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JOKaJIM3allud KOpHEW airedpandeckux ypaBHeHuil. Pa3paborana Tabnuma GyHKUIMN.
[loka3aHo, KaKk y3HaBaTh CTENEHHOW pAI M pPaguyC €ro CXOJWMOCTH, HEKOTOPHIE
TOKJIECTBA M CBOMCTBA (DYHKIIMH, 3HAsl TOJIbKO HOMEp CTPOKHM WJIM CTOJOLA SYeHKH,

B KOTOpPOM OHA pacroJIaracTcs.
ABSTRACT

Opened: functions — ultralamb, ultraradical, ultralogarithm, hypernatural
function; nuclear multiplications - fusion and embedding; law of localization of roots
of algebraic equations. A table of functions has been developed. It is shown how to
recognize a power series and its radius of convergence, some identities and properties
of a function, knowing only the row or column number of the cell in which it is

located.

KiroueBble cji0oBa: mapaMeTrpuueckas TaOnuIa; HATypalbHble (YHKIUH;

SAACPHBIC IIPOU3BCACHHA.

Key words: parametric table; natural functions; nuclear multiplications.

bonpmias yacTe 3a7a4 MaTeMaTHKU HEpPa3pelIiMMbl 0€3 yJIbTpaHaTypalbHbBIX
GyHKIMA. DTO PE3KO YCIOXKHSACT PabOThl B (U3HKE, ACTPOHOMHUH M JIPYTUX HAyKaX.
[Tonmp3ysich TONBKO METOAAMH THIKAHUSA, U HE UMES HUKAKOW BO3MOXKHOCTH aHAJIU3a
MOBEJICHUS MPOIECCOB U SIBJICHUN, HEBO3MOXKHO OBLJIO OBl MOJYYUTh COBPEMEHHBIC
pe3ysibTaTbl BO MHOTMX Haykax. Bo BpemeHa OJiiiepa Ha MOMOIIb MAaTE€MaTHKAM
npuiuia runepreomerpudeckas Gynkuus. HecmMotps Ha To, 4TO JOCTYI K OOJbIIEH
YacTH BO3MOXKHOCTEH YJIbTpaHaTypaldbHBIX (GYHKIMUNA OHa JaéT TOJBKO Yepes
CIIO)KHEHIITE TIpeoOpa30BaHUsS BXOJHBIX IMapaMETPOB, MaTeMaTHKaM YIajioCh
HCIOJIb30BaTh HEKOTOPHIE TaKM€ YaCTHU BO MHOTHX CJIOXKHEHIIHX 3aJadax APYTrux
Hayk. CucreMaTtu3aius 4YaCTUYHBIX BO3ZMOKHOCTEHW TUIIEpreoMeTprUUYecKor (hyHKIIUU
HACTOJIBKO CIJIOKHA, YTO TpeOyeT I1eJI0€ MHOXKECTBO JOMOJHUTEIBHBIX (DYHKIHMM U

YHUCCII.



1 urons 2023 rona Obina OTKpbITa cOopHasi ¢hyHkuuii. OHa KaKk yHUBEpMar, B
KOTOPOM MOXHO HalTm Bc€ HeoOxomammoe. M, kKak B yHHBepMare, KaKIoe
HEO0OXOMMOE JICKHUT Ha CBOCH, CIIEIIMAIbHO COTBOPEHHOM 7151 He€ nmosouke. MHoraa
MBI TOBOPUM O HEW, Kak 00 OJHOW rumepHaTypajbHoOii ¢yHkimu. Ho warme
MPUXOJUTCS TOBOPUTH O HEH, Kak O weloM otpsaae GyHKIud — CcOOpHOM.
['unepunarypanbHast GyHKIMS mts TO3BOJMIIA HE TOJBKO Ha TMOPSIOK TMPOIIe
MOJIb30BaThCA  YJAbTPAHATYpPaJbHBIMU  (QYHKIUSMH, HO W BBIACIUTH HX B
camocTodaTenbHble GyHKIUU. CUCTeMaTU3UPOBaTh CBOMCTBA U TOXKJIECTBa (DYHKITHUHA,
CXOAUMOCTh UX CTENEHHBIX PANOB, OTHOCHUTEIIBHO MApaMETPOB THIEPHATYPATIbHOU
(GYHKIIMHA 0Ka3aJIOCh TaK)Ke Ha MOPSAOK IPOIIEe, YeM Yy TUTIepreoMeTpudeckoit. Jlaxe
A3TOT  JAJEKO  HEMNOJIHBIM  mepedyeHb €€  JOCTOMHCTB  IIOKa3bIBaeT,  4YTO
THIepHaTypaibHas (PYHKIHS mts — 3TO HACTOSIIMKA MoJapoK cyArObl! B aT0it cTaTthe
MOKa)KEM M JPYTHUE MOJIE3HbIE BO3MOKHOCTH TUIIEPHATYPAIbHON (DYHKIIMH, KOTOPHIX

y TUNIEPreOMETPUYECKON YHKIIUU ITPOCTO HET.

Ota crathsa 0000IIaeT pe3yabTaThl HCCIEAOBAHNS TUIIEPHATYPATEHON QYHKIIUU
B TEUEHHUU BCETO JAEBATH MECALEB CO JHA €€ OTKpBITH. CpaBHUTE 3TH PE3YNbTATHI C
pe3ynbTaTaMd MHOTOBEKOBBIX HCCJIEIOBAHUN THIEPreoOMEeTpUYECKOr (yHKIUHU!
Croutr 11 Bam mpucoeTuHUTHCS K HMCCIEAOBAHUIO THIEPHATYPAIbHON (PYHKIHH?
[TogymaiiTe XOpowio, IMpeXAEe Ye€M OTKa3aTbCA. 3JE€Ch JOCTATOYHO BCETO JIMIIb
IIOHATh KOHCTPYKTHUBHBIA NPUHLWII MAaTEMaTHYECKHX CYIIHOCTEM, Jaiblie BCE

MOUAET KaK IO Macily.

