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BCE KOPHM CAEJIAHBI U3 MACTEPOB
ALL ROOTS ARE MADE OF MASTERS

Annortanus: [TokazaHo, 4To JIF00bIe KOPHU JTIOOBIX YPaBHEHUI COCTOSIT HCKITFOUUTEBHO U3
MacCTCpoOB.

Abstract: It is shown that any roots of any equations consist entirely of masters.

KioueBble cjioBa: ciusiHue QyHKIMA, MacTep YUCEN; MacTep PsAIOB; MacTep ypaBHCHUH;
macrep J.

Key words: function merge; master of numbers; master of series; master of equations;
master j.

Master j — 3To crcTema 0003HAYCHHUH YKCElT, CTEIICHHBIX PSIOB U ypaBHeHHiH. CaM 1o cede
CTEIIEHHOU PAd HE IIOKA3bIBACT BCC €r0 CBOWCTBA H TOXICCTBA. Ho ecimmu BbIpa3uThb €ro 4Cpe3
MacTep j, TO MOKHO HCIHOJIB30BAaTb CUCTCMATU3UPOBAHHLIC CBOMCTBA H TOXIACCTBA MAaCTCPOB, U
HCIIOJIb30BATh OIICPAlNIO CIIMAHUC PAOOB.

Master j is a system of notations for numbers, power series and equations. The power series
itself does not show all its properties and identities. But if we express it through master j, we can use the
systematic properties and identities of masters, and most importantly, use the merge operation.

Yucaa macrepa j

Master j numbers

Yuciao macrepa — 510 GyHKOHUS C TpeMms IapaMeTpaMd W OJHUM HE3aBUCHMBIM
APTyYMCHTOM. I[aHHaSI q)YHKIII/ISI o0o3Hagaercs BOCKJIMIATCIIbHBIM 3HAKOM W YCTBIPbMA HHIACKCAMU.
JleBblli BEpXHUN MHAEKC — IepBbId napamerp. [IpaBblil BEpXHUN MHIEKC — BTOPOU IapameTp.
JleBbIl HWKHHMM WHIAEKC — TpeTHid mnapamerp. IIpaBbll HWKHHMM HHIEKC — HE3aBUCUMBIN
aprymeHT. Ecniu He3aBHCHMBII apryMeHT paBeH 1, To macTtep-uucio OyIeT paBHO 1, HE3aBHCUMO OT
[1apaMeTpOB.
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Master number are a function with three parameters and one independent argument. This
function is denoted by an exclamation mark and four indices. The left upper index is the first
parameter. The right upper index is the second parameter. The left lower index is the third
parameter. The right lower index is the independent argument. If the independent argument is 1, the
master number will be 1, regardless of the parameters.

=1 (1)
mS=1-(m+2s—1r) 2
";!§=1 (m+3s—1r)-(m+ 3s — 2r) 3)
me=1- ]‘[;>0(m + st —rj) 4)

functionu(m,s,r,t){for(u=1,j=1;j<t;j=j+ Du=u-(m+ st —rj);return u} (5

Ilpy HUCMONB30BAaHMM MacTepa dYucCen 'pli HET HEOOXOJMMOCTH YKa3blBaTh, YTO

HE3aBUCUMBII apryMeHT NPUHAMICKUT HATypalbHOMY psiny t € N*, MOCKOJIBKY 3TO YKa3aHO B
OIIPECACIICHNH YHrCJia MacCTEpa.

When using the master number 7, it is not necessary to indicate that the independent
argument belongs to the natural series j € N*, since this is specified in the definition of the master
number.

CBs3b ¢ IPYTHMH YHCJIAMH 1 QYHKIUSIMHA

Related sequences and functions
gamma function I'(¢) = 1
factorial ¢! = 111

r-fold factorial of n n!(y = "747, |t = m
falling factorial (n), = ”+}l,‘3+1

binomial coefficients (“) = _;m

rising factorial n® = =11t

derivative of a power function (xt)®
m|
0

1
't

1
1
=m!1; Bl = (m+st)t? (6)

T

Psiab1 macTepa
Master series
Macrep-psin 0003Ha4aeTcs IBOETOYHNEM U YETEIPbMS UHJIEKCAMH.

The Master power series is denoted by a colon and four indices.
t

= Dizo W, W = i,"rl!g' Wo =m (7,8,9,)
t
’”S—m+2c1( -"#!5) (10)
+3
x
@:§=m+x+7(m+25—r)+§(m+35—r)(m+35—2r)

+Z—T(m+4s—r)(m+4s—2r)(m+4s—3r)+--~ (1)
ITapameTpbl MacTep-psiioB
Parameters of the master power series
1-if mapameTp MacTtep-psna (JIEBbI BEpXHUN MHACKC) MOXKET UMeTh 2 3HadyeHus, O wim 1.
Mexny 1ByMsl TATIAMH PSJIOB CYIIECTBYIOT CJICIYIOIIUE TOXKIECTBA
The first parameter of the master (the left superscript) can have only 2 values, 0 or 1. The
following identities exist between the two types of series

rE= e:fc (12)
dyix =1:5 drix (13)
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0.8
_dy5 _ derx

