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MACTEP U KBAPKH
MASTER AND QUARKS

Annortauus: [TokazaHo 0003HaueHNE MHOKUTEINEH, YUCEN, CTENIEHHBIX PSIOB M YpaBHEHUH
MacTepa j, a TaK)KC HCKOTOPLIC IPUMCHCHUA MACTEpPa U €I'0 KBAPKOB.

Abstract: The notation of factors, numbers, power series, and equations of Master j are
shown, as well as some applications of the Master and its quarks.

KiaroueBble cioBa: QyHKIIMM MacTepa; CIUsSHUE (QYHKIWIA, KBapK (axTopuaia; mMacrtep
YUCCII; MaCTCP PAI0B.
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Hrepanus OMHAPHBIX Onepanunii

Iterated binary operation

CuMBOJIBI UTepalnud OWHAPHBIX OMepanuil YiooW; H H?;% Uj HCIOJB3YIOTCS  UIs
0003HaUeHHsI OTepaluid, KOTOpble OyayT MOBTOPATHCS HAJ JJIEMEHTAMH TOCIIEI0BATEIHLHOCTEH
(-++, W3, Wy, We *++ | **+, Uz, Uy, Us ***) C YIETOM HEKOTOPBIX orpanndeHnii. OOBIYHO HIDKHSS TPaHUIA
OrpaHUYCHUS 3allMChIBACTCA 110 CHUMBOJIOM, a4 BCPXHAA IpaHHMIAa — HaJd CHMBOJIOM. I/ITepam/m
BBITIOJIHACTCA HaAd MHNOJOXKHUTCIbHBIMU NLICJIbIMHW YUCIIaMHU OT HIDKHE! a0 BerHefI T'paHULbl JJId
TOJTyYEHHUsI OYEpPETHBIX 3HAUYCHWW HWHJEKCAa WUTepanuu (371ech WHAEKC 00o3HavyeH OykBou t st
CYMMBI M OYKBOH | JUIsl IPOU3BEACHUS).

Iterated binary operations are used to represent an operation that will be repeated over a set
subject to some constraints. Typically the lower bound of a restriction is written under the symbol,
and the upper bound over the symbol. Interpolation is performed over positive integers from the
lower to upper bound, to produce the set which will be substituted into the index (below denoted as
t or j) for the repeated operations.

Pot=04+1+24+-+n 1)
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[[iZ1j=1x2x3x-x(t-1) (2)

BmecTo sBHBIX OrpaHMYEeHHMI WHIEKCAa MOXHO yKas3aTh MPUHAJICKHOCTh K HaOOpy WU
JIOTUYCCKUC OTI'paHUYCHMU, I-ITOGI:I HCABHO YKa3aTb, KaAKHC DJJICMCHTLI Ha60pa CJICOyCT
HCITOJIB30BAaTh.

It is possible to specify set membership or other logical constraints in place of explicit
indices, in order to implicitly specify which elements of a set shall be used:

Eryt=0+2+4+-+n (3)
JS0J =1X2x3x X (t—1) (4)

CnaraeMHe CYMMBI u MHOXUTECIIN IMPOU3BCACHUA MOTYT 0603Ha‘-IaTBC5I
IMPONHACKCUPOBAHHBIMHA IICPEMCHHBIMU.

The terms of a sum and the factors of a product can be designated by indexed variables.

Y =XizoWe =wo +wy +wy +wz + )

W = H;:i Upj = Ugg X Ugp X Ugz X X Uppq (6)

rae t— HHJACKC CYMMHUPOBAHMUA, Wi — HHIACKCHUPOBAaHHAA MEPCMCHHAA, MPCACTABIIAIONIAA
Ka)KI[BIﬁ YJICH CYMMBI,

where t is the index of summation; wt is an indexed variable representing each term of the
sum;

I/ITepaHI/II/I 6I/IHapHI>IX onepaunﬁ Haa OSJIEMCHTaMU HEKOTOPBIX HOCJIG,Z[OBaTeJILHOCTeﬁ
IIMPOKO HUCIIOJIB3YIOTCS B €CTECTBCHHBIX Haykax. Master | — 3To cucTtemMa 00O3HAuCHHU TaKUX
HOCHeﬂOBaTeHBHOCTeﬁ N HUX JJIEMCHTOB, a TaKX¢C ypaBHeHI/Iﬁ C y4aCTHEM PE3YyJbTaTOB 3TUX
utepanuid. [lanHas cuctemMa 0003HAYCHHMI MOXKET HCIOJB30BATHCSA JIJIi KOMIIAKTHOM 3ammmcu
MATEMATHUYCCKUX ypaBHeHHﬁ, (bOpMy.]'[ N CTCICHHBIX PpPsAAOB, a TaKXKC 1IJIs1 CHCTEMaTH3alWn
HEKOTOPBIX TOXJIECTB U CBOWCTB Pa3IMUHBIX (DYHKITUI.

Iterations of binary operations on elements of some sequences are widely used in the natural
sciences. Master j is a notation system for such sequences and their elements, as well as equations
involving the results of these iterations. This notation system can be used for compact recording of
mathematical equations, formulas and power series, as well as for systematization of some identities
and properties of various functions.

MHokuTEIN MacTepa |
Master j multipliers

—~
3HaueHne MaCTECP-MHOXUTEIIA "#tjs 3aBHCUT OT €T0 MO3UIIUHU B ABYX IMOCJICIOBATCIIBHOCTAX.

The value of the master multiplier @?f depends on its position in two sequences.

Taomaunma 1
IMocJienoBaTe IbHOCTH 3JIEMEHTOB NPOU3BEACHUA U, j U YIEHOB CyMMBI Wi
1] 1 2 3 4
2 53
ré1
3 m35 m35
rYil rY2
4 m4s m4s maps
rti rt2 r*3
5 m55 m55 mes mes
rYi rY2 rY3 rY4
myqS .
wti =m+st—rj (7

MHeMOTEeXHUYECKUI ITPUEM
Mnemonic device
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(master j @Z} = m+st—rja=+e=-) (8

—~
IIpy uUCHOJIB30BAaHUU MaCTEP-MHOKUTEISA "r‘tjs HET HEOOXOAWMOCTH YKasbIBaTh, YTO
HE3aBUCUMBIN apryMEHT MPHHAJICKUT HATypalbHOMY psiay j € N*, MOCKOJIBKY 3TO YKa3aHO B

OIMPECACIICHUHU MHOXUTCIIA MacTCpa.

When using the master factor ’"?t_f it iIs 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 factor.