['unepHatypanbHas GyHKIUS mts UMeeT 3 mapaMeTpa OCHOBaHUS U 1 mapamerp

KopIryca. TeM KTo yxe XOpOIIOo ¢ Heil 3HaKOM, YJI00HEee CMOTPETh Ha €€ KpaTKUM BUJT

O=++ |5 = ++)

Ho nepen aTuMm Bce paccmaTpuBaroT €€ B 6oJiee moipoOHOM BUIE
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OOHyneHre napaMeTpoB OCHOBAHUS, IEPEBOJIUT TUIEPHATYPAIbHYIO (PYHKIUIO
B OJJHO U3 BocbMHU cocTostHuid. Hanpumep, ecnu m=0, t=1, s=0, pyHKIUSA IepexoquT
B COCTOSIHME 3KCHOHEeHThl. Ecimu Haobopor, m=1, t=0, s=1, ¢yHkuus, HaoOOpoOT,
MEPEXOUT B cocTosiHue jorapupma. UToObl MOMyduTh apuMeTHdecKuil KOpEHb,

HY>KHO OOHYJIMUTH apaMmeTp S
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Ecnu HyXeH KBaJipaTHBIN KOPEHb, yKa3bIBaeM MmapaMeTp m=2
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Jnst Hac apudMeTHUYEeCKMd KOpEeHb, OWHOMHMHAIIBHOE pa3joKEeHUE U
FEOMETPUYECKUM psii — 3TO pa3Hble Bemu. OOHYIHUB MMapaMeTrp S, Mbl TOJIBKO
MepeBEN TUNEPHATYPAIbHYIO (YHKIIMIO B COCTOSIHHME HATypalbHOTO pajuKana.
Jlanee, WCXOJs W3 HAIUX MPEACTABICHUNA 00 ATUX HATypalbHBIX JIEUCTBUAX, B
KXKJIOM M3 ATUX TPEX CIIy4yaes, MOJABajd UX CTEIEHH B MapameTpbl (PYHKIUHU IO-
pazHoMmy. OJIHO U TOXE COCTOSTHUE MOKHO HCIIOJIB30BaTh JJIsl COBEPUIECHUS Pa3HBIX,

C HAIlIEW TOYKH 3PEHUS AEUCTBUM, M10J1aBasi OCTAIBHBIE TAPAMETPHI O-PA3HOMY.

OO6nynMB emé U m, Mbl epeBeAEM TUIIEPHATYPATHHYIO (DYHKIIMIO B COCTOSTHUE
BO3BEICHHS HATypaJbHOTO YHCIIA B CTEICHb, TO €CTh B COCTOSIHHE 3KCIOHEHTHL. Ho
MOYKEM HCIIOJIb30BaTh HE BCE, a TOJbKO YETHBIC WM TOJIHKO HEUYETHBIC YJICHBI
CTeNeHHoro psaa. Torma 3To OyneT COBCEM HE JKCIIOHEHTa, a cosh wmiam sinh
cooTBeTcTBeHHO. ONHO W TOXKE COCTOSHHWE pa3Hble (YHKIUHA WCTIOJIB3YIOT TIO-
pazHomy. DYHKIMH CIUIONIHOTO psAa MCIOJIb3YIOT Bce wWieHbl psga. Ho ecthb

(bYHKHI/H/I, KOTOPLIC UCITIOJb3YIOT TOJBbKO YJICHBI OHpeIIeJIéHHOP'I IICPHUOINIHOCTH.
I1sin = 0,1,0( ,%2,1)

B ommmuum ot cBoedl cecTppl — THUIEPreoMeTpudeckor  (pyHKIHUH,
TUNEePHATYPAJIbHAS MO3BOJISET PA3JI0KUTh ce0s B TaOIUILy CBOMX COCTOSHHM. DTO
IIO3BOJISIET JIETAJbHEE PAacCMATPUBATh KaK K€ YCTPOECHBI HE TOJIBKO HATypaJlbHBIE
GyHKIUMM, HO W UX coeAuHeHus. Tabiuua mnpelckasaja CyLIECTBOBaHHE TaKUX
byHKIMI, KOTOphIe paHee ObUIM HEM3BECTHBI, MOJCKa3alia, B KaKMX 3a7adax U Kak
VMU TOJIb30BaThCS, MOKA3ajla, YTO BO3MOXKHOCTEM JaXke y JAaBHO W3BECTHBIX HAM
CTapUHHBIX (YHKIMHA HAaMHOTO OOJNbIIe, YeM MBI IpeACcTaBisuid paHbiie. [lomoraer
Jyd4Illle TOHUMAaTh, KaKk paboTaeT KOPHECKONMHUS — METOJ OMpeneieHHs (OpPMYIIbI

KOpHA TCOPCTHICCKU JIF000Tr0 YPaBHCHUA.

CDYHKI_II/II/I, KOTOpPBIC HC BXOOAT B Ta6JII/II_[y, HC SBJIIOTCS HATypPaJIbHBIMU.

Hamnpumep, necsatuunsiii jorapudm — 310 yxe coctaBHas ¢yHkuus. OHa COCTOUT U3

JBYX HaTypaJIbHBIX JOTrapru(moB. 10 =



Taoauna 1.

