa3oBaHus, TO €CTb TPHIO-
HOMETPHYECKOrO PANa, YacTHBIH CIy4ail KOTOOro — PAAsl Dypse.
OKOHYATE/IBHOTO JI0KA3aTe/IbCTBA HET, HO IS OYEHb LIMPOKOTro Ki1ac-
ca dyHKuwii 370 AOKa3aHO, CM. [3urmyHn].

YpaBHenue Cynepno3HLHH

Cuuras THYECKH 33 # 0 KOHCTaHTOH HAHBBICILIETO,
YCIIOBHO HY€6020, paH@, Mbl NOIDKHBI CUMTaTh KOHCTaHTaMM nep-
6020 panza CBA3AHHBIE C HyNeM, QYHKUMAMH Y M 0. H COCTaBIAloNLME
3aMKHYTYIO YHCIIOBYIO CHCTEMY NPOTOYHCHA. Croza MOXHO 106aBHTB
nocTosHHyIo Jiilepa, KOTOpas MEMEHTApHOH KoMGHHauuEH MpoTO-
yycen He ABNAETCA K B NMOMYUECHHH KOTOPOH HCIOMB3YETCH MO CYTH
JIOrMKO-MATEMATH4ECKH}, BBIPAKAEMBIH B AKCHOMAaTHKE 4Yepe3 He
TONBKO MAaTeMATHYECKHE ONEPalliH, HO W JIOTHYECKHE KBAHTOPHI,
NpHHUMD GECKOHEYHOTO MNpEIENbHOr0 Mepexona. A KoMOHHaUMAM
spoge ¢, e, 2m, /2, 7’/4,1n 2, V2 u naxe 6onee CHOKHBIM KOM-
GuHALMAM OTBOAMICA B 3TOH HEPapXHH MECTO KOHCTAaHT 6mopozo
panaa.
B cBeTe CKa3aHHOTO HEH3BEXHO BCTaeT Bompoc 06 obumieM
KONHYECTBE KOHCTAHT [IEPBOTO PAHTa, KOTOPI MEI IIOCTAaBHM B TaKo#
¢opme: Bce M HayaNbHEIC OTEHIHH CHCTEMBI AGE 3ayefcTBOBaHBI
U1 nonydenns GYHIAMEHTATbHBIX MATEMAaTHIECKHX KOHCTAHT H HET
1 KaKMX-TO APYrHX, HE HCIONb30BAaHHBIX CILE BO3MOXHOCTEH?
Crnioco6 BBEAEHHA MPOTOYHCEN, @ TAKKE 3HAKOMCTBO CO crnenuduxoi
MOCTOsIHHON Dillepa MMEIOT pellialolee 3HaueHHe LA MOHHMAHHA
3TOr0 BOMPOCA W MO3BOJLHOT MOJOHTH K OTBETY HA HETO C CaMbiX
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o0mKX NO3ULMHA. AHaTH3 CHTyalHH NMOX TaKMM YIIOM 3PCHHA MO-
Ka3bIBaeT, YTO HEHCTIONb30BAHHBIM MOKA OCTAETCA KOHCTPYKTHBHLIH
NPHHUMA CYNEpNno3WUMH (YHKUHMHA, ¥ MOXHO MO KpaifHe# Mepe
JIOMYCTHTh, YTO HEIIEMEHTapHOE, BBIPAXAIOMIEECA HEPE3 OnepaLHio
lim pmeiicTBMe 3TOrO NpHHUMNA MOXET MNPHBECTH K YCMY-TO
TIPMHUMIHANBHO HOBOMY, HeOObIYHOMY. Jlanee OTMETHM, YTO CHCTEMa
(YHKUMOHANBHBIX ypaBHeHHH E,~E, CONEPXHT BCE OCHOBHBIC BHAbI
COXpaHeHHA (HHBAPHAHTHOCTh AHANMTHYCCKOH (OpMbI CBA3M, MHBa-
PHAHTHOCTh BENIMYHHBI 110 OTHOLIEHHIO K NMPeoGpa3oBaHHIo, HAHUHE
B Npeo0pa3oBaHHH YHCIIOBBIX KOHCTAHT) 32 HCKIIOYEHHEM JIHLIb
OIHOTO ~— HE3aBMCHMOCTH WYMCIOBOrO pelleHHs oT  BbiGopa
nepeMeHHBIX npeo6pasosanus. CBosis BocAMHO ofa Hayana — Gec-
KOHEYHYIO CYNEpIIO3HLMIO ¥ He 3aBHCALLYIO OT NEPEMCHHBIX npeobpa-
30BaHMA KOHCTAaHTY, MPHAEM K CIeAyioueMy (YHKUHOHAIbHOMY
YPaBHEHHIO:
E; ]"11:13 S(S(...S(x)...) =const

Cumsonoum S 3aech 0603HaueHa HEM3BCCTHAA €LC QYHKLMS HITH,
6bITh MOXKET, (yHKUHH, GECKOHEUHas CYNepno3HLMs KOTOPOH (koTo-
PBIX) IO/KHA MO MAee IPHBECTH K FHOTETHUECKOH H HE PAaBHOM Apy-
IMM KOHCTaHTe (KOHCTaHTaM); X O3HAYaeT NPOHM3BOJNBHO B3ATOC
HHCIIO.

