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QOVUSHQOQ-ELASTIK IKKI QATLAMLI MUHITDA SILJISH TO‘LQINLARINING
TARQALISHI

Annotatsiya. Ushbu maqolada qovushqog-elastik xossalarga ega bo ‘lgan ikki qatlamli muhitda sil-
Jish to lginlarining tarqalish jarayoni o ‘rganilgan. Muhitning reologik xususiyatlari hisobga olingan holda
to ‘lginlarning targalish tezligi, so ‘nishi va chastotaga bog ‘ligligi tahlil gilinadi. Qatlamlar orasidagi che-
garaning to‘lginlar xatti-harakatiga tasiri matematik modellar asosida tadqiq etilib, olingan natijalar ge-
ofizika va muhandislik masalalarida qo ‘llash uchun muhim ahamiyatga ega ekanligi ko ‘rsatiladi.

Kalit so‘zlar: siljish to ‘lgini, qovushqog-elastik, eksponensial bir jinisli bo ‘Imagan, kompleks chas-
fota va to ‘lqin soni.
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PACITPOCTPAHEHUE CJIBUT'OBBIX BOJIH B BA3KOYIIPYT' Ol ABYXCJOWHON CPEJIE

Annomauus. B dannoii cmambe ucciedyemes pacnpocmpanerue cO8U208bIX 601H 8 O8YXCIOUHOT
cpeoe ¢ gazkoynpyaumu ceoticmeamu. AHaruzupyemes 3a8UcCUuMoOCmb CKOPOCHU PACNPOCHPAHEHU, 3aMY-
XAHUS 1 4ACMOMbL 80JIH OM PeO0SUdecKux ceoiicme cpedvl. Ha ocHoge mamemamuyeckux mooeneti usy-
yaemecs GIUAHUE SPAHUYDL MEHCOY CROAMU HA NOGEOEHIE 0IH, U NOKA3AHO, YO NOJIYYeHHbIe Pe3Yilbmanivl
umerom 60avuUL0e 3HAYEeHIe Ol NPUMEHEHUS 6 2e0U3UKE U MEXHUKE.

Knrouesoie crosa: coeucoeas 601Hd, 833K0YNPY20Cb, IKCHOHEHYUATbHAL HEOOHOPOOHOCHb, KOM-
MIeKCHAS YACMOMA U 80JIHOB0€E HUCTIO.
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PROPAGATION OF SHEAR WAVES IN A VISCOELASTIC TWO-LAYER MEDIUM

Annotation. This article examines the propagation of shear waves in a two-layer medium with
viscoelastic properties. The dependence of wave propagation velocity, attenuation, and frequency on the
rheological properties of the medium is analyzed. Using mathematical models, the influence of the
boundary between the layers on wave behavior is examined, and the results obtained are shown to have
significant implications for applications in geophysics and engineering.

Key words: shear wave, viscoelasticity, exponential heterogeneity, complex frequency and wave
number.

Kirish. Ushbu magolada eksponensial bir jinisli bo‘lmagan qovushqoq-elastik ikki qatlamli muhitda
siljish to‘lginlarining tarqalishi masalasi o‘rganiladi. Ushbu maqolaning asosiy maqgsadi qatlamli muhitda
to‘lqin tarqalishi muammosini yechish metodologivyasi va algoritmini ishlab chigishdan iborat. Muammoni
matematik shakllantirish uchun Lamening kuchishlar orgali olingan xususiy xosilali differensial tenglamasi
va unga mos keladigan chegara shartlaridan foydalanilgan. Kompleks chastota va tolqin soni o‘rtasidagi
bog liglikni ifodalovchi tenglama dispersiya tenglamasi bo‘lib, sonli yechiladi. Dispersiya munosabati
tenglamasi bu ishda Myuller usuli yordamida yechilgan. Dissipativ jihatdan bir xil bo‘lmagan mexanik ti-
zimlar uchun, siljish to‘lqinining tarqalish tezligi birinchi qatlamda hajmiy to‘lgin tezligidan katta bo‘lsa,
chekli migdordagi to‘lqinlar mavjud bo‘lishi aniglandi. Shuningdek, hech qanday siljish to‘lginlari birinchi
gatlamda minimal hajmiy to‘lqin tezligidan past tezlikda tarqalmasligi aniglandi. Deformatsiyalanuvchi
to‘lqin tarqalish qonunlari fan va muhandislikning ko‘plab sohalari uchun katta qizigish uyg‘otadi. Shuning
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uchun deformatsivalanuvchi to‘lgin tarqalishini o‘rganish mexanikaning dolzarb muammosi ekanligi asos-
lab berildi.

