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“Transport inshootlari: zamonaviy texnologiyalar, seysmik barqarorlik”  

ABDURAXMON ASIMOVICH ISHANXODJAYEV  TAVALLUDINING  

85 YILLIGIGA BAG‘ISHLANGAN  

“TRANSPORT INSHOOTLARI: ZAMONAVIY TEXNOLOGIYALAR, 

SEYSMIK BARQARORLIK ” 

MAVZUSIDAGI XALQARO ILMIY -AMALIY KONFERENSIYASI  

ILMIY ISHLARI TO‘PLAMI 

 

Toshkent davlat transport universiteti texnika fanlari 

doktori, professor, transport qurilishi sohasida taniqli olim, 

fan va texnika sohasidagi Abu Rayhon Beruniy nomli 

Oózbekiston Davlat mukofoti laureati, ñShuxrat belgisiò 

ordeni, ñSharafli mehnati uchunò medali, ñOliy talim 

fidoiysiò, Oliy talim alochisiò, ñSSSR ixtirochisiò, ñYoól 
ustalarning ustoziò, ñSeysmik xavfsizlik sohasi alochisiò 

koókrak nishonlari sohibi Abduraxmon Asimovich 

Ishanxodjayev tavalludining 85 yilligiga bagóishlangan 

“Transport inshootlari: zamonaviy texnologiyalar, 

seysmik barqarorlik” mavzusidagi xalqaro ilmiy-amaliy 

konferensiya ilmiy ishlari toóplami chop etildi. 

Abduraxmon Asimovich 100 dan ortiq ilmiy asarlar, shu jumladan, 2 ta monografiya, 

2 ta darslik, 18 ta chet elda chop etilgan ilmiy maqola va ishlab chiqarishga tadbiq etilgan 6 ta 

ixtiroga berilgan guvohnoma va patentlar muallifidir. Uning ilmiy maslahatchiligi va ilmiy 
rahbarligida 2 ta doktorlik, 8 ta nomzodlik va 4 ta texnika fanlari boóyicha falsafa doktori 

(PhD) ilmiy darajalariga dissertatsiyalar yoqlandi, koóp sonli ilmiy-tadqiqot mavzulari ï 

fundamental va amaliy Ilmiy grantlar, yoól-koóprik qurilishi boóyicha Respublika va soha 

meôyoriy hujjatlari yaratganlar. 

Ishanxodjayev Abduraxmon Asimovich 1962 yilda Toshkent temir yoól muhandislari 

institutini ñSanoat va fuqaro qurilishiò mutaxassisligi boóyicha tugatib, bir yil Oózbekiston suv 

xoójaligi Davlat loyiha instituti muhandisi, toórt yil ñToshshaxarqurilish Bosh Boshqarmasiò 

qurilish tashkilotlarida qurilish ustasi va ish bajaruvchi lavozimlarida ishladi. Shu davrda u 

hozirgi Respublika Prezidenti devoni binosi qurilishida ishtirok etdi, Toshkent viloyati 
Boóstonliq rayoni ñChimyonò dam olish zonasida tiklanayotgan ñQuyoshliò pioner lager 

qurilishiga rahbarlik qildi. Nihoyat, u 5-yillik loyiha va ishlab chiqarish tajribasiga ega 

mutaxassis sifatida 1967-yil dekabrida Oózbekiston Fanlar Akademiyasi mexanika va 

inshootlar seysmik mustaxkamligi institutiga, ushbu institut direktori, oósha paytda fan 

nomzodi, keyinchalik akademik Tursunboy Rashidov ilmiy rahbarligida aspiranturaga kiradi 

va keyingi 20-yil davomida kichik va katta ilmiy hodim, laboratoriya mudiri lavozimlarida 

faoliyat koórsatdi. 

Shu davrda uning bevosita rahbarligi va ishtirokida Oózbekiston Fanlar Akademiyasi 

mexanika va inshootlar seysmik mustahkamligi institutida dunyoda yagona ñMetropolitenlar 
zilzilabardoshligiò laboratoriyasi tashkil etildi. Ushbu laboratoriya Toshkent metropoliteni 

Chilonzor metro yoólini noqulay grunt sharoitlari va yuqori seysmik zonada loyihalash va 

qurishda, metro qurilishi tajribasida birinchi boólib yirik yigóma temirbeton elementlardan 

tiklanadigan yurish va bekat tonnellarining yangi, zilzilabardosh konstruksiyalari yaratish va 

tadbiq etishda faol qatnashdi. Toshkent metrosi Chilonzor yoólining qurilgan boólaklarida 

ulkan eksperimental tadqiqotlar oótkazildi, metro tajribasida birinchi boólib muhandis-

seysmometrik kuzatuvlar tashkil qilindi. Laboratoriya ilmiy xodimlari va izlanuvchlaridan  

10 dan ortiq kishi nomzodlik va doktorlik dissertatsiyalari yoqladilar. Kafedrada bajarilgan 
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ilmiy-tadqiqotlar natijalarining ishlab chiqarishga tadbiqidan hosil boólgan katta miqdordagi 

iqtisodiy samara institut va Oózbekiston Fanlar Akademiyasi hisobotlarida qayd etildi.  

Ustozimiz 30 yildan ortiq muddatda rahbarlik qilgan Toshkent avtomobil-yoóllar 

instituti ñKoópriklar va transport tonnellariò kafedrasi Oózbekiston Respublikasi, shuningdek, 

Osiyo, Afrika va Lotin Amerikasi mamlakatlari uchun koópriksozlik boóyicha oliy malumotli 

kadrlar tayyorladilar. Shuni qayd etish lozimki, professor Ishanxodjaev Abduraxmon 

Asimovich turli yillarda Tojikiston va Qirgóiziston Respublikalari hududlarida, Armaniston 

Respublikasining Spitak shahrida roóy bergan kuchli zilzilalar oqibatlarini oórganish va tahlil 

qilishda, sobiq Ittifoq Fanlar Akademiyasi prezidiumi qoshidagi seysmologiya va 
zilzilabardosh qurilish boóyicha idoralararo kengash azosi sifatida faol ishtirok etdi. Keyingi 

yillarda u Toshkent  shahri va Respublikada qurilayotgan ulkan transport inshootlari 

konstruksiyalari, shu jumladan Toshkent metropoliteni yer usti xalqa yoóli konstruksiyalarini 

ekspertiza qilish jarayonlarida ham bevosita ishtirok etdi.  

Ishanxodjayev Abduraxmon Asimovich 50 yildan ortiq davrda ilmiy darajalar beruvchi 

ixtisoslashgan va ilmiy kengashlarning raisi, ilmiy kotibi, aôzosi va ushbu kengashlar 

qoshidagi ilmiy seminar raisi sifatida 300 dan ortiq mutaxassislarning doktorlik, nomzodlik va 

falsafa doktori ilmiy darajasini olish jarayonida qatnashdi. Hozirda u Toshkent Davlat 

Transport Universiteti huzuridagi doktorlik dissertatsiyalari himoyasi boóyicha ilmiy kengash 
aôzosi va ushbu ilmiy kengash qoshidagi ilmiy seminar raisi, Oózbekiston mexaniklar 

jamiyatining kengashi aôzosi, Sharof Rashidov nomli Samarqand Davlat universiteti va 

Oózbekiston Fanlar Akademiyasi seysmologiya instituti qoshidagi doktorlik dissertatsiyalari 

himoyasi boóyicha ilmiy kengashlar aôzosi sifatida ilmiy darajadagi mutaxassislar 

tayyorlashda faol ishtirok etmoqdalar. 

Mazkur ilmiy-amaliy konferensiyaning maqsadi transport qurilishi sohasida olib 

borilayotgan zamonaviy ilmiy tadqiqotlar yoónalishlarini muhokama qilish, jumladan 

koópriklar va tunnellar qurilishi, metropolitenlar, yuqori seysmik hududlarda transport 

obyektlarining ishonchliligi va seysmik mustahkamligi, zamonaviy hisoblash va loyihalash 
usullari, hamda innovatsion muhandislik yechimlari boóyicha ilmiy natijalar almashuvini 

taôminlashdan iboratdir. 

Konferensiyada Oózbekiston Respublikasi hamda xorijiy mamlakatlarning oliy oóquv 

yurtlari va ilmiy-tadqiqot institutlari olimlari, shuningdek, muhim ilmiy tadqiqot natijalariga 

ega boólgan ishlab chiqarish vakillari oóz ilmiy ishlari bilan ishtirok etdilar. 

“Transport inshootlari: zamonaviy texnologiyalar, seysmik barqarorlik” 
mavzusidagi xalqaro ilmiy-amaliy konferensiyaning asosiy yoónalishlari quyidagilardan 

iborat: 

1. Transport inshootlari uchun zamonaviy konstruktiv yechimlar va materiallar; 
2. Koópriklar hamda yoól oótkazgichlarni diagnostika qilish, taômirlash va 

mustahkamlash texnologiyalari; 

3. Seysmik hududlarda transport inshootlarini loyihalash va ekspluatatsiya qilishdagi 

dolzarb masalalar; 

4. Ilgóor xorijiy tajriba, innovatsion yondashuvlar va amaliy tavsiyalar. 

Ushbu ilmiy-maôrifiy toóplam Abduraxmon Asimovich Ishanxodjayevning tabarruk 85 

yoshga toólishi munosabati bilan nashr etilib, unda transport qurilishi sohasida faoliyat 

yuritayotgan yetakchi olimlar, professor-oóqituvchilar va malakali mutaxassislarning ilmiy 

izlanishlari jamlangan. Toóplamda transport qurilishining dolzarb muammolari, zamonaviy 

muhandislik yechimlari, ilmiy-nazariy va amaliy tadqiqot natijalari yoritilib, ushbu sohaning 
bugungi holati va istiqboldagi rivojlanish yoónalishlari aks ettirilgan. Mazkur nashr 

Abduraxmon Asimovichning transport qurilishi faniga qoóshgan ulkan hissasiga nisbatan 

chuqur hurmat va eôtirof ramzi sifatida tayyorlangan. 
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“Transport inshootlari: zamonaviy texnologiyalar, seysmik barqarorlik”  

ABDURAXMON ASIMOVICH ISHANXODJAYEV TAVALLUDINING   

85 YILLIGIGA BAG‘ISHLANGAN “TRANSPORT INSHOOTLARI: 

ZAMONAVIY TEXNOLOGIYALAR, SEYSMIK BARQARORLIK ” 

MAVZUSIDAGI XALQARO ILMIY -AMALIY KONFERENSIYA  

TASHKILIY QO‘MITASI

 

Adilxodjayev Anvar Ishanovich 

Universitetdagi istiqbolli va strategik vazifalarni 

amalga oshirish masalalari boóyicha rektor 
maslahatchisi; 

Shaumarov Said Sanatovich Ilmiy ishlar va innovatsiyalar boóyicha ʨrʦrʝktʦr; 

Mirxodjayev Shuxrat Amanullayevich Oózbekiston yoól muhandislari uyushmasi raisi; 

Shermuxamedov Ulugbek Zabixullayevich 
Koópriklar va tonnellar kafedrasi kafedra mudiri, 
t.f.d. DSc, professor; 

Axmedov Sherzod Baxodirovich 
Avtomobil yoóllaridagi inshootlar muhandisligi 

kafedrasi kafedra mudiri, t.f.f.d. PhD, dotsent; 

Mamadaliyev MuhammadYusuf Botirjon 

oógóli 

ñOózyoólkoóprik klasteriò Davlat Muassasi, 
ñKoóprik va sun'iy inshootlarni diagnostika 

qilishò boólimi bosh mutaxassis; 

Salixanov Saidxon Salixanovich 
Koópriklar va tonnellar kafedrasi professori, 
t.f.n., professor; 

Miralimov Mirzaxid Xamitovich 
Avtomobil yoóllaridagi inshootlar muhandisligi 

kafedrasi professori, t.f.n., professor; 

Rahmanov Oósarqul 
Koópriklar va tonnellar kafedrasi professori, 
t.f.n., professor; 

Soatova Nodira Ziyaevna 
Avtomobil yoóllaridagi inshootlar muhandisligi 

kafedrasi dotsenti, t.f.f.d. PhD, dotsent; 

Turgunboyeva Jumagul Rahimberdiyevna 
Koópriklar va tonnellar kafedrasi dotsenti, t.f.f.d. 
PhD, dotsent; 

Normurodov Shahboz Ulugóbekovich 
Koópriklar va tonnellar kafedrasi dotsenti, t.f.f.d. 

PhD, dotsent; 

Karimova Anora Baxtiyerovna 
Koópriklar va tonnellar kafedrasi dotsenti, t.f.f.d. 
PhD, dotsent; 

Zokirov Faxriddin Zohidjon oógóli 
Koópriklar va tonnellar kafedrasi dotsenti, t.f.f.d. 

PhD, dotsent; 

Sobirova Maômura Mirabdulla qizi 
Avtomobil yoóllaridagi inshootlar muhandisligi 
kafedrasi dotsenti v.b., t.f.f.d. PhD; 

Mukarramov Ramazon Xusinovich 
Koópriklar va tonnellar kafedrasi dotsenti v.b., 

t.f.f.d. PhD; 

Rahimjonov Ziyovuddin Qahramon oógóli 
Koópriklar va tonnellar kafedrasi kafedrasi 
dotsenti v.b., t.f.f.d. PhD; 

Malikov Góanisher Bahromqulovich 
Koópriklar va tonnellar kafedrasi dotsenti v.b., 

t.f.f.d. PhD; 

Abdullayev Abduraxim Rovshan oógóli 
Koópriklar va tonnellar kafedrasi assistenti, 
t.f.f.d. PhD; 

Kadirova Sharofat Shavkatovna 
Koópriklar va tonnellar kafedrasi katta 

oóqituvchisi; 

Abdusattorov Asqarxoója Abdumavlon oógóli Koópriklar va tonnellar kafedrasi assistenti; 

Abduraimov Umarali Karimovich 
Koópriklar va tonnellar kafedrasi katta 

oóqituvchisi; 

Xakimova Yoqutxon Tulaganovna 
Koópriklar va tonnellar kafedrasi katta 

oóqituvchisi; 

Mirzayeva Zamira Mahamadazizovna 
Koópriklar va tonnellar kafedrasi katta 

oóqituvchisi; 

Oórozov Humoyun Oótkir oógóli Koópriklar va tonnellar kafedrasi assistenti;  
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SO‘Z BOSHI

 

52 YILLIK 

HAMKORLIK, 

ShOGIRDLIK 

VA DO‘STLIK 
 

 

 

Ustozim Ishanhodjaev Abduraxmon 

Asimovich bilan tanishganimga, birga 

hamkorlikda ishlay boshlaganimga 52 yil 

boólibdi. 1975 yil Oózbekiston Milliy 

universitetining amaliy matematika va 

mexanika fakulteti bitiruvchisi edim. Diplom 

oldi amaliyotiga Oózbekiston Fanlar 

Akademiyasining mexanika va inshootlar 

seysmik mustahkamligi institutiga 

yuborildim. Shu yili bu yerda 

ñMetropolitenlar zilzilabardoshligiò 

laboratoriyasi ochilgan ekan. Unga yosh 

bilimli va góayratli olim Ishanhodjaev 

Abduraxmon Asimovich laboratoriya 

mudiri etib tayinlangan ekanlar. Shu 

laboratoriyada diplomoldi amaliyotini oótib, 

ñMetropoliten tonnellarining boóylama 

tebranishlariò mavzusida diplom ishini yozib, 

muvaffaqiyatli himoya qildim. Oóqishni 

bitirgach shu laboratoriyaga yoóllanma bilan 

ishga keldim. Abduraxmon Asimovichning 

rahbarligi ostida ilmiy-tadqiqot ishlarini olib 

borish bilan birga, ularning yurish turishlari, 

kishilar bilan muloqoti, goózal hulq 

atvorlarini oózimiz uchun namuna qilib oldik. 

Keyinchalik, ilmiy tadqiqot ishlarini Moskva 

shahrida davom ettirish niyatini 

bildirganimda, oózlari birga boshlab borib, 

yaqin doóstlari, taniqli olim Ilichev 

Vyacheslav Aleksandrovichga shogird qilib 

berdilar. Xizmat safarlarida birga 

yurganimizda menga harajat qilishimga yoól 

qoóymas edilar. Oózlarining baquvvat qoóllari 

bilan mening qoólimni mahkam ushlab, 

toólov qildirmas edilar. Nomzodlik 

dissertatsiyasini himoya qilganimdan keyin 

laboratoriyadagi bir guruh yosh olimlar bilan 

birgalikda oósha paytdagi ittifoq yoshlar 

markaziy koómitasining mukofotini olishga 

erishdik. Bu vaqtga kelib Ustoz na faqat 

respublikada, balki oósha paytdagi ittifoq 

miqyosida koózga koóringan olimlar 

qatoridan joy olgan edilar. 

Kasbiy hamkorligimiz rivojlanib, oilaviy 

doóstlikka ham aylanib ketdi. Uylariga 

borganimizda Naziraxon kelinoyining 

samimiylik bilan kutib olishlari, sahiylik 

bilan mehmon qilishlari, farzandlarining 

odobini koórib, bunday baxtli oilaga chin 

dildan havas qilar edik. 

Qizimni turmushga berganimda toóy qish 

paytiga toógóri kelib, Qamchiq dovoni bekilib 

qoldi. Toóy kuni Abduraxmon Asimovich yuk 

mashinasining kabinasida yetib kelganlarida 

qalbimiz fahr tuygólariga toólib ketgan edi. 

Abduraxmon akadagi mardlik, 

doóstlarga nisbatan mehribonlik, saxiylik, har 

doim yordamga tayyor turish xislatlari 

kamdan kam odamlarda uchraydi. Bugungi 

kunda qutlugó 85 yoshga toólishlari arafasida 

Ustozga sihat - salomatlik, uzoq umr, oilaviy 

baxt tilayman. U kishidagi góayrat, ilmga 

boólgan intilish, ilmni boshqarish shijoati, 

shogirdlarga boólgan muhabbat hech qachon 

soónmasin. Kelajakda kasbiy faoliyatlarida 

va ilmiy ishlarida ulkan muvaffaqiyatlar 

tilayman. RAXMAT USTOZ! 

 

 

 

Sharafiitdin Yuldashev, 

Namangan davlat texnika 

universiteti professori, 

texnika fanlar doktori 
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ILM VA 

INSONIYLIK 

UYG‘UNLIGI 

TIMSOLI 
 

Inson hayotining 

mazmuni uning jamiyat 

uchun qilgan xizmatlari, qoldirgan maônaviy va 

ilmiy merosi bilan belgilanadi. Ayrim insonlar 

borki, ularning nomi muayyan sohaning 

taraqqiyoti, butun bir ilmiy maktabning 

shakllanishi bilan uzviy bogólanib ketadi. Ana 

shunday insonlar qatoriga hech shubhasiz 

Abduraxmon Asimovich Ishanxodjayevni 

kiradilar. 

Abduraxmon Asimovich koóp yillik ilmiy-

pedagogik faoliyati davomida koópriklar va 

tonnellar sohasini rivojlantirishga, transport 

infratuzilmasining murakkab masalalariga 

ilmiy yechimlar taklif etishga salmoqli hissa 

qoóshgan yetuk olim sifatida keng 

jamoatchilikka yaxshi tanish. U kishining ilmiy 

ishlari, tayyorlagan ilmiy va muhandis kadrlari 

va tashkiliy faoliyati mamlakatimiz 

muhandislik ilmi taraqqiyotida alohida oórin 

tutadi. 