JSC dlnk:s, a ads

V¥ nérxoro (M=0) psina ecTb MPOMOPIMOHAIBHOE MTAPAMETPUIECKOE TOXKICCTBO

The light (m=0) master series has a proportional parametric identity

c 0=, 2l (15)

Tsoxénbie (M=1) MacTep-psabl UMEIOT CTENCHHOE TTAPAMETPUUECKOE TOKIACSCTBO

Heavy (m=1) master series have a power parametric identity

G5 =pjkien (16)

2-ii mapaMerp MacTtepa (mpaBblii BEPXHUH WHAEKC) HA3bIBACTCA CHHXPOHU3AILUSA
nporpeccun  mactep-uucen. Ecim S=0 wim  S=r, TO MHOXMTEIH PA3HBIX MacTEp-4yuCesn
CUHXPOHU3UPOBAHBI, W CJICAYIOMICC MACTCP-4YHUCIO HACICAYCT BCC MHOXUTCIIN IMPCAbIAYLICTO
MacTep-4ucia.

The second parameter of the master (the upper right index) is called the master number
progression synchronization. If s=0 or s=r, then the multipliers of different master numbers are
synchronized, and the next master number inherits all the multipliers of the previous master
number.

3-it mapamMeTtp (JIEBBIi MOACTPOYHBIM MHJEKC). Eciiu Tpetnii mapamerp paBeH Hyo 1 = 0,
psin "G:5 cxomures, korma |esx| <1 . Ecmum r#0 , pag ,4gy CXOAMTCSA, Koraa |[r—
s|msl|s|sl|x|I" <1 . B dopmymax ¢ macrep-psmamMu HeoOS3aTEIbHO 0003HAYATH PAIHYC
CXOJIMMOCTH, B OIIPEJICIICHUH 3-T0 IMapaMeTpa MacTepa 3TO y>Ke 0003Hau€HO.

If left subscript, third parameter r = 0, "}:5 converges when |esx| < 1. If r #0, ,.J%:5
converges when |r — s|I"=sl|s|Isl|x|I"l < 1. In formulas with a master series, it is not necessary to
designate the radius of convergence as an identity condition, since this is already indicated in the
definition of the third parameter of the master.

Ecnu mactep comepXUT HECKOJBKO He3aBHCHMBIX apryMeHTOB (IIpaBbI MOACTPOYHBIH
I/IHIICKC) NN HECKOJBbKO CI/IHXpOHI/I3aI_[I/II71 (HpaBLIfI HaI[CTpO‘-IHHﬁ I/IHI[eKC), TO HUCIIOJIB3YCTCA
CIIUSIHUE MaCTEpOB.

If a master contains multiple independent arguments (right subscript) or multiple
synchronizations (right superscript), then master merging is used.

CiausiHHe BLINIOHIETCS PpaHbIIC BCEX OPYIrux onepaum‘/'l U OJHOBPEMCHHO HaJA BCEMU
CTCIICHHBIMHU pAdaMU, MCKIY KOTOPBIMU CTOUT 3TOT 3HAK.

The merger is performed before all other operations and simultaneously on all power series
between which this sign appears.

0.s
e er-x

1.
re

(14)

T @, @ =T (7)
HpI/I CJIMSIHUU CTCIICHHBIX PSAJ10B
When merging power series
t1 t2 t3
(1+zan e (1+ a2 ) e (1+ 28,20 mE)  19)
NPOUCXOAUT CIIMAHUC KaKAO0T0 WICHA OJHOTO pssaa € KaKIAbIM YJICHOM KaXXKIO0TO APYTOro psaaa.
each member of one row merges with each member of every other row.
X1t s x22 s %383 s %151 %252 2383 1 51,58
(Ermm)e () e () = 2 (19
HezaBucumble apoOu Mpu CIHMSHUK MPOCTO YMHOXawTcs. Bce mactep-umcia ofHOTO
CJIMSHUS NPCBpaAlIatOTCd B OAUH MOHOJIUT, KOTOpI:Iﬁ HCJIB3s MOJIYUUTh U3 UCXOJHBIX MACTCP-YHCCII
OOBIYHBIM YMHOXKCHHUEM.
Independent fractions are simply multiplied during merging. All master numbers of one
merger are transformed into one monolith, which cannot be obtained from the original master
numbers by ordinary multiplication.
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Mz = [ 2 (m + 51ty + 55t + S35 — 7)) (20)

Cnusaue nérkux (M=0) psa0B IPOU3BOJUTCS MO TEM K€ IpaBuiaM. B 3To Bpems HyneBoi
YJI€H CTENEHHOTO psAlla — €IUHMUIA y HUX NpUCyTCcTBYeT Wy = 1. Kornma cinusitHue n€rkux psmoB
OyZIeT 3aBepIlIeHO0, OT MOHOJIMUTA HY>KHO OyAeT OTHSTH 1.

Merging of light (m=0) series is done according to the same rules. At this time, the zero
member of the power series — unity is present w, = 1. Once the merge is complete, 1 will need to
be subtracted from the monolith.