Macrep uuces

Master numbers

Yuciaa MaCTepa t o6pa3y}oT TAaKHUC TOCICAOBATCIIBHOCTH YHCCII, B KOTOPBIX Y KaXXI0I'0
YICHA, HAYrWHAadg CO BTOpPOIro, Ha OAWMH MHOKHUTCIIb MacTCpa m’_b\ts 6OJIBH_IC 4YCM Yy NMPCAbIAYUICTO.
Master numbers 17 form such sequences of numbers in which each member, starting with

the second, has one master factor ",Etjs more than the previous one.

= )

g =1-72] (10)

g =1 73] 733 (11)

mg =1 PSS (12)
functionu(m,s,r,t){for(u=1,j=1;j<t;j=j+Du=u-(m+ st —rj); return u}

[lpu wucmonb3oBaHMHM MacTepa ducen 7! HET HEOOXOAMMOCTH YKa3blBaTh, 4YTO

HE3aBUCHUMBIN apryMeHT MPUHAICKUT HATypalbHOMY psny t € N*, MOCKOJIBKY 3TO YKa3aHO B
OIIPCACIICHUH YH1CJla 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 € APYIriMH MOCJI€EA0BATCJIbHOCTAMHU U q)yHKIII/IﬂMI/I

Related sequences and functions

Yucnaa macrepa 0 poxpa ' ™19 _ 5T0 cTemeHHas (yHKIUsS OT JEBOTO BEPXHEro MHekca. Y
yycell MacTepa HyJIEBOro poja HpaBHﬁ HAJCTPOYHBIM U JIEBBIM MOACTPOYHBIA WHIEKCHI BCErAa
paBHEI HYJIIO.

The master numbers of the 0 kind ™! are a power function of the left superscript. For
master numbers of genus zero, the right superscrlpt and left subscript are always zero.

o= (13)

“5'0 =1-m (14)
MmY=1-m-m (15)
M =1-[[Sym=m"" (16)

Yucaa macrepa | poma !13*° — 510 crenennas dymkuus or cymmsl (m + st). V uucen

Macrepa IEepBOro poja IpaBbIid Ha;[CTpquLH?I VMHJIEKC HE paBEH HYJIIO, JIEBBIA IOJCTPOYHBIN
HHACKC paBCH HYIIIO.

The master numbers of the first kind !5*° are a power function of the sum (m + st). For
master numbers of the first kind, the right superscrlpt is not equal to zero, and the left subscript is
equal to zero.

=1 17)

mis =1 - (m + st) (18)

5 =1-(m+st) - (m+ st) (29)
e =1-T1Som + st) = (m + st)t (20)
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Ymucna macrepa |l popa. Y uncen mactepa BTOPOro poja JIEBbIN MOACTPOUYHBIA UHIEKC HE
pPaBeH HYJIIO, PaBbIi HAJCTPOYHBIN MHACKC JTUOO0 PaBEeH HYJIIO, TUO0 PaBEH JIEBOMY MOJACTPOYHOMY
HHICKCY.

Master numbers of the second kind. For master numbers of the second kind, the left
subscript is not equal to zero, and the right superscript is either zero or equal to the left subscript.

ri”&'i olfr ,(s=0)or(s=r=+0) (21)

Ecnu Bropoit u Tperuit (cidun) mapamMeTpbl Mactepa paBHBI plf , MOXKHO BO BTOPOM

napametp nogatb 0, a TpeTuil nmapaMmerp mnojaBaTh C IMPOTUBOIOJIOKHBIM 3HAKOM _"r”? Macrep-
MHOXHUTCIIN 6y,[[}IT PacCIIoJIOKCHEI B O6paTHOM MOPAAKE, HO IMPOU3BECACHUEC OCTAHETCA TAaKHUM KEC.
D10 Hen30eKHOE CIICACTBUE TJIABHOW NMPHUYMHBI MPOTPECCHH MHOXXUTEJIEH MacTepa — pa3sHOCTHU
nosummii (t —j ), cMm. Tabmumy 1. Takwe mocCIeqOBaTENHPHOCTH YHUCET CBS3aHBI CIEAYIOIINM
ToxkzaecTBoM Mo = MIT

If the second and third (slash) parameters of the master are equal 7, you can supply 0 to
the second parameter, and supply the third parameter with the opposite sign 2. The master factors
will be arranged in the opposite order, but the product will remain the same. This is an inevitable
consequence of the main reason for the progression of the master factors - the difference in
positions. Such sequences of numbers are related by the following identity ™19 = ™17

T'amma-pynkuus I'(t) — o6o3Hauenue Jlexxanapa uist HHTErpajia Diiepa BTOPOTo poja.

The gamma function I'(t) is Legendre's notation for the Euler integral of the second kind.

r() =9 (22)
M=1=T) (23)
M=02-1)=Tr(2) (24)

N = (3 -1D(B-2)=TQ) (25)
&"i =(“4-1D(4-2)(4-3)=T®) (26)

dakTopuasa HaTypajibHOro yucia. 5! =5-4-3 -2
The factorial of a natural number.

t! =1 (27)

M=1=1 (28)
Il=-(142-1) =2 (29)
mM=0+3-1)1+3-2)=3! (30)
%'}Lz(1+4—1)(1+4—2)(1+4—3)=4! (31)

r-KkpaTHblii paKTOpHMAJ 4KciIa N — 3TO NMPOU3BEACHHE HATYPAJIBHBIX YHMCEN OT n 0 1 ¢
NepuoM4YHOCThIO0 I. KonmnyecTBo MHOXUTENEH omnpeaensercs OKpyIJIeHHEM pe3yibTara JAeJeHUs

LEJIBIX YHCEJT B OOJIBIIYIO CTOPOHY t = [g]
r-fold factorial of n is the product of natural numbers from n to 1 with periodicity r. The
number of factors is determined by rounding the result of dividing integers up t = H

nlgy = "THE, t= [ (32)

. . n 5
UYroObl MOTy4nTh 3-KPaTHBIN (PaKTOPHUAJ YKCIIA 5, HY)KHO BHaYale HauTH t = [—] = H =
-

2,3atemm=n—rt=5—-3-2 =—1.
5!H—‘§§=—13 ;33=5-2=10 (33)
6'”—33_03 633 = 6-3 = 18 (34)
7= 213 = 22372237243 = 7.4 -1 = 28 (35)

Henonnblie ¢paxropuansi. Falling and rising factorials.
yobiBaroumii paxropuan (n),, falling factorial
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e = (MW (36)
(7, =819=7-6=42 (37)
Uepes 3TH ke mapaMeTpbl MOKHO MOTy4YaTh OMHOMHAJIbHbIE KO(P(PUUNeHThI
Using the same parameters, one can obtain binomial coefficients

(n) — 1 k 1 (38)
Bo3pacTaimii pakTopuan — GyHKuus HoxraMMepa n®| rising factorial
n-1,0 — n(k) (39)
—1'k+1
7@ = ©9=7.-8=56 (40)

NPOM3BOJAHASA OT CTENEHHOH (PYHKIHMHU
derivative of a power function
(xH® =11 (41)
Yucaa mactepa |11 poaa. Y uncen macrepa TpeThero pojia JEBbIM MOICTPOYHBIN HHICKC HE paBEH
HYJIIO, IIPABBIA HAJICTPOUYHBIM UHAECKC HE PABEH HYJIIO M HE PABEH JIEBOMY IOJCTPOYHOMY MHJIEKCY.
Master Numbers of the 3rd Kind. For master numbers of the third kind, the left subscript is not
equal to zero, the right superscript is not equal to zero and is not equal to the left subscript.