Mavzuga oid adabiyotlarning tahlili. Biz ushbu mavzuga bevosita tegishli ba’zi adabiyotlarni tah-
lilini keltiramiz. Elastik to‘lgin tarqalish muammosi [1,2] ishlarda keltirilgan. Ko*p gatlamli muhitda elastik
to‘lginlarning tarqalishi muammosi [3,4,4,6] va boshga joylarda ko‘rib chiqilgan.

Tadqiqot metodologiyasi. Elastik to‘lgindan fargli o‘laroq, irsiy elastik to°lqin dispersiya tenglama-
st yetarlicha o‘rganilmagan. To‘lqin materialning gobiliyatini hisobga olish strukturaning dinamik xolatini
o‘rganishda muhim rol o‘ynaydi. Bu erkin tebranishlarning sezilarli darajada zaiflashishiga, majburiy tebra-
nishlar amplitudalarining sezilarli darajada pasayishiga va tebranishlar paytida kuchlanish konsentratsiyasi
zonasida kuchlanishlarning tekislanishiga olib kelishi topilgan. Qovushqoq-elastik material uchun Poxgam-
mer tipidagi chastota tenglamasi olinadi va kompleks faza tezligining dispersivasi aniglanadi. Materialning
govushqoq elastik xususiyatlari Rijanitsin-Koltunov irsiy yadrosi yordamida tavsiflanadi. Strukturaning
dissipativlik xususiyatlari baholanadi.

Tahlil va natijalar. Ushbu maqolada biz ikki qavatli muhitda erkin to‘lginlarning targalishini o‘rga-

namiz, bu yerda birinchi qatlam {x € R, y € |—h,0|; operator eksponensial bir jinislilika ega, ikkinchi qat-
y

lam {x ER,ye [O, d ]} esa operator siljish moduliga ega bo‘lgan bir jinisli
AL 0=, {[f(l)] - [RO- r)[f(r)]dr} J=12 M

f(n)—ixtiyoriy funksiya; RLI) (t - T) -mos ravishda, 1 va 2-qatlamlaming relaksatsiya yadrosi;
H,; — oniy siljish moduli; f;- mos ravishda, 1 va 2-qatlamlarning zichligi; j= |- nisbatlar indeksi birinchi

qatlamga tegishli; indeks, | = 2~ nisbatlar ikkinchi qatlamga tegishli; h va d- mos ravishda, birinchi va

ikkinchi qatlamlaming qalinligi. Birinchi va ikkinchi qatlamlarning siljish moduli va zichligi qonunga mu-
vofiq qalinlikka garab o‘zgaradi deb taxmin gilinadi

A, (L (O = 41, €7 {[f(r)] ~ [ RO~ r)[f(r)]dr}(j -t

29 .
p,(x,y)=pe, ye[-h,0]uf0,d].
Buyerda Py, 7 ;7 ,; ~ doimiy qiymatlar. Birinchi va ikkinchi turdagi sof siljish to‘lginlarining tar-

qalishi tenglamasi quyidagicha:
) ij L 1 62wj
Viw, +2y}.a—y—_J;)RM. (t=7)Dy(7)dz =C—S2j Pyl 3)

2 .
Bu yerda V- Laplas operatori;

227y

ow .
_ _ _ 2 iV I
Ry, =R, (1-7)1+2a,), Dy, =V'w, +2a, = Cy =M ! Py

(3) integral-differensial tenglamalarni yechish uchun chegara shartlarini belgilash kerak. Erkin che-

gara V= —h, y= d shartlari quyidagicha bo‘ladi:
Mg

oy 1"
1 va 2- qatlamlaming kontakt chegarasida siljishlar va siljish kuchlanishlarining uzluksizligi shartlari

qabul qgilinadi:

, a—y\y:d =0, @

w (x,0)=w,(x,0), 0., (x, O) =0, (x, O), )
yoki Guk gonunini (5) hisobga olgan holda, quyidagi shakIni oladi:
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“FIZIKA” FANIDAN KONCHILIK SOHASIGA YO‘NALTIRILGAN TAJRIBA ISHLARINI

TASHKIL ETISH VA O‘TKAZISH

Annotatsiya. Ushbu maqolada kon-metallurgiya sanoati uchun mutaxassislar tayyorlashda fizika fa-
nining o ‘rni, fanning ishlab chiqarishdagi ahamiyati taxlil etilgan. Texnika oliy ta’lim muassasalarida olib
boriladigan tajriba ishlarini mutaxassislikka yo ‘naltirish orqali olib boriladigan tajriba mashg ‘ulotlarning
sifatini yanada oshirishning uslubiy asoslarini ishlab chigish va ta’lim jarayoniga tatbiq etishda beradigan
natijalari bayon etilgan. Shuningdek, konchilik sohasida olib boriladigan tajriba ishlarini tashkil etish va
o ‘tkazish tog ' jinsining elektr va magnit xususiyatlarini o ‘rganishga oid tajriba ishlari misolida ko ‘rsatib
berilgan.

Kalit so‘zlar: oliy ta’'lim, fizika fani, kon-metallurgiva sanoati, mutaxassis, tajriba ishlari, ishlab chi-
qarish, magnit maydon, tog ' jinsi, induktiviik, magnit singdiruvchanlik, yassi kondensator, delektrik singdi-
ruvchanlik.
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OPTAHU3ALIMA U TIPOBEJEHHUE JJABOPATOPHOM PABOTHI 110 ®U3UKE,
HATIPABJIEHHO¥ HA TOPHYIO COEPY

AnHomauus. B 0anuoli cmambe aHaiusupyemecs poiv QU3UKU 6 NOO20MOGKe CREYUATUCIO8 Ol
2OPHO-MEMANTYPEUHCCKOT NPOMBIULIEHHOCTIY U ee 3HaYeHue 6 npouzsoocmee. Onucansl pe3yibmamol pas-
PABOMKYU MEMOOUHECKUX OCHO8 OANbHEHULec0 NOGLIULEHUS KAYECHBA IKCNePUMEHMANbHBIX 3AHIMU, Npo-
B00UMBIX 8 MEXHUUECKUX GLICULUX YHeDHBIX 3a6e0eHUsX, HYMEeM OPUCHMAYUL DIKCRePUMEHMATbHBIX PAbOm
HA CeyuanbHOCMD 1t 6HeOpeHUs ux 6 obpazoeamenvhulli npoyece. Taxice npedcmasnena opeanusayus i
nposedeHIe IKCNePUMEHMATbHBIX pabom 6 2OpHOO0bbIBAOW el OMPACTL HA NPUMEDE UCCAe008AHUT 3TeK-
MPUYECKUX U MASHUMHBIX CEOTCE 20PHBIX NOPOO.

Knrueesvie crosa: evicuiee obpazosanue, Quauxa, oOpHO-MeMALLYPSULECKAs NPOMBIULTIEHHOCHID,
CReYUAnUCH, IKCHePUMEHMANbHble PAOOMbl, NPOUIEOOCHEO, MASHUMHOE NOJe, 20PHASL NOPOOA, UHOVKIU-
6HOCTL, MACHUMHAS NPOHUYACMOCTL, MIOCKUT KOHOCHCAMOP, OUINEKMPUHECKAS NPOHUYAEMOCHTb.
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ORGANIZATION AND IMPLEMENTATION OF A PHYSICS LABORATORY WORK

FOCUSED ON THE MINING SECTOR

Annotation. This article analyzes the role of physics in training specialists for the mining and
metallurgical industry and its significance in production. The paper describes the results of developing
methodological foundations for further improving the quality of experimental classes conducted in
technical higher education institutions by orienting experimental work towards specific specialties and
implementing these approaches in the educational process. Additionally, the organization and execution of
experimental work in the mining industry are presented, using research on the electrical and magnetic
properties of rocks as an example.

Key words: higher education, physics, mining and metallurgical industry, specialist, experimental
work, production, magnetic field, rock, inductance, magnetic permeability, flat capacitor, dielectric
permittivity.
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