MoHoaut IIEPBBIX YJICHOB Y>KE HC PaBCH 1, TaK KaK CyMMa HOpAAKOBBIX HOMEPOB 3THX
4JIeHOB OoubIe 1.

The monolith of the first members is no longer equal to 1, since the sum of the ordinal
numbers of these members is greater than 1

mt=1, ME=1, P = (21,22,23)
T @ =T = (At sy 45, ) (24)

mt @M @M = ’?!ifi’sg’ =(m+s;+s,+s3—r)(m+s;+5s,+s3—2r) (25)
Psiibl MacTepa HYJ1€BOI0 PoJa UCIOJIb3YIOTCS SKCIIOHCHIIMAIBHON (DYHKIIMEH, CHHYCaMH U
KocuHycaMu. BTopoil u TpeTuii (ci31) mapameTpbl MacTepa HyJI€BOIO poJia BCEIr/la paBHBI HYIIIO.
O,Z[Ha ropu3oHTalIbHasgd 4Y€pTa Had MaCTCpOM PAId0B 0603HaqaeT, YTO HCIIOJB3YIOTCA TOJIBKO
HEYETHBIC YWIEHBI CTCIEHHOI'O pdaaa.
The zeroth genus master series are used by the exponential function, sines, and cosines. The
second and third (slash) parameters of the zeroth genus master are always zero. A single horizontal
bar above the series master indicates that only odd terms of the power series are used.

e =g7 (26)
_ exp(x) =_(1)!§)c (27)
52 = cos(x); §:2=sinh(x) (28)
g = TR Mo Ta T (29,30)

Psaabl mactepa BTOporo poaa. JleBblii MOACTpOUYHBIA MHAEKC HE paBeH Hy:to. [IpaBbrit
Ha/ICTPOYHBIN nHAEKC paBeH 0 WM JIeBOMY MOJCTPOYHOMY HHACKCY.

Power Series of the Master of the Second Kind. The left subscript is unequal. The right
superscript is equal to 0 or the left subscript. ™:2 =™.2

mi=4% (31)
artanh(x) =%2 (32)
polynomial expansions (1 + x; + x, + -+ )" =1/$.2’,?1",;x2,... , TEN (33)
. Ln(x) In|x|+(arg(x)+2mn)i
Logarithm = . ,NEZ (34)
R 00, Ixl <1 (35)
1
“l’“' S0, Il 21 (36)
rlxl

Ln(x;C r (arg(x)+2mn)i
nth root xr =e r =.|xle T ,NETZ (37)
VIxl =kpe, Ix] <1 (38)
T\/ IXI r |x| 19 le = 1 (39)

r|x|
200 — 2 N1 — 2/ _1.2 204 —
100 _2 04-95 ) 001 _2 04-95 ) 25 =2'0.48 004 _2 048
MaCTep-pH[[bl TPETHEro poaa. JleBbIi HOI[CTpOIIHBII/I u HpaBBII/I HaI[CTpOIIHBII/I UHICKCHI HE
paBHBI Ipyr Ipyry U He paBHbI 0.
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Power series of the master of the third kind. The left subscript and right superscript are not
equal to each other and are not equal to 0.

Arsinhy(x) = Ln(1) +3:1, x| < 1 (40)
Arsinhy(x) = Ln(2x) +2:;/14x2 Jx] =1 (42)
Arsinh; (x) = Ln(—1) +9%:1,,|x| < 1 (42)
Arsinh, (x) = Ln(—1/2x) +(1)131/4x2 Jxl =1 (43)
Ln(x) = In|x| + (arg(x) + 2nn)i ,n € Z (44)

Kopuu anredOpanyecknx ypaBHeHH
Roots of algebraic equations

Ay*+ By + 2C = (45)
1 B 1
r=P- B [ (46)
Yo =V '3y, T<1 (47)
2C
-C
Vo = ?i:g, T>1 (48)
y1=—v 3, T<1 (49)
2C
y, = _73%1; T>1 (50)
B
—C\\.:
o (@)
= Z| e 2 (51)

He TOnpkO KOpHHM, HO M 4YacTH YPAaBHEHMH COCTOAT M3 MacTepoB. [loaTomy MOXKHO
pa3pa60TaTL nacajlbHO HpOCTOfI MCTOI OIPECACIICHUSA KOpHeﬁ qcpe3 MacTep-psadbl. B OI[HOﬁ 4aCTu
YPaBHCHUA, BMECTO HYJA AOJDKCH HAXOJUTHCA OAWH U3 HGCBO60J1HI)IX qJICHOB. JTOT AJIrOpUTM
OAWHAKOB AJIA MHOT'OYJICHOB JIF000M CT CIICHH, BKJIFOYasad KOMIIJICKCHBIC.

Not only roots, but also parts of equations consist of masters. Therefore, it is possible to
develop an ideally simple method for determining roots through master series. In one part of the
equation, instead of zero, there must be one of the non-free members. This algorithm is the same for
polynomials of any degree, including complex ones.