Abduraxmon Asimovichning ilmiy 

faoliyatini kuzatar ekanman, u kishida ilmga 

nisbatan oóta masôuliyatli va halol munosabatni 

koóraman. Ilmiy natijaga erishishda shoshma-

shosharlikka yoól qoóymaslik, har bir masalani 

chuqur tahlil qilish, xulosalarni amaliyot bilan 

bogólash - bu fazilatlar u kishining ilmiy 

uslubiga xosdir. Shu jihatdan, Abduraxmon 

Asimovich nafaqat ilmiy natijalar muallifi, 

balki ilmiy madaniyatni shakllantiruvchi shaxs 

sifatida ham eôtirof etiladi. 

U kishining rahbarlik faoliyati alohida 

taôkidga loyiq. Kafedra va ilmiy jamoalarda 

ishlarni tizimli tashkil etish, yosh 

mutaxassislarni qoóllab-quvvatlash, ilmiy 

izlanishlarga toógóri yoónalish berish 

masalalarida Abduraxmon Asimovich katta 

tajriba va tashkilotchilik salohiyatini namoyon 

etgan. U kishining rahbarligida koóplab ilmiy 

yoónalishlar jonlanib, amaliy ahamiyatga ega 

tadqiqotlar olib borilgan. 

Abduraxmon Asimovichning inson 

sifatidagi fazilatlari ham uning shaxsiyatini 

yanada yuksak qiladi. U kishida vazminlik, 

mulohazalilik, hurmat va odob birinchi oórinda 

turadi. Munosabatlarda samimiylikni saqlagan 

holda, har bir insonning fikrini eshitish va 

anglash qobiliyati u kishiga xos boólgan muhim 

xususiyatlardandir. Shu bois, Abduraxmon 

Asimovich bilan muloqot qilgan har qanday 

inson u kishidan maônaviy boylik va hayotiy 

tajriba oladi. 

Yoshlar bilan ishlashda Abduraxmon 

Asimovich alohida eôtiborga loyiq uslubni 

qoóllaydi. U kishining yondoshuvida 

talabchanlik va ishonch uygóunlashgan. Yosh 

tadqiqotchilar va oóqituvchilar uchun u kishi 

maslahatchi, yoól koórsatuvchi, kerak paytda 

qatôiy, ammo adolatli pozitsiyani ushlaydigan 

shaxs sifatida qabul qilinadi. Bunday 

munosabat kadrlar shakllanishida juda muhim 

ahamiyatga ega. Abduraxmon Asimovich 

tarbiyasida shakllangan mutaxassislarning 

bugungi kunda nafaqat Oózbekistonda, balki 

xorijiy davlatlarda ham samarali faoliyat olib 

borayotgani u kishining ilmiy-pedagogik 

merosi uzluksiz davom etayotganining yaqqol 

dalilidir. Bu holat har qanday olim uchun katta 

iftixor va eôtirof hisoblanadi. 

Abduraxmon Asimovichni kuzatar 

ekanman, u kishida ilm va insoniylik bir-birini 

toóldirib turayotganini koóraman. Ilmiy 

yutuqlar ortidan quvish bilan birga, inson 

qadrini unutmaslik, jamoada sogólom muhitni 

saqlash, yosh avlodni maônaviy jihatdan 

qoóllab-quvvatlash bu fazilatlar u kishining 

hayotiy pozitsiyasini belgilaydi. 

Yubiley munosabati bilan Abduraxmon 

Asimovich Ishanxodjayevga mustahkam 

sogóliq, uzoq umr, oilaviy xotirjamlik va ilmiy-

ijodiy faoliyatlarida yangi muvaffaqiyatlar 

tilayman. U kishining boy ilmiy va hayotiy 

tajribasi yana koóp yillar davomida yosh avlod 

uchun ibrat maktabi boólib xizmat qilishiga 

ishonaman.  

 

 

 

Shermuxamedov Ulugbek 

Zabixullayevich, 

texnika fanlar doktori, professor 
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Parameters of underground metro structure interaction with soil under 

seismic loads and methods for their determination 
 

K.S. Sultanov1 a 

1Institute of Mechanics and Seismic Stability of Structures named after M.T. Urazbaev, Uzbekistan Academy of 
Sciences, Tashkent, Uzbekistan 

 

Abstract: The seismic strength or resistance of underground structures mainly depends on the forces of their 
interaction with the surrounding soil. These interaction forces are governed by specific laws. The simplest 
law includes an interaction coefficient, which is the primary parameter. The values of this coefficient are 
determined experimentally. For underground metro structures, experimentally determining the 
interaction coefficient under dynamic (seismic) loads is a highly challenging problem. This paper 

suggests a straightforward method to estimate interaction parameters, including the interaction 
coefficient, based on the strength characteristics of the soil surrounding underground metro structures. 

Keywords: subway, tunnels, soil, seismic impact, interaction, seismic resistance, friction, stress, contact surface 
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К.С. Султанов1 a 

1ʀʥʩʪʠʪʫʪ ʤʝʭʘʥʠʢʠ ʠ ʩʝʡʩʤʦʩʪʦʡʢʦʩʪʠ ʩʦʦʨʫʞʝʥʠʡ ʠʤʝʥʠ ʄ.ʊ. ʋʨʘʟʙʘʝʚʘ ɸʢʘʜʝʤʠʠ ʥʘʫʢ ʈʝʩʧʫʙʣʠʢʠ 

ʋʟʙʝʢʠʩʪʘʥ, ʊʘʰʢʝʥʪ, ʋʟʙʝʢʠʩʪʘʥ 

 

ɸʥʥʦʪʘʮʠʷ: ʇʨʦʯʥʦʩʪʴ ʧʨʠ ʩʝʡʩʤʠʯʝʩʢʠʭ ʚʦʟʜʝʡʩʪʚʠʷʭ ʠʣʠ ʩʝʡʩʤʦʩʪʦʡʢʦʩʪʴ ʧʦʜʟʝʤʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ, 

ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ, ʦʧʨʝʜʝʣʷʶʪʩʷ ʩʠʣʘʤʠ ʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʦʢʨʫʞʘʶʱʝʡ ʛʨʫʥʪʦʚʦʡ ʩʨʝʜʦʡ. 
ʉʠʣʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʦʧʨʝʜʝʣʷʶʪʩʷ ʠʟ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʟʘʢʦʥʦʚ. ʇʨʦʩʪʝʡʰʠʡ ʟʘʢʦʥ 
ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩʦʜʝʨʞʘʪ ʢʦʵʬʬʠʮʠʝʥʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʢʦʪʦʨʘʷ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʳʤ ʧʘʨʘʤʝʪʨʦʤ 
ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. ɿʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʦʧʨʝʜʝʣʷʝʪʩʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ. ɼʣʷ 
ʧʦʜʟʝʤʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʤʝʪʨʦʧʦʣʠʪʝʥʘ, ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʟʥʘʯʝʥʠʷ 
ʢʦʵʬʬʠʮʠʝʥʪʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʨʠ ʜʠʥʘʤʠʯʝʩʢʠʭ (ʩʝʡʩʤʠʯʝʩʢʠʭ) ʥʘʛʨʫʟʢʘʭ, ʘʨʭʠʩʣʦʞʥʘʷ 
ʧʨʦʙʣʝʤʘ. ɿʜʝʩʴ ʧʨʝʜʣʘʛʘʝʪʩʷ ʦʧʨʝʜʝʣʝʥʠʷ ʟʥʘʯʝʥʠʡ ʧʘʨʘʤʝʪʨʦʚ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʚ ʪʦʤ ʯʠʩʣʘ 
ʢʦʵʬʬʠʮʠʝʥʪʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʧʨʦʩʪʳʤ ʤʝʪʦʜʦʤ ʥʘ ʦʩʥʦʚʝ ʧʨʦʯʥʦʩʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʛʨʫʥʪʘ 

ʦʢʨʫʞʘʶʱʝʡ ʧʦʜʟʝʤʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʤʝʪʨʦʧʦʣʠʪʝʥʘ. 
ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʝʪʨʦʧʦʣʠʪʝʥ, ʪʦʥʥʝʣʠ, ʛʨʫʥʪ, ʩʝʡʩʤʠʯʝʩʢʠʝ ʚʦʟʜʝʡʩʪʚʠʝ, ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ, ʩʝʡʩʤʦʩʪʦʡʢʦʩʪʴ, 

ʪʨʝʥʠʝ, ʥʘʧʨʷʞʝʥʠʷ, ʢʦʥʪʘʢʪʥʘʷ ʧʦʚʝʨʭʥʦʩʪʴ 

1. Введение 

ʄʝʪʨʦʧʦʣʠʪʝʥ, ʙʝʟʫʩʣʦʚʥʘ, ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʳʤ ʠ 
ʨʝʰʘʶʱʠʤ ʪʨʘʥʩʧʦʨʪʥʳʤ ʩʨʝʜʩʪʚʦʤ ʚʦ ʚʩʝʭ 
ʤʝʛʘʧʦʣʠʩʘʭ. ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʧʘʩʩʘʞʠʨ-ʧʦʪʦʢʦʚ 
ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʥʘʜʝʞʥʦʩʪʠ ʤʝʪʨʦʧʦʣʠʪʝʥʘ 
ʩʪʘʥʦʚʠʪʩʷ ʚʘʞʥʳʤ ʚʦʧʨʦʩʦʤ. ʉʪʨʦʠʪʝʣʴʩʪʚʘ ʠ 
ʵʢʩʧʣʫʘʪʘʮʠʷ ʤʝʪʨʦʧʦʣʠʪʝʥʘ ʚ ʩʝʡʩʤʦʦʧʘʩʥʳʭ ʨʝʛʠʦʥʘʭ 

ʪʨʝʙʫʝʪ ʝʱʝ ʠ ʦʙʝʩʧʝʯʝʥʠʷ ʝʛʦ ʩʝʡʩʤʠʯʝʩʢʦʡ 
ʙʝʟʦʧʘʩʥʦʩʪʠ. 
ʌʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʦʩʥʦʚʳ ʩʝʡʩʤʠʯʝʩʢʦʡ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʠʣʠ ʩʝʡʩʤʦʩʪʦʡʢʦʩʪʠ ʧʦʜʟʝʤʥʳʭ 
ʩʦʦʨʫʞʝʥʠʡ ʩʦʟʜʘʥʳ ʚ [1-5]. ʉʝʡʩʤʦʩʪʦʡʢʦʩʪʴ 
ʧʦʜʟʝʤʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʤʝʪʨʦʧʦʣʠʪʝʥʘ ʠʩʩʣʝʜʦʚʘʥʘ ʚ 
[4,6]. ɺ [7,8] ʨʘʩʩʤʦʪʨʝʥʳ ʩʝʡʩʤʦʩʪʦʡʢʦʩʪʴ ʧʦʜʟʝʤʥʳʭ 
ʪʨʫʙʦʧʨʦʚʦʜʦʚ, ʘʥʘʣʦʛʠʯʥʦ [1-5]. ʈʝʟʫʣʴʪʘʪʳ 
ʠʩʩʣʝʜʦʚʘʥʠʡ [1-5] ʚʢʣʶʯʝʥʳ ʨʝʩʧʫʙʣʠʢʘʥʩʢʠʤ 

ʥʦʨʤʘʪʠʚʥʳʤ ʜʦʢʫʤʝʥʪʘʤ [9].  
ɺ ʨʘʙʦʪʘʭ [1-7], ʜʠʥʘʤʠʯʝʩʢʘʷ ʪʝʦʨʠʷ 

ʩʝʡʩʤʦʩʪʦʡʢʦʩʪʠ ʧʦʜʟʝʤʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ, 
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ʨʘʟʨʘʙʘʪʳʚʘʣʘʩʴ ʥʘ ʦʩʥʦʚʝ ʩʪʘʮʠʦʥʘʨʥʦʡ ʪʝʦʨʠʠ 
ʢʦʣʝʙʘʥʠʡ, ʜʝʬʦʨʤʠʨʫʝʤʳʭ ʪʝʣ. ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ 
ʬʨʦʥʪ ʩʝʡʩʤʠʯʝʩʢʦʡ ʚʦʣʥʳ ʫʰʝʣ ʜʘʣʝʢʦ ʚ ʧʝʨʝʜ ʠ 
ʢʦʣʝʙʘʥʠʷ ʧʦʜʟʝʤʥʦʛʦ ʪʨʫʙʦʧʨʦʚʦʜʘ ʫʩʪʘʥʦʚʠʣʘʩʴ. 
ʂʨʦʤʝ ʵʪʦʛʦ ʚ ʵʪʠʭ ʨʘʙʦʪʘʭ ʛʨʫʥʪʦʚʘʷ ʩʨʝʜʘ ʚʦʢʨʫʛ 
ʪʨʫʙʦʧʨʦʚʦʜʘ ʥʝ ʨʘʩʩʤʘʪʨʠʚʘʣʘʩʴ ʠ ʦʥʘ ʟʤʘʥʷʣʘʩʴ 

ʩʠʣʘʤʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʨʠʣʦʞʝʥʥʠʤʠ ʚ ʚʠʜʝ 
ʢʘʩʘʪʝʣʴʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʪʨʝʥʠʷ ʥʘ ʚʥʝʰʥʫʶ 
ʧʦʚʝʨʭʥʦʩʪʴ ʪʨʫʙʦʧʨʦʚʦʜʘ. ʊʘʢʘʷ ʧʦʩʪʘʥʦʚʢʘ ʙʳʣʘ 
ʦʧʨʘʚʜʘʥʘ, ʪʝʤ ʯʪʦ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʩʝʡʩʤʦʩʪʦʡʢʦʩʪʠ 
ʧʦʜʟʝʤʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ, ʜʘʞʝ ʪʘʢʦʡ ʦʯʝʥʴ ʧʨʦʩʪʦʡ 
ʢʦʥʩʪʨʫʢʮʠʠ, ʢʘʢ ʧʦʜʟʝʤʥʳʡ ʪʨʫʙʦʧʨʦʚʦʜ, ʩ ʫʯʝʪʦʤ 
ʥʝʩʪʘʮʠʦʥʘʨʥʦʩʪʠ ʧʨʦʮʝʩʩʘ ʠʭ ʢʦʣʝʙʘʥʠʡ ʠ ʩ ʫʯʝʪʦʤ 
ʚʦʣʥʦʚʳʭ ʧʨʦʮʝʩʩʦʚ ʚ ʛʨʫʥʪʦʚʦʡ ʩʨʝʜʝ, ʙʳʣʘ ʦʯʝʥʴ 
ʩʣʦʞʥʘʷ ʟʘʜʘʯʘ. ʆʜʥʘʢʦ, ʙʳʣʘ ʷʩʥʦ, ʯʪʦ ʧʨʠ ʨʝʰʝʥʠʠ 

ʟʘʜʘʯʠ ʩʝʡʩʤʦʩʪʦʡʢʦʩʪʠ ʧʦʜʟʝʤʥʳʭ ʩʦʦʨʫʞʝʥʠʡ, ʚ ʪʦʤ 
ʯʠʩʣʝ ʧʦʜʟʝʤʥʳʭ ʪʨʫʙʦʧʨʦʚʦʜʦʚ [1-10], ʥʝ 
ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʦʯʝʥʴ ʚʘʞʥʘʷ ʯʘʩʪʴ, ʥʘʯʘʣʦ ʧʨʦʮʝʩʩʘ, 
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“Transport inshootlari: zamonaviy texnologiyalar, seysmik barqarorlik” 

ʢʦʛʜʘ ʩʝʡʩʤʠʯʝʩʢʘʷ ʚʦʣʥʘ ʥʘʯʠʥʘʝʪ ʚʦʟʜʝʡʩʪʚʦʚʘʪʴ ʥʘ 
ʧʦʜʟʝʤʥʫʶ ʢʦʥʩʪʨʫʢʮʠʶ. ʊʘʢʞʝ ʙʳʣʘ ʷʩʥʦ, ʯʪʦ 
ʚʦʣʥʦʚʳʝ ʧʨʦʮʝʩʩʳ ʚ ʛʨʫʥʪʝ ʠʛʥʦʨʠʨʫʶʪʩʷ ʚ ʪʝʦʨʠʷʭ [1-
10]. 
ɺʦʣʥʦʚʳʝ ʟʘʜʘʯʠ ʙʣʠʟʢʠʝ ʢ ʟʘʜʘʯʘʤ 

ʩʝʡʩʤʦʩʪʦʡʢʦʩʪʠ ʧʦʜʟʝʤʥʳʭ ʪʨʫʙʦʧʨʦʚʦʜʦʚ, 
ʬʫʥʜʘʤʝʥʪʘʣʴʥʦ ʨʘʩʩʤʦʪʨʝʥʳ ʚ [11-15]. ɺ [11,12] 
ʧʦʣʫʯʝʥʳ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ ʥʝʩʪʘʮʠʦʥʘʨʥʳʭ 
ʚʦʣʥʦʚʳʭ ʟʘʜʘʯ ʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʠ ʧʣʦʩʢʦʡ ʫʜʘʨʥʦʡ 

ʚʦʣʥʳ ʚ ʫʧʨʫʛʦʤ ʩʪʝʨʞʥʝ ʩ ʚʥʝʰʥʠʤ ʩʫʭʠʤ ʪʨʝʥʠʝʤ. 
ɿʜʝʩʴ ʪʘʢʞʝ ʥʝ ʫʯʠʪʳʚʘʝʪʩʷ ʚʥʝʰʥʷʷ ʩʨʝʜʘ.  ʇʦʩʪʘʥʦʚʢʘ 
ʟʘʜʘʯʠ ʚ [11,12] ʠ [1-5,7,8] ʧʦ ʩʫʪʠ, ʦʜʠʥʘʢʦʚʳʝ, ʦʜʥʘʢʦ 
ʟʜʝʩʴ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʥʘʯʘʣʘ ʧʨʦʮʝʩʩʘ 
ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚʦʣʥʳ ʚ ʩʪʝʨʞʥʝ. ɺ [13] 
ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʠʩʩʣʝʜʦʚʘʥʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ 
ʫʜʘʨʥʦʡ ʚʦʣʥʳ ʚ ʩʪʨʫʥʝ ʦʢʨʫʞʝʥʥʦʡ ʧʝʩʢʦʤ. ʇʦʣʫʯʝʥʳ 
ʚ ʧʝʨʚʳʝ ʟʘʪʫʭʘʥʠʝ ʫʜʘʨʥʦʡ ʚʦʣʥʳ ʚ ʩʪʨʫʥʝ, ʙʣʘʛʦʜʘʨʷ 

ʧʨʦʷʚʣʝʥʠʠ ʩʠʣʳ ʪʨʝʥʠʷ ʤʝʞʜʫ ʫʧʨʫʛʦʡ ʩʪʨʫʥʦʡ ʠ 
ʩʫʭʠʤ ʚʥʝʰʥʠʤ ʧʝʩʦʯʥʳʤ ʛʨʫʥʪʦʤ. ʈʘʙʦʪʳ [11-13] 
ʩʣʫʞʠʣʠ ʦʩʥʦʚʦʡ ʚʦʣʥʦʚʳʭ ʟʘʜʘʯ ʩʝʡʩʤʦʩʪʦʡʢʦʩʪʠ 
ʧʦʜʟʝʤʥʳʭ ʪʨʫʙʦʧʨʦʚʦʜʦʚ ʚ [14]. ɺ [14] ʦʙʰʠʨʥʳʤʠ 
ʥʘʪʫʨʥʳʤʠ ʠ ʣʘʙʦʨʘʪʦʨʥʳʤʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ 
ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ ʧʦʢʘʟʘʥʘ, ʯʪʦ ʚʦʣʥʦʚʳʝ ʧʨʦʮʝʩʩʳ ʚ 
ʛʨʫʥʪʘʭ, ʠʛʨʘʶʪ ʚʘʞʥʫʶ ʨʝʰʘʶʱʫʶ ʨʦʣʴ ʧʨʠ 
ʦʧʨʝʜʝʣʝʥʠʠ ʦʮʝʥʢʝ ʩʝʡʩʤʦʩʪʦʡʢʦʩʪʠ ʧʦʜʟʝʤʥʳʭ 

