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Rasulov To‘lgin Husenovich, Sharipova Mubina Shodmonovna (Buxoro davlat universiteti)
QIRQILGAN FOK FAZOSIDAGI UCHINCHI TARTIBLI OPERATORLI MATRITSAGA MOS
KVADRATIK VA KUBIK SONLI TASVIRLAR

Annotatsiya. Ushbu magolada bir o‘lchamli panjarada soni saglanmaydigan va uchtadan oshmay-
digan zarrachalar sistemasiga mos uchinchi tartibli operatorli matritsa o‘rganilgan. Unga mos odatdagi,
kvadratik va kubik sonli tasvirlar tadqiq gilingan. Mazkur holda kvadratik sonli tasvir bitta bog‘langan
komponentadan iborat ekanligi isbotlangan. Kubik sonli tasvir va Gershgorin teoremasi yordamida ope-
ratorli matritsa chegaralari uchun aniq baholashlar olingan.

Annomayusn. B 0annotl cmamve uzyueHa onepamopHas Mampuya mpemove2o nopsaoka coomeen-
CI’I’IGyIOl/b;eIZ CUcmembvbl C HECOXPAHAIOWUMCAH U HE 60]166 mpex dacmuy Ha 00HOM€pH01/7 peuenmke. Uccne-
0o8anbl coomeemcmeyrwue 06blllel€, Keadpamuqﬂble u Ky6uqe01<ue yucaosvie obnacmu 3navyenus. B
2MOM Cyuae 00KA3AHO, YMO K8AOPAMUYHAS YUCA08Asl 0DJIACHb 3HAUEHUsL COCTNOUM U3 0OOHOU C83AHHOL
KOMNOHEHMmbL. HOﬂyllEHbl Mmo4Hble OYEHKU oA cpanuy onepamopHoﬁ mampuyvl ¢ UCNOIb306AHUEM Ky6u-
yecKol Yuci080tl obracmu 3Haverull u meopemvl I epuizopuna.

Annotation. In this paper, a third order operator matrix corresponding to a system of non-conser-
ved and at most three particles on a one-dimensional lattice is studied. Corresponding usual, quadratic
and cubic numerical ranges are studied. In this case, it is proved that the quadratic numerical range con-
sists of one connected component. Using the cubic numerical range and Gershgorin’s theorem the exact
estimates for the bound of the operator matrix are obtained.

Kalit so‘zlar: Fok fazo, operatorli matritsa, kvadratik va kubik sonli tasvirlar, bog‘langan to‘plam,
operator chegaralari, spektral munosabatlar.

Knrouesvle cnosa: npocmparncmeo Doka, onepamopHas Mampuya, Keaopamuyusle u Kyouueckue
yycnoevie obaacmu SHAYEHUA, CEA3AHRAN MHOJICECMBA, ePAHUYbL onepamopa, CneKmpajibHble 6KJAI0OYEHUA.

Key words: Fock space, operator matrix, quadratic and cubic numerical ranges, connected set,
bounds of the operator, spectral inclusions.

1. Kirish va masalaning qo‘yilishi. Zamonaviy matematik fizikaning ko*plab sohalarida [1,2,3] d-
o‘lchamli R Yevklid fazosida yoki d-o‘Ichamli Z¢ panjaradagi soni saglanmaydigan zarrachalar cheksiz
[4,5] va girgilgan spin-bozon modelidagi kabi chekli [6,7,8] bo‘lishi mumkin. Birinchi holda mos Ga-
miltonian cheksiz o‘Ichamli operatorli matritsa ko‘rinishida, ikkinchi holda esa chekli o‘lchamli opera-
torli matritsa ko‘rinishida tasvirlanadi. Ta’kidlash joizki, operatorli matritsa elementlari Banax yoki Gil-
bert fazosida ta’sir giluvchi chizigli operatorlar bo‘lgan matritsa tushuniladi [9].

Ushbu magolada Fok fazosining H girgilgan uch zarrachali gism fazosida ta’sir giluvchi A uchin-
chi tartibli operatorli matritsa garaladi. Bu operator bir o*lchamli Z* panjaradagi soni saglanmaydigan va
uchtadan oshmaydigan zarrachalar sistemasiga mos keladi. Dastlab, A4 operatorli matritsaning sonli tasvi-
ri tahlil gilinadi. H Gilbert fazosi ikkita Gilbert fazolarning to*g*ri yig*indisi kabi tasvirlash hisobidan A
operatorli matritsa ikkinchi tartibli operatorli matritsa ko‘rinishida tasvirlanadi hamda uning kvadratik
sonli tasviri o‘rganiladi. Keyingi tadgigot sifatida A4 operatorli matritsaning kubik sonli tasviri tadqiq qili-
nadi.