PV =t hay hay = R )
q ’ q ’

YroObl HANTH KOPHHU aJITe0pandecKoro ypaBHEHHUS C OAHON HEM3BECTHOHN «Y» depe3 MacTep-
paAd, HY’>KHO OCTAaBUTL B JIEBOM YaCTH OANH HCCBO6O,Z[HBII7I YJICH, OCTAJIbHBIC YJICHBI IICPCHCCTU B
MpaByIO 4acTh. Y 00eHMX YacTeil HOBOTO YPAaBHEHHUS €CTh TOXIECTBO TPETHETO POJa C MACTEPOM.
KonnuectBo HOBBIX ypaBHeHI/Iﬁ PaBHO KOJIHUYCCTBY HCCBO6OI[HBIX YJICHOB. BBI6I/IpaeM TO HOBO€
YpaBHEHHE, Y KOTOPOr0 MacTeP-PsAd CXOAUTCS.

To find the roots of an algebraic equation with one unknown "y" via the master series, one
non-free term must be left on the left side and the remaining terms must be moved to the right side.
Both parts of the new equation have a third-kind identity with the master. The number of new
equations is equal to the number of non-free terms. We choose the new equation whose master
series converges.

Ay*+ By’ +--+q=0 (53)

Ay® = =By’ = —q=—q fyi e v (54)
.

By’ = —Ay® — - —q=—q-1:" (55)

>

(-2)

q

IR
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Y100l HE U3BJIEKATH KOpPCHBb U3 MaCTCpPa, UCTIOJIL3YEM TOXKICCTBO MACTCPOB.
In order not to extract the root of the master, we will use the identity of masters.

b= (k3 ) (56)
T
py" =q+kiySt + k,yS24...=p (v '}:iifszl'",;zvsz ) (57)
rq ' rq
. (arg(ﬂ)+2n’n)i
y=v b v=|[e 7 mez (58,59)
AL e
examples
Ay’ +By+C=0 (60)
11 1815 14t
r=[] Rl (61)

Eciu T < 1, To Bce KOpPHU ONPEIEISIFOTCS Yepe3 CTapIIMi WIEH ypaBHEHUs
If T < 1, then all roots are determined through the first term of the original equation

5
AyS = —C—By = A (v -;@) (62)
5C
(arg(—£)+2nn)i
y=v-},:é,v=5 %|e E MmeZ (63,64)

5C
Ecmu T = 1, TO YCPE3 UICH nepBoﬁ CTCIICHU OIIPECACIIACTCA OJUH KOPCHb

If T > 1, then one root is determined through the first degree term

By = —C — Ay® = Bv-}:3 5 (65)
c
Cc
Y=V lns, v =g (66.,67)

c
Emé yetpipe KOpHS ONPEAEAIOTCS MOCIE AEJIEHUS IEPBOrO HOBOI'O YPAaBHEHUS HA Y

Four more roots are determined after dividing the first new equation by y

4
Ay*=—-B—-Cy1=4A (v ii) (68)
4Bv
(arg(—§)+2nn)i
y=vid,v=" §|e+,nEZ (69)
4Bv
Ay’ +By?+C=0 (70)
212 1817 |5|°
=B [ (71)
Ay’ =—-C—-By? T <1 (72)
By?=—-C—-Ay’, Ay>=—-B—-Cy™ %, T>1 (73,74,75)
T
Py  =q+ky*=p (v -%:ivs> (76)
Tq
- (arg(%)+21m)i
y=v-lis v= ;| e T ,NEZ (77,78)

qupréX‘-I.HeH HMECT TPpHU HCCBO60I[HI>IX YJICHA. COOTBGTCTBGHHO, MOKHO IOJYYUTH TpH
HOBBIX YpAaBHCHHA.
The tetranomial has three non-free terms. Accordingly, three new equations can be obtained.
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Taoauma 1
IlepeHoc 4/1€eHOB YeTHIPEXYJIEHHOT0 YPABHEHUSA
Ay'?+ By’ +Cy>*+D =0
Ay'? = —By” — Cy3—D By*=—-Ay°—-C — Dy 3
By’ = —Ay'2 —Cy3-D Ay>=—-B—Cy*—Dy”’
Cy® = —-Ay2—By”’—D Ay® = —By*—C—-Dy™3

For any values of the coefficients, all 12 roots can be obtained using one formula
[Tpu mr00BIX 3HAUEHUSAX KO3()PULIMEHTOB MOXKHO MOIY4UTh Bee 12 KopHEi

¢
Py’ =q+ky +ky? =p (v Py kg2 ) (79)

g rq

, (arg(%)+2nn)i
Yy =0 e v =[S 7 mez (80,81)

rq ' rq
Using members: Mcnionb3ys 4ieHb:

Ay*? or (By” & Ay®) or (Cy® & Ay®) or (Cy® & By* & Ay®) (82)

Kaxxnprit ciiemyronuii 4wieH uMeeT MEHBIIYI CTeneHb. YTOOBI MOJYyYHUTh HEIOCTAIONINe
KOpHH, HCIOJB3YIOTCS IpeablAylue HOBbIE ypaBHeHusA. Ho mepexn >tum OHM gAendTcs Ha
HCU3BCCTHYIO B CTCIICHH, PABHYIO CYMMCE YK€ HCII0JIb30BaHHBIX CTEIECHEH.