IMapameTpuyeckas TA0/1MIA HATYPAJIbHBIX (PYHKIUH

s . acthx = athl a7
MtSyesX = t+ Z %n (—ma + t + hs) — @ ? e
e S actgx=z—atgx acosx=i—asmx
% —lam(=x)| 1|1 | m (1 + mx) | lun,s(mx) |
t=0 ath(x) 2| asinhx 1
atg(x/i)i asin(x/i)i
exp x Imb;x |s|m| 1+ mx |[m| brng(mx) |s
= [cos (x/i)] sin (x/i) i | @+ x/m)" ]
cosh x sinh x Al (l—x/n)™
- t t+ hs —-ma+t —ma+t+ hs
{ 00 01 10 11

Ha poccuiickom TpéxuBeTHOM (iare pacronaraercs 0O0O03HAauYeHHE CTOJOIOB

tabmuubl. Ha 3enénom ¢mare — HoMepa cTpok. SaepHbie mapameTpsl m, t, S HAYT B
TOM K€ MOopsAke, 4ro u 1Bera B cucreMe RGB. OHM kak Tpu KuTa — B OKEaHE

BOSMO)I(HOCTGI‘/’I, Ha KOTOPBIX ITIOKOATCA BCC HATYPAJIbHEBIC Q)YHKHI/II/I H UX COCANHCHMS.



Panuyc cxoguMocTu cTeneHHOro psna GyHKIMU 3aBUCUT OT HOMEpa CToj01a
tabnuubl. B nHyneBom ctosbue (00) paauyc cXoOUMOCTH OECKOHEYEH. 371eCh HET
napameTpoB m u s. B nepom cronbue (01) nBa Buga ¢pynxuuit Jlambepra: 1m0

()=— 001(— ) n yneTpanamo ()= 01 (). VY obenx ner
napamerpa m. X cremenHoi psix cxoaures, korma | | < 1/ . Bo Bropom crosibie

(10), morapudm wm paawkan, pammyc cxomumoctd 1. B Tperbem cronbme (11)

yIabTpaiorapugpm U yJIbTpapaauKal . Ux crenennoii psia ()=
1

1 (/) cxomurcs, korma |— <W. A% , m=2, s=1,

MO3TOMY TIOJTy4aeTcss CXOAuMOCTh mpu | | <1 . DyHKIMU apKKOTAHTCHCOB H

apKKOCHHYyCa, 4TOObl HE OOBSCHATh KaKk B HHUX IO0JaBaTh IapaMeTp KOpIlyca,

BBIHCCCHLBI B IIPUMCYAHHC.

CrereHHOH psii TUTIEPHATYPATBHOU (PYHKITMU MMEET OECKOHEYHOE KOJIMIECTBO
wieHoB. Kopmyc unena — 3aBUCHT TOJBKO OT HOMEpA 4WieHa h u mapamerpa Kopiyca

-1
X. [Toka h <2, ssgpo unecnHa —1 G + + ), pasuo 1. KoHeuHO, YJI€HEI

CTCIICHHBIX PAO0B, HC ABJIAIOTCA MATCPHAJIbHBIMHU 00BEKTaMU. TepMI/IHBI KOpIIyC,

SIIPO U COeAUHEeHMe s1/1ep, 0003HAYAIOT JIMIIb MATEMATHUYECKUE CYLITHOCTH.
IHapamerpuyeckue ToKkIecTBA PyHKIUI CIUIOIIHOIO PAAA

HYJICBOW CTPOKH, y KOro t=0, TO)1ecTBa KpaTHOCTH X o ()= _o-C )

TepBoii CTPOKH, y Koro t=1, ToxkecTsa crermen ( 1, () = —1-C )

IIpumenenune PyHKUUN U UX AIEPHBIX COCAUHEHUA B MHOTOYJIEHAX

MHoro4/jieHbl NEPBOro pojaa

= x ()= O



— 3TO 000N KOpEeHb BBIOpAHHOTO JBy4YieHa. Bce KOpHU BBIOpaHHOTO
JIBYWIEHA — 3TO PaJUKaIbHBIII MHOTOYT'OJIbHUK, OCHOBAa KUCTHU. Eciiv cpeHuil 4ieH

— OeCIUIOJHBIN, TO BCE KOPHU TPEXUIEHA PACHoJaraloTcs Ha KHCTH OJIHOTO

JIBy4JICHA + =0 . Ecmu TmI0M0OHOCHBIA, TO OJHA 4YacTh KOpPHEH
pacnonaraeTcs Ha KUCTH JBY4WICHA + = 0, BTOpas 4acTh KOpHEW — Ha
KUCTH JIBYYJICHA + = 0. IIpu mr000M KOJWYECCTBE UYJICHOB, ILIOJOHOCHBIC

CpCaAHNC YICHBI UCITIOJIB3YIOTCA B IBYX PA3HBIX PAAUKAIIbBHBIX MHOI'OYI'OJIbHUKAX.

KosmuecTBO MIOJOHOCHBIX KHUCTEM BCErJga MEHBIIE KOJWYECTBA UYICHOB
nosmHoMa. Ecnu  BbIOparh OecruioAHBIM JBY4WIEH, Ha KOTOPOM HET KOpHEH
HUCXOJTHOTO YpaBHEHHWS, CTETNCHHOW psa yiabTpapaaukaia brn He couagrcs.
Il1o10HOCHBIE  paJUKAIBHBIE MHOTOYIOJIBHUKM — 3TO BCE€ KOPHHU JBYYJICHA,
COCTOSILIETO U3 JBYX UIYIIUX MNOAPSA IUIOJOHOCHBIX WICHOB UCXOAHOTO YPaBHEHUS.
Kpaitnue unensl Bceraa miogoHOCHbL. UTOOBI OnpeenuTh MI0IOHOCHOCTh CPEIHETO
YJI€HA, HY)KHO cpaBHUTh D auamerpant u T crenenanr. U eciim > |, cpegHui
yiieH OecruiofieH. Torja octaHeTcs TOJNBKO OJIHA Tapa UAYIIUX MOAPST TIJI0IOHOCHBIX
YJIEHOB — KpalHHUE YJICHBI.