T bir o‘lchamli tor, #£,: = C- bir o‘lchamli kompleks fazo, n = 1,2 uchun H,, := L,(T™) —
T™da aniglangan kvadrati bilan integrallanuvchi (umuman olganda, kompleks giymat gabul giluvchi)
funksiyalarning Gilbert fazosi bo‘lsin. ' orqali H,, H; va H, fazolarning to‘g‘ri yig‘indisini belgilay-
miz, ya’ni H = H, P H; @ H,. Odatda, H Gilbert fazosiga Fok fazosining girgilgan uch zarrachali
girgilgan gism fazosi deyiladi.

Operatorlar nazariyasidan yaxshi ma’lumki [9], H Gilbert fazosida ta’sir giluvchi har ganday A

chizigli chegaralangan operator
AOO AOl AOZ
A=|A A1 A (1)

AZO A21 A33

27



uchinchi tartibli operatorli matritsa ko‘rinishida tasvirlanadi. Bunda A;;: H; - #;,i,j = 0,1,2 chi-
zigli chegaralangan operatorlar. A operatorli matritsa 0°z-0°ziga qo‘shma bo‘lishi uchun 4;; = 4;;,i,j =
0,1,2 shart bajarilishi zarur va yetarlidir, ya’ni
A" =A & Aj; = Aj,1,j =0,1,2.
Mazkur magolada (1) formula bilan aniglangan A operatorli matritsaning 4;; elementlarini quyi-

dagicha aniglaymiz:

Agofo = €fo, Ao = J sint fi(t)dt,Ag; = 0,419 = Apy;
T

A f)G) = (6 + 1 — cos )1 (), (Arafy) (&) = j sint f, (x, O)dt;

T
Az = 0,421 = A1, (A22/2)(x,y) = (€ + 2 — cosx — cos y) f>(x,¥)
Bundae €R; f; € H;,i =0,1,2.
Sodda hisoblashlar yordamida
(Ao1fo) (x) = sinx fy, fo € Hy;

(A12f1)(x,y) = siny f1(x), f1 € H;
ekanligiga ishonch hosil gilish mumkin.
Elementlari yugoridagi kabi aniglangan A operatorli matritsa H Gilbert fazosida chizigli, chega-

ralangan va 0‘z-0‘ziga go‘shma operator bo‘ladi.

2. A operatorli matritsaning sonli tasviri. Ta’rifga ko‘ra, A operatorli matritsaning sonli tasviri

W(A) ={Af.):f € H,IIfIl =1}
tenglik yordamida aniglanadi. Bu yerda

1
2

17l = | 1ol2 + f I (©O)12de + j 1fo (s, O)[2dsd
T T2

A chizigli chegaralangan operator bo‘lganligi bois
W(A) c {1 € C:|A] < |lAll}
munosabat o‘rinli. Ikkinchi tomondan, A 0‘z-0‘ziga go‘shma operatorli matritsa ekanligidan
W (A) < R ekanligi kelib chigadi. Oxirgi ikkita tasdigdan xulosa sifatida W (A) < [—||A|l; l|A[l] ni ho-
sil gilamiz. Spektral munosabatlar deb ataluvchi xossaga ko‘ra, A operatorli matritsaning o, (+A) nugtal
spektri va a(A) spektri uchun g, (A) € W(A),a(A) c W (A) munosabatlar bajariladi.
A operatorli matritsaning quyi va yuqori chegaralari deb ataluvchi migdorlarni kiritamiz:

my = lnf (dqf'f)' Mcﬂ ‘= sup (‘Afrf)
IFll=1 fll=1

U holda W (A) = [m4; M 4] tenglik orinli bo‘ladi. Xususan, agar m 4, M, € g, (A) bo‘lsa, ya’ni,
shunday f,g € H,|Ifll = 1,1lgll = 1 elementlar topilib, Af = m,f va Ag = M 4g tengliklar o‘rinli
bo‘lsa, u holda W (A) = [m 4; M 4] tenglik bajariladi.