TMpeanonaras cylecTBoBanue obparHoil S (yHKuMH arcs,
paccmarpHBasi BRIDRXKEHHE BO BHEUIHHX CKOGKax Kak (yHKLUHIO-nepe-
MEHHYIO U ONMHPasCh HA OYCBHAHOC CBOWCTBO onepaxum npeneanoro
nepexona 3152 = .}EE  MOXKHO CBECTH BCE K CHCTeMe ABYX ypaBHEHHH

1A mpaMoit M obpaTHO# (yHKUMH, KOTOpYIO MpEencTaBHM B BuIe
JIBOMHOTO paBEeHCTBa
Es; S(x)=arcS(x)=x

COZIEpIKALLET0 KOHCTAHTY(bI) CYTICPNOSHIIMH Y)KE HEABHO, B Ka-
HECTBE UHCIIOBOTO PEILICHHA CHCTEMEI ypaBHeHMi. Pewenye lem B
1p ipHbIX yHKYuAx, TOHUMAs TIOX STHM BCE H3-
BECTHBIE JJIEMEHTapHble (QYHKLMH MATeMaTHKH HCKIIOYad, OAHAKO,
HX KOMGHHALMH, MONyYaeMble MPHMEHEHHEM apHdMeTHYecKux Aeki-
cTBHii M cynepno3uumy. CyiuecTByeT TpH IECATKA TaKux (yHKumi,
HeOGXOMMMEIE CBEIEHHS O KOTOPBIX COACPXKATCA B yueOHMKax no Ma-
TeMaTHKe W CIp X 1o pHbIM (yHKuHAM. C UENbIO
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HX TECTHPOBAaHHA Ha MpPEAMET COOTBETCTBHs (YHAAMEHTATLHOMY
ypasHcHHio Eg copmynupyem no y6siBatowweii crenenu o6nHocTH
€CTECTBEHHBIC TPeGOBaHHUA, NpEAbABIAEMBIE K HCKOMOH (yHKUMM
(unn pyHKUHUAM).
a) Ypaenenue Eg umeer MecTo U1 BCeX NEHCTBUTENbHBIX
W MHHMBIX YHCEN
6) TI'paduxu pyuxumii f(x), f/~ : (x) u y = x uMeloT 06-
ILYIO TOUKY NCPCCEYCHHSA, B KOTOPOH BBITIOIHAETCA COOTHOILE-
Hue Es), To ecTh paBeHCTBO 3HaUeHMH QyHKUMM, OOPaTHOI
(yHKIMH K apryMeHTa
B) Dyuxuuu f(x),[ l(Jr) M y = X NEPECEKalOTCs JIMILb B
OIIHOI TOYKE
r) Ota Touka oTMyHa oT O W |

BceMm atuM Tpebic [Ap 2007, 105-112; 2007a,
88-93] yROBNETBOPSIOT JULIb YHKLHMH: a* u cosx. Yurem TEnepsk,
4TO ypaBHeHHe cyneprosuuuu Es, paccMaTpusaeMoe OTAENBHO OT Oc-
TalbHBIX JIMIIL MO NPaKTHYCCKHM cooﬁpa)xeﬂmm, SABJSICTCA HEOTh-
eMyieMOii  4acThlO CHCTeMBl ypaBHeHuii E, —E;. A nocnemuss
npeacTaenset co6oii eAMHYI0 CHCTEMY (YHKUHOHANBHBIX ypaBHEHH
C CHOMHBIM pELICHHEM B HaWJCHHBIX yxe dynkumax y(x), a(x) u B
KOHCTAHTaX, M3 KOTOPbIX HEH3BECTHBI MOKA JIMIUL KOHCTAHTHI Cynep-
nosuuun. OTCIOAA CNEAYET, YTO MOKasaTenbHast (YHKUHA MOXET
6BITh TONBKO SKCMIOHEHTOM: @" =€~ -

Takum o6pasoM, peuieHne ypasHeHus Es B anemeHTaphbix
(YHKIMAX EHCTBUTENBHOH MEPEMEHHOH NPUBOMMT K CIEXYIOHM
(yHKUMAM M KOHCTaHTaM w (Tiep Gyksa ap oro angasuta,
yutaercs “a”) u W(1):

y(ix) +y(-ix) _e"+e

w  =0,73908 51332...

cosx = 2 2

y(-x)=e* W(1)=0,56714 32904....

Jlns manmoit naph! GyHKUMA M KOHCTaHT CHPABEIUBOCTb MIpe-
RenbHOro otHoleHus Es HE 3aBHCHT OT BbIGOp2 HAaUANBLHOM, JEHCTBU-
TeNbHON WIH MHHMOl, MEPEMEHHOH X. A BBIPOXaACh A3BIKOM reo-
METpHH, MOXHO CKa3aTb, YTO PHMCHEHHEM NPHHLHNA 6ecxoneq§oﬁ
CyiepriosHuMyM KO BCeM TOUKaM, JEKAlMM Ha JICHCTBHTENBHOH
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MHHMOi1 0csX, 06e ocH oTo6paxkaloTcs B ToukH > uaH W(1). Tpoiinbie
TOYKH mepecedenns w 1 W(1) nokasaxsl Ha puCyHKax; 4is 6onbiei
HarBSIAHOCTH OTAENBHO NPHBOASATCA TAKXKe B3ATHIE B Gojlee IMPOKOM
HHTepBase rpaguku QyHKUMI COS X = X U y = X, NepeceKalomuecs B
TOYKeE ul.
!

° 0.5 0739085 1 15 o, 2
Puc. 2
_ Koncranta x, Kak TpofiHas Touxa
nepeceyeHns KPHBLIX Y = COS X, Y = arcCOS X Hy =X

056714 !

Puc.3
KoHcTanTa x, Kak TpoiiHas To4Ka

FlepeceteHns KpUBbIX y =€,y =~Inxuy=x
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Puc. 4
TlepeceyeHHA KPHBBIX ¥ = COS X H y = X B TOUKE X

Jlna byHKUMH KOCHHYCA H3 YPaBHEHHA
Es, lim cos(cos ... cos(z) ... ) ="
ne

umeeM

Es;cosz=arccosz=2z

AHaJIOTHYHO JUIAl 3KCTIOHEHTHI € M3 HCXONHOTO YPaBHEHHS
Esy lim vy w7 @) = W)

noJTy4aem

Esse “=-Ln(z)=z .

Tpancuennentasie ypashenus Es; H Ess, ynmobubie mis
BBIYMCICHUA KOHCTaHT * u W(1), Hepa3peluMbl B KOHEYHOM BHIC
OTHOCUTENbHO HeusBectHo# x. Cramo OBITh, OTM KOHCTAaHTHI,
CBSI3aHHBIC KaK ¥ JODKHO ¢ GYHKIHMAMM Y, O. K MPOTOYHCIIAMH, HE AB-
JIAIOTCA C KoMm€ noc. x HanonoGue e" MM, Io-
ITyCTHM, n%/4. CnenoBaTenbHo, * 1 W(1) HMeIOT paBHBIA C 7, €, i, 2,y
CTaTyC KOHCTaHT 1EPBOro paHra.