Each subsequent member has a lower degree. To obtain the missing roots, the previous new

equations are used. But before that, they are divided by the unknown to a degree equal to the sum of
the degrees already used.

Taoauna 2.
KopHu 4eThIpEXWIEHHOT0 YPABHEHUS

4y +3y" +2y*+5=0 | 4y +3y” +20y°+5=0

- Ry
o | A

4y12 +30y7 +2y3+5=0 | 4y2+30y” +32y3+5=10

N

2 g a e

L = Sk ~
N 7
% R R
/ S i \
/ o NS \
[ [ \ \ ‘
4 ¢ i T —
\ \ QO / Iy \
\ \'\ gy .7// //
\ ~ o]
B 5o 4
e CE B e

Ha xoMmiekcHOH MII0CKOCTH JTyHKaMu 0003Hau€Hbl 3HAYE€HUS BEJIMYMH V, TOUKAMH — KOPHU
YpaBHEHUH Y.
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CocraBHble MacTep-psabl.

sech x =%:1 = (83)
__“Tox
tanh x =(1,.2-%:1 T (84)
Tox
Mactep ypaBHeHUit
Master of Equations
Taoauma 3
Ve = "Ry
. In(1+ rx In (1 4+ rxe®”
y=Xx y=xe"“-‘ y = ( ) y = ( ) =0
r r
e X — Xy 1 g -1
y =€ y=e- y=0+rx)r y= 1+ rxy’)r "=
m,,0 m,,#0 m,,0 m,,#0
0Yx 0Yx #0Yx 20V x
> (xt x?
y="}:§=m+z<g-"$!f> =m+x+7(m+25—r)
t=1
3
+2-(m+3s —r)(m + 35 — 2r) + - (85)
YpaBHenust mactepa | poaa
Master equations of the first kind
0y (86)
y = xe%Y (87)

OI[I/IH u3 KOpHGfI 9TOI'0 YpaBHCHHA UMCCT CICAYIOIICC TOXKIACCTBO C MAaCTCPOM.
One of the roots of this equation has the following identity with the master.

y = xesy =3:3 (88)

y=Xx +x72(2$) + xg—?(3s)(35) + %(45)(45)(45) + -, lesx| <1 (89)
LambertW, (x) =9:31 (90)

8:; — LambertW,(—sx) (91)

=S

Psn cxomurcst, ecnu |esx| < 1 wimm |sx| < 1/e. Jlns ypaBHeHHii MacTtepa BTOPOro H
TPETHETO POJia PaJANyC CXOJUMOCTH TOXXKE€ HE OeckoHeueH. Ho I KaXI0oro W3 HHUX HaWJEHO
IIpaBUJIO, KOTOPOC IMO3BOJIACT IIOJIYUUTDb 000 KOPCHb C IIOMOIIbIO MACTEpa, JaXKE 3a IMpCACIaMU
00JIaCTH CXOJMMOCTH, HCIONB3Ys MacTep ¢ APYyTMMH THapameTpamu. s ypaBHEHUH MacTepa
IIEPBOro poaga 1 COOTBETCTBECHHO AJIA (1)yHKLII/II/I HaM6epTa TAKOC ITPAaBUJIO IIOKA HE Haﬁ,[[eHO.

The series converges if |esx| < 1 or |sx| < 1/e. For the master equations of the second and
third kind, the radius of convergence is also not infinite. But for each of them, a rule has been found
that allows one to obtain any root using the master, even outside the convergence region, using
asymptotic expansions. For the master equations of the first kind and, accordingly, for the Lambert
function, such a rule has not yet been found.

W3BecTHO OJIHO acuMMTOTHYEeCcKoe pasznokeHue (yHkiuu JlamGepra. Ho xak BBINONHATH
OI€palnurio CIUAHUC HAA TaAKUM PA3JI0OKCHUEM, HAYKC ITOKa HCU3BECTHO.

One asymptotic expansion of the Lambert function is known. But how to perform the fusion
operation on such an expansion is still unknown to science.

O]’

LambertW(x) = Ly — L, + X120 X724 L

I'ne [Z] — HeoTpuIarenbHoe yncio CTUpIUHTra MepBOro pojaa

(92)
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s LambertW, (x), L; = In(x), L, = InIn(x) (93)
s LambertW_,; (x), L; = In(—x), L, = In(—In(—x)) (94)
. _ Ly | Lp(=2+Ly) Lp(6-9Ly+2L,2) | Lp(—12+436Ly—22L,%+3L,3)
W(x) =L, —L, + L + 2L + P + oL, +... (95)

OTO0 aCUMITOTUYECKOE Pa3JIO’KEHUE, a Takke HeOepylIrecss UHTEerpalibl, oKa HE yIaioch
BBIPA3UTh YEPE3 MaCTEP-PsAIbI

PaccMoTpuM ypasHenue 3yS*0
y =" =p3 (96)
2 3 4
y=1+x+>(1+2s) +’;—,(1 +35)2 + (1 +45)3 + -, lesx] <1 (97)

MaCTepa (1),SCI/I 8:;5[BJI$II—OTCH Sr-HarmapHUKaMH. OHH OTIMYAIOTCS TOJBKO 3HAYEHHEM JIEBOT'O

HaaACTPOYHOI'O HHACKCA m.
Masters &:5 and J:$ are sr-partners. They differ only in the value of m.

