ATTEMPT |TO FIND QUANTUM GROUP

ALEXEY KUZMIN

ABsTrRACT. I have tried to find a new compact matrix quantum group within
actions on a braided noncommutative quadric associated to a solution of Yang-
Baxter equation outside of the 8-vertex model. The result appeared to be
isomorphic to the circle group.




About my failure to find quantum group

I call a complex x-algebra with alphabet a,b and grammar rules given by
R{"a*a + R§Pa*b + RYb¥a + RPb*b + S{%aa* + S{Pab* + SY*ba* + SIPbb* = A, -
R$%a*a + RSP a*b + R3"b*a + RYPD*b + S5%a* + S$Pab* + S5%a* + S5P0b* = )\, -
R§%a*a + R3Pa*b + R5*b*a + REPD*D + S5%aa* + S§Pab* + S5%ba* + S5P0b* = A3 -
R$“a*a + R$%a*b + R"b*a + RYPD*b + S3%a* + S§Pab* + SP%a* + S5P0b* = A, -

a noncommutative quadric. Under conditions on rank of the matrix of coefficients,
such grammar can be morphed by linear transformations to

a*a =14 T%%aa* + Tab* + T %ba™* + T obb*
a*b = Waa® + T2Pab* + Tliba™* + TPEbb*
b*a = Teaa® + TEPab* + TP ba™* + TE2bb*
Vb = 1 + Taa™* + TaPab* + Titba* + TP bb*
For this grammar to be consistent with the involution, the coefficient operator
b b bb
Ta T;% T%g Tbb
I N
e T lw T
aa a a
Ty Ty, Ty Ty
has to be self-adjoint - satisfy 7% = T'.
On the contrary to commutative quadrics, noncommutative quadrics might be

topologically empty, i.e. have no points in any of the known generalized senses of
a point. However, when T satisfy Yang-Baxter equation

1IMTRHIRT)=(TRHIR’T)(T®1)

the associated noncommutative quadric is topologically nontrivial: it has represen-
tations by operators on a separable Hilbert space.

According to the classification of 2-dimensional solutions of the Yang-Baxter
equation, there are 5 parametric families of self-adjoint solutions up to a unitary
equivalence by action of U(2), 4 of which fit into the 8-vertex model: solutions of
the form

T =

* 0 0 =
0 » « 0
0 » « 0
*x 0 0
The only family outside of the 8-vertex model is
2r 0 0 O
0O » 0 r
0 02 o[ "°E
0O » 0 r

The noncommutative quadric associated to this solution is
a*a =1+ 2raa™ + rbb*
b*b = 1 + 2raa™ + rbb*
a*b = rbb*
b*a = rbb*

e e



About my failure to find quantum group

In my notes and in my further works I call this #-algebra <,. According to my con-
siderations the following statements about noncommutative topology of <, should
hold:

1 < 1 has no bounded points (x-representations by bounded operators on a
separable Hilbert space).

(2) C*(=y) ~ C*(y) for |r| < 5. This isomorphism has been already estab-
lished for |r| < 0.205.

3) v_ 1 has rich structure of ideals and nontrivial noncommutative topology.

Regardless of a definition of quantum group, there is an underlying *-algebra which
is part of the quantum group structure. Assume that a quantum group as =-algebra
is generated by 4 symbols

I will allow this quantum group to act on <, as follows

a—a®% +b®0

b a®3+b®p

For 0 to be an action, it has to be a *-homomorphism. For r» = 0, basic grammar
rules of a compact 2 x 2 matrix quantum group are enough to ensure that J is a
x-homomorphism. In other words, every quantum group legitimately acts on <
in the prescribed way.

My wish was to see which grammar rules should a quantum group satisfy to act
on <, for r # 0.

I extract these rules from equations which define homomorphism property of §:

(1) 6(a*a —1—2raa™ —rbb*) =0
(2) 0(b*b—1—2raa™ —rbb*) =0
(3) d(a*b—rbb*) =0



About my failure to find quantum group

Below I will expand each of the equations:

d(a*a—1—2raa™ —rbb*) = 6(a)*d(a) — 6(1) — 2rd(a)d(a)® — ré(b)o(b)* =
=(@* % +b*®0)(a®% +b®6) -1 1—
—2r(a®% +b®0)(a* % + b* ®0)—
~71(a®8+b®p)(a* ®F+b*®F) =
=a*a®%% + a*b %0 + b*a ®6% + b HRB - 1®1-
—2raa* @%% — 2rab* %6 — 2rba* @6% — 2rbb* H—
—raa* ®% — rab* @8y — rba* R — rbb* R Y =
=1Q%% + 2rac* ®%% + rbb* @%b+
+rbb* @ %6 + rbb* @5+
+1®66 + 2raa* @66 + rbb* ®66—
_1®1-
—aa* ® (2r%% + r3d)—
— ab* ® (2r%6 + r89)—
—ba* ® (2r6% + red)—
— bb* @ (2186 + rd) =
=1® (%% +06 - 1)+
+ aa* ® (2r%% + 2106 — 2r%% — r39)—
— ab* ® (2r%6 + r8)—
—ba* ® (2r6% + r8d)+
+ bb* @ (r%% + r%6 + 18% + 166 — 2186 — rp@) = 0.