Ko‘rinib turibdiki, sonli tasvir tushunchasi A operatorli matritsa spektrining joylashuv o‘rnini
aniglashda muhim hisoblanadi. Bu tushuncha birinchi marotaba 1918-yilda O.Tyoplits tomonidan [10]
ishda matritsalar uchun kiritilgan va matritsaning sonli tasviri uning barcha xos giymatlarini saglashi
hamda uning chegarasi gavariq chiziq bo‘lishi isbotlangan. 1919-yilda F.Hausdorff o*zining [11] ishida
sonli tasvir gavariq to‘plam bo‘lishini isbotlagan. Keyinchalik, 1929-yilda A.Wintner [12] ishda bu xos-
salar chizigli chegaralangan operatorlar uchun ham bajarilishini va bunday operator spektri sonli tasvir
yopig‘ida yotishi isbotlangan.

3. A operatorli matritsaga mos kvadratik sonli tasvir. Sonli tasvirning gavariglik xossasi mu-
him xossa bo‘Isa-da, ayrim hollarda, sonli tasvir operatorning spektrini yetarli darajada tavsiflab bera ol-
maydi. Masalan, operatorning spektri ikkita kesishmaydigan to‘plamlar birlashmasidan iborat bo‘lgan
holda shunday holat yuz beradi. Bunday hollarda foydalanish uchun qulay bo‘lgan kvadratik sonli tasvir
tushunchasini kiritamiz.

Faraz qilaylik, 7{; :== Ho @ Hy, H, == H, bo‘lsin. U holda £ = F; @ H, bo‘ladi hamda bu
yoyilmaga nisbatan A operatorli matritsa
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A A
- )
A12 A22
kabi ikkinchi tartibli operatorli matritrsa ko‘rinishida tasvirlanadi. Bunda
T i i Ago Ao
A H, > H,, Aqq = ( N )
11 1 1 11 A01 . All
Tufh >, M=, );
o . 12/
Aizﬁ'[l: 7'[2:/_\ Ay{zf (0 A1p);
AgpiHy = Hy, Azp = Az,

An fuh A fa fr A F oA = 7
= (G B} ORI femm, e A=A -1

12/1,J2 22)2,J2

matritsa xos giymatlarti to‘plamiga 4 operatorli matritsaning H = #; @ F, yoyilmaga nisbatan
kvadratik sonli tasviri deyiladi va W?(A) kabi belgilanadi:

Wz(cﬂ) = U O-P(dqf;fz)
IAITRI= o _

Ta’kidlash joizki, H Gilbert fazosining H =H, @ H, va H =H, ® H,, H, :=Hy, H, =
H; @ H, yoyilmalariga mos kvadratik sonli tasvirlar turlicha bo‘lishi mumkin. Kvadratik sonli tasvir
tushunchasi 1998-yilda H.Langer va C.Tretterlar tomonidan [13] ishda kiritilgan va o‘rganilgan.

A chizigli chegaralangan operatorli matritsa bo‘lganligi sababli sonli tasvir kabi kvadratik sonli
tasvir ham C kompleks tekislikning chegaralangan qism to‘plami bo‘ladi: W2(A) c {1 € C: || <
llAll}-

Ikkinchi tomondan A 0‘z-0‘ziga qo‘shma operatorli matritsa bo‘lganligi uchun W?2(A) c R
munosabat bajariladi. Shu sababli W?2(A) < [—||A|l; ||A]l]. Sonli tasvirdan fargli o‘laroq, kvadratik son-
li tasvir ko‘pi bilan ikkita bog‘langan komponentadan tashkil topgan bo‘ladi. Shunday qilib, kvadratik
sonli tasvir, umuman olganda, gavariq to‘plam bo‘lmasligi mumkin.

Kvadratik sonli tasvir va sonli tasvir W2(A) € W (A) munosabat orgali bog*langandir. Kvadratik
sonli tasvir uchun ham spektral munosabatlar deb ataluvchi muhim xossa o‘rinlidir:

0p(A) € W2(A),0(A) € W2(A).
Endi W2(A) < W (A) ekanligini inobatga olsak, u holda
0p(A) € W2(A) € W(A), g(A) c W2(A) c W(A)

munosabatlar o‘rinli bo‘ladi. Demak, kvadratik sonli tasvirning yopig‘i spektrni o‘zida saglovchi
sonli tasvirning yopig‘iga nisbatan kichikrog to‘plam ekan.

Quyidagicha belgilashlar kiritamiz:

N ERD R, [(@hD RV kA’
(2 )=5 ot — — td—— |
A T T IR )
fufe #0; R
nn={u(h) redm el ffizof

2
U holda W?2(A) kvadratik sonli tasvir uchun quyidagi alternativ tasvir hosil bo‘ladi:

W2(A) = Ay (A) UA_ (A).