SIRSFORT o2 0&s#ET £ 0 (42)
22=02-2)=0 (43)

215 = (3 2)3-4)=-1-1=-(11? (44)

0'1 =(“4-2)4-9¢A-6)=0 (45)

Il =(5- 2)(5 4)(5-6)(5—8)=1-1-3-3=(3!N? (46)

0 =(7- 2)(7 4)(7 —6)(7 —8)(7 —10)(7 — 12) = —123252 = —(5!1)? (47)
Psab1 macTepa
Master series
I/IS MaCTepa MOXHO HOJ'Iy‘—II/ITI) HC TOJIBKO OTACJIIBHBIC YJICHBI HOCHG}IOB&TCHBHOCTeﬁ, HO U
6CCKOHCLIHBIC CTCIICHHBIC pAAbI MHOTUX (bYHKHHﬁ. I[J'IH 3TOI0 BMECTO BOCKJIMIIATCIBbHOT'O 3HAKA (')
B PCXKXHUM MAaCTEpa HYKHO IMOCTaABUTHL JBOCTOUYUC (2), a BMECTO HOMCEpaA YIC€HA IOCICA0BATCIbHOCTH

(t) B He3aBUCHMBIN apryMEHT MacTepa HYXKHO I110/1aBaTh HE3aBHCHUMBIH apryMeHT (QyHKuuu (X).
t

o o X
JIro6oii wieH r000ro pAada MacTtepa — 9TO MPOU3ZBCACHUC «HC3ABUCHMOW» ,Z[pO6I/I F n 4uciia

mactepa 7. HyneBoii wieH paBeH JIeBOMY BEpXHEMY HHICKCY M.

From the master, not only individual members of sequences can be obtained, but also
infinite power series of many functions. To do this, instead of an exclamation mark (!) in the master
mode, you need to put a colon (:), and instead of the sequence member number (t), you need to
supply an independent function argument (x) to the independent argument of the master. Any

t
member of any series of the master is the product of the "independent™ fraction % and the master
number ™2, The zero term is equal to the first parameter m.

xt
Ty = XizoWe, Wy = o Miwp =m (48)

t
my=m+ 3, (S m) (49)

t!
x? x
=M+ (m+ 25 = 1) + 57 (m + 35 —1)(m + 35 — 27)
. !
+Z(m+4s —r)(m+4s = 2r)(m + 4s — 37) + -~ (50)

Boime ObIO TOKa3aHO, Kak IOJMydyaThb OMHOMHANbHBIE KOI((OUIMEHTHl C TOMOIIBIO
LIEJIOYNCIIEHHBIX TapaMeTPOB MacTepa. MIX MOKHO MOIydaTh U C MOMOIIBIO APOOHBIX AapaMETPOB.
. . 1.0
Ha4ném ¢ Takux mapamerpos: q/;:
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Above we showed how to obtain binomial coefficients using integer parameters of the
master. They can also be obtained using fractional parameters of master numbers of the second kind
=01, Let's start with such parameters , /%-0

A= 1exr 20D+ 2(-9(- 45 0-9 (-9 (- e

2
Tpetuit u cnenyromue uieHsl (Hymepaiusi oT 0) UMEIOT MHOXHUTEIb (1 - E) = 0, 3HauwT,

BCC YWJICHBI CTCIICHHOI'O pAda, HAYHUHAA C HOMCEpa 3, paBHBI HYJIO. I[pyFI/IMI/I CJIOBaMHU, 3TOT PAL
nMeer 3 YJICHA, KOTOPBIC ABJIAIOTCA OMHOMUAJIbHBIM Pa3I0KCHUCM.

The third and subsequent terms (numbered from 0) have a factor (1 - %) = 0, which means

that all terms of the power series, starting with number 3, are equal to zero. In other words, this
series has 3 terms, which are the binomial expansion.

1/”_1+x+—=(1+§)2 (52)

Ecnu l'IOI[aTB B TpeTI/Iﬁ napameTp 3HaquI/Ie 1/3

A= e S (- D2 (- (-5 () (-9 (- 6

3
TO BCE WICHBI, HAUWHAs ¢ HoMepa 4, OyayT paBHBI HYJIIO, TaK KaK (1 — 5) =0.

3
A=+l 4D = (145) (54)
MO>HO MOACTaBIATH JIOObIC 3HAaYEHUsI B TPETUI nmapamerp, kpome Hyis. [Ipu cnemyrommx
napameTpax Macrepa »a:°, Bcerja 6yaeT 0JlHO U TOXKE TOKIECTBO.
You can substitute any values in the third parameter, except zero. With the following
parameters of the master _.3:°, there will always be the same identity
yre= @ +x/m)" (55)
U3 mactepoB ,.3:°!" momyuarorcs GuHOMHMATBHBIE pa3TOKeHHS, F€OMETPUUYECKUE PSIBI H
CTETIEHHBIE PAbI apUPMETUIECKIX KOPHEH.
From masters ,...3:°ll" we obtain binomial expansions, geometric series and power series of
arithmetic roots.
=04+ =V +x (56)
JleBnlii OACTPOUYHBIN HHAEKC (I) MacTep-psiia — 3TO CTENEHb apU(PMETHUECKOTO KOPHS. DTO
MOXET OBITH JIF000e YHCIIo, KpoMe HyJis. © € C*,r # 0. KopeHb HyJIeBOW CTENEHU HE ONMpeaeicH.
Ha nonp nenuts Henb3s. Ecnm Bcé-Takm monatek B TpeTwil mapamerp macrepa 0, TO IMpU Tex ke

SHAYCHHUAX OCTAJIbHBIX IMapaMETpPOB, MOJYUUTCA CTEIIEHHOH paa L[pyroﬁ (I)yHKI_II/II/I — OKCIIOHCHTHEI.