3aiiMeMcs BHayaie KOHCTaHTO#H . IpemuecTByiomee H3IOKe-
HHe OABOIMT K MBICIH, 9TO B 0G/aCTH HeHCTBHTENBHBIX H MHUMBIX
uycen moGas MaTeMATHYECKas KOHCTAaHTa TaK WM HHade, Hepes Te
JIH MHBIE ONePaLK OBYCIOBICHa MATEPHHCKUMH OMEPALMAMHU Y H O
M 4TO BCE KOHCTAaHTHI TJIyGOKO CBSi3aHBlI APYF C APYTOM, COCTaBJLiA
€MHY0 B3aMMOJIOTIONHSIONIYIO CHCTEMY BbIAENCHHBIX MaTeMa-
THYECKMX BEIUUHH. BIOIHE M03TOMY 3aKOHOMEPHO, YTO KOHCTaHTa 2
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onpezenseman ypaBHeHueM E; uepes ncxonryio B cucreme AGE one-
PAUHIO CYMEPMOSHLMH, TO €CTb GYATO COBEPLIEHHO HE3ABMCHMO OT
TPUHLIUIIOB, KOTOPEIE NONIOKCHL! B OCHOBY ONpeAENeHus (yHKuHi y,
O M TIPOTOYHCEN, TeM HE MEHEE MMEET DEICHHE HEMOCPEACTBEHHO
COOTHOCAIEECA C TeMH U Apyrumu. Bonce Toro, Gmmsocts no npu-
POIC, yRMBHTENLHOE CXOACTBO BTODHUHBIX ZHATMTHYECKHX (hopM,
BKJIIOYEHHOCTh KOHCTaHTbI * B CHCTEMY ()YHAAMEHTANbHBIX KOHCTAHT

6pocaerca B riasa, ecnu MpPOCTEHUIyIO KOMC ) COOTHC
IUTA TIPOTOYHCEN CP Th C COOTHC Es3, nonyuaemsiM 13 ue-
xonHoro Es:
y(in) + y(-in) ..
=i-i
2
VG )+ y(=it)
3 =

B ofoux cooTHowenMAX nonycyMMa (QyHKLMOHANBHBIX Clarae-
MbIX THNA W(x), W(-X) HaeT OHY W3 COAEPKALMXCA MON 3HAKOM
(yHKUMM KOHCTaHT, ApYrMMM CIOBaMH e-2-i-m-npeobpasosanuc
NPHBORHT K i-i, a e-2-i->~npeoGpa3oBanue, ¢ 3aMeHol T Ha 3, npHBo-
IHT K °. B 060HX COOTHOLIEHHSX COAEPKATCA TONBKO KOHCTAHTBI, COC-
TaBIAIOWIHME TaKHM 06pa3oM CeMEHCTBO B3aHMOCOTIACOBAHHBIX (yH-
JaMeHTaIbHBIX MaTeMaTHYeCKMX BenuyuH. Ypasuenne Eg, onpenc-
Jsouiee pakTuuecku koHcTanThl > 1 W(1), Hapany ¢ yHkumeii kocu-
Hyca

S(x)= ¥x) +vix) ; LAGE) (X nEHCTBUTENTLHO WITH MHIMO)

H MaTepHHCKOH (yHKuHeH \y"(x) C €aMOTo Hayajia MorjIo GbiTh
BKJTIOYEHO B CHCTEMY (YHKLHOHANbHBIX ypaBHeHHH E B kauectse oa-
HOTro U3 ee ypaBHeHHiH. Ho cTosBmIne TorAa 321a4H, B YaCTHOCTH BBe-
JIEHME HOBBIX OMepauuii M NMOCTPOCHHE KOHTHHYYMa, He TpebGoBanu
KOHCTaHT ¥, * n W(1), nof Ke yp Es Heckombko oc-
JIOXKHHIIO OBl PELICHHE CHCTEMBI H3 MATH YPaBHEHHH, H B OCHOBHOM
MO TEXHHYECKHM COOOPKEHHAM Mbl IPEANOWIH 3aHATHCA CyNep-

TIO3ULIHEH MO3KeE.
Pemras mo6oe u3 Tpex ypaeuenmii Es; (ymobHee, koHeuHo,

HMETb AENO C YPaBHEHHEM COS X = X JUIA JCHCTBUTENBHOM nepemMeH-
HO¥ X) OTHMM H3 CYLIECTBYIOLIHX METOAOB NPHOIHKEHHOTO peleH s
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TP ACHTHBIX yp i, HanpHMep CTaHAApPTHBIM METONOM Ka-
carenbHbiX HbloToHa, nonyuum uucno [Apaxenss 1981, 135, 136]
3=0,73908 51332 15160 64165 53120 87673 87340 40134
11758 90075 74649 65680 63577 32846 54883 54759
45993 76106 93176 65318 49801 24664 39871 63027 7149
036913 08420 31578 04405 74620 77868 85249
03891 53928 94388 45095 23480 13356 12767 7223...
KOTOpOE MO BCCH BHAMMOCTH TPAHCUEHICHTHO, TO €CTh BBIPAXACTCA
6eCKOHEYHOM HCMepHOANYEcKoH necaTHYHOMN (Miu moGo#H npyro# n-
WyHoit) Apo6bio. 34eCh NMPUBCACHBI JIHIIL ABECTH 3HAKOB JECA-
THYHOTO TIPEACTaBIEHHA KOHCTAaHTHI %, a Bbiaucnensl 100 000, a 3atem
u 6400000 ee gecATHUHBIX 3HaKoB [Apakenan 20075, 2010a). 3ame-
THM TaKKe, YTO CCTh H APYTroi — OBIENOCTYHbIH, “IMIHPHIECKUi”
€roco6 Mony4uTh AECATHYHOE NMpubmmkenue uucia *. Jleno B TOM,
4TO C ONpPCHCTEHHOI TOYHOCTHIO OHO Kak Gl comepxHTCs B MO60M
KaJIbKyJATOPE, CIOCOGHOM NMPOM3BOAMTS omepauio cos. Hano mmums
Hayraj HaGpaTh YUCIIO (BHIPKAEMOE, IOHATHO, B PaIHAHaX) HIH, HH-
yero aaxe He Habupas, HAXKMMATb Pa3 3a Pa3oM WIH JEpKaTh HaKa-
Toii kHomKy ‘cos”. Tlonyuyaemblii € ZROCTYmHO# 1A HaHHOrO
KaIbKyJIATOpa TOUHOCTBIO PE3YIBTAT (5) CKOPO 3aMenbKaeT Ha JKpa-
He. DTo 03HAYacT, 4TO MpEACIbHOE 3HAUYCHHE GECKOHEYHOH mocie-
ZIOBATENLHOCTH MATEMATHYECKHX MpeobpasoBaHMil HE 3aBHCHT OT
BbI6Opa HAYATLHOTO AEHCTBHTENBHOrO M MHHMOTO yucna. JIpyrumu
clI0BaMH, Tepen HamMH yHUKaIBHBI Ciydail rmo6arbHOro IMcIoBOro
aTTpaKTopa.
O xapakrepe MpHGIIKEHHA K NPEACITY NONy4aeMoil H3 Es, no-
CNIEeOBATENLHOCTH YHCEN MOXHO CYANTD NO PHCYHKaM.