ʢʦʥʩʪʨʫʢʮʠʡ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʦʢʘʟʘʥʘ, ʜʘʞʝ ʚ 
ʩʣʫʯʘʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʧʣʦʩʢʦʡ ʚʟʨʳʚʥʦʝ ʚʦʣʥʳ ʚʜʦʣʴ 
ʪʨʫʙʦʧʨʦʚʦʜʘ, ʚʦʟʥʠʢʘʝʪ ʩʫʱʝʩʪʚʝʥʥʦʝ ʥʦʨʤʘʣʴʥʦʝ ʢ 
ʚʥʝʰʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʪʨʫʙʳ, ʥʘʧʨʷʞʝʥʠʝ. ʇʦʢʘʟʘʥʘ 
ʪʘʢʞʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ, ʜʚʫʭ ʩʪʘʜʠʡʥʦʩʪʴ ʧʨʦʮʝʩʩʘ 
ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʦʜʟʝʤʥʦʛʦ ʪʨʫʙʦʧʨʦʚʦʜʘ ʩ 
ʦʢʨʫʞʘʶʱʝʤ ʝʛʦ ʛʨʫʥʪʦʤ. ʈʘʟʜʝʣʴʥʦʝ ʨʘʩʩʤʦʪʨʝʥʠʷ 
ʵʪʠʭ ʩʪʘʜʠʡ, ʚ ʧʨʠʢʣʘʜʥʳʭ ʟʘʜʘʯʘʭ ʩʝʡʩʤʦʩʪʦʡʢʦʩʪʠ, 

ʢʘʢ ʵʪʦ ʩʜʝʣʘʥʦ ʚ [1-10], ʷʚʣʷʝʪʩʷ ʥʝ ʪʦʯʥʳʤ. ʅʘ ʦʩʥʦʚʝ 
ʨʝʟʫʣʴʪʘʪʦʚ ʦʙʰʠʨʥʳʭ ʥʘʪʫʨʥʳʭ ʠ ʣʘʙʦʨʘʪʦʨʥʳʭ 
ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 
ʧʦʜʟʝʤʥʳʭ ʪʨʫʙʦʧʨʦʚʦʜʦʚ ʩ ʛʨʫʥʪʦʤ ʠ ʬʨʘʛʤʝʥʪʦʚ 
ʧʦʜʟʝʤʥʳʭ ʚʥʝʰʥʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʧʦʜʟʝʤʥʳʭ 
ʢʦʥʩʪʨʫʢʮʠʡ ʩ ʦʢʨʫʞʘʶʱʝʡ ʝʛʦ ʛʨʫʥʪʦʤ, ʚ [14] 
ʨʘʟʨʘʙʦʪʘʥʘ ʚʦʣʥʦʚʘʷ ʪʝʦʨʠʷ ʩʝʡʩʤʦʩʪʦʡʢʦʩʪʠ 
ʧʦʜʟʝʤʥʳʭ ʩʦʦʨʫʞʝʥʠʡ. 

ɺʦʣʥʦʚʘʷ ʪʝʦʨʠʷ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʚʦʣʥʦʚʳʝ 
ʧʨʦʮʝʩʩʳ ʚ ʛʨʫʥʪʝ, ʧʨʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʠ ʩʝʡʩʤʠʯʝʩʢʦʡ 
ʚʦʣʥʳ, ʠʛʨʘʶʪ ʦʧʨʝʜʝʣʷʶʱʫʶ ʨʦʣʴ ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ 
ʥʘʧʨʷʞʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚ ʧʦʜʟʝʤʥʦʤ ʪʨʫʙʦʧʨʦʚʦʜʝ. ɺ 
ʜʘʣʴʥʝʡʰʝʤ ʧʦ ʠʩʪʝʯʝʥʠʠ ʚʨʝʤʝʥʠ ʧʨʦʮʝʩʩ ʫʩʪʘʥʦʚʠʪʩʷ 
ʠ ʪʨʫʙʦʧʨʦʚʦʜ ʤʦʞʝʪ ʩʦʚʝʨʰʘʪʴ ʩʪʘʮʠʦʥʘʨʥʳʝ 
ʢʦʣʝʙʘʪʝʣʴʥʳʝ ʜʚʠʞʝʥʠʷ. ʆʜʥʘʢʦ, ʥʘ ʵʪʦʤ ʵʪʘʧʝ ʪʦʞʝ 
ʠʛʥʦʨʠʨʦʚʘʪʴ ʜʠʥʘʤʠʯʝʩʢʠʤ ʥʘʧʨʷʞʝʥʥʳʤ ʩʦʩʪʦʷʥʠʝʤ 
ʦʢʨʫʞʘʚʰʠʡ ʪʨʫʙʦʧʨʦʚʦʜ ʛʨʫʥʪʘ, ʧʨʠʚʦʜʠʪ ʥʝ 

ʪʦʯʥʦʩʪʷʤ. ɿʜʝʩʴ, ʥʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪ, ʯʪʦ 
ʠʛʥʦʨʠʨʦʚʘʥʠʷ ʛʨʫʥʪʦʚʦʡ ʩʨʝʜʦʡ, ʚ [1-10], ʙʳʣʘ 
ʚʳʥʫʞʜʝʥʥʘʷ ʤʝʨʘ. ʏʪʦʙʳ ʧʦʣʫʯʠʪ ʨʝʰʝʥʠʷ ʩʣʦʞʥʳʭ 
ʟʘʜʘʯ ʩʝʡʩʤʦʩʪʦʡʢʦʩʪʠ, ʜʘʞʝ ʜʣʷ ʧʨʦʩʪʝʡʰʝʡ 
ʧʦʜʟʝʤʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʢʘʢ ʧʦʜʟʝʤʥʳʡ ʪʨʫʙʦʧʨʦʚʦʜ, 
ʥʝʦʙʭʦʜʠʤʘ ʙʳʣʘ ʫʧʨʦʩʪʠʪ ʟʘʜʘʯʫ.  ʇʦʵʪʦʤʫ ʚʦʣʥʦʚʘʷ 
ʪʝʦʨʠʷ [14], ʷʚʣʷʝʪʩʷ ʣʦʛʠʯʝʩʢʠʤ ʧʨʦʜʦʣʞʝʥʠʝʤ, 
ʜʠʥʘʤʠʯʝʩʢʦʡ ʪʝʦʨʠʠ ʩʝʡʩʤʦʩʪʦʡʢʦʩʪʠ ʧʦʜʟʝʤʥʳʭ 

ʩʦʦʨʫʞʝʥʠʡ [1-10]. 
ʃʦʢʘʣʴʥʦʩʪʴ ʠ ʜʚʫʭ ʩʪʘʜʠʡʥʦʩʪʴ ʧʨʦʮʝʩʩʘ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʦʜʟʝʤʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʩ ʦʢʨʫʞʘʶʱʝʤ 
ʠʭ ʛʨʫʥʪʦʤ, ʩʣʝʜʫʶʱʠʡ ʩʫʱʝʩʪʚʝʥʥʳʡ ʚʳʚʦʜ, 
ʚʳʪʝʢʘʶʱʠʡ ʠʟ ʚʦʣʥʦʚʦʡ ʪʝʦʨʠʠ. ɹʣʘʛʦʜʘʨʷ ʵʪʦʤʫ 
ʚʳʚʦʜʫ, ʩʪʘʥʦʚʷʪʩʷ ʚʦʟʤʦʞʥʳʤ, ʨʘʟʨʘʙʦʪʘʪʴ 
ʧʨʦʩʪʝʡʰʠʭ, ʦʙʱʝʜʦʩʪʫʧʥʳʭ ʤʝʪʦʜʦʚ ʦʧʨʝʜʝʣʝʥʠʷ 
ʟʥʘʯʝʥʠʡ ʧʘʨʘʤʝʪʨʦʚ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʦʜʟʝʤʥʳʭ 

ʢʦʥʩʪʨʫʢʮʠʡ ʩ ʛʨʫʥʪʦʤ. ɺʦʣʥʦʚʘʷ ʪʝʦʨʠʷ, ʨʘʟʚʠʚʘʝʪʩʷ ʠ 

ʫʩʦʚʝʨʰʝʥʩʪʚʫʝʪʩʷ ʧʦʩʣʝʜʫʶʱʠʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ ʚ 
[15-21]. ɺ [15] ʨʘʩʩʤʦʪʨʝʥʳ ʟʘʜʘʯʠ ʩʪʘʮʠʦʥʘʨʥʦʡ 
ʢʦʣʝʙʘʥʠʠ ʧʦʜʟʝʤʥʳʭ ʪʨʫʙʦʧʨʦʚʦʜʦʚ ʩ ʫʯʝʪʦʤ 
ʚʦʣʥʦʚʳʭ ʧʨʦʮʝʩʩʦʚ ʚ ʛʨʫʥʪʦʚʦʡ ʩʨʝʜʝ. ɺ [16,17] 
ʦʙʩʫʞʜʘʶʪʩʷ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʚʦʧʨʦʩʳ 
ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ ʛʨʫʥʪʦʚ ʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʠ 
ʟʘʪʫʭʘʥʠʷ ʩʝʡʩʤʠʯʝʩʢʠʭ ʚʦʣʥ ʚ ʛʨʫʥʪʦʚʳʭ ʩʨʝʜʘʭ. 
ʅʝʣʠʥʝʡʥʦʩʪʴ ʠ ʜʚʫʭ ʩʪʘʜʠʡʥʦʩʪʴ ʟʘʢʦʥʦʚ 
ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʦʜʟʝʤʥʳʭ ʩʦʦʨʫʞʝʥʠʡ ʩ ʛʨʫʥʪʦʤ 

ʦʙʦʩʥʦʚʘʥʘ ʚ [18]. ʆʙʨʘʟʦʚʘʥʠʷ ʢʦʥʪʘʢʪʥʦʛʦ ʩʣʦʷ ʛʨʫʥʪʘ 
ʤʝʞʜʫ ʧʦʜʟʝʤʥʦʡ ʢʦʥʩʪʨʫʢʮʠʝʡ ʠ ʛʨʫʥʪʦʤ, ʧʨʠ ʠʭ 
ʜʠʥʘʤʠʯʝʩʢʦʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ, ʧʦʢʘʟʘʥʘ ʚ [19]. 
ʇʦʢʘʟʘʥʘ, ʯʪʦ ʪʦʣʱʠʥʘ ʢʦʥʪʘʢʪʥʦʛʦ ʩʣʦʷ ʟʘʚʠʩʠʪ ʦʪ 
ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʛʨʫʥʪʘ ʠ ʩʢʦʨʦʩʪʠ 
ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. ɺ [20, 21] ʠʩʩʣʝʜʦʚʘʥʳ ʩʚʦʡʩʪʚʘ 
ʟʘʢʦʥʦʚ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʦʜʟʝʤʥʦʛʦ ʪʨʫʙʦʧʨʦʚʦʜʘ ʩ 
ʛʨʫʥʪʦʤ ʠ ʤʝʭʘʥʠʟʤʳ ʦʙʨʘʟʦʚʘʥʠʷ ʧʨʦʜʦʣʴʥʳʭ 

ʥʘʧʨʷʞʝʥʠʡ ʚ ʪʨʫʙʦʧʨʦʚʦʜʝ ʧʨʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʠ 
ʥʠʟʢʦʯʘʩʪʦʪʥʳʭ ʩʝʡʩʤʠʯʝʩʢʠʭ ʚʦʣʥ ʚ ʛʨʫʥʪʝ. 
ʂʨʘʪʢʠʡ ʘʥʘʣʠʟ ʨʘʙʦʪ ʧʦ ʩʝʡʩʤʦʩʪʦʡʢʦʩʪʠ 

ʧʦʜʟʝʤʥʳʭ ʩʦʦʨʫʞʝʥʠʡ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʥʘʧʨʷʞʝʥʥʦ ï 
ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʧʦʜʟʝʤʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ 
ʚʩʝʮʝʣʦ ʟʘʚʠʩʠʪ ʦʪ ʟʘʢʦʥʦʚ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. ɿʘʢʦʥʳ 
ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʠʤʝʶʪ ʧʘʨʘʤʝʪʨʳ ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ 
ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʧʨʦʮʝʩʩʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. 

ʈʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʦʚ ʦʧʨʝʜʝʣʝʥʠʷ ʟʥʘʯʝʥʠʷ ʵʪʠʭ 
ʧʘʨʘʤʝʪʨʦʚ ʷʚʣʷʝʪʩʷ ʧʝʨʚʦʩʪʝʧʝʥʥʦʡ ʘʢʪʫʘʣʴʥʦʡ 
ʧʨʦʙʣʝʤʦʡ ʩʝʡʩʤʦʩʪʦʡʢʦʩʪʠ ʧʦʜʟʝʤʥʳʭ ʩʦʦʨʫʞʝʥʠʡ, 
ʪʘʢʠʭ ʢʘʢ ʤʝʪʨʦʧʦʣʠʪʝʥ. 

2. Методика исследования 

ʇʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʩʝʡʩʤʠʯʝʩʢʦʡ ʚʦʣʥʳ ʧʨʠ 
ʟʝʤʣʝʪʨʷʩʝʥʠʠ, ʥʘ ʧʦʜʟʝʤʥʳʝ ʢʦʥʩʪʨʫʢʮʠʠ 
ʤʝʪʨʦʧʦʣʠʪʝʥʘ, ʪʘʢʠʝ ʢʘʢ ʪʦʥʥʝʣʠ ʢʨʫʛʣʦʛʦ ʠʣʠ 
ʯʝʪʳʨʝʭʫʛʦʣʴʥʦʛʦ ʩʝʯʝʥʠʷ, ʩʪʘʥʮʠʦʥʥʳʝ ʩʦʦʨʫʞʝʥʠʷ, 
ʧʨʦʠʩʭʦʜʠʪ ʢʦʣʝʙʘʥʠʷ ʵʪʠʭ ʢʦʥʩʪʨʫʢʮʠʡ ʠ ʠʭ 
ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʦʢʨʫʞʘʶʱʝʤ ʠʭ ʛʨʫʥʪʦʤ. ʇʨʦʮʝʩʩ 
ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʥʘʧʨʠʤʝʨ, ʪʦʥʥʝʣʷ ʤʝʪʨʦʧʦʣʠʪʝʥʘ 
ʢʨʫʛʣʦʛʦ ʩʝʯʝʥʠʷ ʩ ʛʨʫʥʪʦʤ (ʨʠʩ.1). 

ʊʦʥʥʝʣʴ ʤʝʪʨʦʧʦʣʠʪʝʥʘ ʢʨʫʛʣʦʛʦ ʩʝʯʝʥʠʷ ʩ 
ʚʥʝʰʥʠʤ ʜʠʘʤʝʪʨʦʤ DH, ʚʥʫʪʨʝʥʥʠʤ ʜʠʘʤʝʪʨʦʤ DB ʠ 
ʪʦʣʱʠʥʦʡ ʩʪʝʥʢʠ d, ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ.1. ʊʦʥʥʝʣʴ 
ʤʝʪʨʦʧʦʣʠʪʝʥʘ ʨʘʩʧʦʣʦʞʝʥʘ ʥʘ ʛʣʫʙʠʥʝ H. ʇʨʠ 
ʚʦʟʜʝʡʩʪʚʠʠ ʩʝʡʩʤʠʯʝʩʢʦʡ ʚʦʣʥʳ ʥʘ ʧʦʜʟʝʤʥʳʡ ʪʦʥʥʝʣʴ 
ʩ ʚʥʝʰʥʠʤ ʜʠʘʤʝʪʨʦʤ DH = 6ʤ, ʥʘʯʠʥʘʝʪʩʷ ʜʚʠʞʝʥʠʷ 
ʛʨʫʥʪʘ ʠ ʪʦʥʥʝʣʷ ʚ ʛʨʫʥʪʦʚʦʡ ʩʨʝʜʝ. ʉʝʡʩʤʠʯʝʩʢʘʷ 
ʥʘʛʨʫʟʢʘ ʥʘ ʪʦʥʥʝʣ ʧʝʨʝʜʘʝʪʩʷ ʯʝʨʝʟ ʛʨʫʥʪ. ʇʨʠ ʵʪʦʤ, ʚ 
ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʯʘʩʪʦʪʳ ʠ ʘʤʧʣʠʪʫʜʳ ʩʝʡʩʤʠʯʝʩʢʦʡ 

ʥʘʛʨʫʟʢʠ ůg, ʪʦʥʥʝʣʴ ʥʘʯʠʥʘʝʪ ʢʦʣʝʙʘʪʝʣʴʥʦʝ ʜʚʠʞʝʥʠʝ. 
ɺ ʩʠʣʫ ʨʘʟʣʠʯʠʷ ʤʘʩʩʳ ʞʝʣʝʟʦʙʝʪʦʥʥʦʛʦ ʪʦʥʥʝʣʷ ʠ 
ʛʨʫʥʪʘ ʦʙʨʘʟʫʝʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʠʭ ʩʤʝʱʝʥʠʝ ʠ, 
ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʢʘʩʘʪʝʣʴʥʦʝ ʥʘʧʨʷʞʝʥʠʷ Ű ʥʘ 
ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʥʪʘʢʪʘ ʪʦʥʥʝʣʷ ʩ ʛʨʫʥʪʦʤ. ɺ ʩʦʩʪʦʷʥʠʠ 
ʧʦʢʦʷ ʪʦʥʥʝʣʴ ʥʘʭʦʜʠʪʩʷ ʧʦʜ ʩʪʘʪʠʯʝʩʢʠʤ ʜʘʚʣʝʥʠʝʤ 
ůNS. ʆʯʝʚʠʜʥʦ, ʯʪʦ ʧʦ ʢʦʥʪʫʨʫ ʚʥʝʰʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ 
ʪʦʥʥʝʣʷ, ʚ ʨʘʟʣʠʯʥʳʭ ʝʝ ʪʦʯʢʘʭ, ʵʪʘ ʜʘʚʣʝʥʠʷ ʙʫʜʝʪ 

ʨʘʟʥʦʝ. ʇʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʩʝʡʩʤʠʯʝʩʢʦʡ ʜʘʚʣʝʥʠʠ ʢ 
ʩʪʘʪʠʯʝʩʢʦʤʫ ʜʘʚʣʝʥʠʶ (ʥʘʧʨʷʞʝʥʠʶ) ʜʦʙʘʚʣʷʝʪʩʷ 
ʜʠʥʘʤʠʯʝʩʢʘʷ ʜʘʚʣʝʥʠʷ ůND. ʉʫʤʤʘʨʥʘʷ ʜʘʚʣʝʥʠʷ ʠʣʠ ʝʝ 
ʥʦʨʤʘʣʴʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʥʘ ʚʥʝʰʥʶʶ ʧʦʚʝʨʭʥʦʩʪʴ, 
ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ 

N NS NDs s s= +    (1) 

ɺ ʩʠʣʫ ʨʘʟʣʠʯʠʷ ʥʦʨʤʘʣʴʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ůN, ʧʦ 

ʢʨʫʛʣʦʤʫ ʢʦʥʪʫʨʫ ʪʦʥʥʝʣʷ, ʢʘʩʘʪʝʣʴʥʦʝ ʥʘʧʨʷʞʝʥʠʷ Ű 

ʪʘʢʞʝ ʙʫʜʝʪ ʨʘʟʣʠʯʥʳʤʠ. 
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Рис.1. Схематическое представление тоннеля 

метрополитена круглого сечения 

ʂʘʢ ʧʦʢʘʟʳʚʘʶʪ ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ [1-14], ʟʘʢʦʥ ʠʟʤʝʥʝʥʠʷ Ű, ʜʦʩʪʘʪʦʯʥʦ 

ʩʣʦʞʥʳʡ. ʉʭʝʤʘʪʠʯʝʩʢʠ, ʦʙʦʙʱʘʷ ʨʝʟʫʣʴʪʘʪʳ ʦʧʳʪʦʚ ʧʦ 

ʦʧʨʝʜʝʣʝʥʠʶ Ű, ʝʝ ʠʟʤʝʥʝʥʠʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʩʤʝʱʝʥʠʷ ʧʨʠ ʧʦʩʪʦʷʥʥʦʛʦ 

ʥʦʨʤʘʣʴʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ, ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪ ʢʘʢ ʥʘ 

ʨʠʩ.2. 