1,0 _
ox — €

The left subscript (r) of the master series is the degree of the arithmetic root. This can be any
number except zero. r € C*,r # 0. The root of degree zero is not defined. It is impossible to divide
by zero. If you still supply O as the third parameter of the master, then with the same values of the
other parameters, you will get a power series of another function - the exponent. 3:0 = e*

Takoe NpUHLIUIHAIBHOE W3MEHEHUE PAJOB IPOUCXOAUT IIPH 06HyneHHI/I 106010
napametpa. X Bcero Tpu, mosToMy MoJIy4aeTcs 23=8 pa3HBIX YpaBHeHHH MacTtepa. Eciu oOHyIUTh
JIeBBII BEpXHUH HHJEKC, TO U3 MacTepa MOKHO MOJyYUTh CTETICHHBIC PSJIBI CIEAYIONNX (QYHKINH.

Such a fundamental change in the series occurs when any parameter is zeroed. There are
only three of them, so we get 23=8 different equations of master. If we zero out the first parameter
m, then we can obtain power series of the foIIowing functions.

2:9=1n(1 + x), ;3! = LambertW(x), 9:1 = arsinh(x) (57)

HeKOTOpBIe q)YHKHI/II/I I/IMGIOT TOJIBKO YETHBIC UJIM TOJIbKO HEUYETHRIC YICHBI MacTepa.

Some functions use only even or only odd members of the master series.
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= smh(x), 5o = cos(x), 9:9 = artanh(x) (58)
11 /—2 x*  x*  x® 5x8  7x10
2rx X +1_1+_ 8+16 128 256 " (59)
%}c x (60)
1 =
y =+ 2xy")7 =fiy =i+ 5k = Va2 +x—1+x+———4— (61)

YKaSHBaTB, C Kakoro 4Jj€Ha HayuHacTCiA BBI60pKa, A C Kakou HepI/IOI[I/I‘lHOCTLIO OHa
MMPOU3BOAUTCA MOKHO ITOCJIC HC3aBUCHUMOI'O apryMeHTa.

You can indicate from which member the selection begins and with what periodicity it is
made after the independent argument.

(62)

(63)

(64)

(65)

recroot 3;2

+. - (66)

5 8 11
gy = —Y—— = x* — — + — +... 68
3'x;2,3 3 3 9 81 ( )

313 =X (67)
2

(69)

xRN
Il
+
w
+
|
+
RW
+
<
+
Tf
+
x
L Y
+
RW

Ciusinue MacTepoB

Merger of Masters
Cnusauue MaCTCPOB HCHOJB3YCTCA KOPHAMH PA3JIMYHBIX MHOTOYJICHOB, HAIIPUMCEP, YV =

(eSY+e™SY)

1
(I +7rx, 5t +rx,y%2)r wmm y = x .

X
= E'COSh(Sy). Omneparyst ciausiHEe 0003HAYACTCS

CHUMBOJIOM «(@».
Merge masters are used by roots of various polynomials, for example, y = (1 + rx;y°t +

1 s -5
ryyS2)r or y = x E2re ) y’;e ) - ~ - cosh(sy). The merge operation is denoted by the symbol "@".
@M = Mg (70)
(H]<t1(m + 51t — T]))@(H]<t2(m + 55t — T‘])) ]<t1+t2(m + 51ty + 55t — 1)) (71)
@?=1mﬁ—1 (72)
m|51 @m|52 — Tr;!i1152 =(m+s;+s,—1r) (73)
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CrnusiHue psIIOB MacTepa MPUBOJUT K TOMY, YTO HOBBIM — €IMHBIN psii OyIeT MCIOJIb30BaTh
HECKOJIBKO HE3aBUCHUMBIX aprymMeHTOB. Mactep psJoB C OJHUM HE3aBHCUMBIM apryMEHTOM
SIBJIIETCSL 0000IIEHNEM TUTIEPTeOMETPUIECKON (DYHKITUH.

Merging the master series results in a new, single series using several independent
arguments. The master of series with one independent argument is a generalization of the
hypergeometric function.

Macrep ypaBHeHUi

Master of Equations

CymecTByeT 8 ypaBHEHHI, MTPUBEAEHHBIX K 00pa3y MacTepa, TO €CTh K TAKOMY BUAY, KOTAa
OHM pemIaloTCs OJHMM MacTep-psaiaoM, 0e3 mpeoOpa3oBaHM MapaMeTpoB M 0e3 mpeoOpa3oBaHMMA
HE3aBUCUMOTO apryMEHTa.

There are 8 equations reduced to the master image, that is, to such a form when they are
solved by one master series, without transformations of parameters and without transformations of
the independent argument.

Taoauma 2
=T
. In(1+ rx In (1 + rxe®
y= y=X€b}' — ( T ) y: ( T ) m=0
= ¥ . exys l S l 1
y y= y= (14 rx)r y=({1+rxy’)r
0 #0 0 #0
"0Yx WYz ¢rgyx ngyx
t=1 *
+§(m+35—r)(m+3s—2r)+"‘ (74)

Ho ¢yHKIMHA, KOTOphIE MOXHO TOJIYYUTh M3 OJHOTO MacTepa, ropa3fo OoJblle, TaK Kak
pPa3IMYHBIMM IIPEOOpPa30BaHUAMU 3TH YPaBHEHUS MOXKHO IPUBOJIUTH K JAPYTUM YpaBHEHHSIM.
Hanpumep, ypaBHeHue gy,}

But there are many more functions that can be obtained from one master, since these
equations can be reduced to other equations by various transformations. For example, the equation

0.,1
2Yx

1y
_ ln(1+2xe ) (75)
1
e” = (14 2xe”)z (76)
e?y =1+ 2xe” (77)
MOKHO Pa3JIeNuTh Ha e”,

eV —e Y =2x (78)
sinh(y) = x (79)

1y
= @ = arsinh(x) =9:1 (80)
2oy s#0&#T_ 510 ypaBHEHHE TpeThero poaa. CornacHo mpaBUTy BEIGOpA KOPHEH ypaBHEHHit

TPETHETO POJIa, HYJIEBOW KOPEHBb THIEPOOTMIECKOT0 apKCHHYCa ONpeAeseTcs mo Gopmyiam
F2ys70%#7 is an equation of the third kind. According to the rule for choosing the roots of
equations of the third kind, the zero root of the hyperbolic arcsine is determined by the formulas
Arsinhy(x) = Ln(1) +3:1,|x| < 1 81)
Arsinhy(x) = Ln(2x) +(1):I/14x2 Jxl =1 (82)
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[TepBbIif KOpeHb orpeensercs no GopMmynam

The first root is determined by the formulas
Arsinh; (x) = Ln(—1) +3:1, x| < 1 (83)
Arsinh; (x) = Ln(—1/2x) +2:31/4x2 Jx] =1 (84)

Bri6op BeTBH Arsinh ocymiectsisieTcst BLIOOPOM BETBH KOMILICKCHOTO JIorapudma.