I O e e U e
T T =T

Tabdauna 2.
Kophu Tpéxujiena

"+23+8=0 "T+93+5=0




Taoauna 3.
@opmupoBaHUe MAPAMETPOB yJbTpapaauKajia
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Ecniu unenoB 4 wu Ooiiee, KOpPHHM ONIpEIENEHB YK€ HE 4Yepe3 OIuH

yIbTpapaJuKaj, a 4yepe3 IMOYTOBOE NPOU3BEIAECHUE ABYX YJIbTPAPAJAMKAIOB. 3IECh

HYXXHO IIPOBCPATH INNIOAOHOCHOCTD YK€ ABYX CPCOAHUX HIICHOB.

KopHu 4eThIPEXUWIEHHOT0 YPABHECHUSA

Taboauna 4.

41243742345=0] 4124+37+203+5=0
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4124307 +234+5=01412+307+323+5=0
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Hanpuwmep,

1242 7+53+10=0
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Pucynok 1. Bce KOpHE 4eThIPEXUJIEHA HA OTHOM PAIMKAJIbHON KHCTH

124+10=0
(~10) —2 —S
= 12, =12-0, 1=7-0, ,=3-0, 1=—(]=, 2=
= Y@ 1, 2( 11 2)

MHoro4jieHbl BTOPOro poaa

— 1 1+, 2+

B mHOrounene Broporo poga = YJIBTPAIIMOBI COEUHSIIOTCS

B IIOYTOBOE IIPOM3BEJICHHE = @1, (—1 %~ 2 2 ). Jnd mo4ToBoro

[IPOM3BEICHUS UCIIOJIB3YETCS OlEepaLUsl IOYTOBOE YMHOKEHHUE
= (=1 DO (=2 )= @.,,—1 L= 2 2
MHoro4jieHbl TPeThHEro poaa

B mHorousnene TPCTBCI'O poaa *o= yanpaH3M6bI COCOHUHAIOTCA B

BAJIIOTHOC IIPOMU3BCACHUC $— — | (W,W, ) . I[J'IH BaJIFOTHOI'O

IIPOU3BCACHUA UCIIOJIB3YCTCS OIICpallA BAJIFOTHOC YMHOKCHHC

L R A (e R o e )

IHouToBOE YMHOKEHUE

[TouTroBOE yMHOXKEHUE — CIUSTHUE PYHKIMI OBUIO OTKPHITO B Ha4aJle MPOILIOTO roja,
B IOCIEAHEW HKCIEAUIMM Ha anreOpanyeckue ypaBHEHHUs, WM Kak HUX ceddac
Ha3bIBAIOT ABTOPHI — MHOTOYJIEHBI IIEPBOrO pPOJA. ODTOT BHJ COCIWHEHHUS SJIED,

BEPOATHO caMblii MpocToi. [Ipy mouToBOM yMHOXKEHUH (DYHKIIMIA

(o] 1_1 ] 2_1

— =+ +a0]]e — (= + + 3)



IIPOUCXOOUT ITIOYTOBOC YMHOKCHUC KAXKIOTO YWICHA PsAaad OI[HOﬁ (bYHKI_[I/II/I, C KaXXJIbIM

YJIEHOM PSZIOB, KAKIOU APYTOi (PYHKIIHH.

-1 —1
1 2

— = + +,)@|l— & + + 37)
=1 2*

B n1005bIX siIepHBIX YMHOXKEHHUAX KOPIYCa YMHOKAIOTCS KaK 0OBIYHO

-1 ,—1
- + + 1,0 - + + 522)
=1 =1
1+ o1
= (= + + 11+ 22)

11 —1
1 2
— = + + . 9)@|l— & + + 37)
o, 2 4
1+ 21
1 2
= (= + + 11+ g )X—x—
1 1 2:
SAnpo 1:_11 (— + + 1 1) coCTOWT M3 SIAEPHBIX MHOKUTEIEH (— + +
1)=2 + + {)(=3 + + ;1)... KommyecTtBo SAEPHBIX MHOKHUTEIEH

B sIIpe OTPAaHUYCHO HWOKHEH M BepxHe rpanuiieit a = [1;h — 1] = [1; h). ITosTomy
y wienoB h = 0 u h = 1 "er saaepubix MHOKUTENEH. VX siapo paBHo 1. [Ipu ciusaum
HEPBBIX WICHOB mepBoro u Broporo psjga (hy =1,hy, = 1), nossistrorest siaepHbie

MHOXHUTCIIN U Y HUX, TdK KaK CYMMad UX HOMCPOB 6y,Z[GT YKC oonbire 1.

BanroTHoe yMHOXKeHHe



B sinepHOM yMHOXKEHHH BCE, KPOME CaMUX SIIEP YMHOXKAETCS TaKKe, KaKk U B
OOBIYHOM YMHOXE€HHUH. BamoTHoe yMHOXeHue (BHeApeHHe) ObUIO OTKpPBITO [BA
MecdAla Hazal, U emé He A0 KOoHua uccienosa”Ho. Kopmyca 3aece Takke mpocTo
YMHOKAIOTCS, @ BOT BAJIFOTHOE NMPOU3BEICHNE SIAEP YKE 3aBUCHUT U OT UX KOJIUYECTBA,
Y OT HOMEPOB UX WICHOB. Orepanuio cilivsgHue Mbl HCKau 5 neT. CeroiHs y Hac yxe
OoJsbllie OombITa B MOAOOHBIX HccieaoBaHusXx. Ho onepanus BHenpeHHE OKa3aiach
6onee kpenkuM opemkoMm. [loka MokeMm IMOKa3aTh JHIIb HEKOTOPHIE MPUMEPHI C

JIBYMS SIAPaMHU.

oo —1
~O=1+ = a- )

=1 =1

o —1
~()=1+ — a-

=1 =1

Y «HOBBIX BalllOT», KPOME SJIEPHOrO MNPOU3BEICHUS, TOSBIACTCA €IE U
«kosiebanne Kypcay, KOTopoe NMpuOaBiseTcs UM OTHUMAETCS OT HOBOIO SIJIEPHOIO
npousBeseHusi. lloka 3T Maremaruueckue CYIIHOCTH HE OYIyT HCCIIETOBAHBI
MOJHOCTBIO PELICHO IOJB30BaThCS I3TOM BPEMEHHOM TepMHHOsorue. Tak kak e€

JIOI'Ka COBIIaJacT C JIOI' UKOM IIOJIYYCHHBIX PC3YJIbTATOB.