35 = o (98)
S 0% =0isx (99)
(6:2)° =05 (100)
x(:x)° =05 (101)
0% =01 (102)
OnuH U3 KOpHeH ypaBHEHHH '(y” IMeeT mpocTeiflee TOKIECTBO.
y = peX1Y 1+xy 24 — 4, -(1):5611’;_29;','9621)52’"_ (103)
y = e? (104)
e? = peX1€P1+xe% 24 _ o -(1):;11’;_29;"'9621752‘"_ (105)
z=Inv+x,e5% + x,e52% + .- = Inv +3:3°%~ (106)

0 x,v51,x,v52,..
xeVxe ™ _o,si=si

e =05y (107)

2’2

y = x-cos(sy) =

3akaroueHne

Yucno mu u APryYMCHT KOMIIJICKCHOT'O YHCJIa BBIPAKAKOTCA YCPC3 MACTCP-PAAbI, IIO3TOMY
11000M KOpEeHb JII000T0 ypaBHEHHS] MOXHO BBIPA3UTh OJHUMH TOJIBKO MacTep-psaamu. Peub uaér
HE TOJBLKO 00 YPaBHCHHUAX MaCTCpa. Kak Obu10 mokaszaHo BBIIIC, CUHYCBI, KOCUHYCbI, CCKAHCHI,
TAaHT'CHCBI, aPKTAHI'CHCHI 1 MHOTHUE APYTHC (1)YHKIII/II/I HE OTHOCATCA K YpPaBHCHUAM MacCTCpa. U tem
HC MCHCC, OHU TAKKC COCTOAT U3 MACTCP-PAI0B.

The number pi and the argument of a complex number are expressed through master series,
S0 any root of any equation can be expressed using master series alone. This is not just about master
equations. As shown above, sines, cosines, secants, tangents, arctangents, and many other functions
are not master equations. And yet, they also consist of master series.

MOHOJIUTEI — CIUSIHUE PAA0OB IUPOKO HUCIOJB3YIOTCA HC TOJIBKO B YPABHCHHUAX ICPBOIO U
TPETHEro poaa. B noaumHOMHMaInLHOM Pa3JI0OKCHUNU OHHU HArOT HE OECKOHEUHBIN pAA. MaCTep J
O3BOJIIET KOMIIAKTHO 0003HAYaTh U quciia, U psaabl, 1 YPaBHCHUA. CsoiicTBa " TOXKICCTBA
COBEPIIEHHO pa3HbIX (YHKUMH, KOpPHEH M WIEHOB abCONIOTHO pa3HbIX ypaBHEHUH
CHUCTEMAaTHU3UPYIOTCS OJaroapsi eCTECTBEHHOMY YCTPOMCTBY IMapaMeTPOB MacTepa.

Monoliths — merging of series are widely used not only in equations of the first and third
kind. In polynomial expansion they give a non-infinite series. Master j allows compactly
designating both numbers and series and equations. Properties and identities of completely different
functions, roots and terms of completely different equations are systematized due to the natural
structure of the master parameters.
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Ho momMumo 3TMX BEYHBIX IUIIOCOB IIPOJOJDKAIOT CYIIECTBOBAaTh HEKOTOPHIE BPEMEHHBIE
MHHYCBI. OJTO BOIIPOCHI, HA KOTOPBIE aBTOPHI JAHHBIX MCCIECAOBAHUN IIOKA HE CMOIJIM HAUTH
HUKAKUX OTBETOB:

But in addition to these eternal pluses, there are still some temporary minuses. These are
questions to which the authors of these studies have not yet been able to find any answers:

1. Beibop  Macrep-psaa  KOpHEH — TpPEXUIEHHOrO  aJreOpandeckoro  ypaBHEHHs
OCYILIECTBJISIETCSI CPAaBHEHUEM MOJTyJIsl HE3aBUCUMOT'O apryMEHTa C paJlyCcoM CXOAMMOCTH MacTep-
psna. CyliecTByeT JIM TaKoH ke MPOCTON aJropuTM BbIOOpa psiIoB-MOHOIUTOB? Mnmu a1 4eThIpEx
u OoJiee YJICHOB HYXXHO OIPENENATh TOYKH SKCTPEMyMa CTapUHHBIMH METO/aMH, 4TOOBI BHIOpATh
HOIXOISIIAI MOHOJIUT?

2. Jlns ypaBHEHUI BTOPOTO M TPETHEro poja, €CIU P PACXOJUTCS, BBIOJIHIETCS TaKOe
npeoOpa3oBaHue YpaBHEHHUs, IOCIE€ KOTOPOIO MOKHO HCIOJIb30BaTh MAacTep-psall C JAPYIMMHU
rapaMeTpaMu U JIpyTMM HE3aBUCHUMBIM apryMeHToM. OcTajcsi BOIPOC M O TOM, KaKH€ HY’KHBI
npeoOpa3oBaHus JUIsl ypaBHEHUH MEPBOro poja, YyToOblI BBIpaXKaThb UX KOPHU B MacTep-psjaax 3a
IpeseaamMu paanyca CXOAUMOCTH UCXOIHOTO YpaBHEHMSI?