5(b*b — 1 —2raa™ — rbb*) = 5(b)*5(b) — 6(1) — 2rd(a)d(a)® — ré(b)d(b)* =
= (a*RF+0*®F)(aRI+HIREF) —1® 1
—aa* ® (2r%% + r63)—

— ab* ® (2r%6 + r89)—

—ba* ® (2r6% + red)—

— bb* ® (280 + rgp) =

=1Q®@+p8—1)+

+ aa* ® (2r®% + 21 — 2r%% — 1) —

— ab* ® (2r%6 + r89)—

—ba* ® (2r6% + red)+

+bb* ® (r3 + rB@ + 138 + 13 — 2166 — red) = 0.
3



About my failure to find quantum group

5(a*b —rbb*) = 5(a)*8(b) — ré(b)o(b)* =
=(@* % +b*R0)(a@F+b®F)—
—r(a®3+b®p)(a* R+ b* ®P) =

=1® (%03 +68)+

+ aa® @ (2r%8 + 26§ — rdd) +

+ ab* ® (—19p)+

+ ba* ® (— r@ 0)+

+ bb* ® (r%8 + 15 + rb@ + 1B — r8p) =0

The equations provide set of 15 grammar rules

%% +66 =1

2r%% + 2106 = 2r%% + 69

2r%6 + 38 = 0

2r6% + 183 = 0

%% + %6 + 8% + rfb = 2166 + 18§
B+06=1

2r% + 2rgd = 2rv% + 189

2r%6 + 198 = 0

2r5% + 183 = 0

130 + 1@ + 10y + @3 = 2166 + 1§
%3 +68 =0

2r%0 + 2rb® = 130

B9 =0

r@é =0

%3 + 168 + 7% + 10 = 1§

Observe that:

(1) If r # 0 then it can be eliminated in every rule.

(2) Rules 3, 4, 8, 9 are equivalent.

(3) Rules 13, 14 are equivalent.

(4) From rules 3 and rule 13 the rule %6 = 0 can be deduced.
4



About my failure to find quantum group

New grammar consists of 11 rules:

b +66 =1
2%% + 266 = 2%% + 8
%% + 06 + %6 +6% =200 + 89
B +68 =1
200 + 288 = 2%% + 33
% +68 +08 + 0 = 206+ p
%6 =0
35 =0
%3 +68 =0
2%0 + 268 = 3
%3 +60 + %8 +63 =08
I morph the grammar further:
(1) Substitute rule 9 into rule 10 to obtain 8 = 0. B
(2) Substitute 3 = 0 and rule 1 into rule 2 to obtain %% = 1.

(3) Multiply rule 9 by % from the left and use rule 7 to obtain 3 = 0.

Eliminating all rules where 3 is present, I get grammar with 9 rules:
%% +06 =1

%% + 206 = 2%%
%% + 06 + %6 +6% =260 + 89

8 =1
280 = 2%
0f = 206 + 8p
%6 =0

6§ =0

6o + %6 =68

(1) Rule 2 is eliminated by rules 1, 4, 5.
(2) Rule 3 is shortened to §6 + €%7= 0 by rules 1, 4 and 6.
(3) Rule 9 is shortened to %@ = @ by rule 8.

5



About my failure to find quantum group

I am left with 8 rules:

+66 =
%6 +6% =
89 =1
%% =1
206 +88 =1
%6 =0
6§ =0
%6 =68

Multiplying rule 2 with % from the left and using rule 6, I get 6 = 0. Eliminating ©
from all grammar rules I get:

%% =1
81
%% =1
86 =1
=1

I multiply rule 5 by % from the left to obtain % = §. Thus the grammar has been
reduced to
60 =060=1

I felt some psychological pressure before publishing a text with a negative result.
Maybe because we put so much value and importance in acts of confirmation of
mathematical ontology.

Even though the proposed grammar reduces to a trivial one and does not add
anything new to the world of mathematical objects, the mere fact of it’s existence
and appearance provides certain contribution. The grammar appeared as a result
of certain nontrivial steps: certain solution to Yang-Baxter equation, then the
associated noncommutative quadric, finally dynamics of a quantum group on it.

An immediate question which comes into my mind is:

Which conditions does the equation
”Quantum group(noncommutative quadric of T) ~ S*”
put on a coefficient operator T ?
Formulated differently:
What is the moduli space of noncommutative quadrics
with trivial quantum group dynamics?