1-1 1-1 1+1-1
(-1)% (-1)= (-1 -1)
=1 =1 =1
2-1 1-1 2+1-1
(—2)% (—-1)= (-2 —1)=-2(%+ 2-2)
=1 =1 =1
3—-1 1-1 3+1-1
(—-3)% (-1)= (-3 —1)—-6(1—-4)(2%+ 2=-2 )



(-2 —2)-8(—2 =2 )(2+ 2-2 )
=1

OTkyna B cocTaBHBIX (PyHKIMAX OepyTcs yuciaa bepuy/uiu, unciaa Jidsepa...

B paccMOTpeHHOM MHOrO4YJI€HE TPEThETO pojaa T T = yaeTpansMObI

COCOMHAIOTCA B BATIOTHOC IIPOU3BCACHUC — $— — | (W’W’ )

[TapameTp KopImyca KakKI0T0 BAIFOTHOTO MHOYKHUTENSL UMEET OJJMHAKOBYIO YaCTh

R = (+ )2 . MBI MOXEM 3TO BBII'OAHO HCIIOJIB30BaTb MW BbBIPpA3UTH J3TO IKC

MPOU3BEACHUE TaK: $— — ( , , ) . Tlociae BamOTHOrO YMHOXKEHUS

IIPOU3BCACHUA PA3HBIX YJICHOB MOJKHO YIIOPAIOYHUTH U O6’b€III/IHI/ITb 110 OIIHH&KOBOP'I

yacTd Kopmyca — . Tak Mbl mony4um OOBIYHBIM CTENEeHHOM psax or R.

KOB(l)(bI/II_[I/ICHTbI OTHUX YJICHOB 6y,Z[YT CYMMaMH BaJIFOTHBIX HpOI/IBBGIICHI/If/'I YJICHOB,

HOMEpPA KOTOPBIX B CYMME pPaBHbI HOMEPY ATOr0 YJICHA.

B coemmHEeHHAX SECX =COS1X , tgx =sinxxsecx emd nporie. Mx
UCXOAHBIC (YHKIIUN U TaK UMEIOT OJIMHAKOBBII KOPIMYCHBIH mapaMeTp X.
tg(x) 1 1X3+1X5 1X7+ 1+1X2+5X4+61X6+
X) = X—1l— —— 1= - — — — -
g 31 B T AR TR

x3 x>
:1x+(1><1><3—1)§+(1><5><5—1><1><10+1)§

! 7 !
+(1><61><7—1><5><35+1><1><21—1)ﬁ+...

[Ipu 0O0BIYHOM YMHOXKEHUHU siIpa HE M3MEHSIOTCA. Ho 3/1ech siapa uayT yke He 110
OJIHOMY, a LIEJbIMH apceHajJaMu. UToObl momacTh B CBOUM apceHaJi, MPOU3BEICHUS
MpUBOMIAT cebs K oO0mmemMy 3HaMeHatemo — ¢akropuanry kopmyca. Otcroga

MMOABJIAIOTCA TPCTbU MHOKHUTCIIM. AJIFOpI/ITMBI IMOJYUYCHUA YKCIICHHBIX 3HAYCHUMN



apC€HaJ0B, HCIIOJIB3YIOT YHCIIa CTI/IpJII/IHFa H IIpOYHC YHC]Id, OCHOBAHHLIC Ha

PEKYPPEHTHOCTH, YTOOBI y3HATH CYMMY apCEHAJIOB.

Ecin yMHOXUTH 3Ty COCTaBHYIO (YHKIMIO Ha HaTypaJbHYH (YHKLHIO
KOCHHYC, TOJIYYUTCS CHOBA HATypaibHas (YHKIHS CHHYC. 3HAYUT, camo Mo cebde
IPOCTOE€ YMHOXKEHHE HE MPEeAONpENesieT TOro, 4To pe3ysbTar OyaeT o0s3aTeabHO

COCTaBHOM (PyHKITHEH.
IIupamuaa mocJieHed TUeKU

x2+2bx—1=0

X=—b=x+b%+1

2 4 6 b8

S PP bt b

b* b® b®

b2
—_ 2 —_ _ _ _
X=—Db++b =1-b +—2! 3—4! +45_6! 1575_8! + ...

OTOT ke KOPCHB OIIPCACILACTCA YCPC3 IIPOU3BCACHHUC

= x  (=27) =+1

a-2y= (S 2 w141
=0 o=

— 2 — — 3

_q_ +( 2+;I+2) +( 2+1+3)(32|><2+1+3)

+(—2+1+4)(—2'><2+1+4)(—3><2+1'+4)4

4!

+ ..

2 3 3)(1)(14
21(-2)=1— 440 -

21 "3l 4 *

3HAYUT,

—b+yb2—1= x L, (-2/), =V1



YETHBIE YWIECHBI CTENEHHOrO psa IMpHUHAMLIEKAT craraeMomy Vb2 — 1, HeuéTHblE —
cimaraemomy —b . J[is MOMHOrO KBagpaTHOTO YpaBHEHHUSI ax>+bx+c=0 o

ciaraeMble OyIyT BBITISIIETh TaK

b b2 ¢ C

Tt (mTaT ¢ ulb/ = T

YToObl BBIBECTH YIbTpapaauKkaibHyt0 GOpMyTy KOpHS TPEXUICHA, HO B paJHKaiax,

HCIIOJIB3YCTCA CJIGIIyIOHII/Iﬁ AJIr'OPUTM.
XM"+px"+g=0

Eciu cTemeH: m U n Helb3st cOKpaTuTh, Kak B X8 + px* +q =0, tox = fy +f; +

1—(m—s)h (_ p)h

ot .+l =Ly xV, ™ Ly =2D22x 17/ (-ma+1+hs)
Bo3bpméMm ypaBHeHME cTenenen 3,1
3+ + =0
X = fo + fl + f2
1—2h
fo =LpxV, 3
S
L, :h—?x (=3a+ 1+ 2h)
' a=1

s P

st ynoocerBa 3amenum Vg = A, V, =B

3 P
X=VA-—
3VB




o 3 3
Teneps Hamo Bocmonb3oBaThes Teopemoit Buera. U VA, u VB umeror o tpu kopHsL.