The choice of the Arsinh branch is made by choosing the branch of the Ln.

JIroOoli KOpeHb ypaBHEHUH HEHYJICBOTO pPOJa MMEET JBa PasHbIX psjga — psan Telinmopa u
ACUMIITOTUYCCKOC Pa3IOKCHHUC. Bcerz[a MOKHO BBI6paTb TaKoOM P, KOTOpI:»IfI CXOAUTCA AJId
JAHHOTO HE3aBHCUMOTO aprymMeHnTa GyHKun. /i pa3HbIX KOpHEH OJHOTO ypaBHEHUSI MOTYT OBITh
Pa3HBIC ACUMIITOTHUYCCKUC PA3JI0KCHUA.

Any root of equations of nonzero kind has two different series - Taylor series and
asymptotic expansion. It is always possible to choose such a series that converges for a given
independent argument of the function. For different roots of one equation there can be different
asymptotic expansions.

ITapamerpbl MacTepa

Master parameters

i =T1zi0m + st — 7)) (85)

Ecnu nieBblii MOICTPOYHBIA HMHICKC, TPeTHii mapamerp paBeH Hymo r =0, psx "G5
cxonutes, korna |esx| < 1. Ecimur # 0, pag /%5 cxoaures, koraa |r — s|7=5!|s|sl|x|I" < 1. B
dbopmynax ¢ MacTep-psIoM Heobs3aTeIbHO 0003HAYaTh PAANYC CXOJAMMOCTH, B ONPEACICHUH 3T0
nmapamMeTpa MacCTepa 3TO YiKE 0003Ha4Y€eHO.

If left subscript, third parameter r = 0, "3:5 converges when |esx| < 1. If r #0, ,.J5:5
converges when |r — s|!"~s!|s|!sl|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.

1lii mapamerp MmacTepa (JIeBbIii BepXHMH HHAEKC) MOXKET MMeTh 2 3HaueHus, 0 wim 1.
Mexny 1ByMsl TAIIAMH PSJIOB CYIIECTBYIOT CIIEIYIOIIUE 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

ry=ers (86)

d}ni- _1.s d?«i-

T T (87)
15 dFE _ deP% _ og 88
rex T dlnl:S - dO:S =e ( )

X X

VY nérkxoro (M=0) psiga ecTh MPONOPLHHUOHATBHOE MMAPAMETPUIECKOE TOKIECTBO
The light (m=0) series has a proportional parametric identity
N
c-%5 =%:2x (89)
[
Tsoxénbie (M=1) psiibl UMEIOT CTENEHHOE apaMETPHUUECKOE TOXKAECTBO
Heavy (m=1) series have a power parametric identity
1, — 15s/c
(r')sc )C —r/ccx (90)
Bropoii mapamerp wmactepa (mpaBblil BEpXHUW HWHIEKC) HA3bIBA€TCS CHUHXPOHU3ALUS
nporpeccun  mactep-uucen. Ecim S=0 wnm  S=r, TO MHOXHTEIH pPA3HBIX MacTep-4yuCemn
CUHXPOHU3UPOBAHBI, W CJICAYIOIMICC MACTCP-4YHCIO HACJICAYCT BCC MHOXUTCIN MPCALIAYUICTO
MacTep-4ncia.
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
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synchronized, and the next master number inherits all the multipliers of the previous master
number.

ECJII/I YPaBHEHUE COJEPKUT HECKOJIbKO HEe3aBHCHMBIX apPryMeHTOB (TIpaBblii HMKHUI
UHjIEKC) 1 ryx1 xi' TO HCIIOJIB3YETCS CIIUSIHUE MACTEP-PSIOB.
If the equation contains several independent arguments (right subscript) }y,fl;? then

master series merging is used.
y =1 +7rxy5 +rx,ySe+. ..)% =}f€11“;22 (91)
CiausiHue BLINIOHIETCS paHbIIC BCCX APYIrux onepaunﬁ U OAHOBPEMCHHO HaJd BCCMU
CTCIICHHBIMHU pAdaMHU, MCKIY KOTOPbIMU CTOUT 3TOT 3HAK.
The merger is performed before all other operations and simultaneously on all power series
between which this sign appears.

S S 51,52,
Ty, @5 @ =T (92)
HpI/I CJIIMAHUUA CTCTICHHBIX PsA10B
When merging power series
tq ty f.'
o X1 mpS1 o  X2°mS2 m|S3
(1 + 281 oy r!tl) @ (1 +25-1 0 r!tz) (1 + Zt3—1 ol r't3) (93)

IMPOUCXOJUT CIUAHUEC KAXKA0I'0 YWICHA OJHOI'O psAaa ¢ KaXXIbIM YJIICHOM KaXXJI0T'0 APYTOoro psaa.
each member of one row merges with each member of every other row.
x5 x2%2 s x383 s x1"1 %552 x3%3 1 54,558
Grma)e (e (i) = s i (04
HesaBucumpie apobu mpu CIMSHUHM MPOCTO YMHOXKaroTcs. Bce mactepa OgHOTO CIHSTHUS
npeBpaliaroTCsa B OAUH MOHOJIUT, KOTOpLIfI HCJIB3s IMOJYYHUTh U3 UCXOAHBIX MACTCPOB OOBIYHBIM
YMHOKCHHEM.
Independent fractions are simply multiplied when merging. All masters of one merger are
transformed into one monolith, which cannot be obtained from the original masters by ordinary
multiplication.

s = ]'[;:;tzﬂrl(m + s1tq + Syty + 3ty — 1)) (95)
Cnusaue nérkux (M=0) psa0B IPOU3BOIUTCS MO TEM K€ IpaBuiaM. B 3To Bpems HyneBoi
YJIeH CTENICHHOTO Psjia — €IMHMIIA Y HUX MPUCYTCTBYET W, = 1. Kornma ciustare OyaeT 3aBepIieHo,
OT MOHOJIMTA HY>KHO OyAeT OTHATH 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.
1.0||r

buHOMManbHOE pa3IoKeHHUE MOTY4aeTCs U3 OJHOTO MAaCTePA ypiy
paboTath ¢ T0OBIM KOJIMYECTBOM YJICHOB IO/T JIIOOOW CTEIIEHBIO.