Puc. §
Tpaduku dyHkuHH cos(cos(...cos(x)..) mian=2,4,7
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Puc. 6
T'padukn dynkumn cos(cos(...cos(x)...) ana n = 28, 30, 36

Jins MHHMO#t IEepeMeHHO# ix 3TO MOCNEN0BATENLHOCTh AEHCTBH-
TENBHBIX YHCEI Xy X35 X35 «vvy Xps Xpays --- KOTOPAS € KOKABIM LIATOM
NpUGIMKAaETCs K CBOEMY Npeaesy, NonepeMeHHo NpuHuMas 66apuine
¥ MeHblIHE yeM * 3Hauenus. Kctatu, B Teopun JIM® KoHcTaHTa * —
3TO TOT CaMBlii “CKPBITHIH MapaMeTp”, HEAOCTaloLIee 3BEHO B CeMei-
CTBE MaTeMaTH4YeCKHX BEJMYMH, KOTOpoe MO3BONAET B [Apakensn
2007; 2007a; 2010] pewmsTs, CaUTAOLLYIOC paHee “HenpobuBaemoi”
npobieMy TEOPETHYECKOTO OMNp IX 31 i Heko-
TOpBIX (DYyHIAMEHTANBHBIX (DHIMUECKHUX MOCTOAHHBIX MyTEM MX CBEAE-
Hua k ®MK.

Yto KacaeTcsi BTOPOro CilyHas, OH HECKOJbKO cBOeoGpaseH. M3-
BECTHO, YTO 3KCIIOHEHTA ¢~ MEPEBOANT MHUMOE YHCIIO B KOMILIEKC-
HOe, 103TOMy [Is moGoro ix ypasrenue Es, nmpuoaut k Geckoneu-
HOMY YNOpPAIOYEHHOMY MHOXECTBY THINA

X iy, Xp+iyy Xy iys, s Xy HiVa o

Oco6eHHOCTb 3TOi MOC/EA0BATENBHOCTH KOMILICKCHBIX YHCENT B
TOM, YTO C YBEJHUECHUEM 71 BADHAHTA Y, CTPEMHTCA K HYJIIO, EPEMCH-
Hast XK€ X,, @ BMECTE C HEH M BCS NOCHEAOBATENBHOCTD X, + iy,, cxo-
mutca K mpenenry W(1). Ilpu 3ToM, Kak M B Ciyyae KOCHHYCa,
nep x,, Tipu0. TCS K CBOEMy mpeneny konebiach BO3ne
Touku cxomumocTH W(1) ¢ MOCTOSHHO yMEHBIIAIOWEHCS aMILIUTY-
noii xone6auuii. [lepBble ABECTH 3HAKOB ACCATHYHOTO NMPEACTABICHHA

BTOPO# KOHCTaHTB! CyNepPO3HLHH TAKOBBI:
W(1) = 0,567143 2904 09783 87299 99686 62210 35554 9753

815787 18651 25081 35131 07922 30457 93086 68456
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71492 95980 35943 76698 47463 56061 34226 84613...
C TOYHOCTBIO B 11 JECATHUHBIX 3HaKOB KOHCTaHTa W(1), Ha3el-
TaKXKe oMe2a-i i, MOXeT ObiTh monyueHa B “Ma-
thematica 7" naGopom Bbipaxcenns N[ProductLog[1], n], rae Bmecto
N MOXCT CTOATb M060E CeMH- HITH JaXke BOCbMH3HAYHOE YHCIO.
Hcnonb3yeMoe 3iech 0BO3HaueHHE HE CIy4aiHO, MOCKONBKY
peub (GaKTHUecKH MAeT 06 OnpencicHHOM 3HaueHnH yHkuuH Jlam-
6epra W(z), nnn omera-Qynkuu, cM. [Michon], o6sruo sanasaemoi
()YHKUHOHANBHBIM YPaBHEHHCM
z=W(2)e"", umn W=ze
Pynxuns W(z), ONpefieNeHHas I MHOXECTBA BCEX WHCEN z
pkmioyas 0 M MCIONb3Y npH p pas: IX TPaHCLEH-
JICHTHBIX YDAaBHEHHH, Halta JOCTATOYHO IUMPOKOE MPHMEHEHHE B
4HCTOIf MaTeMaTHKe M 3a ce mpeAenamu — B Qusuke u Guonoru, B
MEXaHHKE JKHAKUX CPeJl, NIPH aHANH3e AHHAMHYECKHX CHCTEM, B TEO-
pHUHM aNropuTMOB H T.X., CM. [Corless et al.]. Ecin z = 1, mony4aem