Bu tenglik kvadratik sonli tasvir komponentalarini tahlil gilishda muhim ahamiyatga ega.

Aniglanishiga ko‘ra, dim#; = oo. Shu sababli [9] ishdagi 1.1.9-teoremaga ko‘ra, W (A,,) C
W2(A). Xuddi shuningdek, dim#, = oo bo‘lgani bois W (A;;) € W2(A). Bunda W(Ay,) =
(g€ +4). Ta'rifga Ko'ra, oess(Ar1) = [; € + 2] hamda [g; & + 2] € W(Ay, ). Shu sababli W(A;) N
W (4,,) # @. Bu holda [9] ishdagi 1.1.10, natijaga ko‘ra, W?2(A) fagat bitta komponentadan iborat
bo*ladi. Ko‘rsatish mumkinki, A;; operator ikkita oddiy E;, E, xos giymatlarga ega bo‘lib, E; < ¢, E, >
€ + 2. Shuning uchun

)

Ushbu

0(14/1\1) ={E} VU [g e+ 2] U{E,}
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Demak, W (A1) = [Ey, E;].
[9] ishdagi 1.2.4-tasdigga ko‘ra,
infA, (A) = &;supA_ (A) < min{E,, & + 4}.
4. A operatorli matritsaning kubik sonli tasviri. n = 0,1,2 uchun Sy, orqali 3{,,dagi birlik sfe-
rani belgilaymiz, ya’ni,
S?-[n ={h €Hn: full=1}n =012
S3t4, Sa¢,» Sa¢, larning Dekart ko“paytmasini Sy, orgali belgilaymiz, ya’ni,
S3c = Spcy X Sy, X Sy,
f = (fu f2, f3) € Sy element uchun
(Aoofo o) (Ao1fis fo) 0

Ap = (Ao1 fo. ) Aufufi) Azfafi)
0 (A2 fu.f2)  (Azafar f2)

3 x 3 matritsani garaymiz. U holda

W3(A) = U o, (Ap).
feSn

to‘plamga A operatorli matritsaning kubik sonli tasviri deyiladi. Bu tushuncha chegaralangan
holda [14] ishda va chegaralanmagan holda [15] ishda kiritilgan hamda uning asosiy xossalari tadqiq qi-
lingan. Barcha f € Sy lar uchun o,,(A) = {1 € C:det(Af — 1) = 0} ekanligini inobatga olsak, W3 (A)
uchun

W3(A)={1eC: 3IFESy,  det(As—21)=0}
ekvivalent tasvir hosil bo‘ladi. A operatorli matritsa chizigli va chegaralangan bo‘lganligi bois
W3(A) c {A € C:|A] < |IAIl}
tasdiq orinlidir. Ikkinchi tomondan A 0‘z-0‘ziga qo‘shmadir. Shu sababli W3(A) c R. Bu ikkita
tasdigdan W3(A) < [—||All; ||A]|]] munosabat kelib chigadi. Shu bilan birgalikda, W3 (A) to‘plam ko*-
pi bilan uchta (bog‘langan) komponentalardan tashkil topgan bo‘ladi. dimH; = oo, i = 1,2 shartdan va
[9] ishdagi 1.11.9-natijadan foydalanib, W (4;;) € W3(A),i = 1,2 ni hosil gilamiz.

Ma’lumki, W (A1,) = (e + 2),W(43,) = (55 +4), ya'ni, W(A,,) € W(A,,). [15] magolada
uchinchi tartibli yarim chegaralangan o0‘z-0‘ziga qo‘shma operatorli matritsalar quyi va yugori chegaralari
uchun baholashlar olingan. Olingan bu natijani A operatorli matritsaga tatbiq qgilib

mino(A) = £ —V2m, maxo(A) <e+4+2m
tengsizliklarni hosil gilamiz.

Gershgorin chegarasini hisoblash goidasidan [15] esa

minog(A) = €+ 2 — 2m, maxo(A) <e+2+2m
baholashni hosil gilamiz.
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Kypaes llyxpat Ucpousosuu (Ilpenogaarens kadeapsl Maremaruueckoro anaausa Byxapckoro
roCyJapCTBEHHOI0 YHHBEPCUTETA)
CUHXPOHU3BAIIUSA IBUKEHUA TBEPJIOI'O TEJIA ITPU BOBHEﬁCTBHH
BUBPAIITMOHHBIX HAT'PY30K