. Cnusaune mo3BOJISIET

Binomial decomposition is obtained from a single master ri},:g”r. Merge allows you to work

with any number of members under any degree

r:to x1 @r:to *Xo (96)
0,0 2 1
v=0+x/2+%,/2)% =130 2, = (1"‘ " 1/21+ o 1/22)@(1"' " 120+
x 2 1 2 x 00
- 1/%'(2)) =1+ 0+ 3+ T 11, i+ 1/%'(2) (97)

Kor)]a BCC BCPXHHUC IMPABBIC MHACKCHI PABHBI HYJIIO, HHXXHHUC IIPABBIC MHACKCHBI MOXHO
IPOCTO CIIOKHUTH 4 /%!(1):(1) = 1/3'2. Bee uncina macrepa 4,7, € N* iput t>n paBHb HyIIO.
When all upper right indices are zero, the lower right indices can simply be added together.

13171 = 1/319. All master numbers ; 412,n € N* for t>n will be equal to zero,
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2

— 2 _ 1,00 _ 1t xfl ot ottt | x%l
y—(1+x1/2+x2/2) _1/2'x1,x2_1+7+75+7 TTE 75 (98)
YpaBHeHHsI MacTepa TPeThero poaa
Master equations of the third kind
ragyR T O8ET (99)

KopHu Macrep-ypaBHEHMII HEHYJIEBOTO POJia UMEIOT JBa CTENEHHBIX psAna, pax Teinopa u
ACUMIITOTUYCCKOC Pa3JIOKCHHUC. HpaBI/IJIO BBI60pa MacTep-pdaaa Ijid KOpHeﬁ anre6panquKor (¢}
TPEXWIEHHOTO YpaBHEHMsI MOKHO IIOKa3aTh TaOJIMYHO.

The roots of master equations of nonzero genus have two power series, a Taylor series and
an asymptotic expansion. The rule for choosing a master series for the roots of an algebraic three-
term equation can be shown in a table.

Ay* + By’ + Cy* =0 (100)
a>b>c (101)
s “xp In|Vy|+i(arg(-Vy)+2mn)
Yin = Vin "rit © —rkv;‘,;_sk JVgn =€ r ,NEZ (102)
Tabauua 3.
@opMupoBaHNe IAPaAMETPOB MacTepa psijioB
C B
Tn=a-—c So=b—c V0=Z Xo =7 D>T
B C
n=a—>b s;=c—b vV, =— X, =—
A A
DT
C A
n,=b—c S, =a—c V2=§ Xy =%
_ |4|lb=cl.|c|la=Dl _ |b—c|lb=¢l.|qg—p|la=bI
=—gaa — T = o (103, 104)

Eciu D > T, 10 Bce KOpHU TpEXusjeHa MOXHO TMOJYYUTh Uepe3 KOPHU OJIHOTO pajuKaia

a—c C o .
Vio = /_Z' Muave oHa 4acTh KOPHEH TPEXUIEHA MOJIYYAETCS Y€PE3 KOPHM pajuKana Vi, =

a-b B o b-c C
/— ~» BTOPAs 4acTh KOPHEH 4epes vy, = — 5
Tadauna 3.
Kopuu Tpéxuiiena
y’+2y3+8=0 y’+9y3+5=0
I‘I.’,- b ///" N \
?. - - =
£ \‘\_, ,_,ar/
7| 8 419 35
Vko = |—= Vg1 = |—7,  Vk2= |[—3g
k,O 1 k,l 1 k,2 9

Ha xoMIiekcCHOM MIOCKOCTH TOUKAMM OTMEUCHBI KOpHH YpaBHCHUS, 4 TYHKAMU OTMCYUCHLI
KOpHH paguKajia, KOTOPBIM NPONMOpIHHUOHAIbHBI COOTBETCTBYIOIIMEC KOPHU YPAaBHCHHA.
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On the complex plane, the roots of the equation are marked by dots, and the roots of the
radical to which the corresponding roots of the equation are proportional are marked by wells.

Ecnu xom4ecTBO 4iIeHOB anreOpanyeckoro ypaBHEHHs O0JIbIIe 3, UCTIONB3YETCs ONeparis
CIIMAAHUC.

If the number of terms in an algebraic equation is greater than 3, the merge operation is
used.

1 r r[(S r[(S r 51,82,
y=A+rxys oyt )= V- \ {xi @ {xz =1 {xixzz =Frrnan. (105)

Omnepanus cnussare padboTaeT ¢ IIOOBIMH CTENEHIMU MHOTOWICHA, AK€ C KOMITJICKCHBIMH.
YtoOBl MOMYyYHTH JIFOOOH KOPEHb YpPaBHEHHUS, MCIOIB3YIOTCS COOTBETCTBYIOIIUE KOPHHU [-CTETICHU
oT 1.

The merge operation works with any degree of the polynomial, even complex ones. To
obtain any root of the equation, the corresponding r-roots of 1 are used.To obtain any root of the
equation, the corresponding r-roots of 1 are used.

1
Vo = (L +ryt + 1+ ) = vy 150, (106)

T
xlvn ,xzvn yuus

v, = V1= eg,n e€Z (107)
YpaBHenusi mactepa | poaa
Master equations of the first kind
oy™? (108)
y = xe% (109)
O,Z[I/IH nu3 KOpHGfI 9TOI'0 YpaBHCHHA UMCCT CICAYIOLICC TOXKACCTBO C MAaCTCPOM.
One of the roots of this equation has the following identity with the master.

] o y= xesY =48:fc (110)

y=x+ %(25) + 9;—'(35)(35) + %(45)(45)(45) + -, lesx| <1 (111)
LambertW,(x) =9:;1 (112)

8:354 _ LambertWg(—sx) (113)

-s
Psn cxomures, ecnu |esx| < 1 wimm |sx| < 1/e. Jlns ypaBHeHHii MacTtepa BTOPOro H
TPETHETO POJia PaJANyC CXOJMMOCTH TOXXK€ He OeckoHeueH. Ho i KaXaoro w3 HUX HaWIEHO
IpaBUJIO, KOTOPOC IMO3BOJIACT IIOJIYUUTb 000 KOPCHb C IIOMOMIbIO MACTEpa, JaXKE 3a IMpCACIaMU
00JIaCTH CXOJAMMOCTH, HCTOJIB3Yys ACUMOTOTHYECKHE pas3jioxkeHus. [l ypaBHeHuil wmactepa
IIEPBOro poaga 1 COOTBETCTBCHHO AJIA (I)YHKLII/II/I HaM6epTa TAKOC ITPAaBUJIO IIOKA HE HaﬁﬂeHO.