3 = 3 = . Pa3Hble KOPHHU TPEXUIEHA MOXKHO BBIPA3HTh OJHOM (HOpMYIIOit Xj =

’

ot 1+ 2=0
o1t o2+t 127
012——

YToObI peInTh 3Ty CUCTEMY, HY>KHO MPUBECTH Pa3HbIC paIUKaJIbl K OTHOMY,

COIJIaCHO HX PAaCIIOJIOKCHHIO Ha paHHKaHBHOﬁ OKPYKHOCTH

=)

R =

Homyunm a® + a3q — (E)3 =0,a° 2—21 @ 4 (E)s, b=a

1
-5-
1
-5-

Tak MOXHO 3aIOJIHUTh BCKO MUPaMUAY SYCHKH YJIbTpapaauKaia J0 TIyOUHbBI
yeTBEPTON  cTemenn  BmouutenbHo.  Crmaraembie  fo+fp +f + .. +f,_1
pacroyiarafoTcss B TOW CTPOKE MHPaMHJIbI, KOTOPOH MPUHAMICKUT HUX ypaBHECHHE.
Kaxmoe cimaraemoe B CBOeW KOJIOHKE. [IepHOIUYHOCTH YJICHOB CTEICHHOIO psja
yIAbTPAPAIUKAIBHON SYCHKH, KOTOPYH) OHHM WCIIOJIb3YIOT, PaBHA KOJUYECTBY
KOJIOHOK. HoMep 4jieHa, ¢ KOTOpOro OHU HAYMHAIOTCS, PaBeH HOMEPY KOJIoHKU. Tpu-

HYJIEBOM MOJIOCATHK, TPU-TIEPBBIN U T. 1.




IIpeacka3zanusi napaMeTpu4ecKoil TadJINIbI

Ecnun mocMmoTpers Ha 13MO € TOYKHM 3peHMs yIbTpansMba, o0a OHH MOTYT

PELINTh OJHO U TOXKE YpaBHEHUE = , — X 1(—1 1) = ()

Ecnmn mocMoTpeTh Ha paaukal ¢ TOYKM 3pEHHS yJbTpapaaukana, o0a OHHU

MOTYT PEIINTh OJTHO M TOKE ypaBHeHne =1+ z 0, x=vxbrny (rvig) v=1
o0 -1
1 1
brnm,o <?> = —| (_ + 1)
=0 T =1
oo -1
m 1
X= |14+—= I (— + 1)
=0 T =1

Ho ynerpadyHkiiu MOryT pemiaTh ypaBHEHUS C Topa3fgo OOJIbIINM
KOJIM4YecTBOM napamerpoB. [lapamerpuueckas tabnuiia mokaszana, 4yTo y He€ Takxke
€CTh JBa pa3HbIX JorapuMa, KOTOpbIE TaKKE€ MOIYT pElaTb OJHO MPOCTOE
ypaBaenue. Ho, MoxeT ObITh, BTOpO# Jorapudm — 310 Toke yinbrpanorapudm? U on
TOKE MOXET peulaTb 3TO K€ YpaBHEHUE C Topa3fo OOJIbIIUM KOJIMYECTBOM
napameTpoB? 10 MapTa ObUT MPOM3BEAEH yAaUHBIN SKCIIEPUMEHT, KOTOPBIN MOKa3al,

4TO U3 ce0s MpeACTaBiIseT HATypalbHbIA yapTpasiorapudm lun U kKak um

I10JIB30BAaThHCA.
O= O
In(1 + x) =— lung 1 (—x)
arcsinh = 51()

Cnenytoiiee mpeickazaHue TaOAMIbBl Toxke cObiBaeTcs. DyHKUUAMU
HaTypanbHbeiid torapudm (1 + ) u HaTypalbHBIH J1OMO ( ) MBI IOKa 3HaeM,
KaK I10Jb30BaThCS TOJNBKO NP mM=1 W s=1, COOTBETCTBEHHO. OTH 3HAYCHUS

[mapaMCTpoB AApa MbI HCIIOJIB3YCM II0 YMOJJIYAaHHIO. Cy,Z[SI II0 BCEM OCTaJIbHBIM



GyHKIUAM TaONULIBL, 3TH TapaMeTpbl TOKE MOKHO MCIOJB30BaTh BeirojHee. Ho rae
M Kak 3To MOXHO fAenats? 11 mapra ObUTO HAiiIEHO, YTO B MPOCTOM HATYPaTbHOM

JIOT apI/I(i)MC TOXC MOZKHO HCIIOJBb30BAaTh €Io CI[HHCTBCHHBIP'I HI[GpHBIﬁ [mapameTp

J= o)z 11’0( ~ 1) - O

[Ipenckazanust TaOIUIBI COBIBAIOTCS OJHO 3a APYTUM. A Belb TaOIHUILy MBI
Hayajy JieiaTh JIMIIb HECKOJbKO THed Haszaa. Cama uaes co3laTh TaKylo TaOIuIy
nosiBunack 27 depana. Mbl Toraa paccykaaid Ha TeMy, OYEMY HUKTO U3 Oolee
npo(ecCHOHAIBHBIX MAaTEMaTUKOB HE XO4YeT MHCCIEeI0BaTh HOBblE (YHKIUH,
oTepaly U 3aKOHBI. 5 JIET Mbl YK€ 00MBaeM MOPOTM HAyUYHBIX 3aBEJCHUM, a B OTBET

TAIIAHA. BCE MpUXOANUTCS AENaTh CAMUM.