Annomauus. by maxonaoa subpayuon OKIGHUWLAD MABCUPUOA2U KAMMUK HCUCMHUHE XapaKa-
MUHU CUHXPOHIAUWIMUPULL MYAMMOCU KYpUub yuuiean. Yuoby myammonu sHa-oa Mypakkab ea amanoa
XAKUKULL XOIaM Y4UYH XA KUTUW MAKCAOUOa NOUOeBOPHUHE 20PU30HMAT 84 AUIAHMA MeOPAHUWNAPUHUNS
V3apo OonuKAIUSUHY XUC0b2a 0Jl2aH X004 KUCKAYa Hamudicaiap maxkoum smunean. Myaiisu wapoumaap-
0a cundcuuiap wyHoat Oyaaouxu, aroxuda MAWUHAIAPHUHS UWLAWU HAMUXICACUOA 103a2a Kenaousau
MYBO3AHAMCUZTUKIAD V3APO KOMNEHCAYUSLIAHAOU.

Annomauusn. B oannoii pabome paccmampusaemcs 3a0a4a CUHXPOHUBAYUU OBUNCEHUS MBEPOO2O
mena npu 8030eliCeUlY Ha He20 BUOPAYUOHHBIX Hazpy30oK. Kpamko usnazaiomces pe3ynvmamol peuleHus
amoti 3a0auu 071 601ee CIONHCHO2O U NPAKMULECKU Ooiee peanbHO20 CYYds, ¢ Y4emoM 63aUmMoCasU 2o-
PUBOHMATLHBIX U ROBOPOMHBIX Konebanull (ynoamenma. Ilpu onpedenennvlx ycnogusix cogueu markoewl,
YMo HeypagHOBEUEeHHOCTIU, Bbl3bledeMble PADOMOU OMOETbHBIX MAWUH, 3AUMHO KOMNEHCUPYIOMCL.

Annotation. In this paper, the problem of synchronizing the motion of a solid body when it is sub-
jected to vibration loads, is considered. The results of solving this problem for a more complex and prac-
tically more real case are briefly presented, taking into account the relationship of horizontal and rotary
vibrations of the foundation. Under certain conditions, the shifts are such that the unbalances caused by
the operation of individual machines are mutually compensated.

Kanum cyznap:. xapaxam cunxponuzayuscu, mMyeo3anamiquimazan Massa, Kuuux meopanuuiiap,
OSUPTIUK MAPKA3U, MAXHCOYPULL meOpaHuuap.

Knrwouesnvie cnosa: Cunxponusayus 08UdICEHUsl, HEYPABHOBEUIEHHASA MACCA, MAble KOeOaHus, YeH-
Mp MSAACECU, BLIHYICOEHHbIE KONeOAHUSL.

Key words: synchronization of motion, unbalanced mass, small oscillations, center of gravity, for-
ced oscillations.

[lycTs 1Be OMMHAKOBBIE MAIUHBI, C MOCTYMATEIBHO JIBIKYIIUMHCS MO TAPMOHHYECKOMY 3aKOHY
HEYpaBHOBEUICHHBIMH MaCCaMHM, YCTaHOBIICHBI Ha OOIIMI (QyHIAMEHT, KOTOPBIH OMHMPACTCs HA YIpyroe
OCHOBaHHUE W MOXET COBEpIIATh TUIOCKOe ABIKeHue (puc.l). Jluaum neiicTBus HEypaBHOBEIICHHBIX CHIT
HE TIPOXOST uepe3 IEHTpP TshKecTH GyHaameHTa ¢ MammaamMu O;. MamHbl TPUBOASTCS B ABYKCHUE OT
JIBUTATEIIS aCHHXPOHHOTO THIIA, T.€., KOJICOAHUSI HEYPaBHOBEIICHHBIX MACC MOTYT OBITh CJBHHYTBI 110
thaze. luddepenimansapie ypaBHEHHS MaIbIX KoJIeOaHUH (yHIaMEHTa MO ACHCTBUEM HEYPaBHOBEIIICH-
HBIX CHJI, PA3BUBAEMBIX MAIIMHAMH, HMEIOT BHIL. "

MX +€,x - €, @ = F[sin wt +sin(ot + )],
My =0, (F = mew?)
1§ —C,,x+(C,h +€,)o=Fh[sinat +sin(ot + ).

M)

'B.B.Kapamsmkus. Ilepexon oT MHHEHHOTO Au((epeHIHaTEHOr0 YPABHEHHS C MOMHHOMHAIBHBIME KOd(dHIIHEH-
TaMM K MHTETPAILHOMY YPaBHEHUIO IIPH IOMOIIHN OolepalioHHoro ucuucienus. [IMM, 1. 12.
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