YPaBHCHHC
W(l)=e
ToxaecteenHoe Ess. TakuM 06pa3oM, ONHO M3 IBYX PCLICHHH ypaB-
Henus Es s ZEeHCTBUTENLHON M MHHUMO# TNEPEMEHHbIX COBMAaeT C
BBIICNEHHbIM 3HAUCHHEM (QYHKUMH W(z), COOTBETCTBYIOIUM TPOC-
TejilieMy CITy4ai0 OTCYTCTBHA MHOXHTCIA Z B ypasuenuu (7). B atom
cmbiciie uncao W(1) MoXeT CIHTaTbCA NEPBCHLICM ©eCKOHEUHOro ce-
MeiicTsa amcen W(z). CrelyeT Talke OTMETHTB, YTO MYTH, BEAYILHE
BechbMa pasiuuHbl. B TO Bpems kaK B 1o-
CiienHeM YpAaBHCHHH SKCTIOHEHTA 3ajiaia C CaMOro Hadana u 3anaqa
CBOAMTCA JIHLIb K HAaXOXACHUIO pa3sIHYHBIX 3HaueHuit W(z) B 3aBH-
CHMOCTH OT 3HAUCHHIi IEPEMEHHOH Z, B QYHKIHOHANLHOM ypaBHCHHH
E; Heu3BeCTHBIMH «gegnunHamMu” Hapagy ¢ > u W(1) ssnsmiorcs
Gynkumy cos(z) U ¢, mpuyeM 3HaYCHHA KOHCTAHT CYNEpO3HIHH OT
KOHKPETHBIX 3HayeHUH z HUKaK HE 3aBHCAT. Ocraercs n06aBUTb, YTO
nonyueHHE NPHOTHKEHHOTO JECATHYHOrO 3HAYCHHA KOHCTAHTH! W( ]3)
Ha KalbKyJISTOpe HEHaMHOTO CJIOKHEE YEM B Cllyyae KOHCTAHTHI °.
B3s8 IpOM3BOILHOE YHCIIO, HALO TPOM3BOJMTH HAJl HUM OIHY 32 Ipy-
roii onepauuH ¢" u l/x jo Tex mop, moka yucno 0,56714 32904... ue
OABHTCA Ha AUCILIEE C MAKCHMANBHOH 11 JaHHOTO KaJbKyaiTopa

~W(1)

k koncrante 0,567143...,
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TouHOCThI0. CrenosarensHo, ®PMK W(1) s1o ewe u oxun u3 asyx
TI06ANBHEIX THCIOBLIX aTTPAaKTOPOB.

HTOrH N NepcreKTHBEI
XapaxTepHoi ocoGeHHOCTbI0 DMK ABIsETCH HEOXMAAHHOE MO-
ABJICHME B CaMbIX Pa3HBIX pa3fieNiax YMCTOH M NpPHKIAAHONW MaTeMa-
THKH, B CaMbIX pa3sHbIX pONAX M B CaMblX HEMPEABHMACHHBIX
obcTosTenscTBax. MICTOpHs MaTeMaTHKH MOMHA TAKMX HEOXKHAAHHO-
CTei, NPUTOM B OTHOLUECHHH BCEX 6Ge3 MCKIIOYEHHs (yHAaMEHTab-
HBIX KOHCTaHT. B cBa3u ¢ 3THM MOGOMBITHO OTMETHTB, YTO
YPaBHEHHE COS X = X, BIEPBBIC paccMOTpeHHoe B [ApakensH 1981,
135, 136] B cBa3n ¢ pewreHueM nmpo6IeMbl TEOPETHHECKOTO ONpese-
JIEHHUsl YHCIIEHHBIX uit pyH TanbHBIX (UIHIECKHX MOCTO-
AHHBIX, B NOCJEHEE BPEMA BCTPEYACTCS AOBONLHO 4YacTo. B atom
MOXHO y6enutscs ¢ momomuisio MHTepHeTa, nocaeaoBaTeNbHO 3a/a-
Basi HANMPUMEP MOUCK ACCATHYHbIX NPHOIMKEHUH
0,73908 0,739085 0,7390851 0,73908513 0,739085133

yucna * B NOUCKOBBIX cucTeMax Google, Alta Vista, Yahoo, ... dna
NATH-YEThIPHAAUATH BEPHBIX 3HAKOB NOCIIE 3aMATOi KOIHYECTBO web-
CTPaHHIl MCYHCIIAETCS OOBIYHO COTHSAMH, Aajiee OHO YOBIBAET U C nAT-
HaZILaTH KO CTa U Gosiee 3HAKOB HCYMCIAETCS AECATKAMH, CYUTAHHBI-
MH €IHHHUAMH WIH NOJHBIM OTCYTCTBHEM CCBUIOK. KOHC‘]HO, O4YCHb
4acTo, OCOGEHHO [UIS MATH-IIECTH 3HAKOB, HMEET MECTO MIPOCTOE COB-
nMajieHHe KaKMX-TO COYCTAHMA LMD ¢ TeM MIH HHBIM AECATHYHBIM
npubnamwkeHneM KoHCTaHThl. Ilocne Toro kak BCE ciywaiiHoe Gymer
oTGpoLIeHO, ocTaHeTcs 6osee ThicauH (1) CTPaHHL, TAE Peyb YKe HAET
O MaTeMaTHYECKOM YHCIIE, ABJAIOLIEMCA PELICHHEM YPaBHEHHA WA
kocunyca. IIpaBna, u 3xech paccMOTpeHHe OOBIYHO HOCHT (opMalib-
HBIH XapaKTep M NMpECICAyeT BeCbMa OTPaHHYCHHbIE, NMpPEHMYILECT-
BEHHO WLUIIOCTPATHBHbIE LEMH — TMpPH H3JIO0XKEHHH MPHEMOB
MAaTEMaTHYECKOr0 HCCIEeAOBaAHHA, TaKUX KaK aHallH3 HTepﬂuHOHHblx
MPOLECCOB M METOAbI HOTO p (Hanpumep, MeTOA Kaca-
TenbHbIx HBIOTOHA) TPaHCUEHOEHTHBIX YPaBHEHHH, NMPOCTEHUINM H
XapaKTCPHBIM TNPHMEPOM KOTOPBIX H SBJIAETCA JAHHOE ypaBHEHHE.
Hccrnenosanne (opManbHBIX CBOMCTB KOCHHYCA, B YaCTHOCTH €ro
0COGBIX TOYEK, TAaKKe MPUBOAMUT K “Maruueckoii” touxe 0,739085...