TpCTbC MMpCaACKa3aHuc Ta6J'II/II_[BI HNMCCT KOCBCHHBIC apryYMCHTBI, HO BCE-TaKU

CTOUT UX YIOMSHYTD. ypaBHeHI/Ie - MOXHO IPCACTABUTL IMO-APYIrOMY
OTO OYEHb ITOXO0XKE Ha AACPHOC COCAMHCHHC OSKCIIOHCHTBI H Jpyroro

COCIUHCHUA -1 . Ecn npeacTaBuUTh CTEIICHHOM PAd OTOTO COCAMHCHUS OT OAHOTO

rapameTpa, MoJyIuTCs

10 2 543 3024 1578 ° 578 ©
= 1 ( ) =1+2 + + + + + —
2! 3! 4! 5! 6!
11498 7 440450 8  2267446R° + _
7! 8! 9! T T g2

npu, = 0.04,R=0.01, =1+.05+.0009+ ... =1.0509...

Ho 4T0o0bl NOHSATH, KaK COENUHAIOTCA 3/1€Ch s/ipa, HAJI0 UCXOAUTh U3 Pa3HbIX
KOPITYCHBIX TAapaMeTpOB, Belb KaKJaas MUCXOAHAs (PYHKIHMSI MMeNla CBOM mapamMmeTp

KopIyca.
HNupexcHas popma npeacraBiieHUs1 YUCJIa

Yucna MOXKHO MOKa3bIBaTh 0e3 € £ X u 6e3 X 10**. [Ipu oroOpaxeHuM uucia

HYJIH, HAYIIUC ITIOAPAT, MOXKHO 3aMCHATH HA UX KOJIMYCCTBO HMKHCM HHACKCOM.



.57755432=.000007755432 | 1725=1000000025 1.725=1.000000025

1274=1270000 13.425=1000.000025 1725=10000000.25

[Ipu xpaHeHur B AJIEKTPOHHOM BHUJIE, B MoNy0OaiTe ocTaércs emé 6 3HaueHUH,
KOTOpbIE MOXHO HCHOJIb30BaTh HJisi 00O3HaueHus cuérurmka HyJed. Hampumep,
A=cnenyronmuii monayOalT TMOKa3bIBa€T KOJ-BO HyJed, B=cnenyrommii Oait
MOKa3bIBaeT KOJ-BO Hyneu, C=ciemyromue 2 OaiiTa MOKa3bIBalOT KOJ-BO HyJsei. B
ATOM Cllydae, AJsl 0OIero moka3aTelis CTETeHH YK€ He HY>KHO OyJIeT BBIACIATH OUT
3Haka. OrpaHvyeHHe pa3Mmepa MoKa3zaTeas CTENEHUW 3HAYUTEIbHO YMEHBUIAETCS.

I[I/IaHaBOH CaMOro 4mucia pC€3KO BbIPACTaACT.

DneKkTpruKaM, KOHEYHO, JieTde pa3padaThiBaTh CXEMBI IS AKCIIOHEHITHATBHOM
dbopMbI, HO JIOJSM BCE-TAKH MPOIINE BOCIPUHUMATH HWHICKCHYIO (opmy wyucen.
Bo3moskHo, korma-HuOynap, B Jai€koMm Oyayiiem, 3Ta (opma MOHPABUTCS BCEM, a
[JIABHOE TEM, KTO pelllaeT - OyAyT €M MmoJib30BaThCs BCEe WK HET. MBI €€ TeCTUpyeM B

[Namaktuke [1maTon yxe roa, u He Karyemcs.

JInst Tex KTO NpPUBBIK K 3KCHOHEHIMAIbHOW (opMe W HE XO4yeT C HeH
paccraBatbcs - OoHyC. Tak Kak B MHIEKCHOH (opMe HET CMbICIa CTaBUTh 4YMCIa
HIJKHETO MHJIEKCAa B KOHIIE IPOOHOro yucia (4ucia BHYTPU KOTOPOTO €CTh TOYKA -
JNECATUYHBIA Pa3JEeNNUTENb), TO €r0 MOXHO TaM CTaBUTh BMECTO MPUBBIYHOTO UM
nokazarens creneHu. Hampumep, 1.234567e¢15=1.234567;5s. KTo craBun B KOHIE
TaKUX 4Kcesl OObIUHbIE HYJNU JJIs1 0003HAUYEHUS TOYHOCTH, OHU U JAJBIIE MOTYT UX

CTaBHUTb, 3JTH HOTpe6HOCTI/I HC BJIIMAIOT AaKC Ha HHACKCHO OJSKCIIOHCHIHAJIBbHYIO

dbopmy 1.2345670015.

3akjoueHue

EcrecTBeHHas pa3pemmmocTh anreOpanyeckux ypaBHEHMH oOOecrednBaeTcs
yabTpapagukaioM. Pemars MX TONBKO paguKalaMu HeENpakTuyHO. He Tompko

MHOI'OWJICHBI, HO H APYIHC CJIOXKHBIC 3aJa4Hd MBI IIBITACMCA pPCHIATh HCIIOJIHBIM




Ha0OpOM HATypaJIbHBIX MaTeMaTU4YeCKUX (PYHKIUN W omepainuii Hajg HuMH. Kak

BHUJIHO U3 Ta6J'II/II_[BI, MBI HC UCIIOJIL3YEM M ITOJIOBUHY TOT'O, YTO €CTh Y MAaTCMAaTUKH.