ʇʨʦʮʝʩʩ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚ ʣʶʙʦʡ ʪʦʯʢʝ ʚʥʝʰʥʝʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʜʟʝʤʥʦʛʦ ʪʦʥʥʝʣʷ ʩ ʛʨʫʥʪʦʤ, ʧʨʠ 

ʚʦʟʜʝʡʩʪʚʠʠ ʩʝʡʩʤʠʯʝʩʢʦʡ ʚʦʣʥʳ ʤʦʞʝʪ ʧʦʡʪʠ ʧʦ 

ʢʨʠʚʳʤ 1-3 ʥʘ ʨʠʩ.2 ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʬʠʟʠʢʦ-

ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʢʦʥʪʘʢʪʥʦʛʦ ʩʣʦʷ ʛʨʫʥʪʘ. 

ʇʨʦʮʝʩʩ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʦʡʜʝʪ ʧʦ ʢʨʠʚʦʡ 1, ʚ ʩʣʫʯʘʝ ʥʝ 

ʥʘʨʫʰʝʥʥʦʛʦ ʛʨʫʥʪʘ ʚʦʢʨʫʛ ʪʦʥʥʝʣʷ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ, 

ʧʨʦʷʚʣʷʝʪʩʷ ʧʠʢʦʚʦʝ ʟʥʘʯʝʥʠʷ ʢʘʩʘʪʝʣʴʥʦʛʦ 

ʥʘʧʨʷʞʝʥʠʷ, ʧʦʪʦʤ ʝʝ ʩʧʘʜ ʠ ʧʦʩʪʦʷʥʩʪʚʘ ʝʝ ʟʥʘʯʝʥʠʷ. ɺ 

ʩʣʫʯʘʝ ʥʘʨʫʰʝʥʥʦʡ, ʚʝʨʥʝʝ ʨʘʟʨʫʰʝʥʥʦʛʦ ʛʨʫʥʪʘ ʚʦʢʨʫʛ 

ʪʦʥʥʝʣʷ, ʧʨʦʮʝʩʩ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʦʡʜʝʪ ʧʦ ʢʨʠʚʦʡ 2. 

ʋʧʨʦʱʘʷ ʢʨʠʚʦʡ 2, ʧʦʣʫʯʘʝʤ ʣʦʤʘʥʥʫʶ 3, ʛʜʝ ʧʨʦʮʝʩʩ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʦʡʜʝʪ ʧʦ ʧʨʷʤʳʤ ʣʠʥʠʷʤ OC ʠ CE. 

 
Рис.2. Схематическое представления закона 

изменения силы взаимодействия τ от 

относительного смещения u при постоянного 

нормального напряжение σN 

ɺʦ ʚʩʝʭ ʩʣʫʯʘʷʭ ʧʨʦʮʝʩʩ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʩʦʩʪʦʠʪ ʠʟ 

ʜʚʫʭ ʩʪʘʜʠʡ. ʇʝʨʚʘʷ ʩʪʘʜʠʷ, ʢʦʛʜʘ ʩʠʣʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʨʘʟʚʠʚʘʝʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʩʤʝʱʝʥʠʷ. 

ɺʪʦʨʘʷ ʩʪʘʜʠʷ, ʢʦʛʜʘ ʩʠʣʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʥʝ ʟʘʚʠʩʠʪ ʦʪ 

ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʩʤʝʱʝʥʠʷ. ʆʯʝʚʠʜʥʦ, ʚ ʵʪʦʡ ʩʪʘʜʠʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚʳʧʦʣʥʷʝʪʩʷ ʟʘʢʦʥ ɸʤʦʥʪʦʥʘ - ʂʫʣʦʥʘ. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʚ ʦʙʦʠʭ ʩʪʘʜʠʷʭ, ʩʠʣʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʟʘʚʠʩʠʪ ʦʪ ʥʦʨʤʘʣʴʥʦʛʦ ʢ ʚʥʝʰʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ 

ʥʘʧʨʷʞʝʥʠʷ. 

ɺ ʩʣʫʯʘʝ ʢʨʠʚʘʷ 1, ʧʨʦʠʩʭʦʜʠʪ ʨʘʟʨʫʰʝʥʠʷ 

ʢʦʥʪʘʢʪʥʦʛʦ ʩʣʦʷ ʛʨʫʥʪʘ. ʈʘʟʨʫʰʝʥʠʷ ʦʩʦʙʝʥʥʦ 

ʠʥʪʝʥʩʠʚʥʦ ʧʨʦʠʩʭʦʜʠʪ ʥʘ ʫʯʘʩʪʢʝ AC ʢʨʠʚʦʡ 1. 

ʂʦʥʪʘʢʪʥʳʡ ʩʣʦʡ ʛʨʫʥʪʘ ʧʦʣʥʦʩʪʴʶ ʨʘʟʨʫʰʠʪʩʷ ʚ ʪʦʯʢʝ 

C, ʛʜʝ ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʩʤʝʱʝʥʠʝ ʇʨʦʮʝʩʩ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚ ʣʶʙʦʡ ʪʦʯʢʝ ʚʥʝʰʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ 

ʧʦʜʟʝʤʥʦʛʦ ʪʦʥʥʝʣʷ ʩ ʛʨʫʥʪʦʤ, ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ 

ʩʝʡʩʤʠʯʝʩʢʦʡ ʚʦʣʥʳ ʤʦʞʝʪ ʧʦʡʪʠ ʧʦ ʢʨʠʚʳʤ 1-3 ʥʘ 

ʨʠʩ.2 ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʦʛʦ 

ʩʦʩʪʦʷʥʠʷ ʢʦʥʪʘʢʪʥʦʛʦ ʩʣʦʷ ʛʨʫʥʪʘ. ʇʨʦʮʝʩʩ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʦʡʜʝʪ ʧʦ ʢʨʠʚʦʡ 1, ʚ ʩʣʫʯʘʝ ʥʝ 

ʥʘʨʫʰʝʥʥʦʛʦ ʛʨʫʥʪʘ ʚʦʢʨʫʛ ʪʦʥʥʝʣʷ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ, 

ʧʨʦʷʚʣʷʝʪʩʷ ʧʠʢʦʚʦʝ ʟʥʘʯʝʥʠʷ ʢʘʩʘʪʝʣʴʥʦʛʦ 

ʥʘʧʨʷʞʝʥʠʷ, ʧʦʪʦʤ ʝʝ ʩʧʘʜ ʠ ʧʦʩʪʦʷʥʩʪʚʘ ʝʝ ʟʥʘʯʝʥʠʷ. ɺ 

ʩʣʫʯʘʝ ʥʘʨʫʰʝʥʥʦʡ, ʚʝʨʥʝʝ ʨʘʟʨʫʰʝʥʥʦʛʦ ʛʨʫʥʪʘ ʚʦʢʨʫʛ 

ʪʦʥʥʝʣʷ, ʧʨʦʮʝʩʩ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʦʡʜʝʪ ʧʦ ʢʨʠʚʦʡ 2. 

ʋʧʨʦʱʘʷ ʢʨʠʚʦʡ 2, ʧʦʣʫʯʘʝʤ ʣʦʤʘʥʥʫʶ 3, ʛʜʝ ʧʨʦʮʝʩʩ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʦʡʜʝʪ ʧʦ ʧʨʷʤʳʤ ʣʠʥʠʷʤ OC ʠ CE. 

ɺʦ ʚʩʝʭ ʩʣʫʯʘʷʭ ʧʨʦʮʝʩʩ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʩʦʩʪʦʠʪ ʠʟ 

ʜʚʫʭ ʩʪʘʜʠʡ. ʇʝʨʚʘʷ ʩʪʘʜʠʷ, ʢʦʛʜʘ ʩʠʣʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʨʘʟʚʠʚʘʝʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʩʤʝʱʝʥʠʷ. 

ɺʪʦʨʘʷ ʩʪʘʜʠʷ, ʢʦʛʜʘ ʩʠʣʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʥʝ ʟʘʚʠʩʠʪ ʦʪ 

ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʩʤʝʱʝʥʠʷ. ʆʯʝʚʠʜʥʦ, ʚ ʵʪʦʡ ʩʪʘʜʠʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚʳʧʦʣʥʷʝʪʩʷ ʟʘʢʦʥ ɸʤʦʥʪʦʥʘ- ʂʫʣʦʥʘ. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʚ ʦʙʦʠʭ ʩʪʘʜʠʷʭ, ʩʠʣʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʟʘʚʠʩʠʪ ʦʪ ʥʦʨʤʘʣʴʥʦʛʦ ʢ ʚʥʝʰʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ 

ʥʘʧʨʷʞʝʥʠʷ. 

ɺ ʩʣʫʯʘʝ ʢʨʠʚʘʷ 1, ʧʨʦʠʩʭʦʜʠʪ ʨʘʟʨʫʰʝʥʠʷ 

ʢʦʥʪʘʢʪʥʦʛʦ ʩʣʦʷ ʛʨʫʥʪʘ. ʈʘʟʨʫʰʝʥʠʷ ʦʩʦʙʝʥʥʦ 

ʠʥʪʝʥʩʠʚʥʦ ʧʨʦʠʩʭʦʜʠʪ ʥʘ ʫʯʘʩʪʢʝ AC ʢʨʠʚʦʡ 1. 

ʂʦʥʪʘʢʪʥʳʡ ʩʣʦʡ ʛʨʫʥʪʘ ʧʦʣʥʦʩʪʴʶ ʨʘʟʨʫʰʠʪʩʷ ʚ ʪʦʯʢʝ 

C, ʛʜʝ ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʩʤʝʱʝʥʠʝ u ʜʦʩʪʠʛʘʝʪ ʩʚʦʝʛʦ 

ʧʨʝʜʝʣʴʥʦʛʦ ʟʥʘʯʝʥʠʝ u*. ʇʦʚʪʦʨʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʫʞʝ ʧʦʡʜʝʪ ʧʦ ʢʨʠʚʦʡ 2. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʚ ʧʨʮʝʩʩʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʧʨʦʠʩʭʦʜʠʪ ʧʝʨʝʫʢʣʘʜʢʘ ʟʸʨʝʥ ʛʨʫʥʪʘ ʠ 

ʯʘʩʪʠʯʥʦʝ ʨʘʟʨʫʰʝʥʠʝ, ʙʣʘʛʦʜʘʨʷ ʯʝʤʫ ʧʨʦʮʝʩʩ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʨʦʠʩʭʦʜʠʪ ʥʝʣʠʥʝʡʥʦ. ɺ [21] ʧʦʢʘʟʘʥʘ, 

ʯʪʦ ʵʪʠ ʩʪʘʜʠʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʥʝʦʙʭʦʜʠʤʦ 

ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʚʤʝʩʪʝ. ʊʘʢ ʢʘʢ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʟʥʘʯʝʥʠʷ ʥʦʨʤʘʣʴʥʦʛʦ ʜʘʚʣʝʥʠʷ, ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ 

ʩʤʝʱʝʥʠʝ, ʚ ʦʪʜʝʣʴʥʳʭ ʪʦʯʢʘʭ ʢʦʥʪʘʢʪʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ 

ʤʦʞʝʪ ʥʘʩʪʫʧʠʪ ʚʪʦʨʘʷ ʩʪʘʜʠʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʪ.ʝ. 

ʧʨʦʮʝʩʩ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʷʚʣʷʝʪʩʷ ʣʦʢʘʣʴʥʳʤ. 

      ɺ ʧʨʦʩʪʝʡʰʝʤ ʠʜʝʘʣʠʟʠʨʦʚʘʥʥʦʤ ʩʣʫʯʘʝ ʧʨʦʮʝʩʩ 

ʣʦʢʘʣʴʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʦʜʟʝʤʥʦʛʦ ʪʦʥʥʝʣʷ 

ʤʝʪʨʦʧʦʣʠʪʝʥʘ ʩ ʛʨʫʥʪʦʤ, ʧʦʡʜʝʪ ʧʦ ʧʨʷʤʳʤ ʣʠʥʠʷʤ 

OCE. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʟʘʢʦʥʘʤʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʷʚʣʷʶʪʩʷ 

† ὑό ʧʨʠ  u<u*                (2) 

† ὧ Ὢ„  ʧʨʠ u=u*  ʠʣʠ u>u*             (3) 

ʛʜʝ c ï ʢʦʵʬʬʠʮʠʝʥʪ ʩʮʝʧʣʝʥʠʷ, ʘ f ï ʢʦʵʬʬʠʮʠʝʥʪ 

ʚʥʫʪʨʝʥʥʝʛʦ ʪʨʝʥʠʝ ʛʨʫʥʪʘ, Kx ï ʢʦʵʬʬʠʮʠʝʥʪ ʞʝʩʪʢʦʩʪʠ 

ʢʦʥʪʘʢʪʥʦʛʦ ʩʣʦʷ ʛʨʫʥʪʘ.  

ʇʘʨʘʤʝʪʨʳ c, f, u* ʷʚʣʷʶʪʩʷ ʧʘʨʘʤʝʪʨʘʤʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʦʜʟʝʤʥʦʛʦ ʪʦʥʥʝʣʷ ʤʝʪʨʦʧʦʣʠʪʝʥʘ ʩ 

ʦʢʨʫʞʘʶʱʝʤ ʝʛʦ ʛʨʫʥʪʦʤ. ɿʘʢʦʥʳ (2) ʠ (3), ʢʘʢ ʫʞʝ 

ʦʪʤʝʪʠʣʠ ʚʳʰʝ ʷʚʣʷʶʪʩʷ ʣʦʢʘʣʴʥʳʤʠ ʟʘʢʦʥʘʤʠ. ʆʥʠ 

ʚʳʧʦʣʥʷʶʪʩʷ ʚ ʢʘʞʜʦʡ ʪʦʯʢʝ ʚʥʝʰʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ 

ʪʦʥʥʝʣʷ ʢʦʥʪʘʢʪʠʨʫʶʱʝʡ ʩ ʛʨʫʥʪʦʤ. ʆʧʨʝʜʝʣʝʥʠʷ 
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ʟʥʘʯʝʥʠʡ ʧʘʨʘʤʝʪʨʦʚ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ Kx, c, f, u*  

ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʩʝʡʩʤʦʩʪʦʡʢʦʩʪʠ 

ʧʦʜʟʝʤʥʦʛʦ ʪʦʥʥʝʣʷ ʚ ʯʘʩʪʥʦʩʪʠ, ʣʶʙʳʭ ʧʦʜʟʝʤʥʳʭ 

ʩʦʦʨʫʞʝʥʠʡ ʚ ʮʝʣʦʤ. 

3. Результаты исследования 

ʀʟ ʧʘʨʘʤʝʪʨʦʚ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ Kx, c, f, u*, ʧʦʩʣʝʜʥʠʝ 

ʪʨʠ c, f, u*  ʷʚʣʷʶʪʩʷ ʧʨʦʯʥʦʩʪʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ 

ʛʨʫʥʪʘ. ʀʟ-ʟʘ ʣʦʢʘʣʴʥʦʩʪʠ ʧʨʦʮʝʩʩʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, 

ʟʥʘʯʝʥʠʷ ʵʪʠʭ ʧʘʨʘʤʝʪʨʦʚ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʚ ʣʘʙʦʨʘʪʦʨʥʳʭ ʫʩʣʦʚʠʷʭ. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʤʝʪʦʜʳ ʦʧʨʝʜʝʣʝʥʠʷ c, f, u* 

ʦʙʱʝʠʟʚʝʩʪʥʳ. ʇʨʦʙʣʝʤʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʦʧʨʝʜʝʣʝʥʠʠ 

ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʘ Kx. ɺ [1,3-5] ʧʨʝʜʣʘʛʘʝʪʩʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʘ Kx ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ. 

ɺ ʵʪʦʤ ʩʣʫʯʘʝ, ʧʦ ʧʨʝʜʣʦʞʝʥʥʦʡ ʤʝʪʦʜʠʢʝ [1,4,5], 

ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʝʜʝʥʠʝ ʥʘʪʫʨʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʩ 

ʧʦʜʟʝʤʥʳʤ ʪʦʥʥʝʣʝʤ. ɺ [14] ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʘ Kx, ʥʘʪʫʨʥʳʝ 

ʵʢʩʧʝʨʠʤʝʥʪʳ. ʉʝʡʩʤʠʯʝʩʢʘʷ ʥʘʛʨʫʟʢʘ ʚ ʚʠʜʝ ʧʣʦʩʢʦʡ 

ʚʦʣʥʳ ʩʦʟʜʘʚʘʣʘʩʴ ʚʟʨʳʚʦʤ. ɸʥʘʣʦʛʠʯʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪ 

ʩ ʧʦʜʟʝʤʥʳʤ ʪʦʥʥʝʣʝʤ ʤʝʪʨʦʧʦʣʠʪʝʥʘ ʦʨʛʘʥʠʟʦʚʘʪʴ 

ʷʚʣʷʝʪʩʷ ʩʣʦʞʥʳʤ ʠ ʵʢʦʥʦʤʠʯʝʩʢʠ ʥʝʮʝʣʝʩʦʦʙʨʘʟʥʳʤ. 

ʆʪʩʶʜʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʡ ʤʝʪʦʜ ʦʧʨʝʜʝʣʝʥʠʷ 

ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʘ Kx ʩʪʘʥʦʚʠʪʩʷ ʥʝʚʦʟʤʦʞʥʳʤ. 

ʆʜʥʘʢʦ, ʩʫʱʝʩʪʚʫʝʪ ʜʨʫʛʦʡ, ʜʦʩʪʘʪʦʯʥʦ ʧʨʦʩʪʦʡ 

ʧʫʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʘ Kx. ɺ ʪʦʯʢʝ C ʥʘ 

ʨʠʩ.2, ʟʥʘʯʝʥʠʷ ʩʠʣ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʦ ʬʦʨʤʫʣʝ (2) ʠ (3) 

ʜʦʣʞʥʳ ʙʳʪ ʨʘʚʥʳʤʠ. ɼʣʷ ʪʦʯʥʦʛʦ ʚʳʧʦʣʥʝʥʠʷ ʵʪʦʛʦ 

ʫʩʣʦʚʠʷ, ʥʝʦʙʭʦʜʠʤʦ ʚ ʫʨʘʚʥʝʥʠʠ (2) ʪʘʢʞʝ ʧʨʠʩʫʪʩʪʚʠʷ 

ʥʦʨʤʘʣʴʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ, ʪ.ʝ. 