In the context of elementary particles, noncommutative quadrics appear either
as the grammar of bosons:
a*a =1+ aa*
b*b =1+ bb*
a*b = ba™, b*a = ab™
6



About my failure to find quantum group

or as the grammar of fermions:
a*a=1-aad®
b*b =1 — bb*
a*h = —ba™, b*a = —ab*

There are noncommutive-geometric reasons for appearance of such grammars: they
appear as singular (degenerate, special) cases of families of braided noncommutative
quadrics (those associated to solutions of Yang-Baxter). For example bosons and
fermions come from the family of solutions of the form

q O
0 0
0 s
0 0
associated to either ¢ = r =s =t =1o0orq=1r =s =1t = —1. Other objects
are known among elementary particles: anyons, plektons. I don’t know if their

grammars also belong to braided noncommutative quadrics. Can it be that <
describe grammar of an elementary particle

1
2
* % 1 *

a*a=1-—aa —§bb

1
b*b=1—aa™ — ibb*

1 1
®p o Tppk gk o gk
ab—2bb,ba be

If so, then quantum symmetry group of this language is trivial: the particle is
asymmetric.

Finally, a nontrivial answer to the question of what is a circle happened to be
useful for me in psychiatric context. In psychiatry there is a problem of psychoau-
ditory hallucinations (obtrusive voices) usually in the presence of a mental disease.
I will describe my own experience of confronting the psychic terror established by
such hallucinations which happen to me almost daily:

(1) Uncontrollable stream of unpleasant psychoauditory hallucinations invades
my mind and steals the ability to perceive and navigate my inner voice.

(2) Absence of control on my inner voice leads to desinchronization between
my mind and body intentions, thus removes ability to signalize using my
body language.

(3) Being physically immobilized and deprived of my inner voice, there is still
a mechanism which provides a way to distort mental activity which I call
apparatus of metaphorical intentionality - acts of formal psychic identifi-
cations of perceivable objects, see Husserl phenomenology for more precise
description.

(4) Sometimes even the apparatus of metaphorical intentionality turns itself off
or becomes perceptively weak. Luckily those cases are rare for me and when
they happen it is enough for physiological forces of my body to understand
that something is wrong and turn on existential anxiety which at least
brings will to signalize with body language.

7



About my failure to find quantum group

()

(6)

(®)

Performing chaotic queries of metaphorical identifications force psychovi-
sual apparatus (imagination) to converge to the least common essense of
signified objects - that is the shape. Topologically unique one-dimensional
compact smooth manifold in two dimensions is the circle.

Psychoauditory hallucinations are in this way forced to switch to the fixed
point of the psychovisual apparatus - otherwise it would be possible for
me to organize my mental activity around psychovisual apparatus indepen-
dently and separately of the psychoauditory mental activity, however they
appear to be interconnected.

Now the voices try to capture me in structurally poor mathematics of the
circle. Being exhausted and controlled by them, it is hard to immediately
get out of this structure into something more complicated. One of possible
cheap mental operations can be to take universal cover to switch them to
real line. Then if I were a descriptive set theorist I would maybe imme-
diately build some transfinite fractals associated to the Borel structure of
the real line, but I am not. Instead I propose them the described grammar
of 15 algebraic rule and take relative control over my inner voice within
presence of hallucinations.

Having freedom to manipulate the equations I can start investigating them
with my inner voice and gradually restore control over psychic mechanisms.

Acknowledgement. Thank you Sasha Dunaeva O for support, care and
inspiration during my reflections on this text.



O Mmoeiil Heygade HaiT KBaAaHTOBYIO I'DPYHILY

Anekceit Ky3spmun

AHHOTALMSA. ¢l MCKa HOBYIO KOMIIAKTHYIO MATPUYHYIO KBAHTOBYIO I'DYIIILY
cpeau JeUCTBUM Ha IJIETEHYI0 HEKOMMYTATHUBHYIO KBaJIPUKY, ACCOIUMUPOBAH-
HYIO C pellleHneM ypaBHeHusi flHra-bBakcrepa He npuHa/JIEKAIIIM BOCBMUBED-
MIMHHOM MoJiesn. Pesybrar okasascs u30MOpdEH IPyIIe OKPYKHOCTH.