54



C ocHc MaTeMaTHkH, a TeM Gonee ¢ QyHnamenTanbHoOH du-
3UKOMN ITH Clly4aH, 6C3yCIOBHO, MPAMO HE COOTHOCATCA, XOTA H 31€Ch
MO)XXHO HaiiTH noxonieky. YpaBHEHHE COS X = X OTHOCHTCA K YMCITY
npocTeiuX TPaHCUCHACHTHBIX YPAaBHEHHH, K TOMY )K€ C eAMHCTBEH-
HBIM, TPaUUECKH JIETKO MPEACTABUMEIM H He paBHbiM 0w 1 pee-
HHMEM, W3BECTHBIM CLUE CO BTOPOii MosoBUHBI 19-ro Beka [Bertrand;
Briot; Heis; Miller].

Bcé Bpoac oueHb MPOCTO, AOCTYMHO U JIOXHT HA MOBEPXHOCTH,
HO JIMILb T1yGOKHH aHANM3 MO3BONACT MOCTHYL MCTHHHYIO MPHPORY
yKa3aHHOTO YHC/Ia KaK QyHIaMEHTaNbHOH MaTeMaTHYECKOH KOHCTaH-
THl OZIHOTO paHra ¢ 7. BrpoueM, M OrpOMHBIH YHCTBIH aIMa3 MOXET
6LITL NPHHAT 32 NOGONBITHBIH GrECTAILMI KaMelUIek: ecli Y roso-
PUTb O KOHCTAHTE T, TO BIIOTH 1O MOSABICHUA METOLOB PELICHHA 6ec-
KOHEUHbIX UMC/IOBBIX PAJOB M MPOM3BENEHHMIl OHA paccMaTpHBaNach
Auws KaK YHCTO TCOMETPHYECKOE OTHOLICHHE JUIMHBI OKPYXKHOCTH K
nuametpy. LLIMpOKHii BBIXOA HOBOH KOHCTaHThI 33 PAMKH YHCTOH Ma-
TeMaTHKH MpaKTHYECKH HEOTBPATHM, H BOT yxe uucno 0,739085...
BMCCTE C yPaBHCHHEM Ul KOCHHYCA NOABIACTCA Hapamy C QHCIaMH
(eiirenbayMa NpH aHaJIH3€ MPOLECCOB NEPEXOAa OT Xaoca K ynops-
JIOYEHHOCTH, IPH PACCMOTPEHHH (PAKTAJIOB — CM., HANPHMEP, [Bojar;
Rynne], a Tawke [Wei in] — npu p yp Kennepa ans
NPEAEBHOrO CIIy4as, KOrAa IKCUEHTPHCHTET NNMITHIECKOH OPGHTHI
pasen 1 [AKiTi]. B 3TOM HET HMYCTO YAMBUTETLHOTO HIH HEOMH-
JQHHOrO, CCAIM MIPHHATH BO BHUMAHHE HCXOIHOE ypaBHeHue Es. Teo-
MCTPHUYCCKH OHO MOXET HHTEPNPCTHPOBATECA KaK oTobpaxeHHe
MHHMO#i H JCHCTBUTENIBHOM OCEH KOOPAHHAT B OIHY TOUYKY, 8 COACp-
JKATENBHO HCTONKOBAHO KaK, AOMYCTHM, MEPEXOR OT MPOHM3BOIBHOMH
MHOXCCTBEHHOCTH K BHOJIHE ONpENCNEHHOH KOJIHYECTBEHHO uHOH
ocoGeHHocTH. MOXHO MO3TOMY MPEANIONONKHTH, YTO HOBBIE MOABIE-
HHA KOHCTaHTHI * B 0671aCTH QU3HHECKUX SABJICHUH MBICIIHMBI TIPH HC-
CIIeIOBaHMHM IHTPONMIHBIX MPOLECCOB, MPOLECCOB YNOPALOTMBAHHIA
(u3MUECKHX CHCTEM, TEOPHH Xaoca, KosebaTeNbHBIX Npoueccos, ¢a-
30BbIX IEPEXOJIOB, (PPAKTANOB, AUHAMHUIECKHX CHCTEM, TypOyIEeHTHO-
CTH, ...
Hawe paccMOTpeHHE MOCTOAHHOH CYMNEpro3HUMK KOCHHYCa HE
Gyner noaHbM Ge3 yOMHHaHUA HCTOPHH Kacaioeiics e 06o3Hage-
wust v naspanus. HamomumM, aro uucio 0,739085... kak pemieHue
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ypaBHeHHs THNa f(x) = X, KOHKpETHO ypaBHeHuii Eg;, apnserca He-
MOABIKHON TOYKOH OTOOpaKEHMs, KaK pCIICHHE YDaBHEHHS CY-
neprniosuunn Eg, — rnoGaabHeIM aTTPaKTOpOM, a Kak OJHO M3 pe-
eHuii cucTeMbl (GyHKUMOHANBHBIX ypaBHeHuii E — dyHnameHnrans-
HOM MaTeMaTHuecKkoif KOHCTaHTOi. PasyMmeercs aTTpakTop — HeuTo
Gonburee uem HEMOABH)XHAA TOYKa oroﬁpa)l(emm, HO B TO XK€ BpemMs
(dyHAaMeHTanbHas MaTeMaTHYeckas KOHCTaHTa — KyAa Gosiee BaxHbiH
00beKT, ueMm arTpakTop. Ho M B paHre arTpakropa, Tem Gosee rio-
GanBHOro, YHCIO 3aCiYKHBAET HE TOJNBKO CHELHabHOro o6osHaye-
HHSA, HO ¥ MMEHHOro HaspaHus. O TOM KaK 3TO MHOTAA HEaercs
(BO3MOXKHO 1O HEBEAEHMIO, HO B JIOGOM cily4ae C HapyHICHHEM aB-
TOPCKOTO TpaBa) MOMKHO CYAMTB MO BBLIEPHKE U3 HEGONBIIOH CTaThH,
ony6nukoBaHHo#H B 2007 rogy B M3BECTHOM aMEPHKaHCKOM MaTeMa-
THYECKOM XYpPHaNE M Cily4aiHO OOHapy)XeHHOH HaMH B MHTEDHETE B
koHue 2009 roaa. “Cpeay MOUX APY3cii, BbIIYCKHHKOB ILKOJIBI, ¥4CA0
[Hommu GBLIO TPO3BHULIEM EAMHCTBEHHOTO ACHCTBHTC/ILHOTO KODHA
ypaBHeHus cos x = x. ['oBopar, yro JloTTH, npogeccop paHiy3ckoro
A3BIKa, 3aMETHIIA, YTO Kakoe Gbl YHCIO OHA He HabMpana Ha Kaibky-
JIATOpE, MOCNEROBATENbHOE HAXKATHE KHONIKH COS BcsKkuii pa3 1aBajo
Ha MCIUIEe ORHO M TO ke 3Hayenue 0.739085... . OHa cipochia cBo-
ero Myxa, npogeccopa MaTeMaTHKH, MOYeMy KaIbKyJlATOp BCeraa
JIaeT TONBLKO OHO 3HAYEHHE, HE3aBHCHMO OT NIEpPBOHaYaNbHO HabpaH-
Horo uucia. OH nocMoTpes, nmonpoGoBal U CKasal, 4TO MOoKa ewe He
pasobpaincsa. Ha cnemyioumii IeHb OH NMOHAJ NPOM3OLICAIIEE, KK U
TO, YTO €ro XEHa HalUIa KpacHBbli, NpocToii obpasen rno6anpHOro
arrpakropa” [Kaplan].