ὑ ὑ„   (4) 

ʛʜʝ KN ï ʢʦʵʬʬʠʮʠʝʥʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʦʜʟʝʤʥʦʛʦ 

ʪʦʥʥʝʣʷ ʩ ʛʨʫʥʪʦʤ. 

ɼʘʣʝʝ ʝʛʦ ʟʥʘʯʝʥʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʟ ʫʩʣʦʚʠʷ 

ʨʘʚʝʥʩʪʚʘ ʩʠʣ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚ ʪʦʯʢʝ C ʜʠʘʛʨʘʤʤʳ ʥʘ 

ʨʠʩ.2 ʩʣʝʜʫʶʱʠʤʠ ʫʨʘʚʥʝʥʠʷʤʠ 

 

† † ὑ„όz ὧ Ὢ„      (5) 

ὑ
ᶻ ᶻ

           (6) 

 

ɺ ʩʣʫʯʘʝ ʨʘʟʨʫʱʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʛʨʫʥʪʘ, ʢʦʛʜʘ 

ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʩʮʝʧʣʝʥʠʷ c=0 ʠʣʠ 

ʥʝʟʥʘʯʠʪʝʣʴʥʦ, ʬʦʨʤʫʣʘ (6) ʧʨʝʜʝʣʴʥʦ ʫʧʨʦʱʘʝʪʩʷ 

 

ὑ
ᶻ
  (7) 

 

ʀʩʧʦʣʴʟʫʷ ʬʦʨʤʫʣʳ (6) ʠʣʠ (7) ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʘ (ʢʦʵʬʬʠʮʠʝʥʪʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ) KN. 

ɼʘʣʝʝ ʠʩʧʦʣʴʟʫʷ (4) ʦʧʨʝʜʝʣʷʝʪʩʷ ʟʥʘʯʝʥʠʷ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʞʝʩʪʢʦʩʪʠ ʢʦʥʪʘʢʪʥʦʛʦ ʩʣʦʷ ʛʨʫʥʪʘ Kx. 

ɺ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʨʦʠʩʭʦʜʠʪ ʧʦ 

ʢʨʠʚʳʤ 1 ʠʣʠ 2 ʥʘ ʨʠʩ.2, ʧʨʦʮʝʩʩ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʦʧʠʩʳʚʘʝʪʩʷ ʙʦʣʝʝ ʩʣʦʞʥʳʤʠ ʫʨʘʚʥʝʥʠʷʤ [14]. 

ɿʘʢʦʥ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʪʦʥʥʝʣʷ ʩ ʛʨʫʥʪʦʤ ʜʣʷ ʢʨʠʚʳʭ 

1, 2 ʫʨʘʚʥʝʥʠʷ (2) ʧʨʠʥʠʤʘʝʪ ʚʠʜ  

 

       † ὑ „ȟὍό                                  (8) 

ʛʜʝ ὑ „ȟὍ ʥʝʣʠʥʝʡʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ 

ʞʝʩʪʢʦʩʪʠ ʢʦʥʪʘʢʪʥʦʛʦ ʩʣʦʷ ʛʨʫʥʪʘ.  

ʀʟʤʝʥʝʥʠʝ ʨʘʟʨʫʰʝʥʠʷ ʢʦʥʪʘʢʪʥʦʛʦ ʩʣʦʷ ʛʨʫʥʪʘ ʚ 

ʫʨʘʚʥʝʥʠʠ (8) ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʧʘʨʘʤʝʪʨʦʤ  

Ὅ ȿόȾόzȿȢ  ʇʘʨʘʤʝʪʨ Ὅ  ʦʧʨʝʜʝʣʷʝʪ ʩʪʝʧʝʥʴ 

ʨʘʟʨʫʰʝʥʥʦʩʪʠ ʩʪʨʫʢʪʫʨʳ ʛʨʫʥʪʘ ʚ ʧʨʦʮʝʩʩʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. ɺ ʩʣʫʯʘʝ Ὅ πȟ ʛʨʫʥʪ ʥʘ ʢʦʥʪʘʢʪʥʦʤ 
ʩʣʦʝ ʩʯʠʪʘʝʪʩʷ ʥʝʨʘʟʨʫʰʝʥʥʳʤ, ʘ ʚ ʩʣʫʯʘʝ Ὅ ρ  

ʧʦʣʥʦʩʪʴʶ ʨʘʟʨʫʰʝʥʥʳʤ. ɺ ʦʩʪʘʣʴʥʳʭ ʩʣʫʯʘʷʭ 

π Ὅ ρ. 
ʅʘ ʦʩʥʦʚʝ ʦʧʳʪʥʳʭ ʜʘʥʥʳʭ, ʚ [14] ʢʦʵʬʬʠʮʠʝʥʪ 

ʞʝʩʪʢʦʩʪʠ ʦʧʠʩʳʚʘʝʪʩʷ ʫʨʘʚʥʝʥʠʝʤ 

ὑ „ȟὍ ὑᶻ„ ÅØÐ‌ ρ Ὅ        (9) 

ʛʜʝ ὑᶻ  ʩʝʢʫʱʠʡ ʢʦʵʬʬʠʮʠʝʥʪ ʞʝʩʪʢʦʩʪʠ ʧʨʠ ό
όzȠ ‌ ʢʦʵʬʬʠʮʠʝʥʪ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡ ʜʠʘʧʘʟʦʥ 

ʠʟʤʝʥʝʥʠʷ ὑ. 

ʇʨʠ Ὅ π ʠʟ (9) ʧʦʣʫʯʠʤ  

 

ὑ „ ὑᶻ„ ÅØÐ‌                   (10) 

 

ʉʦʛʣʘʩʥʦ ʨʝʟʫʣʴʪʘʪʦʚ ʦʧʳʪʦʚ [14], ʟʘʚʠʩʠʤʦʩʪʴ 

ὑᶻ„  ʷʚʣʷʝʪʩʷ ʣʠʥʝʡʥʦʡ ʬʫʥʢʮʠʝʡ ʠ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʩʦʦʪʥʦʰʝʥʠʝʤ 

ὑᶻ„ ὑ„                   (11) 

ʀʟ (11) ʠ (5) ʧʨʠ ό όz ʧʦʣʫʯʠʤ ʬʦʨʤʫʣʫ (6) ʠʣʠ 

(7). 

ʆʪʩʶʜʘ ʩʣʝʜʫʝʪ, ʯʪʦ ʟʥʘʯʝʥʠʷ όz  ʷʚʣʷʝʪʩʷ 

ʧʦʩʪʦʷʥʥʳʤ ʜʣʷ ʜʘʥʥʦʛʦ ʚʠʜʘ ʛʨʫʥʪʘ ʠ ʢʦʥʩʪʨʫʢʮʠʠ 

ʧʦʜʟʝʤʥʦʛʦ ʪʦʥʥʝʣʷ ʤʝʪʨʦʧʦʣʠʪʝʥʘ. 

ɿʥʘʯʝʥʠʷ ʧʠʢʦʚʦʛʦ ʢʘʩʘʪʝʣʴʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʠʣʠ 

ʩʠʣʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ †  ʟʘʚʠʩʷʪ ʦʪ ʟʥʘʯʝʥʠʷ ‌ . ʉ 

ʫʚʝʣʠʯʝʥʠʝʤ ‌  ʟʥʘʯʝʥʠʝ † ʫʚʝʣʠʯʠʚʘʝʪʩʷ. ʇʨʠ ‌

πȟ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤ ʩʣʫʯʘʶ, ʢʦʛʜʘ ʨʘʟʨʫʰʝʥʠʷ 

ʢʦʥʪʘʢʪʥʦʛʦ ʩʣʦʷ ʛʨʫʥʪʘ ʥʝ ʫʯʠʪʳʚʘʶʪʩʷ, ʟʘʚʠʩʠʤʦʩʪʴ 

†ό  ʚ ʧʝʨʚʦʡ ʩʪʘʜʠʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʷʚʣʷʝʪʩʷ 

ʣʠʥʝʡʥʦʡ (ʢʨʠʚʘʷ 3). ʋʨʘʚʥʝʥʠʷ (9) ʧʝʨʝʭʦʜʠʪ ʚ (4), ʘ 

ʫʨʘʚʥʝʥʠʷ (8) ʚ (2). ɿʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ  ‌  

ʦʧʨʝʜʝʣʷʝʪʩʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʚ ʣʘʙʦʨʘʪʦʨʥʳʭ 

ʫʩʣʦʚʠʷʭ, ʪʘʢʞʝ ʢʘʢ ʟʥʘʯʝʥʠʷ c, f, u* . 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʦʣʥʦʚʘʷ ʪʝʦʨʠʷ ʩʝʡʩʤʦʩʪʦʡʢʦʩʪʠ 

ʧʦʜʟʝʤʥʳʭ ʩʦʦʨʫʞʝʥʠʡ, ʛʜʝ ʚ ʦʪʣʠʯʠʠ ʦʪ ʜʠʥʘʤʠʯʝʩʢʦʡ 

ʪʝʦʨʠʠ [1-5], ʧʨʦʮʝʩʩ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩʯʠʪʘʝʪʩʷ 

ʣʦʢʘʣʴʥʳʤ, ʦʧʨʝʜʝʣʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʩʪʘʥʦʚʠʪʩʷ ʚʦʟʤʦʞʥʳʤ ʚ ʣʘʙʦʨʘʪʦʨʥʳʭ ʫʩʣʦʚʠʷʭ. 

 

4. Заключение 

1. ʇʦʢʘʟʘʥʘ ʦʩʥʦʚʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ 
ʜʠʥʘʤʠʯʝʩʢʦʡ ʠ ʚʦʣʥʦʚʦʡ ʪʝʦʨʠʠ ʩʝʡʩʤʦʩʪʦʡʢʦʩʪʠ 
ʧʦʜʟʝʤʥʳʭ ʩʦʦʨʫʞʝʥʠʡ. ʇʦʢʘʟʘʥʳ ʧʨʠʤʝʥʠʤʦʩʪʠ 
ʣʠʥʝʡʥʳʭ ʠ ʥʝʣʠʥʝʡʥʳʭ ʣʦʢʘʣʴʥʳʭ ʟʘʢʦʥʦʚ 
ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚ ʟʘʜʘʯʘʭ ʩʝʡʩʤʦʩʪʦʡʢʦʩʪʠ ʧʦʜʟʝʤʥʳʭ 
ʪʦʥʥʝʣʷʭ ʤʝʪʨʦʧʦʣʠʪʝʥʘ. 
2. ʇʨʠʚʝʜʝʥʳ ʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʦʩʥʦʚʥʳʝ 

ʩʦʦʪʥʦʰʝʥʠʷ ʣʠʥʝʡʥʳʭ ʠ ʥʝʣʠʥʝʡʥʳʭ ʫʨʘʚʥʝʥʠʡ 

ʟʘʢʦʥʦʚ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʠʭ ʦʙʣʘʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʚ 
ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʟʥʘʯʝʥʠʡ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʩʤʝʱʝʥʠʷ. 
ʇʦʢʘʟʘʥʘ ʜʚʫʭ ʩʪʘʜʠʡʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 
ʧʦʜʟʝʤʥʳʭ ʩʦʦʨʫʞʝʥʠʡ ʩ ʛʨʫʥʪʦʤ ʠ ʩʣʝʜʩʪʚʠʷ, 



Journal Engineer           ISSN: 3030-3893 Special Issue| 2026 

 

 
 16-fevral, 2026 12 

                 “Transport inshootlari: zamonaviy texnologiyalar, seysmik barqarorlik” 

ʚʳʪʝʢʘʶʱʠʝ ʠʟ ʵʪʦʛʦ ʩʣʫʯʘʷ. 
3. ʇʨʝʜʣʦʞʝʥʳ ʤʝʪʦʜʳ ʦʧʨʝʜʝʣʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ, 

ʚʭʦʜʷʱʠʭ ʚ ʣʠʥʝʡʥʳʡ ʠ ʥʝʣʠʥʝʡʥʳʡ ʟʘʢʦʥʳ 
ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʦʜʟʝʤʥʦʛʦ ʪʦʥʥʝʣʷ ʤʝʪʨʦʧʦʣʠʪʝʥʘ, ʠʟ 
ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʦʯʥʦʩʪʥʳʭ ʠʩʧʳʪʘʥʠʡ ʥʘ ʩʜʚʠʛ ʚ 
ʣʘʙʦʨʘʪʦʨʥʳʭ ʫʩʣʦʚʠʷ. 
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“Transport inshootlari: zamonaviy texnologiyalar, seysmik barqarorlik” 

Vibrations of a rigid beam elastically connected to deformable supports under 

seismic loads 
 

B. Mardonov1 a, N.A. Nishonov1 b, M.J. Berdibaev1 c, A.Ch. Khurramov 1 d ,  

R.R. Azamov2 e 

1Institute of Mechanics and Seismic Stability of Structures named after M.T. Urazbaev, Uzbekistan Academy of 

Sciences, Tashkent, Uzbekistan 
2 National Research Institute for Seismic Safety and Resilient Construction under Tashkent University Architecture 

and Civil Engineering, Tashkent, Uzbekistan 
 

Abstract: In practice, there are problems related to the calculation of groups of piles buried in the ground 
environment with different depths of immersion. At the same time, the main attention is paid to assessing 

the influence of the external ground environment on the magnitude of pile movement and the 
development of contact forces at the points of connection of piles with load-bearing beams is evaluated. 
As the results of monitoring the condition of bridge structures under the action of external forces, 
especially seismic ones, show, the greatest structural damage occurs at the junction of piles with beams. 
The oscillatory process of a rigid beam in contact with two piles through elastic elements is studied. The 
influence of stiffness coefficients on the frequency response of beam vibrations is estimated. 

Keywords: bridge, beam, support, vibration, displacement, ground, seismic load 

 

Колебания жесткой балки, упруго соединенной с деформируемыми 

опорами, при сейсмических нагрузках 
 

Б. Мардонов1 a, Н.А. Нишонов1 b, М.Ж. Бердибаев1 c, А.Ч. Хуррамов1 d,  

Р.Р. Аъзамов2 e 

1ʀʥʩʪʠʪʫʪ ʤʝʭʘʥʠʢʠ ʠ ʩʝʡʩʤʦʩʪʦʡʢʦʩʪʠ ʩʦʦʨʫʞʝʥʠʡ ʠʤʝʥʠ ʄ.ʊ. ʋʨʘʟʙʘʝʚʘ ɸʢʘʜʝʤʠʠ ʥʘʫʢ ʈʝʩʧʫʙʣʠʢʠ 

ʋʟʙʝʢʠʩʪʘʥ, ʊʘʰʢʝʥʪ, ʋʟʙʝʢʠʩʪʘʥ 
2ʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʠʥʩʪʠʪʫʪ ʩʝʡʩʤʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʫʩʪʦʡʯʠʚʦʛʦ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʧʨʠ 

ʊʘʰʢʝʥʪʩʢʦʤ ʘʨʭʠʪʝʢʪʫʨʥʦ-ʩʪʨʦʠʪʝʣʴʥʦʤ ʫʥʠʚʝʨʩʠʪʝʪʝ, ʊʘʰʢʝʥʪ, ʋʟʙʝʢʠʩʪʘʥ 

 
ɸʥʥʦʪʘʮʠʷ: ʅʘ ʧʨʘʢʪʠʢʝ ʚʩʪʨʝʯʘʶʪʩʷ ʟʘʜʘʯʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʨʘʩʯʝʪʘʤʠ ʛʨʫʧʧʳ ʩʚʘʡ, ʟʘʛʣʫʙʣʝʥʥʳʭ ʚ ʛʨʫʥʪʦʚʫʶ 

ʩʨʝʜʫ ʥʘ ʨʘʟʣʠʯʥʫ  ʁʛʣʫʙʠʥʫ ʧʦʛʨʫʞʝʥʠʷ. ʇʨʠ ʵʪʦʤ ʦʩʥʦʚʥʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʦʮʝʥʢʝ ʚʣʠʷʥʠʷ 
ʚʥʝʰʥʝʡ ʛʨʫʥʪʦʚʦʡ ʩʨʝʜʳ ʥʘ ʚʝʣʠʯʠʥʫ ʧʝʨʝʤʝʱʝʥʠʷ ʩʚʘʡ ʠ ʨʘʟʚʠʪʠ ̫ʢʦʥʪʘʢʪʥʳʭ ʫʩʠʣʠʡ ʚ ʤʝʩʪʘʭ 

ʩʚʷʟʠ ʩʚʘʡ ʩ ʥʝʩʫʱʠʤʠ ʙʘʣʢʘʤʠ. ʂʘʢ ʧʦʢʘʟʳʚʘʶʪ ʨʝʟʫʣʴʪʘʪʳ ʥʘʙʣʶʜʝʥʠʷ ʩʦʩʪʦʷʥʠʷ ʤʦʩʪʦʚʳʭ 
ʩʦʦʨʫʞʝʥʠʡ ʧʨʠ ʜʝʡʩʪʚʠʠ ʚʥʝʰʥʠʭ ʩʠʣ, ʦʩʦʙʝʥʥʦ ʩʝʡʩʤʠʯʝʩʢʠʭ, ʥʘʠʙʦʣʴʰʠʝ ʧʦʚʨʝʞʜʝʥʠʷ 
ʢʦʥʩʪʨʫʢʮʠʠ ʧʨʦʠʩʭʦʜʪ̫ ʚ ʤʝʩʪʘʭ ʩʪʳʢʘ ʩʚʘʡ ʩ ʙʘʣʢʘʤʠ. ɺ ʨʘʙʦʪʝ ʠʟʫʯʝʥ ʢʦʣʝʙʘʪʝʣʴʥʳʡ ʧʨʦʮʝʩʩ 
ʞʝʩʪʢʦʡ ʙʘʣʢʠ, ʢʦʥʪʘʢʪʠʨʫʶʱʝʡ ʩ ʜʚʫʤʷ ʩʚʘʷʤʠ ʯʝʨʝʟ ʫʧʨʫʛʠʝ ʵʣʝʤʝʥʪʳ. ɼʘʥʘ ʦʮʝʥʢʘ ʚʣʠʷʥʠʷ 
ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʞʝʩʪʢʦʩʪʝʡ ʥʘ ɸʏʍ ʢʦʣʝʙʘʥʠʷ ʙʘʣʢʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʦʩʪ, ʙʘʣʢʘ, ʦʧʦʨʘ, ʢʦʣʝʙʘʥʠʷ, ʧʝʨʝʤʝʱʝʥʠʝ, ʛʨʫʥʪ, ʩʝʡʩʤʠʯʝʩʢʘʷ ʥʘʛʨʫʟʢʘ 