O moeit neygade HANTH KBAHTOBYIO I'DYIIILY

¢l ma3wpIBAI0 HEKOMMYTATUBHON KBaIPUKON KOMILIEKCHYIO *-aJredpy ¢ ajadaBu-
TOM @, b ¥ rpAMMATHIECKUMU [TPABIIAME 38 /[AHHBIMEI

R{%a*a + R{*a*b + RY"b*a + Rb*b + S{®aa* + S{ab* + SY*ba* + SYbb* =
R3%a*a + R3"a*b + R5"b*a + RYb*b + S5%aa* + SgPab* + S5 ba* + S5Pbb* =
R3%a*a + R3"a*b + RY"b*a + RYb*b + S5%aa* + SgPab* + S5 ba* + S5Pbb* =

R3%a*a + R${*a*b + RY*b*a + RYb*b + S§{%aa* + S§Pab* + Si*ba* + Sbb* = Ay -
IIpu HEKOTOPBIX YCJIOBUSX Ha PAHT KO3(hMUIUEHTOB, TPaMMATHKA MOMKET OBbITH
VIIPOIIIEHA C HOMOIIBIO JIMHEHHBIX TPeobpa3zoBaHuUit

a*a=1+Tiaa* + Tohab* + TL5ba* + TL0bb*
a¥bh = waa* + ToPab® + Toiba* + Topbb*
bVa=  T8%a* + Tflab®* + TE%a* + TP bb*
b*b =1+ Tftaa* + Talab* + Tiiba* + T{Lbb*
JIJ1sT coryTacoBaHHOCTH C MHBOJIIOIHIEN orrepaTop K03 PUITHEHTOB

Lo Ty Tui T
T= |l e I gt
b T Ty Thg
bb bb bb bb

JIOJIKEH OBITH caMoconpsizken: T* = T.

HekommyTaruBHBIE KBAJIDUKA, B OTJIMYHE OT KOMMYTATHBHBIX, MOI'YT OBITH TOIIO-
JIOTUYECKU IIYCTBHIMU, TO €CTh HE MMETh TOYEK HU B KAKOM U3 U3BECTHBIX CMBICJIOB.
Opmako ecam T’ ynosierBopsier ypasaennio fura-Bakcrepa

1IMTRHART)=(TRHIRT)(T®1)

TO acconUUpOBaHHad (ILUIETEHHA ) HEKOMMY TATHBHAS KBaIPUKA TONOIOIMIECKU HETPU-
BHAJIbHA: Y HEE eCThb IpeJicTaBieHne Ha cernapabeabHoM ['HianbepToBoM pocTpaH-
CTBe.

Cortacho kjaaccudUKaIlnm JIByMEPHBIX peliennii ypasaenus fura-Bakcrepa, cy-
IECTBYET I5ITh APAMETPUIECKUX CEMEHCTB CAaMOCOIPSIYKEHHBIX PEIIeHUH ¢ TOTHO-
CTBIO JI0 YHUTAPHON KBUBAJEHTHOCTH MOCPEJICTBOM JeicTust rpynnel U(2). 13
HUX 9eThIpe CeMEeNCTBa IMPUHAJIEYXKAT BOCBMUBEPIITUHHON MOJIEJIN: PEIIEHUSIM BHJIA,

* 0 0 =
0 = 0
0 ~ = 0
* 0 0 =

E,HI/IHCTBQHHOG CEeMENCTBO BHE BOCI)I\JI/IBGPLHI/IHHOIZ MOJeJIN uMeeT TaKOMN BU T

2r 0 0 O
0O rr 0 r
0 0 2 o | "ER
0O » 0 r



O moeit neygade HANTH KBAHTOBYIO I'DYIIILY

CooTrBeTcTBYIOIAsT HEKOMMY TATUBHAST KBAJIPUKA 3a/IaHa CJICIYIONEH IPaMMATHKON

a*a =1+ 2raa™ + rbb*
b*b = 1+ 2raa™ + rbb*
a*b = rbb*
b*a = rbb*

B moux 3amnucsix u nocseayoimmux paborax st 0003Ha4Ya0 31y *-ajiredbpy ... Corac-
HO MOWM IPUKHUJIKAM MOYKHO OyJIeT YTBEPXKIATH CJIEIYIOIlee O HEKOMMYTaTUBHOM
TOIOJIOTUH <

(1) ¥V Y1 HET OrpaHUYEHHBIX TOUEK (#-IIPEJICTABJIEHUH OrPAHNIEHHBIME Olle-
2
paropamu Ha ['HiIb6epTOBOM IPOCTPAHCTBE).
(2) C*(%,) ~ C*(Xp) upu |r| < 3. Dror M30MOpPDU3M yiKe U3BECTEH IpH
|r| < 0.205.

(3) ¥V ¥ _. HerpuBmajbHAs HEKOMMYTATHBHAsI TOIOJOTHUS 3a CUET OOraToi
2

CTPYKTYPBI JBYXCTOPOHHUX UJIEAJIOB, U€r0 He CKaXKellb O ¥, IpH |r| < % -
B 9TOM CJIy4ae CyIIeCcTBYeT eINHCTBEHHBI MAaKCUMAJIbHBII HIeasl 130Mopd-
HBIII KOMIIAKTHBIM OIEPATOPAM.