3. Mactep-psiibl TPEThEro poja padoTaloT ¢ KOMIUIEKCHBIMU HE3aBUCHMBIMH apryMEHTaMHU.
Jnis norapudma 1 apupMeTH4eckoro KOpHs, MacTep-psiibl BTOPOTO pojia JOKHBI UCIIOIb30BAThCS
TOJILKO C MOJIyJIEM He3aBHCUMOro aprymenTta. Kak noimkHbl paboTaTh MOHOJIUTHI IEPBOTO poja ¢
KOMILIEKCHbIME aprymeHTamu? Hanpumep, B ypaBHeHun y = x - sin(sy)

4. MOXXHO I HCIIONb30BaTh PsAbl MacTepa | B HeOSpyIIMXCS MHTErpajax WId JJIs HUX
CYLLIECTBYIOT CBOM BHJIbI MAaCTEPOB, KOTOPHIE TOKE MO3BOJISIOT CUCTEMAaTU3UPOBATh UX CBOICTBA U
TOXKaecTBa?

5. JInuHble CTENEHHBIE PSABI KOPHEH HICANIbHBI JJIS aHAIN3a U I MACHTU(DUKALUN Cpeau
MHOXeCTBa KOpHEH. YToObl MOJy4YUTh UYMCICHHOE 3HAUY€HHE KOPHSI  COBPEMEHHBIMU
BBIYMCIUTENFHBIMU PECYPCAMH, TH PSABI YK€ HE BCEr/a WaeanbHbl. Yem Onmke HEe3aBHCHMBIN
apryMeHT K paguycy CXOAMMOCTH, TEM MEJUICHHEE CXOOUTCs pAl. s ypaBHEHUH HYJIEBOTO U
BTOPOT0 pOJia HAl/JEHbl Takue€ TOKIECTBA, KOTOPBIE IO3BOJISIIOT HMCIOJIB30BaTh 0Oojiee OBICTPO
cxonsaumiics paa. CylecTBYIOT JH 110J00HbIE TOXKIECTBA Il MACTEPOB MEPBOT0 U TPETHETO poaa?

6. YpaBHeHHE TIEpBOro pojia pacCMaTPUBAJIOCh MaTeMaTUKaMu emié co BpeMEH Ditnepa. Ho
no mnosBiaeHus ¢yHkuuu JlamGepra B cucTeMe KOMIblOTepHOW anreOpsl Maple, oHa
HCII0JIb30Bajiach YUYEHBIMU APYTUX HayK HEOXOTHO. HukoMy HeynoOHO BpY4YHYIO KaXablil pa3
NPOU3BOUTh Takue BblUMcIeHUA. [locne mosBIeHMS B pa3NUYHBIX (PUPMEHHBIX pelaTesnsx
¢bynkuun JlamGepra, elf Hauanu HaXoAWTH BCE OoibIIe W OONbIIE MPUMEHEHUS YUYEHBIE CaMBIX
pa3HbIX HayK. TOJNBKO W3 OOHOW O3TOM CTAaTbU BHJHO, CKOJBKO BCErOo MOXKET [eNaTh OIVH
eNMHCTBEHHBIH MacTep |. Kak ynoOHO MOJIb30BaThCs CHUCTEMATH3MPOBAHHBIMH CBOWCTBAMHU M
tToxaecTBamu. Kakue emé HyxHbl cTathi, uroObl Maple, Wolfram u npyrue nmumupyromue B
MaTteMaTuke (pUPMBI PEIOCTABHIM CBOUM TIOJIB30BATEIISIM BCE BOBMOXKHOCTU Mactepa j? UToOkl u
JAJIbHENIIEE HCCIIEIOBAaHUE JTOTO yHUBEPCAla, W IOUCKH HOBBIX NPUMEHEHW €My, U TIOUCKH
HOBBIX YNPOUICHUN paOOTHI C HUM, OBIJIO JOCTYITHO BCEM.