1. Введение 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʩʚʷʟʠ ʩ ʨʦʩʪʦʤ ʥʘʩʝʣʝʥʠʷ ʠ 
ʨʘʟʚʠʪʠʝʤ ʛʦʨʦʜʦʚ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʘʚʪʦʤʦʙʠʣʴʥʳʭ ʜʦʨʦʛ 
ʚ ʛʦʨʦʜʘʭ ʟʥʘʯʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠʣʦʩʴ. ʄʦʩʪʳ ʷʚʣʷʶʪʩʷ 
ʚʘʞʥʦʡ ʯʘʩʪʴʶ ʜʦʨʦʞʥʳʭ ʩʝʪʝʡ ʠ ʠʛʨʘʶʪ ʚʘʞʥʫʶ ʨʦʣʴ 
ʚ ʩʥʠʞʝʥʠʠ ʪʨʘʥʩʧʦʨʪʥʦʡ ʥʘʛʨʫʟʢʠ, ʧʦʜʜʝʨʞʘʥʠʠ 
ʨʘʙʦʪʳ ʘʚʪʦʤʦʙʠʣʴʥʳʭ ʤʦʩʪʦʚ ʚ ʩʣʫʯʘʝ ʙʝʜʩʪʚʠʷ, ʪʘʢʦʛʦ 

ʢʘʢ ʟʝʤʣʝʪʨʷʩʝʥʠʝ. ʄʦʩʪʳ ʠ ʜʨʫʛʠʝ ʢʦʥʩʪʨʫʢʮʠʠ ʚ 
ʩʝʡʩʤʠʯʝʩʢʠʭ ʨʝʛʠʦʥʘʭ ʜʦʣʞʥʳ ʦʙʣʘʜʘʪʴ ʩʧʦʩʦʙʥʦʩʪʴʶ 
ʧʨʦʪʠʚʦʩʪʦʷʪʴ ʟʝʤʣʝʪʨʷʩʝʥʠʷʤ [1-3]. 
ʇʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʩʚʘʡʥʳʭ ʬʫʥʜʘʤʝʥʪʦʚ ʩʣʝʜʫʝʪ 

ʫʯʠʪʳʚʘʪʴ ʩʣʝʜʫʶʱʠʝ ʬʘʢʪʦʨʳ: ʛʨʫʥʪʦʚʳʝ ʫʩʣʦʚʠʷ 

                                                             
a  https://orcid.org/0000-0002-5192-2107 
b  https://orcid.org/0000-0003-3281-8053 

c  https://orcid.org/0000-0002-4858-8232 

ʧʣʦʱʘʜʢʠ ʩʪʨʦʠʪʝʣʴʩʪʚʘ; ʛʠʜʨʦʛʝʦʣʦʛʠʯʝʩʢʠʡ ʨʝʞʠʤ; 
ʦʩʦʙʝʥʥʦʩʪʠ ʫʩʪʨʦʡʩʪʚʘ ʩʚʘʡ; ʥʘʣʠʯʠʝ ʰʣʘʤʘ ʧʦʜ 
ʥʠʞʥʠʤ ʢʦʥʮʦʤ ʩʚʘʡ. ʀʟ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ ʦ ʨʘʟʨʫʰʝʥʠʷʭ 
ʤʦʩʪʦʚ [3, 4] ʦʪʤʝʯʘʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʤʝʩʪʥʳʭ 
ʫʩʣʦʚʠʡ ʥʘ ʩʠʣʴʥʦʝ ʜʚʠʞʝʥʠʝ ʛʨʫʥʪʘ ʠ ʧʦʩʣʝʜʫʶʱʝʝ 
ʧʦʚʳʰʝʥʠʝ ʫʷʟʚʠʤʦʩʪʠ ʤʦʩʪʦʚ ʥʘ ʫʯʘʩʪʢʘʭ ʩ ʤʷʛʢʠʤ 

ʛʨʫʥʪʦʤ. ʄʥʦʛʠʝ ʤʦʩʪʳ ʠ ʚʦʟʚʳʰʝʥʥʳʝ ʜʦʨʦʞʥʳʝ ʧʫʪʠ 
ʧʝʨʝʩʝʢʘʶʪ ʚʦʜʥʳʝ ʦʙʲʝʢʪʳ, ʛʜʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ 
ʦʪʣʦʞʝʥʠʷ ʤʷʛʢʦʛʦ ʛʨʫʥʪʘ. ɺʦ ʚʨʝʤʷ ʟʝʤʣʝʪʨʷʩʝʥʠʷ 
ʍʸʛʦ-ʂʝʥ ʅʘʥʙʫ (ʂʦʙʝ, 1995) ʧʨʦʠʟʦʰʝʣ ʟʥʘʯʠʪʝʣʴʥʳʡ 
ʫʱʝʨʙ ʠ ʦʙʨʫʰʝʥʠʝ ʤʦʩʪʦʚ, ʧʦʩʪʨʦʝʥʥʳʭ ʨʷʜʦʤ ʠʣʠ ʚ 
ʧʨʝʜʝʣʘʭ ʟʘʣʠʚʘ ʆʩʘʢʘ [5, 6].  

d  https://orcid.org/0000-0003-3591-6468 

e  https://orcid.org/0009-0008-8506-9715 
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ʂʨʦʤʝ ʪʦʛʦ, ʤʥʦʛʠʝ ʫʯʘʩʪʢʠ ʧʦʜʚʝʨʛʣʠʩʴ 
ʨʘʟʞʠʞʝʥʠʶ, ʯʪʦ ʧʨʠʚʝʣʦ ʢ ʧʦʩʪʦʷʥʥʳʤ ʜʝʬʦʨʤʘʮʠʷʤ 
ʧʦʜʩʪʨʫʢʪʫʨʳ ʠ ʧʦʪʝʨʝ ʫʩʪʦʡʯʠʚʦʩʪʠ ʦʧʦʨʳ ʤʦʩʪʦʚ 
(ʨʠʩ.1). 

 

Рис.1. Обрушение пролетного строения моста 

Нишиномия-ко при землетрясении Хёго-Кен-Нанбу 

в 1995 году 

ʋʯʘʩʪʢʠ ʛʨʫʥʪʘ, ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ 
ʥʘʜ ʨʘʟʣʦʤʦʤ, ʧʨʠʚʭʦʜʷʪ ʚ ʜʚʠʞʝʥʠʝ ʩʦ ʟʥʘʯʠʪʝʣʴʥʳʤʠ 
ʛʦʨʠʟʦʥʪʘʣʴʥʳʤʠ ʠ ʚʝʨʪʠʢʘʣʴʥʳʤʠ ʫʩʢʦʨʝʥʠʷʤʠ 
ʛʨʫʥʪʘ, ʘ ʪʘʢʞʝ ʙʦʣʴʰʠʤʠ ʠʤʧʫʣʴʩʘʤʠ ʩʢʦʨʦʩʪʠ. 
ɼʚʠʞʝʥʠʷ ʛʨʫʥʪʘ ʚʙʣʠʟʠ ʨʘʟʣʦʤʘ ʤʦʛʫʪ ʧʨʝʜʲʷʚʣʷʪʴ 
ʙʦʣʴʰʠʝ ʜʝʬʦʨʤʘʮʠʦʥʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʧʦʜʘʪʣʠʚʳʤ 

ʢʦʥʩʪʨʫʢʮʠʷʤ. ʕʪʦ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ ʪʨʝʙʫʝʪ, ʯʪʦ ʚʩʝ 
ʨʘʩʯʝʪʳ ʩʚʘʡ, ʩʚʘʡʥʳʭ ʬʫʥʜʘʤʝʥʪʦʚ ʠ ʠʭ ʦʩʥʦʚʘʥʠʡ 
ʩʣʝʜʫʝʪ ʚʳʧʦʣʥʷʪʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʩʯʝʪʥʳʭ 
ʟʥʘʯʝʥʠʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʘʪʝʨʠʘʣʦʚ ʠ ʛʨʫʥʪʦʚ. 
ʇʨʠ ʟʝʤʣʝʪʨʷʩʝʥʠʷʭ ʦʧʦʨʳ ʠ ʧʨʦʣʝʪʥʳʝ ʩʪʨʦʝʥʠʷ 

ʤʦʩʪʦʚ ʜʠʥʘʤʠʯʝʩʢʠ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʜʨʫʛ ʩ ʜʨʫʛʦʤ ʠ 
ʠʭ ʩʦʚʦʢʫʧʥʦʩʪʴ ʨʝʘʛʠʨʫʝʪ ʥʘ ʜʚʠʞʝʥʠʷ ʦʩʥʦʚʘʥʠʷ ʢʘʢ 
ʝʜʠʥʘʷ ʢʦʣʝʙʘʪʝʣʴʥʘʷ ʩʠʩʪʝʤʘ. ʇʦʵʪʦʤʫ ʦʩʥʦʚʥʦʡ 

ʟʘʜʘʯʝʡ ʪʝʦʨʠʠ ʩʝʡʩʤʦʩʪʦʡʢʦʩʪʠ ʤʦʩʪʦʚʳʭ ʩʦʦʨʫʞʝʥʠʡ 
ʷʚʣʷʝʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʦʚʤʝʩʪʥʳʭ ʢʦʣʝʙʘʥʠʡ 
ʧʨʦʣʝʪʥʳʭ ʩʪʨʦʝʥʠʡ ʠ ʦʧʦʨ, ʚʳʟʚʘʥʥʳʭ ʢʦʣʝʙʘʥʠʷʤʠ 
ʦʩʥʦʚʘʥʠʷ [7-12]. 
ʆʩʥʦʚʥʦʡ ʤʝʪʦʜ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʦʩʪʦʠʪ ʚ ʢʨʘʪʢʦʤ 

ʦʧʠʩʘʥʠʠ ʧʦʜʩʠʩʪʝʤ ʤʦʥʠʪʦʨʠʥʛʘ ʩ ʨʝʘʣʴʥʳʤʠ 
ʧʨʠʤʝʨʘʤʠ ʠ ʠʣʣʶʩʪʨʘʮʠʝʡ ʦʩʥʦʚʥʳʭ ʧʨʠʥʮʠʧʦʚ 
ʨʘʙʦʪʳ ʠ ʘʥʘʣʠʟʘ. 

2. Методология 

ʇʨʠ ʟʝʤʣʝʪʨʷʩʝʥʠʷʭ ʦʧʦʨʳ ʠ ʧʨʦʣʝʪʥʳʝ ʩʪʨʦʝʥʠʷ 
ʤʦʩʪʦʚ ʜʠʥʘʤʠʯʝʩʢʠ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʜʨʫʛ ʩ ʜʨʫʛʦʤ ʠ 
ʠʭ ʩʦʚʦʢʫʧʥʦʩʪʴ ʨʝʘʛʠʨʫʝʪ ʥʘ ʜʚʠʞʝʥʠʷ ʦʩʥʦʚʘʥʠʷ ʢʘʢ 

ʝʜʠʥʘʷ ʢʦʣʝʙʘʪʝʣʴʥʘʷ ʩʠʩʪʝʤʘ. ʇʦʵʪʦʤʫ ʦʩʥʦʚʥʦʡ 
ʟʘʜʘʯʝʡ ʪʝʦʨʠʠ ʩʝʡʩʤʦʩʪʦʡʢʦʩʪʠ ʤʦʩʪʦʚʳʭ ʩʦʦʨʫʞʝʥʠʡ 
ʷʚʣʷʝʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʦʚʤʝʩʪʥʳʭ ʢʦʣʝʙʘʥʠʡ 
ʧʨʦʣʝʪʥʳʭ ʩʪʨʦʝʥʠʡ ʠ ʦʧʦʨ, ʚʳʟʚʘʥʥʳʭ ʢʦʣʝʙʘʥʠʷʤʠ 
ʦʩʥʦʚʘʥʠʷ [7-12]. 

 
Рис.2. Схема однопролетного балочного моста 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʦʪʨʝʥ ʦʜʥʦʧʨʦʣʝʪʥʳʡ 
ʞʝʣʝʟʦʙʝʪʦʥʥʳʡ ʤʦʩʪ (ʨʠʩ.2), ʢʦʪʦʨʳʡ ʧʨʝʜʩʪʘʚʣʝʥ ʚ 
ʚʠʜʝʥ ʜʚʫʭ ʦʜʠʥʘʢʦʚʳʭ ʩʚʘʡ ʨʘʚʥʦʡ ʜʣʠʥʳ, 

ʢʦʥʪʘʢʪʠʨʫʶʱʠʭ ʩ ʧʨʦʣʝʪʥʳʤ ʩʪʨʦʝʥʠʝʤ. ɺ ʜʘʥʥʦʡ 
ʨʘʙʦʪʝ ʠʟʫʯʝʥʳ ʢʦʣʝʙʘʥʠʷ ʜʚʫʭ ʩʚʘʡ ʚ ʚʠʜʝ ʙʘʣʦʢ 
ʢʚʘʜʨʘʪʥʦʛʦ ʩʝʯʝʥʠʷ ʩ ʨʘʚʥʳʤʠ ʜʣʠʥʘʤʠ L, ʯʘʩʪʠʯʥʦ 
ʟʘʣʦʞʝʥʥʳʭ ʚ ʛʨʫʥʪʦʚʫʶ ʩʨʝʜʫ, ʠ ʩʦʚʤʝʩʪʥʦ ʥʝʩʫʱʠʭ 
ʞʝʩʪʢʫʶ ʙʘʣʢʫ ʤʘʩʩʦʡ M, ʧʨʠʯʝʤ ʢʘʞʜʘʷ ʩʚʘʷ 
ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ ʛʨʫʥʪʦʚʦʡ ʩʨʝʜʦʡ ʧʦ ʟʘʢʦʥʫ 
ɺʠʥʢʣʝʨʘ (ʨʠʩ. 2 ʠ 3). ʆʩʥʦʚʘʥʠʝ ʩʦʚʝʨʰʘʝʪ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦʝ ʜʚʠʞʝʥʠʝ ʧʦ ʟʘʢʦʥʫ w=W0sinwt. 

 
Рис.3. Схема колебаний двух свай, несущих жескую 

балку с упругими элементами 

ʋʩʪʘʥʦʚʠʤ ʥʘʯʘʣʦ ʢʦʦʨʜʠʥʘʪ ʚ ʥʠʞʥʝʤ ʩʝʯʝʥʠʠ 1-

ʩʚʘʠ ʠ ʥʘʧʨʘʚʠʤ ʦʩʴ ʆʍ ʚʝʨʪʠʢʘʣʴʥʦ ʚʚʝʨʭ. ʆʙʦʟʥʘʯʠʤ 
ʯʝʨʝʟ w11(x,t) ʠ w12(x,t) ʧʨʦʛʠʙʳ 1-ʦʡ ʙʘʣʢʠ 
ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʥʘ ʫʯʘʩʪʢʘʭ 0<x<h1, h1<x<H. ɸʥʘʣʦʛʠʯʥʦ 
ʦʙʦʟʥʘʯʠʤ ʯʝʨʝʟ w21(x,t) ʠ w22(x,t) ʧʨʦʛʠʙʳ ʚʪʦʨʦʡ ʙʘʣʢʠ 
ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʥʘ ʫʯʘʩʪʢʘʭ 0<x<h2, h2<x<H (H - ʦʙʱʘʷ 
ʚʳʩʦʪʘ ʩʚʘʡ). 
ɺ ʢʘʞʜʦʡ ʟʦʥʝ ʧʨʦʛʠʙʳ ʩʚʘʡ wij(x,t) ʠ ʧʝʨʤʝʱʝʥʠʝ 

ʙʘʣʢʠ w(t) ʫʜʦʚʣʝʪʚʦʨʷʶʪ ʫʨʘʚʥʝʥʠʷʤ 
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ʈʘʩʩʤʦʪʨʠʤ ʩʣʫʯʘʡ ʞʝʩʪʢʦʛʦ ʢʦʥʪʘʢʪʘ ʩʚʘʠ ʩ 
ʦʩʥʦʚʘʥʠʝʤ, ʛʜʝ ʧʦʣʘʛʘʝʤ k01ŸÐ ʠ k02ŸÐ. ʇʦʩʪʦʷʥʥʳʝ 
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Ci, Bi (i=1,2,3,4) ʦʧʨʝʜʝʣʷʶʪʩʷ ʠʟ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ 
(13), (15), (17)-(18), ʢʦʪʦʨʳʝ ʟʘʧʠʩʳʚʘʝʤ ʚ ʚʠʜʝ 

0414313212111 Wʉʩʉʩʉʩʉʩ =+++ , (19) 

0424323222112 =+++ ʉʩʉʩʉʩʉʩ , (20) 

0414313212111 WBbBbBbBb =+++ , (21) 

0424323222121 =+++ BbBbBbBb , (22) 

1414313212111 Wʉaʉaʉaʉa =+++ , (23) 

0424323222121 =+++ ʉaʉaʉaʉa , (24) 

1414313212111 WBdBdBdBd =+++ , (25) 

0424323222121 =+++ BdBdBdBd , (26) 
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ʀʟ ʫʩʣʦʚʠʡ ʫʧʨʫʛʦʛʦ ʢʦʥʪʘʢʪʘ ʩʚʘʠ ʩ ʙʘʣʢʦʡ ʩʣʝʜʫʝʪ  
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 (30) 

ʛʜʝ Wb ï ʧʝʨʝʤʝʱʝʥʠʝ ʙʘʣʢʠ, k1 ʠ k2 - ʢʦʵʬʬʠʮʠʝʥʪʳ 
ʞʝʩʪʢʦʩʪʠ ʩʚʷʟʠ ʙʘʣʢʠ ʩʦ ʩʚʘʷʤʠ. ʉʨʘʚʥʠʚʘʷ ʬʦʨʤʫʣ r
(29) ʠ (30), ʫʩʪʘʥʦʚʠʤ ʩʚʷʟʠ ʤʝʞʜʫ ʧʝʨʝʤʝʱʝʥʠʷʤʠ 
ʩʝʯʝʥʠʡ ʩʚʘʡ W1, W2 ʠ ʙʘʣʢʦʡ Wb ʦʩʥʦʚʘʥʠʷ W0 ʠʟ 
ʢʦʪʦʨʳʭ ʦʧʨʝʜʝʣʷʝʤ 
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ʀʟ ʫʨʘʚʥʝʥʠʷ ʜʚʠʞʝʥʠʷ ʙʘʣʢʠ ʧʦʜ ʜʝʡʩʪʚʠʝʤ 
ʫʧʨʫʛʠʭ ʩʠʣ ʩʣʝʜʫʝʪ 

ά‫ὡ Ὧ ὡ ὡ Ὧ ὡ ὡ Ȣ (31) 

ɿʜʝʩʴ m ï ʤʘʩʩʘ ʙʘʣʢʠ.  
ʇʦʩʪʘʚʣʷʷ ʠʟ (31) ʚʳʨʘʞʝʥʠʷ W1 ʠ W2, ʧʦʣʫʯʘʝʤ 
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3. Результаты исследования 

ʅʘ ʨʠʩ. 4 ʧʨʝʜʩʪʘʚʣʝʥʳ ʢʨʠʚʳʝ ʟʘʚʠʩʠʤʦʩʪʠ 
ʧʝʨʝʤʝʱʝʥʠʷ ʙʘʣʢʠ ʦʪ ʙʝʟʨʘʟʤʝʨʥʦʡ ʯʘʩʪʦʪʳ ʜʣʷ 

ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝʥʠʡ ʢʦʵʬʬʠʮʝʥʪʦʚ ʞʝʩʪʢʦʩʪʠ k1 ʠ k2 
ʩʚʷʟʠ ʩʚʘʡ ʩ ʙʘʣʢʦʡ. ɺ ʨʘʩʯʝʪʘʭ ʧʨʠʥʷʪʦ: 