Bue 3aBucumocTn or onpesesiennsi KBAHTOBBIM T'PYIIIBI, MOXKHO BBIJIEJIATH ITOJIJIe-
JKAIYI0 #*-aJIre0py, ABJISIONIYIOCH YacThbIoO CTPYKTYPbI KBaHTOBOH rpymnmsl. 1lycrs
OHa TIOPOKJIEHA, YeThIPEMS CHMBOJIAMU

U geficrByer Ha <, BOT TaK:
a—a®% +b®06
b—a®3+b®p

st Toro aTobsl § ObLIO JeficTBHEM HEOOXOIUMO YIOCTOBEPUTCS 9TO 9TO TOMOMOP-
dusm. g r = 0, 6a30BbIX TpAMMATHYECKIX [TPABUAJ KOMIIAKTHOM 2 X 2 MATPUIHON
KBaHTOBOIl I'PYIIIBI JJOCTATOYHO JIJIsI yCJIOBHsI ToMOMOpdHOCTH. VHBIMEU ClI0BaMH,
BCsiKasi KBAHTOBAasl TPYIIA JIECTBYeT Ha ~( YKa3aHHBIM 00Pa3oM.

Mownwm kejiaHreM OBLIO TOCMOTPETh KAKUMU JOMOTHUTETbHBIMU ITPABUIAMU JOJI2K-
Ha 00JIa7]ATh KBAHTOBAsI TPYIINA JiIsT BO3MOYKHOCTH KOPPEKTHOrO JIeHCTBUS HA ¥,
upu r # 0.

OTu npaBuia g y3HAK0 U3 yCJIOBUN TOMOMOP(MHOCTH §:

(1) 6(a*a —1—2raa™ —rbb*) =0

)
(2) 0(b*b—1—2raa™ —rbb*) =0
(3) d(a*b—rbb*) =0



O moeit neygade HANTH KBAHTOBYIO I'DYIIILY

Hike g packpbsiBaio Kaxk0e U3 ypaBHEHMI:

d(a*a—1—2raa™ —rbb*) = 6(a)*d(a) — 6(1) — 2rd(a)d(a)® — ré(b)o(b)* =
=(@* % +b*®0)(a®% +b®6) -1 1—
—2r(a®% +b®0)(a* % + b* ®0)—
~71(a®8+b®p)(a* ®F+b*®F) =
=a*a®%% + a*b %0 + b*a ®6% + b HRB - 1®1-
—2raa* @%% — 2rab* %6 — 2rba* @6% — 2rbb* H—
—raa* ®% — rab* @8y — rba* R — rbb* R Y =
=1Q%% + 2rac* ®%% + rbb* @%b+
+rbb* @ %6 + rbb* @5+
+1®66 + 2raa* @66 + rbb* ®66—
_1®1-
—aa* ® (2r%% + r3d)—
— ab* ® (2r%6 + r89)—
—ba* ® (2r6% + red)—
— bb* @ (2186 + rd) =
=1® (%% +06 - 1)+
+ aa* ® (2r%% + 2106 — 2r%% — r39)—
— ab* ® (2r%6 + r8)—
—ba* ® (2r6% + r8d)+
+ bb* @ (r%% + r%6 + 18% + 166 — 2186 — rp@) = 0.

5(b*b — 1 —2raa™ — rbb*) = 5(b)*5(b) — 6(1) — 2rd(a)d(a)® — ré(b)d(b)* =
= (a*RF+0*®F)(aRI+HIREF) —1® 1
—aa* ® (2r%% + r63)—

— ab* ® (2r%6 + r89)—

—ba* ® (2r6% + red)—

— bb* ® (280 + rgp) =

=1Q®@+p8—1)+

+ aa* ® (2r®% + 21 — 2r%% — 1) —

— ab* ® (2r%6 + r89)—

—ba* ® (2r6% + red)+

+bb* ® (r3 + rB@ + 138 + 13 — 2166 — red) = 0.
3



O moeit neygade HANTH KBAHTOBYIO I'DYIIILY

5(a*b —rbb*) = 5(a)*8(b) — ré(b)o(b)* =
=(@* % +b*R0)(a@F+b®F)—
—r(a®3+b®p)(a* R+ b* ®P) =