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.

H3BectHO OJHO aCUMIITOTHYCCKOC PA3JIOKCHUC (1)}/HKI_II/II/I HaM6epTa. Ho xak BBIIOJIHATH
Onepanurio CIUAHUC HAA TaAKUM PA3JIOKCHUECM, 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.
ok e 2

i,

LambertW(x) = Ly — Ly + X120 2521 (114)

I'ne [Z] — HeoTpularenbHoe yncio CTUpIUHTra MepBoro pojaa
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Taoauna 4
I"Iepsble Yyucna CTMpﬂMHI’a CO 3HaKOM:
n\k 0 1 2 3 4 5 6
0 1
1 0 1
2 0 -1 1
3 |0 2 -3 1
4 0 -6 1" -6 1
5 0 24 -50 35 -10 1
6 0 -120 274 -225 85 -15 |1
st LambertW, (x), L, = In(x), L, = Inln(x) (115)
Jlns LambertW_, (x), L; = In(—x), L, = In(—In(—x)) (116)
W) =Ly — L, + Ly n Lz(—zsz) N L2(6—9L2:2L22) N Lz(—12+36L2—242L22+3L23) .. (117)
Ly 2L, 6L, 12Lq
OTO aCUMIITOTHYECKOE Pa3I0KEHUEC MOXKHO 3aIlliCaTh 4Y€PE3 KBAPK MacTEpa !q.
This asymptotic expansion can be written in terms of the master quark !,
LambertW(x) = L, — L, — R 2;’;1%,12 = L—lz (118)
R R R
W(x) = L1 —Lz +L__F(_R + 1) +F(—R + 1)(—2R + 1)
R 1 1 1
—L1—4(—R +1)(-2R+ 1)(-3R+ 1)+ - (119)

B takoit popmyie uncna CTUpIUMHTA IEPBOTO POJIa CO 3HAKOM TOJYYArOTCsl CaMU, HE HY)KHO
X NpCABAPUTCIBHO BBIYUCIIATD.
Now the Stirling numbers of the first kind with a sign are obtained automatically, there is no
need to calculate them in advance.
R
W) =Ly — L, + Z 1,2 L3 L
m|s

KBapk mactepa !, — 510 Takas popMa 3amucu MacTep-uucia ¢!z, Tae Benuuuna «t» 3amaércs

_ RCR+1) | R(2R?-3R+1) _ R(-6R*+11R*-6R+1) (120)

HCABHO, H eé 3HaueHHUe JOJI’KHO OBITH OIIPEACIICHO. Ecan neBwIx HHACKCOB HCT, 3HAYUT,
ompeJiesieHue el He 3aBEpIICHO, U BMECTO MPABBIX MHACKCOB (S U t) CTOSAT Jpyrue BEIUYUHBI.
CnpaBa BHU3Y (BMecTO mapameTpa 1) pacronaraercs o003HaueHHe MacTH KBapKoB. KBapku pa3HbIX
MacTel Helb3sl 00BEANHATH B OJJHO MacTep-unciio. CripaBa BBepXY (BMECTO mapameTpa S) ocTaéTcst
MECTO I 0OBIYHOTO BO3BCACHUA B CTCIICHD.

The master quark !, is a form of writing the master number "!7 where the value of "t" is
given implicitly and must be defined. If there are no left indices, then the definition is not yet
complete, and instead of the right indices (s and t) there are other values. At the bottom right
(instead of the t parameter) is the designation of the quark suit. Quarks of different suits cannot be
combined into one master number. At the top right (instead of the s parameter) there is space for the
usual raising to a power.

ITo ymonuaHuto, Bce mapaMeTpbl MacTepa, KOTOPOMY IPHHAJIEKAT KBapkH, paBHbl 1. Ecin
HYXHO HCIIOJIB30BATb KBAPKHW MACTCpa C APYIUMU IIapaMCTpaMH, 3TO YKA3bIBACTCA CJICAYIOIIUM
o0Opazom.

By default, all parameters of the master to which the quarks belong are equal to 1. If you
want to use quarks of a master with different parameters, this is specified as follows.

1, € ™IS (121)
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Ecnn He ykasplBaeTcs, KAKOMY MacTep-4MCily IPUHAJUICKAT KBApKU, 3HAYUT, 3TO KBApKU
00br9HOTO (hakTOopransa. Mbel HE CMOXEM y3HATh, OT KAKOTO YKCIIa HaJlo Opath (hakTopuai, MoKa He
MIEPEMHOKUM BCE KBApKH OAHOTO (pakTopHaia. M3BeCTHO TONBKO, ‘ITO ecnu (hakTopHall COCTOUT U3
t KBapKkoB, To TonbKO Torxa l§ = 1lf = t!. Jpyrumu cioamm, !y = t!, Tomeko ecin ! He Gynxer
00JbIlIe YMHOXKATHCS Ha (- KBapKI/I L

If it is not specified to which master number the quarks belong, then these are quarks of the
usual factorial. We will not be able to know from which number we should take the factorial until
we multiply all the quarks of one factorial. It is only known that if the factorial consists of t quarks,
then only then If = 1! = t!. In other words, ! = t!, only if If will not be multiplied by g quarks !,
anymore.

Yr1o0bI Y3HaTh, CKOJIbBKO KBApPKOB COLCPKUT Ka)K,Z[BIfI (baKTOpI/IaJ'I, HYXHO PACKpPBITb BCC
CKOOKH.

To find out how many quarks each factorial contains, you need to expand all the brackets.

R(—6R3+ 11R? —6R + 1) = —6R* + 11R%® — 6R? + 1R (122)

Bonbnre 3to BBIPAXKCHUC HAa KBAPKHW YMHOXATbCs HE 6y,)ICT, IMO3TOMY TCIIEPbL MOKHO ACIIATh
3aMEHY.

This expression will no longer be multiplied by quarks, so now we can make the
substitution.

’ q

lq t!
B mpenpinymem npumepe, B Gpopmysie ¢ OOBIMHBIMH (pakTOpHaIaMu, oJHa OECKOHEYHAS
urepanusa BJIOXKEHA B JPYI'YIO 6eCKOHe‘IHYIO HUTCPAlULO. Ha Brruncienne yucelnn CTI/IpJ'II/IHFa TOXKE
TpeOyeTcs Bpemsi.
In the previous example, in the formula with ordinary factorials, one infinite iteration is
nested inside another infinite iteration. Calculating Stirling numbers also takes time.
( 1)1 I+j L
XiZo Xz 1—L[11J : (124)
Hcnons30BaHne KBAPKOB YCKOPSIET AIITOPUTM.
Using quarks speeds up the algorithm.