E=2Ț1010 ʇʘ, H=8 ʤ, h1=0.6ȚH, h2=0.4ȚH, m=3000 ʢʛ, 
ɟ=6000 ʢʛ/ʤ3, W0=5 ʤʤ ʧʣʦʱʘʜʴ ʧʦʧʝʨʝʯʥʦʛʦ 
ʢʚʘʜʨʘʪʥʦʛʦ ʩʝʯʝʥʠʷ ʩʚʘʡ ʩʦ ʩʪʦʨʦʥʘʤʠ ʨʘʚʥʳʤʠ 0.3 ʤ. 

k2=4Ț105 (ʅ/ʤ) k2=6Ț105 (ʅ/ʤ) 

 

 

k2=106 (ʅ/ʤ) k2=1,5Ț106 (ʅ/ʤ) 

 
 

k2=2Ț106 (ʅ/ʤ) k2=3Ț106 (ʅ/ʤ) 

  

Рис.4. Кривые изменения амплитуды колебаний балки Wb (мм) от безразмерной частоты ɤ при различных 

значениях коэффициентов жесткости k1 и k2 (Н/м):  

1‒k1=106, 2‒k1=6·106, 3‒k1=106, 4‒k1=107 

ʀʟ ʘʥʘʣʠʟʘ ʢʨʠʚʳʭ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʥʘ ʨʠʩ.4 ʩʣʝʜʫʝʪ, ʯʪʦ ʧʝʨʝʤʝʱʝʥʠʝ ʙʘʣʢʠ ʚ ʧʨʠʥʷʪʳʭ ʠʥʪʝʨʚʘʣʘʭ 
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ʠʟʤʝʥʝʥʠʷ ʯʘʩʪʦʪʳ ʩ ʨʦʩʪʦʤ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʞʝʩʪʢʦʩʪʠ 
ʫʧʨʫʛʠʭ ʵʣʝʤʝʥʪʦʚ ʪʘʢʞʝ ʫʚʝʣʠʯʠʚʘʝʪʩʷ. ʇʨʠ ʯʘʩʪʦʪʘʭ 
ʙʣʠʟʢʠʭ ʢ ʝʜʠʥʠʮʝ ʘʤʧʣʠʪʫʜʘ ʢʦʣʝʙʘʥʠʡ ʙʘʣʢʠ 
ʧʨʠʥʠʤʘʝʪ ʤʠʥʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ. ʈʝʟʦʥʘʥʩʥʳʝ 
ʷʚʣʝʥʠʷ ʜʣʷ ʚʳʙʨʘʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʠ ʠʥʪʝʨʚʘʣʘ 
ʠʟʤʝʥʝʥʠʷ ʯʘʩʪʦʪʳ ʦʪʩʫʪʩʪʚʫʶʪ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ 
ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʥʘʣʠʯʠʝ ʛʨʫʥʪʦʚ ʩ ʚʳʩʦʢʠʤʠ 

ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ ʧʦʩʪʝʣʠ ʤʦʛʫʪ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ 
ʚʣʠʷʪʴ ʥʘ ʘʤʧʣʠʪʫʜʥʳʝ ʯʘʩʪʦʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 
ʢʦʣʝʙʘʥʠʡ ʙʘʣʢʠ. 

4. Заключение 

ʍʘʨʘʢʪʝʨ ʢʦʣʝʙʘʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ ʜʚʫʭ ʞʸʩʪʢʦ 

ʩʚʷʟʘʥʥʳʭ ʤʝʞʜʫ ʩʦʙʦʡ ʩʚʘʡ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ 
ʦʧʨʝʜʝʣʷʝʪʩʷ ʨʘʟʥʦʩʪʴʶ ʛʣʫʙʠʥ ʟʘʣʦʞʝʥʠʷ ʩʚʘʡ ʚ 
ʛʨʫʥʪʦʚʫʶ ʩʨʝʜʫ. ʇʨʠ ʩʦʭʨʘʥʝʥʠʠ ʛʣʫʙʠʥʳ ʧʦʛʨʫʞʝʥʠʷ 
ʦʜʥʦʡ ʩʚʘʠ ʠ ʫʤʝʥʴʰʝʥʠʠ ʛʣʫʙʠʥʳ ʜʨʫʛʦʡ ʥʘʙʣʶʜʘʝʪʩʷ 
ʨʦʩʪ ʘʤʧʣʠʪʫʜʳ ʢʦʣʝʙʘʥʠʡ ʞʸʩʪʢʦ ʩʚʷʟʘʥʥʦʡ ʩʦ ʩʚʘʷʤʠ 
ʤʘʩʩʠʚʥʦʡ ʥʝʜʝʬʦʨʤʠʨʫʝʤʦʡ ʙʘʣʢʠ (ʨʠʩ.4). ɸʥʘʣʠʟ 
ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʩʯʸʪʘ ʧʨʦʛʠʙʦʚ ʠ ʥʘʧʨʷʞʝʥʠʡ ʚʳʷʚʠʣ 
ʩʫʱʝʩʪʚʝʥʥʦʝ ʨʘʟʣʠʯʠʝ ʚ ʭʘʨʘʢʪʝʨʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʧʨʦʛʠʙʦʚ ʧʦ ʜʣʠʥʝ ʜʚʫʭ ʩʚʘʡ ʩ ʨʘʟʥʦʡ ʛʣʫʙʠʥʦʡ 
ʟʘʣʦʞʝʥʠʷ. ʇʨʠʯʝʤ, ʜʣʷ ʩʚʘʠ ʩ ʙʦʣʴʰʝʡ ʛʣʫʙʠʥʦʡ 
ʟʘʣʦʞʝʥʠʷ ʝʝ ʤʘʢʩʠʤʘʣʴʥʳʝ ʧʨʦʛʠʙʳ ʜʦʩʪʠʛʘʶʪʩʷ 
ʚʙʣʠʟʠ ʢʦʥʪʘʢʪʘ ʩ ʦʩʥʦʚʘʥʠʝʤ, ʪʦʛʜʘ ʢʘʢ ʫ ʩʚʘʠ ʩ 
ʤʝʥʴʰʝʡ ʛʣʫʙʠʥʦʡ ʟʘʣʦʞʝʥʠʷ ʧʨʦʛʠʙʳ ʥʝʧʨʝʨʳʚʥʦ 
ʫʤʝʥʴʰʘʶʪʩʷ ʧʦ ʜʣʠʥʝ (ʨʠʩ.4). ʀʟ ʘʥʘʣʠʟʘ ʟʘʢʦʥʦʚ 
ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʥʘʧʨʷʞʝʥʠʡ ʧʦ ʜʣʠʥʝ ʩʚʘʡ ʩʣʝʜʫʝʪ 
(ʨʠʩ.4), ʯʪʦ ʤʘʢʩʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʥʘʧʨʷʞʝʥʠʡ 

ʚʦʟʥʠʢʘʶʪ ʚ ʥʠʞʥʠʭ ʩʝʯʝʥʠʷʭ ʩʚʘʡ, ʧʨʠʯʝʤ ʠʭ 
ʥʘʠʙʦʣʴʰʠʝ ʟʥʘʯʝʥʠʷ ʜʦʩʪʠʛʘʶʪʩʷ ʚ ʩʚʘʝ, ʠʤʝʶʱʝʡ 
ʙʦʣʴʰʫʶ ʛʣʫʙʠʥʫ ʟʘʣʦʞʝʥʠʷ ʚ ʛʨʫʥʪʦʚʫʶ ʩʨʝʜʫ. 
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Experience in Implementation and Prospects for the Development of 

Structural Health Monitoring Systems at Transport and Civil Infrastructure 

Facilities 
 

A. Belyi1,2 a, Sh. Kadirova 1 b, Mamadaliev MuhammadYusuf3 c 

1Tashkent University of Architecture and Civil Engineering, Tashkent, Uzbekistan 
2K2 Engineering LLC, Moscow, Russia 
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Abstract: The paper presents a theoretical analysis of the integrated operation of structural health monitoring 

(SHM) subsystems applied to transport and civil infrastructure facilities. Bridge structures are identified 
as the primary field of SHM implementation due to their complex operational conditions. The study 
considers instrumental monitoring (stressïstrain condition, accelerations, inclinations) and geodetic 
monitoring (GNSS-based displacement control). Advantages, limitations, and practical applications of 

each subsystem are discussed. It is demonstrated that the integrated use of monitoring subsystems 
significantly improves measurement accuracy and enhances reliability of structural condition assessment 
and forecasting. 

Keywords: structural health monitoring, bridges, GNSS, stressïstrain condition, accelerations, inclinometers, 
displacement monitoring 

 

Опыт реализации и перспективы развития систем мониторинга 

инженерных конструкций на объектах транспортной и гражданской 

инфраструктуры 
 

Belyi A.A.1,2 a, Kadirova Sh.Sh.1 b, Мамадалиев МухаммадЮсуф3 c 

1ʊʘʰʢʝʥʪʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʨʘʥʩʧʦʨʪʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʊʘʰʢʝʥʪ, ʋʟʙʝʢʠʩʪʘʥ 
2ʆʆʆ ñK2 Engineeringò ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

3çɶʟʡ˄ʣʢ˄ʧʨʠʢ ʢʣʘʩʪʝʨè ɻʦʩ. ʋʯʨʝʞʜʝʥʠʝ, ʊʘʰʢʝʥʪ, ʋʟʙʝʢʠʩʪʘʥ 

 
ɸʥʥʦʪʘʮʠʷ: ɺ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥ ʪʝʦʨʝʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʡ ʨʘʙʦʪʳ ʧʦʜʩʠʩʪʝʤ ʤʦʥʠʪʦʨʠʥʛʘ 

ʩʦʩʪʦʷʥʠʷ ʢʦʥʩʪʨʫʢʮʠʡ (SHM), ʧʨʠʤʝʥʷʝʤʳʭ ʥʘ ʦʙʲʝʢʪʘʭ ʪʨʘʥʩʧʦʨʪʥʦʡ ʠ ʛʨʘʞʜʘʥʩʢʦʡ 
ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ. ɺ ʩʚʷʟʠ ʩʦ ʩʣʦʞʥʳʤʠ ʫʩʣʦʚʠʷʤʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʤʦʩʪʦʚʳʝ ʩʦʦʨʫʞʝʥʠʷ 
ʚʳʜʝʣʷʶʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʚʥʝʜʨʝʥʠʷ SHM. ɺ ʠʩʩʣʝʜʦʚʘʥʠʠ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ 
ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʡ ʤʦʥʠʪʦʨʠʥʛ (ʥʘʧʨʷʞʝʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʝ ʩʦʩʪʦʷʥʠʝ, ʫʩʢʦʨʝʥʠʷ, ʥʘʢʣʦʥʳ) 
ʠ ʛʝʦʜʝʟʠʯʝʩʢʠʡ ʤʦʥʠʪʦʨʠʥʛ (ʢʦʥʪʨʦʣʴ ʧʝʨʝʤʝʱʝʥʠʡ ʥʘ ʦʩʥʦʚʝ ɻʅʉʉ). ʆʙʩʫʞʜʘʶʪʩʷ 
ʧʨʝʠʤʫʱʝʩʪʚʘ, ʦʛʨʘʥʠʯʝʥʠʷ ʠ ʧʨʘʢʪʠʯʝʩʢʠʝ ʧʨʠʤʝʥʝʥʠʷ ʢʘʞʜʦʡ ʧʦʜʩʠʩʪʝʤʳ. ʇʦʢʘʟʘʥʦ, ʯʪʦ 
ʢʦʤʧʣʝʢʩʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʦʜʩʠʩʪʝʤ ʤʦʥʠʪʦʨʠʥʛʘ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʰʘʝʪ ʪʦʯʥʦʩʪʴ ʠʟʤʝʨʝʥʠʡ 
ʠ ʧʦʚʳʰʘʝʪ ʥʘʜʝʞʥʦʩʪʴ ʦʮʝʥʢʠ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʩʦʩʪʦʷʥʠʷ ʢʦʥʩʪʨʫʢʮʠʡ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʦʥʠʪʦʨʠʥʛ ʩʦʩʪʦʷʥʠʷ ʢʦʥʩʪʨʫʢʮʠʡ, ʤʦʩʪʳ, ɻʅʉʉ, ʥʘʧʨʷʞʝʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʝ ʩʦʩʪʦʷʥʠʝ, 
ʫʩʢʦʨʝʥʠʷ, ʠʥʢʣʠʥʦʤʝʪʨʳ, ʤʦʥʠʪʦʨʠʥʛ ʧʝʨʝʤʝʱʝʥʠʡ 

1. Введение 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʠʩʪʝʤʳ ʤʦʥʠʪʦʨʠʥʛʘ ʷʚʣʷʶʪʩʷ 
ʥʘʠʙʦʣʝʝ ʘʜʝʢʚʘʪʥʳʤ ʠ ʪʦʯʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʧʦ 
ʜʠʘʛʥʦʩʪʠʢʝ ʦʙʲʝʢʪʦʚ ʛʨʘʞʜʘʥʩʢʦʛʦ ʠ ʪʨʘʥʩʧʦʨʪʥʦʛʦ 
ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʢʘʢ ʚʦ ʚʨʝʤʷ ʠʭ ʚʦʟʚʝʜʝʥʠʷ, ʪʘʢ ʠ 
ʦʩʦʙʝʥʥʦ ʚ ʧʝʨʠʦʜ ʧʦʩʣʝʜʫʶʱʝʡ ʵʢʩʧʣʫʘʪʘʮʠʠ [[34], 
[36], [37], [39], [42], [43]]. ʕʪʘ ʪʝʥʜʝʥʮʠʷ ʥʘʙʣʶʜʘʝʪʩʷ 
ʧʘʨʘʣʣʝʣʴʥʦ ʩ ʥʦʚʳʤʠ ʩʦʚʨʝʤʝʥʥʳʤʠ ʧʦʜʭʦʜʘʤʠ 
ʛʣʦʙʘʣʴʥʦʛʦ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ 
ʦʙʩʣʝʜʦʚʘʥʠʷ ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʩʦʦʨʫʞʝʥʠʡ [[44]]. 

ʈʘʟʣʠʯʥʳʤʠ ʧʨʠʤʝʨʘʤʠ ʧʨʠʤʝʥʝʥʠʷ ʩʠʩʪʝʤ 

                                                             
a  https://orcid.org/0000-0002-2825-1368 
b  https://orcid.org/0009-0007-6148-9785 
c  https://orcid.org/0009-0007-0059-8072 

ʤʦʥʠʪʦʨʠʥʛʘ ʷʚʣʷʶʪʩʷ ʪʨʘʥʩʧʦʨʪʥʳʝ ʦʙʲʝʢʪʳ: ʤʦʩʪʳ 
[[41], [42], [45], [46], [48]], ʪʦʥʥʝʣʠ [[49], [50]], 
ʥʘʙʝʨʝʞʥʳʝ, ʜʘʤʙʳ [[51]] ʠ ʛʠʜʨʦʪʝʭʥʠʯʝʩʢʠʝ 
ʩʦʦʨʫʞʝʥʠʷ, ʘ ʪʘʢʞʝ ʦʪʜʝʣʴʥʳʝ ʵʣʝʤʝʥʪʳ ʦʙʲʝʢʪʦʚ 
ʪʨʘʥʩʧʦʨʪʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ [[52], [53], [54]], ʥʦ 
ʦʩʥʦʚʥʦʡ ʩʬʝʨʦʡ ʧʨʠʤʝʥʝʥʠʷ ʩʠʩʪʝʤ ʤʦʥʠʪʦʨʠʥʛʘ 

ʷʚʣʷʶʪʩʷ ʤʦʩʪʦʚʳʝ ʢʦʥʩʪʨʫʢʮʠʠ [[38], [41], [42], [45], 
[46], [48], [55], [56]]. ʇʦ ʚʩʝʡ ʚʠʜʠʤʦʩʪʠ ʵʪʦ ʩʚʷʟʘʥʦ ʩʦ 
ʩʣʦʞʥʳʤʠ ʫʩʣʦʚʠʷʤʠ ʠʭ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʯʪʦ, 
ʚʧʦʩʣʝʜʩʪʚʠʠ, ʥʘʧʨʷʤʫʶ ʚʣʠʷʝʪ ʥʘ ʩʪʝʧʝʥʴ ʩʣʦʞʥʦʩʪʠ 

https://orcid.org/0000-0003-1053-4906
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ʨʘʙʦʪ ʧʦ ʠʭ ʨʝʤʦʥʪʫ ʠ ʩʦʜʝʨʞʘʥʠʶ: ʟʘʯʘʩʪʫʶ ʤʦʩʪʦʚʳʝ 
ʩʦʦʨʫʞʝʥʠʷ ʨʘʩʧʦʣʦʞʝʥʳ ʯʝʨʝʟ ʙʦʣʴʰʠʝ ʨʝʢʠ, ʟʘʣʠʚʳ, 
ʠʩʢʫʩʩʪʚʝʥʥʳʝ ʧʨʝʛʨʘʜʳ. 
ʂʨʦʤʝ ʪʦʛʦ, ʜʘʥʥʘʷ ʪʝʤʘ (ʩʠʩʪʝʤʳ ʤʦʥʠʪʦʨʠʥʛʘ ʩ 

ʢʣʘʩʩʠʬʠʢʘʮʠʝʡ ʥʘ ʪʠʧʳ ʠ ʢʦʤʙʠʥʘʮʠʠ) ʜʦ ʩʠʭ ʧʦʨ ʥʝ 
ʠʤʝʝʪ ʚʩʝʩʪʦʨʦʥʥʝʛʦ ʘʥʘʣʠʟʘ ʠ ʨʝʟʫʣʴʪʘʪʦʚ. ʅʝʩʤʦʪʨʷ 
ʥʘ ʨʷʜ ʜʠʩʩʝʨʪʘʮʠʡ ʟʘ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ [[57], [58],  [59], 

[60], [61], [62], [63], [64]], ʚʦʧʨʦʩ ʢʦʦʨʜʠʥʘʮʠʠ ʠ 
ʦʜʥʦʚʨʝʤʝʥʥʦʡ ʨʘʙʦʪʳ ʧʦʜʩʠʩʪʝʤ ʤʦʥʠʪʦʨʠʥʛʘ ʜʦ ʩʠʭ 
ʧʦʨ ʦʪʢʨʳʪ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʪʨʝʙʫʝʪ ʥʝʢʦʪʦʨʦʛʦ 
ʘʥʘʣʠʟʘ. 
ɺ ʵʪʦʡ ʩʚʷʟʠ ʦʩʥʦʚʥʘʷ ʮʝʣʴ ʥʘʩʪʦʷʱʝʡ ʩʪʘʪʴʠ ï 

ʪʝʦʨʝʪʠʯʝʩʢʘʷ ʠʣʣʶʩʪʨʘʮʠʷ ʩʦʚʤʝʩʪʥʦʡ ʨʘʙʦʪʳ 
ʨʘʟʣʠʯʥʳʭ ʧʦʜʩʠʩʪʝʤ ʤʦʥʠʪʦʨʠʥʛʘ ʢʦʥʩʪʨʫʢʮʠʡ, 
ʜʝʣʘʶʱʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʦʙʣʘʩʪʠ ʫʧʨʘʚʣʝʥʠʷ 