=1® (%03 +68)+

+ aa® @ (2r%8 + 26§ — rdd) +

+ ab* ® (—19p)+

+ ba* ® (— r@ 0)+

+ bb* ® (r%8 + 15 + rb@ + 1B — r8p) =0

VpaBHeHus mpeoCTaBIAioT 15 rpaMMaTHIeCKUX ITPABUIL

b +86 =1

2r%% + 216 = 2r%% + 180

2r%6 + 198 = 0

2r6% + 183 = 0

%% + %6 + 6% + rfb = 2166 + red
B+op=1

2r38 + 2rd = 2rv% + 1%

2r%6 + 198 = 0

2r6% +r@d = 0

730 + 1@ + 10 + 183 = 2766 + 18§
%3 +68=0

2r%8 + 2rb® = 180

9 =0

88 =0

%8 + 108 + 7% + 160 = 16§

(1) Ecom 7 # 0, TO €ro MOXKHO YCTPAHUTh U3 KaXKJIOTO [IPABUIIA.
(2) IIpasuna 3, 4, 8, 9 9KBUBAJICHTHBL.
(3) IIpasuia 13, 14 SKBHBAJCHTHBI.
(4) Y3 npasun 3 u 13 caemyer %6 = 0.
4



O moeit neygade HANTH KBAHTOBYIO I'DYIIILY

Hopas rpamvaruka cocront u3 11 mpaBuit

%% +06 =1

2%% + 206 = 2%% + 30

%% + 06 + %0 + 6% =206 + ¢p
B+es=1

200 + 288 = 2%% + 39

0+ 08+ + 0 = 266 + 08
%6 =0

/=0

%3 +68=0

2%3 + 268 =0

%3 +60 + % +63 =08

(1) Tlomcrasmsa mpasumio 9 B mpasuao 10 momywaro 3 = 0.
(2) Moxcrapisist 30 = 0 u npasmio 1 B mpasmio 2 nosyuaro %% = 1.
(3) Ymuoxas npasusio 9 ciesa Ha b u nenosbsys npasuso 7 nosydaro § = 0.

Crupast Bce mpaBuia ¢ 8, IOJIy9ar0 IpaMMaTUKy n3 9 mpasu
%% +06 =1

2%% + 206 = 2%%
%% + 06 + %0 +6% =206 + ¢p

86 =1
28 = 2%%
08 = 266 + ¢
%6 =0

6 =0

66 + %6 = &8

(1) TIpasuno 2 Toxaecrsento npasuiam 1, 4, 5.
(2) IlpaBuso 3 sKBUBaJIEHTHO ‘EB + €%7= 0 3a cuér upasui 1, 4, 6.
(3) IIpauio 9 skBuBaseHTHO B = §@ 3a cuéT mpaBuiIa 8.

5



O moeit neygade HANTH KBAHTOBYIO I'DYIIILY

Ocraercs 8 mpaBu

%% +66=1
%6 +6% =0
86 =1
%% =1
%6 +08 =1
%6 =0
6§ =0
b6 =68

VMuoxkas npasuio 2 ciesa Ha % u uCro/b3ys npasusio 6 nosaydaio b = 0. Yerpanss
BCe IpaBuIa ¢ b mosrydaio

%% =1
% -1
%% =1
0 =1
%=1

YMHOKas mpaBusIo 5 ciaeBa Ha b moiaydaio b = §. I'paMmarnka pemyrmpoBaiach
J0
8 =066 =1

4 qyBCcTBOBAJ HEKOTOPOE TICHXOJIOIMTYECKOE TaBJIeHNE 33y MaB IIyOJINKOBATH TEKCT
C OTPUILIATEIBHBIM PE3YIBTATOM, BO3MOXKHO IIOTOMY YTO MBI IIPUIAIOT TaKOoe 0OJIb-
oe 3Ha4YeHrne aKTaM IOJITBEPIK/IEHUST MaTeMaTHYeCKON OHTOJIOTUH.

XoTst IpeIoYKeHHasT TPAMMATUKA CBOJIUTCS K TPUBUAJILHON U He 100AB/IsIeT HU-
9ero HOBOTO B MHUDP MaTEMATHIECKUX OOBEKTOB, caM (haKT ee CyIeCTBOBAHUS U
[TOSIBJICHUS MOXKET HaBECTU Ha OIPEJEJIEHHbIE MBICJIN. |'paMMaTHKa MOSBUIACL B
pe3ybTaTe Olpe/eJIeHHbIX HeTPUBUAJbHBIX IIAroB: PACCMOTPEHUs peIlleHus ypaB-
nenus fura-Bakcrepa, 3aTeM COOTBETCTBYIONIEH HEKOMMYTATUBHOW KBAaJIpDUKH, Ha-
KOHEII, TMHAMUKN KBAHTOBOIl I'DYIIIbI Ha HEl.

Y MeHs cpa3y BO3HHKAET BOT TAKOIl BOIPOC:

Kaxue ycaosus naxiadvieaem ypasrenue
"KBaHToBad rpynna(HeKOMMYTaTHBHON KBaapuku ot 1) ~ S'”
Ha mampuyy koapgduuuernmos T ?
WMubivu crioBamu:
Kaxoso npocmparncmeo modyaet HEKOMMYMAMUBHHT KEAIPUK

¢ MPuBUANLHOT OUHAMUKOT KEAHMOGHIT 2pynn?