ocie 3Toit cTathy o yucae Jommu (Dottie number), Kak o rio-
6aTbHOM aTTPaKTOpEe U MPOCTO 3aMedaTebHOM HHCIC, 3aroBOpHIH
muorue. TTOSBHINCH YIIOMHHAHHS B HAy4HO#H MEYaTH, NPEUIOKEHHE O
BK/IIOYEHHH B YYeOHHKH 110 MaTEMaTHKE, OTACIbHAA CTaThd B MaTe-
MaTHueckoM Beb-caiite MathWorld [Weisstein], AecATH4Has 3aMHCh
(Gonee cra 3HakoB mocie 3ansroii) Dottie number B OHNalH SHUHKIO-
NeAMM LENOYHCIEHHBIX mocienopatensHoctel [Sloane], wmmpokoe
o6CyKaeHHe Ha MaTEMaTHUYECKHX opyMax ¢ MHTPHIYIOLUMMH Ha3Ba-
HusMM [A most mysterious of numbers] u T.1.

Mexay TeM, uucino 0,739085..., kak aTTpaKTop H Gonee TOro
KaK (yHOaMeHTaIbHad MAaTEMaTHYeCKasd KOHCTAaHTa, BrCpBEble, Kak
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yKa3aHO BIllC, NOSBUIOCH 3a 4eTBepTh Beka A0 “Dottie number”, B
Hayanc 80-pIX MpOLLIOro CTOACTHA [Ap 1981]. Ha
“10CTOSAHHOM KOCHHYCa” WH “IOCTOSHHOM CyMePNO3HLUH KOCHHYCa”
1 0603HaYCHHAA CHMBOJIOM Wl 3T KOHCTaHTa IIHPOKO MCMO/B30Ba-
JoCh TpH pellleHHe HEKOTOPHIX BaXHEHWHX mpobreM ¢usuueckoit
Teopun [Apakensn 1981; 1989; 1995; 1997; 2007; 2007a; 2010].
BripoueM, Halue aBTOPCKOE MpaBo Ha 0603HaYeHHUE U HA3BaHHUE AaH-
HOFO 4HCNa, MOATBEPXKACHHOE COOTBETCTBYIOLIMMH XOKa3aTelb-
CTBaMHU M TOJIKpENUICHKOE obpaieHuem pykosoacTsa HaunonansHoH
akazeMuu HayK ApMeHHMH K XypHany “Mathematics Magazine”, uu-
KkeM (haKTHUECKH He ocmaf TCA H yXKe 1 KOE-KaKHe H3Me-
HEHHMs B YKa3aHHYIO CTaTbio B MathWorld. A pa3s yX NpHHATO He
TOJNbKO CHMBOJIHUYECKH 0603HaYaTh, HO H aBaTh HMEHHbIC HAa3BaHHA
0co60 3HAUMMBIM HMCIaM, BCE MOXO0XKE TOBOPHT B MONL3Y KOHCMAH-
mbl Apaxensna, XOTA TIOHATHO OMYCTHMbI W APYTHe HA3BAHHA: NO-
CMOARHAA cynepna:#uuuu Kocumyca, ammpaxkmop Kocuwyca, l'lpOCTO
KOHCmaHma u 4 T.1.

Yro kacaerca umcna W(1), oGHapyxuBuiero ce6a B KauecTse
KOHCTAHTBI CYTNCPMOSHIIMH 3KCTIOHEHTE! B XOZE OHYEPYEHHOTO BbIlIE
HCC/IeNOBaHH, TO O €ro J0CTaTO4HO WIHPOKOM MPUMEHEHUH B obnac-
TH 4HCTON MaTeMaTHKE H €€ NpUIOKEHHH yXKe TOBOPHIIOCH. Hamnom-
HUM TOJbKO, YTO OMEra-KOHCTaHT2 HE TONbKO ONHa M3 ¢yHnzna-
MEHTILHBIX MATEMATHIECKHX KOHCTAHT, HO OJIUH M3 ABYX YHCIIOBLIX
[106ANBHEIX ATTPAKTOPOB B 06]1aCTH 3MEMEHTAPHBIX yHKumiA.