Rt — (L_z>t _ Lt (123)

Ly/\q'tk2 a'el2

Zt 1 ] ( Ll)t (125)

g lq =12 (126)

|2 |3 = |é+3 = lc51 (127)
('q) (128)
) 't“ (129)

Ecmu BBIPpAXXCHUC, OKYTAaHHOC OI[HOI/I KBapKOBOf/'I TYMAaHHOCTBbIO, HAaAO YMHOXHUTHL Ha
BBIpaXXE€HHUE, OKYTAaHHOE JIPyrol KBApKOBOW TYMaHHOCTbIO, 3TH pa3Hble TYMAaHHOCTH HY>KHO
0003HAYUTH OrOpOKACHUCM TYMAHOB.

If an expression enveloped by one quark fog is to be multiplied by an expression enveloped

by another quark fog, these different fogs must be designated by a fog fence.
1,2

|
o0 Lz/'1 2L o0 Lz/'1fl‘2 o Lp/y'the
(Zt 1! L(-L )t) (Zt 1 L (-L )t) <2t 1 (- Ll)t) (130)
1,5
o0 Lz/!i!?LZ w Lp/ii'tlz th Ly/1y'tle H2L, 131
Zimiy cpyr) \ZEtcy) T\ (131)
B crenenn Ham TymMaHOM MOJDKHO OBITh 0003HAUEHHME TOCIEIOBATEIHBHOCTH OIEpaIlvi.

BocknuuaTtensHbIi 3HaK Mepes CTeNeHbI0 0003HAYAET, YTO CIIEpPBa HYKHO MOJIYYHUTH (haKTOPHAIIBI
13 KBApKOB, a TOJIBKO IIOTOM BO3BOJUTH B CTEIICHb.
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The degree above the fog should indicate the sequence of operations. The exclamation mark
before the degree means that you first need to get factorials from quarks, and only then raise to the
power.

Ecnu BbIpakeHHe ¢ KBapKaMH CIPSTaTh B IEPEMEHHYIO

If the expression with quarks is hidden in a variable

.1,0
LambertW(x) = L, — L, — 2524 (Rf!§t,R = ?—2 (132)
I -1
TO IOCTaTOYHO 3allOMHUTH Bcero oAHo npasuio. Eciu R emé Oyaer ymHoxarbcs Ha R, To

. L
MOKa e1é HeNlb34 JeiaTh 3aMeHy R = '—2
1

then it is enough to remember only one rule. If R will also be multiplied by R, then it is not
yet possible to make a substitution R = f—z

1
B sTOM cnyuae Toke Heb3sl 3a0bIBaTh OTPaKAaTh Pa3Hble TYMaHHOCTH, €CIIM Ha/I0 OyJIeT UxX
YMHOXXaTh ApYyT Ha apyra.
In this case, too, one must not forget to fence off different nebulae if it is necessary to
multiply them by each other.

SR\ (R B [ r-p0
<t=1<—L0> ( (—L1)> ( (—Lo) (133)

.. L
Ecmun macTte Bcero OJHa, €€ MOXKHO HC€ o0o3HayaTh R = Tz KBapK MOKHO 0003Ha4aTh

HCABHO. BOCKHHH&TCHBHBIﬁ 3HaK IIOCJIC 3HaKa «=)» 03Ha4dacT, 4YTO BHa4daJI€ Haao0 06’be,I[I/IHI/ITB BCEC
KBAapKH, TOJIBKO IIOTOM JI€JIaTh 3aMCHY.

If there is only one suit, it may not be indicated R = LTZ Quark may be indicated implicitly.

The exclamation mark after the "=" sign means that all quarks must be combined first, and only
then the replacement can be made.

t
Rt = !,Lti, (134)

Ecmn KpaTKas Q)opMa 3aIllMCU KBapKa !El BbI3BIBACT IIYTAHUIY B JAHHOM KOHTCKCTC, MOKHO
WCIIONBh30BaTh MONHYIO (opMy 00O3HAYEHHUS KBapKa q!!t. 31ech BOCKJIMIATEIbHBIM 3HAK B JIEBOM
BCPXHEM MHACKCE IMOKA3BIBACT, YTO OMPCACICHUC KOJINYCCTBA KBAPKOB GHIé HC 3aBCPUICHO. Mactb
KBapkKa CTOUT B JICBOM HHMXHEM HMHJICKCC, KOJINYCCTBO HAKOIIICHHBIX KBAPKOB — B IIPABOM HHWKHEM
HHACKCE.

If the short form of quark !5 causes confusion in a given context, the full form of quark
notation q’!t can be used. Here, the exclamation mark in the left upper index indicates that the
determination of the number of quarks is not yet complete. The quark suit is in the left lower index,
and the number of accumulated quarks is in the right lower index.

PaccMoTpuM ypasHeHue 3yS*0

y=e =43 (135)
y=1+x+S(1+25)+2 (1 +35)2+ 2 (1+45)7 + - lesx| <1  (136)

Macrepa &:5u ,SCSIBJISIIOTCSI Sr-narmapHukamMu. OHU OTJIUYAIOTCS TOJBKO 3HAYEHUEM JIEBOTO

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

s = 0% (137)
s 8%—8:}x (138)
(B3 =bisx (139)
x(5:%)° =0x (140)
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1.1 ZO.X (141)
0x —0-1

ToxzaecTBa ecTh U MEXy IpOOSIMU pa3HbIX KOPHEN pa3HbIX SI-HaapHUKOB.

There are also identities between fractions of different roots of different sr-partners.

Master:;(0;s;0;x) _ (Master:;(1;5;0;x) S
Master:((0;s;0;x) - (Master:o(l;s;O;x)) (142)
OnuH U3 KOpHEH ypaBHEHHH '(y” UMEeT NPOCTEHIIIee TOKIECTBO.
_ S1 S2 4.0 .1.51,52,
y = peX1Y Ry =y O,xllvﬁl'xzv&,m (143)
y =e? (144)
e? = peX1e” e — g, -5:;11'52;;3621,52,"_ (145)
z = Inv +x,e%% + x,e%?* +.--- = lpv +8:;11’;§;','xﬂ52,_" (146)
y = x - cos(sy) = M =8:fci/£fci/2 (147)
3akiao4enue
MoxHO BMecTO 0003HAYCHHS # T HCIIOJIb30BaTh 0003HaueHue ¥. Torna macrep-psaasl 3ro
POJIa MOKHO 0003HAYATh KOPOTKO ,.3: 98"
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