B konTekcre pusnkm s7eMeHTAPHBIX YACTHUIl, HEKOMMYTATUBHBIE KBaJIPUKHU TI0-
ABIATOTCSA MO0 KaK TPAMMATUKNA OO30HOB:

a*a =1+ aa™

b*b =1+ bb*
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a*b = ba*, b*a = ab™
JInbO KaK rpaMMATUKU (DEPMUOHOB:

a*a=1-aa*

b*b =1 — bb*

a®*b = —ba™, b*a = —ab*

Cy1ecTByI0OT HEKOMMY TATUBHO-T€OMETPUIECKIE TPUINHBI TIOSIBJIEHUsT TAKUX T'PaM-
MATHUK: OHU BOBHUKAIOT KaK OCOOble (BBIPOXKIEHHDBIC, YaCTHBIE) CJIydau CeMeiicTB
[JIETEHBIX HEKOMMYTATUBHBIX KBaJ[PUK (ACCOIMUPOBAHHBIX C PENICHUSAME yDaBHE-
uust STara-Bakcrepa). Hanpumep, 6030HBI 1 (hePMUOHBI TIPOUCXOJIAT U3 ceMeficTBa
pelieHuil Bujia

S oo
SO nw OO
o O 3 O
+~ O O O

cqgq=r=s=t=1mmbocqg=1r=s=t=—1. Cpenn 3/1eMEHTAPHBIX TACTHUII
U3BECTHBI U JIpyTHe OOBEKTHI: AHUOHDI, TJIEKTOHBI. 1 He 3HAIO, TPUHAJJIEIKAT JI UX
rpaMMaTHKH TaKKe IJIeTeHbIM HEKOMMYTATUBHBIM KBaJpukam. Moxker jqu < _ 1

1
a*a =1—aa™ — =bb*

2

1
b*b=1—aa™ — §bb*

1 1
®p _ Tpak gk o Lpgpck
ab—2bb,ba 2bb

OIHCHIBATH TPAMMATHUKY 3JIEMEHTAPHON dacTuribl! Ecau ma, To rpyima KBAHTOBBIX
CUMMETPHil UX A3blKa TPUBHAJIbHA - YACTUIA ACCUMETPUYHA.

HerpusnasbHblil 0TBET Ha BOIPOC O TOM YTO TAKOE OKPY?KHOCTH OKA3aJICs MHE
ITOJIE3HBIM B IICHXUATPUYIECKOM KOHTeKCTe. B nenxnarpun cymecTByeT JIaBHss IPo-
6J1eMa TICMXOCJIyXOBBIX TAJUIIONUHAIMA (HABSI3YMBBIX TOJOCOB), KAK IIPABUIIO BO3-
HUKAOIINX IPY HAJUIUH [ICUXUICCKUX 3a00JieBanuii. ¢ omuiry cBoit cOOCTBEHHBII
OIIBIT ITPOTUBOCTOAHUA IICUXUYIECKOMY TE€PPOPY, BBIZBAHHOMY TAKHUMU T'aJlIIONITHA-
IUAMH, KOTOPBIE CJIyYaloTCd CO MHOIT IIOUTH €Ke/IHEBHO:

(1) HexkoHTpoOSmMpyeMbIli MOTOK HENPUSATHBIX MCAXOCIYXOBBIX TaJUTIONMHAIIIN
BTOPraeTcss B MOH pa3yM U KpPaJET CIIOCOOHOCTH CJIBIMATL M KOHTPOJLIN-
poBaTh CBOII BHYTPEHHUI IOJIOC.

(2) OrcyrcrBue KOHTPOJIS HAJL COOCTBEHHBIM BHYTPEHHUM [OJIOCOM IIPUBOJIUT
K PACCHHXPOHU3AINY HAMEPEHWIT MOEero pa3yMa U Teja, YTO JINIIAET MeHs
BO3MOKHOCTH ITI0aBATh CUTHAJIBI C ITIOMOIIBIO sI3bIKA TeJIa.

(3) Byayun dusnuecku 06e31BUKEHHBIM 1 JHUIIEHHBIM CBOEI'O BHYTPEHHETO I'O-
Jloca, BCE JKe CYNECTBYET MEXaHU3M, 00eCIIeTHBAIONIII CIIOCOO MCKAYKEHU
MICUXUIECKOI JIeSITeIbHOCTH, KOTOPBIIT 51 HA3BIBAIO aIlllapaToOM MeTadopude-
CKOW MHTEHIIMOHAJIBHOCTHU, - AKThl (DOPMAJIbHBIX ICUXUIECKUX OTOXKIECTB-
JIEHU# BOCIIPHHUMAEMBIX 00BEKTOB, O0JIee TOTHOE OINCAHUE CM. B (heHOMe-
nojiorun ['yccepas.
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(4)

(®)