B umciax 3aKiiovyeHa BCAMKast TaHHA M BENHKas CHiId, KOTOPYIO
Yea0BEK CTal 0CO: Tb C THBIX BpemeH. He cnydaiino 4u-
COBas Marks BOSHHKIIA 3J0NII0 10 NOABNCHHSA MaTEMAaTHKH Kak Hay-
KM, 0Ka3aB Ha NOCTIE/IHIOn HeMasloe BIHAHHE, 0COGEHHO B MOMCHT €€
CTAHOBJIEHHA; HE CITydaiHO H COBpEMEHHas HayKa H “rajinoe 3HaHHe”
npu BCEM MX PasiHiIMH C O[MHAKOBbIM MHETETOM OTHOCATCA K HHC-
niaM; MOKaNyHi, TONbKO HAYKA O Hucaax (no-pasHoMY, KOHEYHO, Mo-
HHMaeMmad) ABAseTcA 06a3aT HOI, Hemnp i PHHAIIEK-
HOCTbIO KakK (bynnauen_ranbﬂoii HayKH, TaK H OKKYJIBTH3MA. C BBICOTBL
cero, o KaxeTcs O4YEBHIHBIM, YTO B JIOHE Ma-
TEMATMKH ¥ MaTeMaTHYECKOro eCTECTBO3HAHHA XOPOLIO H3BECTHBIE
BeNMUHHBL — (QYHIAMEHTAIbHbIE MAaTEMATHHIECKHE KOHCTaHThl — TPH-
obpenu co Bp BBICO

a

i CTaTyC, yIo )CTh.
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Ecnu BooGllie nONBITaThCs XOTA O51 B rpy6oM npu6amxenn, 6e3 oco-
6LIX MpeTeH3Huit Ha TOYHOCTB U TeM GoJlee MONHOTY, GyKBATLHO B He-
CKONBKHX CJI0BaX OXapaKTEpH30BaTh HaHbonee XapakTepHylo co-
AepKaTeNbHy0 0COGEHHOCTh, MPHKNIAAHYIO POMb KXIOH M3 BOCHMH
(yHIaMEHTAaNbHBIX MaTEMaTHYECKHX KOHCTAHT B OTACTbHOCTH, TO
KapTHHA MOXET GbITh TaKoi:

0 OTCYTCTBHE JAaHHOTO KOJIMYECTBA HIIH CBONCTBA
T OT NMPAMOJIHHEHHOTO K KPUBONHHEHHOMY

€ GBICTPOE YBENHUCHHE

i TIEPHOAHYECKHE MPOLECCHL

2 TIOABJICHHE HENMHEHHBIX CBA3CH

Y NEPEXOA K HHTErpanbHbIM GopMam

3, W(1) nepexom OT MHOXECTBEHHOTO K CAMHUYHOMY

A B Gonee Ba)KHOM B JAHHOM KOHTCKCTE CHCTCMHOM TOAXOAE

KoHCTaHThl 0, €, 7, i, 2 BrpaBe, Kak GbUTO MOKA3aHO BhILIE, CYHTATHCS

Ha4aJoM BCEX YHCEN, “TepBOaToMamMu” YHCIOBOTO MHOXCCTBA, CIO-

COGHBIMH KOHCTPYHPOBaTh KOHTHHYYM; 4TO XK€ KacaeTcs KOHCTaHT Y,

3, W(1) 210 KaK 6bl MOCTHK MEXY €AMHHYHBIM (YHCIIO) H aKTyasb-
HOIl MaTeMaTH4ecKO# 6eCKOHEUHOCTBIO (HHTErpal, CyNeprosuLus).
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uvonontu

w = 0,7390851332... phyp bpynt hwipGnhwinip Swpbdw-
nhhwlwl wnwnpwynnpGiphg L nup hhdGwpwp Jwpbdwnhlwyws
hwunwwntGokphg 0YG £, npp Gyned Jnp hwunwunniGbph hbn kY-
wnkn nnipu £ pbipdned $nclhghnGuy hwdwuwnnidGbnh uhengny’ hw-
Swwwnthwy dwpbdwnhywyh dlwywh wpuhndwnhy hwdiwlwpgh
2nowlwlGbpnid: @wuwnnpbl, hwunwnniip dwpbiwwnhyuwih wjb
pwplywé wwpwibtnpl £, npp hGwpwynpnipynil t pGatrnd (nuébin.
$hahywlwl nbuntpjwl npnz wGhwnpwhwpbih pqwgnn pywihG
wnnpbdGtn: Lpw Yhpwntwl ninpnp 2win (gl £ pwnuph wnb-
unipyntG, nhGwihy L hGpGwywnwywnynn hwiwywngkn, wnwwnwln-
nwlws L tGupnwhly qnpépGpwglitn, dpwlnwGtp, thnupwjhG wi-
gnuiGbp, GnynpwyGiph nintiéptn, huy hGrwGywpnud® Gwb pwg-
Swphy wyy npnpnGip: Wa wrwohG whquyd 1981 p. Ghpluywgytiny
npwbtiu hhdGwpwn dwpbiwwnhlwywl hwuwnwnnG b winnpwynnp®
htinhGwyuyhG hpwynieGph hunilupuuﬁ GawlGwlyt] b hwyhwlwl nw-
any L nwppbp wowlnuitbipny «w hwutnwwnnily (wiklwwwpq
aup), «Unwptiywbh hwunwinntG» (hinhGuyh waniGny), «ynuhGniuh
untwbipynghghwih hwuwnwnntG»  (GYunh GGGy unwgiwi

ninpung) b wygG:

SUMMARY

The constant w (the first letter of the Armenian alphabet) is one of
two global attractors and one of eight fund 1 h ical t:
(FMC). 1t is obtained, alongside with other seven FMCs, by means of func-
tional equations in the limits of a formal axiomatic system of universal ma-
thematics. Actually, the constant w represents a hidden parameter of
mathematic, helpful for solution of some “inaccessible” numerical problems
of physical theory, as well as theory of chaos, dynamical and self-
organizing systems, oscillatory and entropic  processes, fractals,
phase transitions, turbulence, planetary motion and possibly numerous other
problems originating in future. As a FMC and attractor the number
0.739085... was firstly presented in 1981 in my book, and according to copy-
right law it is notated by symbol w and named as a “‘constant w” — the sim-
plest form, or «Arakelian’s constant” — by author’s name, or ‘“cosine
superposition constant” — by functional location and definition.
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