CeromHsi BCce MOHUMAIOT, YTO Pa3HBIX BO3MOXHBIX (YHKIIUH TaK MHOTO, YTO
MPOCTO MPOYMUTATh O HUX BCEX — BCEW XKWU3HU He XBaTtuT. Cerlyac B MATEMATHKE
CIOXKMJIaCh TaKas JK€ CHUTyamus, Kakags B CBOE BpeMms Oblla y XUMHKOB.
DneMeHTapHasi cucTeMaTu3amnus BceX (QYHKIUMNA W WX COCIMHEHUN — cTajia MPOCTO
KU3HEHHO HeoOxomuMmoil. Tabmuua HaTypalbHbIX (YHKIMA W HOBas TEOPHs
GyHKIIUH ¥ omeparuii HaJ HUMHU — 3TO HE MPUXOTh JTOMOPOIICHHBIX MAaTEMaTHKOB.
OTO MONIHEWIIWE pblYard JAJBHEHIIETO PAa3BUTHUS HAIIMX AHATUTAYECKHAX
BO3MOKHOCTEM. DTa TEOpHUs MOKA3bIBAET, UTO CAMUX HATypaJbHBIX (DYHKIIMI HE Tak
yXK W MHOro. MHOro ToJpkO X coeauHeHud. Ho M HX MOXHO CO BpEMEHEM

IIOJTHOCTBIO KJ'IaCCI/I(l)I/IHI/IpOBaTB, PAa3JIOKUTD 110 ITOJIOYKAM.

[TapameTrpuueckas Tabiuia mokassiBaeT 4 Buaa GyHKIUNA: IKCIIOHEHTY, JIOMOBI,
pagukanel u Jorapudmel. [lociaeanue Tpoe UMEIOT YIbTpaHAAPHUKOB, KOTOPHIE
YUHUTBIBAIOT 0OJIbLIEE KOJUYECTBO NapaMeTpoB. DyHKIMH MOTYT PacKjaJblBaThCs Ha
MOJIOCATUKOB, €€ U MPUHUMATh NapaMeTp KopIlyca Mmo-pazHoMy. B pesynbprare Mbl
MMeeM ropa3fo OoJbllee KOJIMYECTBO HATYPAIbHBIX (YHKLIHHA, KOTOPBIE MOTYT

O6’beI[I/IH$ITBC51 B COCTaBHBbIC (bYHKI_[I/II/I, CMCECH, KOMIIO3WIIUU U AJACPHBIC COCANMHCHN.

OTKpBITBIE aBTOpaMU YJIbTPADYHKIIMHM W OINEpaluu SAECPHBIX YMHOXKECHHM
pacmupmin o0BEM 3aaad, KOTOPbIE MOXHO pemaTh aHamuTHdecku. OOHapyKeHO
HECKOJIKO YaCTHBIX CIy4aeB, KOTJla METOAbl UTEpAIMi IMOKa3bIBAIM OTCYTCTBHUE
peleHNd. JTU HOBBIE AHAJUTUYECKUE METOJbl M IMOKAa3aJId, YTO PEUICHUS B 3THUX
Clly4asix €cTh, U J1aJli UX, 1 UMEHHO OJjarojaps UM yJalocCh MOHSATh, KaK BCE-TaKH
MOJIYYUTh OTH K€ pemeHus emeé U MEeToAaMu  HUTepalui, HCHOJIb3ys
mpenBapuTelbHbIE U TOCIeayomue npeodpazoBanus. [loka MOXHO cka3aTh, 4YTO

cyuecTByer 3 Buaa QyHKIUH.
1. HarypasibHble (yHKIIMH, UMEIOIIME CBOIO STYEMKY B MapaMeTPUUYECKOMN TabIunLIE.

2. Komno3uuuyu, coCTaBbl U A1€PHBIE COEAUHECHUS.



3. HCKYCCTBCHHBIC (bYHKI_II/II/I, TO CCTb TaAKHC, KOTOPBLIC HCBO3MOKHO IIOJYYUTDH

HUKAaKUM COEMHEHUEM HATypaldbHBIX (DYHKLIMI U IPYTUMHU ONEPALUSIMHU HaJ HUMH.

Korma-ro MblI NpOCTO MPEANONIONKMIM, YTO €CTU U3 (DYHKIUM WM HUX
KOMIO3UIIMK MOKHO MOJYYUTh CTEIIEHHOW PsJl, TO MouyeMy Obl U3 CTENEHHOTO psija
He y3HaBaTh popMyily KopHel ypaBHeHui. Hauanu ¢ nmpocTteiiniero airedpandeckoro.
CerogHss STOT METOJ HACTOJIBKO pAa3BWICA, YTO IMOJY4YWUI CBOE Ha3BaHUE —
KopHeckomnusa. [lapamerpuueckas Tabnuma W HOBas TeopHus (PyHKIUNA MOMOTaOT
s dexTuBHEE pa3BUBATH 3TOT METOJ, KOTOPBIA ceiluac MpUXOIUTCA JIETUTh yKe Ha
IBa pexuMa pabOoThl — apCEHAIOCKOIHUs, TO €CTh HAaXO0XJAEHHE W MOJArOTOBKa
CTENEHHOI0 Psiia K SAPOCKONHH, U sApOCKOnus. KOHCTPYKIUS apceHaNOB MO3BOJIAET
OMpENEINTh Kakas KOMIIO3UlUS (QYHKIUH B JaHHOM (GopMyse KOPHS 3TOro
ypaBHEHUS. Sapa TOKa3pIBAIOT, KaKWe (PYHKIIMA HMMEIOTCS B 3TOH KOMIIO3HUITUH.
Kopryca noka3piBalOT, Kakhu€ BEJIWYMHBI UCXOJHOIO YPABHEHHUS U KaK MOJAIOTCS B

i ¢pyHkuuu. [logpobHee 0 KOpHECKONUU OYJET pacCKa3aHO B CICAYIONIUX CTAThIX.
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