7. Ha cerogusmHuii 1eHb HE pa3pab0oTaHO METO/Ia YIOPSAI0UYCHHSI KOPHEH anredpandeckoro
ypaBHEHHsI, KOTOPbII onupaics Obl Ha MpaBWia, OJMHAKOBBIE UIi MHOT'OWIEHOB JIFOOOH CTENEHH.
Ecaun mocTeneHHo yBenMYMBaTh HE3aBUCHMBIN apryMEHT MacTep-psAia, CO BPEMEHEM OH JOWUIET 110
panuyca cxoauMocTH. YToOBl MPOJOJIKHTH PUCOBATH TpapHK JAHHOTO KOPHS B KOMILIEKCHOM
MIPOCTPAHCTBE, Yepe3 MacTep-psi/ibl, HY>)KHO MEpPecTpOuTh MacTep-ypaBHeHHe. Kak mocie 3Toro
y3HaTb, KAakOW M3 BO3MOJKHBIX KOpHEH sBIETCS NpPOAOJKeHHeM Hauatoro? Ha mnpumepe
runepOoJIMYEeCKOro apKCHHyca BbILIE ObUIO MOKAa3aHO, YTO B KBAJAPATHOM YPAaBHEHHH Y KaXKJOIrO
KOpHSI €CTh CBOM JIMUHBIE [Ba CTENEHHBIX psAfa. [Ipum maHHbIX Ko3(dduumeHTax ypaBHEHHUS
CXOOMTCA TOJNBKO OIWH W3 JIMYHBIX PANOB. B KBajgpaTHOM ypaBHEHMH KaXKIblii KOpPEHb
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UACHTU(DUIMPYETCS TOUHO TaK e, KaK U KaKIbIH KOPeHb THIepOOIMYECcKOro apkcuHyca. MoKHO
JU KaXJIO0MY KOHKPETHOMY KOPHIO YPAaBHEHHI CTEIEHW TPU W BbIIIEC, HANTH UMEHHO €ro JIMYHbIN
KOMIUIEKT CTeneHHbIX psnoB? Ecnu Takoe mnpaBwio OyAeT HalAEHO, TO MOXKHO COCTaBHTb
(dbyHKIMIO, TpU paboTe ¢ KOTOPOH HE HYKHO OYJIET CICTUTH 3a PaIdyCOM CXOJUMOCTH. AJITOPUTM
BBIYHCITUTEIILHON TEXHHKH CaM MOJyMaeT, KaKue IMapamMeTphl MepenaTh MacTepy, YTOOBI
OIpeaAcINT HUMCHHO YKaBaHHBIﬁ KOpC€Hb YKAa3aHHOI'O YPaBHCHHUA. 9t10 6yz[eT AHAJIUTHYECKOEC
pemieHne, a He MeTox wuTepanuii. Ero MOXHO NpUMEHATh W K OYKBEHHBIM YpPaBHEHUSM,
KOB(b(i)I/ILII/IeHTI)I H CTCIICHU KOTOPLIX 3aJIaHbI IICPCMCHHBIMHA, 4 HC KOHKPCTHBIMHA YHUCJIAMU.

1. The choice of the master series of roots of a three-term algebraic equation is carried out
by comparing the module of the independent argument with the radius of convergence of the master
series. Is there a similar simple algorithm for choosing monolithic series? Or for four or more
members, do we need to determine the extremum points using old methods to choose the
appropriate monolith?

2. For equations of the second and third kind, if the series diverges, such a transformation of
the equation is performed, after which it is possible to use a master series with other parameters and
another independent argument. The question remains about what transformations are needed for
equations of the first kind to express their roots in master series outside the radius of convergence of
the original equation?

3. Master series of the third kind work with complex independent arguments. For logarithm
and arithmetic root, master series of the second kind should be used only with the module of the
independent argument. How should monoliths of the first kind work with complex arguments? For
example, in the equation y = x - sin(sy)

4. Is it possible to use master j series in non-taken integrals or are there their own types of
masters that also allow us to systematize their properties and identities?

5. Personal power series of roots are ideal for analysis and for identification among many
roots. To obtain the numerical value of a root with modern computing resources, these series are no
longer always ideal. The closer the independent argument is to the radius of convergence, the
slower the series converges. For equations of the zeroth and second kind, identities have been found
that allow using a more rapidly converging series. Are there similar identities for masters of the first
and third kind?

6. The equation of the first kind has been considered by mathematicians since the time of
Euler. But before the appearance of the Lambert function in the Maple computer algebra system, it
was used reluctantly by scientists of other sciences. No one finds it convenient to manually perform
such calculations every time. After the Lambert function appeared in various proprietary solvers,
scientists from a variety of sciences began to find more and more applications for it. Just from this
article alone, it is clear how much a single master j can do. How convenient it is to use systematized
properties and identities. What other articles are needed to ensure that Maple, Wolfram, and other
leading mathematical firms provide their users with all the capabilities of the j wizard? So that
further research into this universal tool, and the search for new applications for it, and the search for
new simplifications for working with it, are available to everyone.

7. To date, no method has been developed for ordering the roots of an algebraic equation
that would rely on rules that are the same for polynomials of any degree. If you gradually increase
the independent argument of the master series, over time it will reach the radius of convergence. To
continue drawing the graph of a given root in complex space, through master series, we need to
rebuild the master equation. How then to find out which of the possible roots is a continuation of
what was started? Using the example of the hyperbolic arcsine above, it was shown that in a
quadratic equation each root has its own two personal power series. For given coefficients of the
equation, only one of the personal series converges. In a quadratic equation, each root is identified
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in exactly the same way as each root of the hyperbolic arcsine. Is it possible for each specific root of
equations of degree three and higher to find its own set of power series? If such a rule is found, then
it is possible to create a function, when working with which it will not be necessary to monitor the
radius of convergence. The algorithm of the computer technology itself will think about what
parameters to pass to the master in order to determine exactly the specified root of the specified
equation. This will be an analytical solution, not an iterative method. It can be applied to literal
equations whose coefficients and powers are given by variables, not by specific numbers.
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