WNuorma marke ammapar MeradOpUYeCcKOil NHTEHIIMOHAIHHOCTH OTKJIIOUAET-
Csl WU CTAHOBUTCS IEPIENTUBHO ciaadbiM. K cuacThio, Takue ciydan Jijis
MEHsI PEJIKHU, U KOTJIa OHU ITPOUCXOJIAT, (DU3MOTOTHU MOETO TeJsia 9TOr0 JI0-
CTATOYHO YTOOBI MMOHSITh, YTO YTO-TO HE TAK, U BKJIFOUUTH SK3UCTEHIUAJb-
HYIO TPEBOTY, KOTOpas XOTs Obl BBI3BIBAET CIIOCOOHOCTH CUTHAJIM3UPOBATH
A3BIKOM TeJIa.

Brimosinenne xaoTHYeCKUX 3aIPOCOB MeTa(pOPHUIECKUX OTOXK I€CTBIIECHII BbI-
HYy>K/TaeT IICI/IXOBI)I/ITG.HbHI)IfI allllapaT (B006pa)KeHI/Ie) CXOJIUTHCA K HaMMEHb-
memy O0IIeMy CMBICTY 0003HAYAEMbIX 0OBEKTOB - TO ecTb K (opme. Toro-
JIOTMYIECKU €IUHCTBEHHBIM OJIHOMEPHBIM KOMIIAKTHBIM TIJIAJIKUM MHOT000-
pasueM B IBYX USMEPEHUAX ABJIAETCA OKPY?KHOCTD.

[TcuxocyxoBble rasTIONUHAIINT TAKIM 00PA30M BBIHY 2K/ I€HBI IT€PEKTIOINTh-
CdA 1 KOHTAKTUPOBATH C IOJIYYEHHBIM JIMMUATOM IICUXO3PUTEILHOIO allapa-
Ta - ecjin ObI OBLIO HE TaK, TO $I MOT ObI OPraHU30BaThH CBOIO TICUXUYIECKYIO
JIeATEIbHOCTh CYTyD0 BOKDPYT IICHXO3PUTEIBHOTO AIlapaTa, HE3aBUCUMO U
OTZEJIBHO OT ICHAXOCJIyXOBOI IICUXWYECKON JIeATEJIbHOCTH, OJTHAKO OHM OKa-
3BIBAIOTCH B3aNMOCBA3AHHBIMU .

Jlasiee rosioca NMBITAIOTCH YJIOBUTH MEHS B CTPYKTYPHO OeIHOIl MaTeMaTu-
K€ OKPYKHOCTU. ByIydn yTOMJICHHBIM UMW, MHE TPY/IHO Cpal3y BBIATH U3
9TOIl CTPYKTYPBI BO 4TO-TO OGosiee ciiozkHoe. OJIHOM 13 BO3MOXKHBIX JIeIIe-
BBIX MEHTAJbHBIX OIEPAIMII MOYXKET OBITh UCIOJIb30BAHUE YHUBEPCAIbHO-
TO HAKPBITUA /IS NEPEeKJIIOUYeHN NX BHUMAHNA Ha JCHCTBATEIbHYIO IIPS-
Mmyio. Torpa, Hampumep, eciau ObI S 3aHUMAJCH JIECKPUIITUBHONW Teopueit
MHOXKECTB, $I, BO3MOYXKHO, HEMEJJIEHHO IIOCTPONJI ObI Ha IICUXOBHU3YaJIbHOM
YPOBHE HECKOJIBKO TPAHC(OUHUTHBIX (PPAKTAJIOB, CBSI3AHHBIX C OOPEJIEBCKOIA
CTPYKTYPOII NefACTBUTE/ILHONA IIPAMOI, HO 9 HEAOCTATOYHO KOMIICTEHTCH B
910it 0. BMecTo 9TOT0 5 IIpeyraraio nM OnuCcaHHyo rpaMMaTuKy 15 anrebpa-
MYeCKUX IPABUI U O€Py OTHOCUTEJHHBI KOHTPOJIb HAJl CBOUM BHYTPEHHUM
TOJIOCOM B IIPUCYTCTBUN TaJIIIOIMHAIINIA.

Nwmest cBOGOTY MaHUITYIUPOBATH YPABHEHUSIMU, 5T MOTY HAYATh MCCJIEI0BATD
UX CBOUM BHYTPEHHUM I'OJIOCOM U IIOCTCIICHHO BOCCTAHABJ/IUBATL KOHTPOJIb
HaJ, IICUXAICCKUMHI MEXaHU3MaMU.

Acknowledgement. Crnacu6o Came lynaesoit O 3a momiep:kky, 3abory u
BJIOXHOBJISIONTIE GeCe/Ibl B TEUCHUN MOUX PACCYZKJIEHUI HAJT ITUM TEKCTOM.