ʪʝʭʥʠʯʝʩʢʠʤ ʩʦʩʪʦʷʥʠʝʤ ʢʦʥʩʪʨʫʢʮʠʡ ʛʦʨʘʟʜʦ 
ʧʨʦʩʪʳʤʠ ʠ, ʯʪʦ ʙʦʣʝʝ ʚʘʞʥʦ, ʪʦʯʥʳʤʠ. ʉ ʵʪʦʡ ʮʝʣʴʶ 
ʜʘʥʳ ʦʧʠʩʘʥʠʷ ʥʝʢʦʪʦʨʳʭ ʧʦʜʩʠʩʪʝʤ, ʩ ʠʭ 
ʚʦʟʤʦʞʥʦʩʪʷʤʠ, ʧʨʝʠʤʫʱʝʩʪʚʘʤʠ ʠ ʥʝʜʦʩʪʘʪʢʘʤʠ 

2. Методология 

ʄʦʥʠʪʦʨʠʥʛ [2, 7, 16] ï ʵʪʦ ʧʨʦʮʝʩʩ ʧʦʩʪʦʷʥʥʦʛʦ 
ʢʦʥʪʨʦʣʷ ʟʘ ʪʝʢʫʱʝʤ ʩʦʩʪʦʷʥʠʝʤ ʣʶʙʦʛʦ ʦʙʲʝʢʪʘ ʩ 
ʥʘʢʦʧʣʝʥʠʝʤ ʠ ʦʮʝʥʢʦʡ ʩʦʙʠʨʘʝʤʦʡ ʠʥʬʦʨʤʘʮʠʠ, 
ʢʦʥʪʨʦʣʷ ʠʟʤʝʥʝʥʠʷ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚʦ ʚʨʝʤʝʥʠ 
ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʦʙʲʝʢʪʘ ʢʦʥʪʨʦʣʷ ʩ ʧʨʠʨʦʜʥʳʤʠ ʠ 
ʪʝʭʥʦʛʝʥʥʳʤʠ ʬʘʢʪʦʨʘʤʠ. 
ʂʘʢ ʫʢʘʟʘʥʦ ʚ ʨʘʙʦʪʝ [9], ʩʪʨʝʤʠʪʝʣʴʥʳʡ ʨʦʩʪ ʯʠʩʣʘ 

ʙʦʣʴʰʝʧʨʦʣʝʪʥʳʭ ʠ ʚʳʩʦʪʥʳʭ ʠʩʢʫʩʩʪʚʝʥʥʳʭ 
ʩʦʦʨʫʞʝʥʠʡ ʧʦ ʚʩʝʤʫ ʤʠʨʫ ʦʯʝʚʠʜʥʦ ʧʨʠʚʝʣ ʢ 
ʫʩʢʦʨʝʥʠʶ ʨʘʟʚʠʪʠʷ ʠ ʚʥʝʜʨʝʥʠʷ ʩʠʩʪʝʤ 
ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ. 
ʆʩʥʦʚʥʦʡ ʤʝʪʦʜ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʦʩʪʦʠʪ ʚ ʢʨʘʪʢʦʤ 

ʦʧʠʩʘʥʠʠ ʧʦʜʩʠʩʪʝʤ ʤʦʥʠʪʦʨʠʥʛʘ ʩ ʨʝʘʣʴʥʳʤʠ 
ʧʨʠʤʝʨʘʤʠ ʠ ʠʣʣʶʩʪʨʘʮʠʝʡ ʦʩʥʦʚʥʳʭ ʧʨʠʥʮʠʧʦʚ 
ʨʘʙʦʪʳ ʠ ʘʥʘʣʠʟʘ. 

ɺʢʨʘʪʮʝ, ʜʘʥʥʳʝ (ʘʥʛʣ. data, D), ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ 
ʟʘʢʘʟʯʠʢʘ, ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʫʯʝʥʳ ʦʪ ʧʦʜʩʠʩʪʝʤ 
ʤʦʥʠʪʦʨʠʥʛʘ, ʯʪʦ ʤʦʞʝʪ ʦʧʠʩʘʥʦ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

D={ƴ(SDC&INCL@ACC&DISP)}  (1), 
ʛʜʝ  

SDC ï ʅʘʧʨʷʞʝʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʝ ʩʦʩʪʦʷʥʠʝ 
(ʘʥʛʣ. Stressed-Deformed Condition) (ʥʘʧʨʷʞʝʥʠʷ ʠ 
ʜʝʬʦʨʤʘʮʠʠ); 

INCL ï ʅʘʢʣʦʥʳ (ʘʥʛʣ. Inclines) (ʫʛʣʳ ʧʦʚʦʨʦʪʘ); 
ACC ï ʋʩʢʦʨʝʥʠʷ (ʘʥʛʣ. Acceleration) (ʫʩʢʦʨʝʥʠʷ 

ʩʘʤʠ ʧʦ ʩʝʙʝ ʠ ʠʭ ʧʨʦʠʟʚʦʜʥʳʝ, ʪʘʢʠʝ ʢʘʢ ʚʠʙʨʘʮʠʠ ʠ 
ʯʘʩʪʦʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ); 

DISP ï ʇʝʨʝʤʝʱʝʥʠʷ (ʘʥʛʣ. Displacement) 
(ʘʙʩʦʣʶʪʥʳʝ ʠ ʦʪʥʦʩʠʪʝʣʴʥʳʝ). 

ʅʘʧʨʷʞʝʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʝ ʩʦʩʪʦʷʥʠʝ (SDC) 
ʦʙʳʯʥʦ ʢʦʥʪʨʦʣʠʨʫʝʪʩʷ ʪʝʥʟʦʤʝʪʨʠʯʝʩʢʠʤ ʩʧʦʩʦʙʦʤ. 
ɼʣʷ ʝʛʦ ʨʝʘʣʠʟʘʮʠʠ ʨʘʟʨʘʙʦʪʘʥʳ ʩʧʝʮʠʘʣʴʥʳʝ ʧʨʠʙʦʨʳ 
ï ʪʝʥʟʦʤʝʪʨʳ. ʆʥʠ ʠʟʤʝʨʷʶʪ ʜʝʬʦʨʤʘʮʠʶ ʚ 
ʦʧʨʝʜʝʣʝʥʥʦʡ ʪʦʯʢʝ (ʟʦʥʝ) ʵʣʝʤʝʥʪʘ ʢʦʥʩʪʨʫʢʮʠʠ, ʠ 
ʟʘʪʝʤ, ʠʩʧʦʣʴʟʫʷ ʟʘʢʦʥ ɻʫʢʘ, ʦʧʨʝʜʝʣʷʶʪʩʷ ʥʘʧʨʷʞʝʥʠʷ. 
ɼʝʬʦʨʤʘʮʠʠ, ʠʟʤʝʨʷʝʤʳʝ ʥʘ ʦʪʨʝʟʢʝ, ʥʘʟʳʚʘʝʤʦʤ ʙʘʟʦʡ 
S, ʧʨʠ ʨʘʙʦʪʝ ʚ ʫʧʨʫʛʦʡ ʩʪʘʜʠʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ 

ʤʘʣʳʤʠ ʟʥʘʯʝʥʠʷʤʠ. ʊʝʥʟʦʤʝʪʨʘʤʠ ʠʟʤʝʨʷʶʪ 
ʘʙʩʦʣʶʪʥʦʝ ʫʜʣʠʥʝʥʠʝ (ʫʢʦʨʦʯʝʥʠʝ) æS ʠ ʧʦ ʥʠʤ 
ʦʧʨʝʜʝʣʷʶʪ ʩʨʝʜʥʶʶ ʦʪʥʦʩʠʪʝʣʴʥʫʶ ʜʝʬʦʨʤʘʮʠʶ: 

Ů=æS/S    (2). 

ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʩʨʝʜʥʷʷ ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʜʝʬʦʨʤʘʮʠʷ 
ʪʦʯʥʝʝ ʦʪʨʘʞʘʣʘ ʠʩʪʠʥʥʫʶ, ʙʘʟʘ S ʜʦʣʞʥʘ ʙʳʪʴ ʧʦ 
ʚʦʟʤʦʞʥʦʩʪʠ ʤʝʥʴʰʝʡ. 
ʇʨʠ ʣʠʥʝʡʥʦʤ ʥʘʧʨʷʞʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʥʘʧʨʷʞʝʥʠʷ ʜʦʩʪʘʪʦʯʥʦ ʠʟʤʝʨʠʪʴ æS ï ʥʘ 
ʙʘʟʝ, ʨʘʩʧʦʣʦʞʝʥʥʦʡ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ ʜʝʡʩʪʚʫʶʱʝʛʦ 
ʫʩʠʣʠʷ. ʇʦ ʧʦʣʫʯʝʥʥʦʤʫ ʟʥʘʯʝʥʠʶ Ů ʠ ʠʟʚʝʩʪʥʦʤʫ 

ʤʦʜʫʣʶ ʫʧʨʫʛʦʩʪʠ E ʚʳʯʠʩʣʷʶʪ ʥʘʧʨʷʞʝʥʠʝ: 
ů=ŮE    (3). 

ʇʦʜʩʠʩʪʝʤʘ ʢʦʥʪʨʦʣʷ ʫʩʢʦʨʝʥʠʡ ʧʨʝʜʦʩʪʘʚʣʷʝʪ 
ʜʠʥʘʤʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʩʦʦʨʫʞʝʥʠʡ ʚ ʚʠʜʝ ʥʘʙʦʨʦʚ 
ʫʩʢʦʨʝʥʠʡ ʠ ʯʘʩʪʦʪʥʳʭ ʢʘʨʪʠʥ ʢʦʣʝʙʘʥʠʡ. ʆʥʠ 
(ʧʘʨʘʤʝʪʨʳ) ʠʥʪʝʛʨʘʣʴʥʦ ʩʦʜʝʨʞʘʪ ʜʘʥʥʳʝ ʦ 
ʞʝʩʪʢʦʩʪʷʭ, ʤʘʩʩʘʭ ʩʦʦʨʫʞʝʥʠʷ ʠ ʚʥʝʰʥʠʭ 
ʚʦʟʜʝʡʩʪʚʠʷʭ.  

ʈʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ ʧʨʠ çʜʠʥʘʤʠʯʝʩʢʦʤ 
ʤʦʥʠʪʦʨʠʥʛʝè ʧʦʟʚʦʣʷʶʪ ʚʳʷʚʠʪʴ ʩʢʨʳʪʳʝ ʠʟʤʝʥʝʥʠʷ 
ʧʨʦʯʥʦʩʪʥʳʭ ʩʚʦʡʩʪʚ ʢʦʥʩʪʨʫʢʮʠʡ [15]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 
ʚ ʟʘʜʘʯʠ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʚʭʦʜʠʪ 
ʩʣʝʜʫʶʱʝʝ: 
ï ʦʧʨʝʜʝʣʝʥʠʝ ʜʦʤʠʥʠʨʫʶʱʠʭ ʯʘʩʪʦʪ ʩʚʦʙʦʜʥʳʭ 

ʢʦʣʝʙʘʥʠʡ; 
ï ʦʮʝʥʢʘ ʚʣʠʷʥʠʷ ʩʝʡʩʤʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʥʘ 

ʜʠʥʘʤʠʯʝʩʢʫʶ ʨʘʙʦʪʫ ʩʦʦʨʫʞʝʥʠʷ; 
ï ʫʩʪʘʥʦʚʣʝʥʠʝ ʫʨʦʚʥʷ ʚʣʠʷʥʠʷ ʪʨʘʥʩʧʦʨʪʥʳʭ 

ʥʘʛʨʫʟʦʢ ʥʘ ʜʠʥʘʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ;  
ï ʘʥʘʣʠʟ ʯʘʩʪʦʪ ʩ ʮʝʣʴʶ ʦʮʝʥʢʠ ʠ ʧʨʦʛʥʦʟʘ 

ʠʟʤʝʥʝʥʠʷ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ.  
ʇʦʜʩʠʩʪʝʤʘ ʢʦʥʪʨʦʣʷ ʥʘʢʣʦʥʦʚ/ʫʛʣʦʚ ʧʦʚʦʨʦʪʘ 

ʚʦʟʤʦʞʥʦ ʩʘʤʘʷ ʧʨʦʩʪʘʷ ʪʝʭʥʠʯʝʩʢʠ ʩʨʝʜʠ ʜʨʫʛʠʭ, ʪʘʢ 
ʦʥʘ ʪʨʝʙʫʝʪ ʣʠʰʴ ʙʘʟʦʚʳʭ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʠ ʬʠʟʠʯʝʩʢʠʭ 
ʧʦʟʥʘʥʠʡ ʜʣʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʚʳʙʦʨʘ ʠ ʨʘʩʩʪʘʥʦʚʢʠ 

ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʜʘʪʯʠʢʦʚ. 
ʂʘʢ ʠʟʚʝʩʪʥʦ, ʠʥʢʣʠʥʦʤʝʪʨʳ (ʠʣʠ ʥʘʢʣʦʥʦʤʝʨʳ) 

ʠʟʤʝʨʷʶʪ ʫʛʦʣ ʥʘʢʣʦʥʘ ʨʘʟʣʠʯʥʳʭ ʦʙʲʝʢʪʦʚ 
ʦʪʥʦʩʠʪʝʣʴʥʦ ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʧʦʣʷ ɿʝʤʣʠ. ɺ 
ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘʠʙʦʣʴʰʝʝ ʧʨʠʤʝʥʝʥʠʝ ʥʘʰʣʠ 
ʜʚʫʭʢʦʦʨʜʠʥʘʪʥʳʝ ʠʥʢʣʠʥʦʤʝʪʨʳ ʜʣʷ ʚʦʟʤʦʞʥʦʩʪʠ 
ʧʨʦʚʝʜʝʥʠʷ ʠʟʤʝʨʝʥʠʡ ʚ ʜʚʫʭ ʥʘʧʨʘʚʣʝʥʠʷʭ (ʢʘʢ 
ʧʨʘʚʠʣʦ, ʚʜʦʣʴ ʠ ʧʦʧʝʨʝʢ ʦʩʠ ʩʦʦʨʫʞʝʥʠʷ).  

ɺʢʨʘʪʮʝ ʨʘʙʦʪʘ ʠʥʢʣʠʥʦʤʝʪʨʦʚ ʦʧʠʩʳʚʘʝʪʩʷ ʚ 
ʨʘʙʦʪʝ [13]. ʀʭ ʦʩʥʦʚʦʡ ʷʚʣʷʶʪʩʷ ʜʨʝʚʥʠʝ ʥʘʙʣʶʜʝʥʠʷ, 
ʩʚʷʟʘʥʥʳʝ ʩ ʫʨʦʚʥʝʤ ʚʦʜʳ. 
ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʠʥʢʣʠʥʦʤʝʪʨʦʚ ʫ ʥʠʭ ʝʩʪʴ ʦʜʥʦ 

ʩʫʱʝʩʪʚʝʥʥʦʝ ʦʛʨʘʥʠʯʝʥʠʝ ʚ ʦʙʣʘʩʪʠ ʧʨʠʤʝʥʝʥʠʷ. 
ʂʦʛʜʘ ʠʥʢʣʠʥʦʤʝʪʨ ʨʘʩʧʦʣʦʞʝʥ ʚ ʟʦʥʝ, ʩ ʦʜʠʥʘʢʦʚʳʤʠ 
ʫʛʣʘʤʠ ʧʦʚʦʨʦʪʘ ʩ ʜʚʫʭ ʩʪʦʨʦʥ. ʅʘʧʨʠʤʝʨ, ʵʪʦ ʩʝʨʝʜʠʥʘ 
ʨʘʟʨʝʟʥʦʡ ʙʘʣʢʠ. ɼʘʞʝ ʧʨʠ ʧʦʚʦʨʦʪʘʭ ʥʘ ʙʦʣʴʰʫʶ 

ʚʝʣʠʯʠʥʫ ʚ ʦʧʦʨʥʳʭ ʟʦʥʘʭ ʜʘʪʯʠʢ ʥʝ ʥʘʢʣʦʥʠʪʩʷ. 
ʇʦʵʪʦʤʫ ʨʘʩʧʦʣʘʛʘʪʴ ʠʥʢʣʠʥʦʤʝʪʨʳ ʩʣʝʜʫʝʪ ʚ ʪʦʯʢʘʭ 
ʧʝʨʝʩʝʯʝʥʠʷ ʛʘʨʤʦʥʠʢ ʨʷʜʘ ʌʫʨʴʝ ʩ ʦʩʴʶ ʩʪʝʨʞʥʷ [14], 
ʯʪʦ ʜʣʷ ʙʦʣʴʰʝʧʨʦʣʝʪʥʳʭ ʩʦʦʨʫʞʝʥʠʡ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ 
ʬʦʨʤʫʣʝ: 

ÙØ Ù В ÙÓÉÎ ÙÃÏÓ   (4) 

ʇʦʜʩʠʩʪʝʤʘ ʧʝʨʝʤʝʱʝʥʠʡ ʢʦʥʪʨʦʣʠʨʫʝʪʩʷ ʤʝʪʦʜʘʤʠ 
ʛʝʦʜʝʟʠʯʝʩʢʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ (ʧʦʜʩʠʩʪʝʤʘ ʩʧʫʪʥʠʢʦʚʦʛʦ 
ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ ɻʅʉʉ).  
ɺ ʦʩʥʦʚʝ ʩʧʫʪʥʠʢʦʚʦʡ ʩʠʩʪʝʤʳ ʤʦʥʠʪʦʨʠʥʛʘ 

ʜʝʬʦʨʤʘʮʠʡ ʣʝʞʠʪ ʧʨʠʥʮʠʧ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ 
(ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ) ʩʧʫʪʥʠʢʦʚʦʛʦ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ ʩ 

ʧʦʤʦʱʴʶ ʩʠʛʥʘʣʦʚ ɻʅʉʉ.  
ɻʝʦʤʝʪʨʠʯʝʩʢʠʝ ʜʘʣʴʥʦʩʪʠ ʜʦ ʩʧʫʪʥʠʢʦʚ 

ʚʳʯʠʩʣʷʝʪʩʷ ʤʝʪʦʜʦʤ ʨʘʟʨʝʰʝʥʠʷ ʬʘʟʦʚʦʡ 
ʥʝʦʜʥʦʟʥʘʯʥʦʩʪʠ OTF (On-the-fly - ʨʘʟʨʝʰʝʥʠʝ 
ʥʝʦʜʥʦʟʥʘʯʥʦʩʪʠ çʥʘ ʣʝʪʫè, ʠʩʧʦʣʴʟʫʝʤʦʝ ʢ ʙʳʩʪʨʦ 
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ʩʤʝʱʘʝʤʳʤ ʪʦʯʢʘʤ) ʠʣʠ QuasyïStatic (ʢʚʘʟʠ-ʩʪʘʪʠʢʘ, 
ʢʦʛʜʘ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʠʟʚʝʩʪʥʳ ʢʦʦʨʜʠʥʘʪʳ ʪʦʯʝʢ ʠ ʠʭ 
ʩʤʝʱʝʥʠʝ ʤʝʜʣʝʥʥʦʝ). 
ʇʦʩʣʝ ʪʦʛʦ ʢʘʢ ʙʫʜʫʪ ʥʘʡʜʝʥʳ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ 

ʜʘʣʴʥʦʩʪʠ ʜʦ ʩʧʫʪʥʠʢʦʚ, ʤʝʪʦʜʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ 
ʣʠʥʝʡʥʦʡ ʟʘʩʝʯʢʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʡ 
ʚʝʢʪʦʨ (ʧʨʠʨʘʱʝʥʠʝ ʢʦʦʨʜʠʥʘʪ) ʤʝʞʜʫ ʩʧʫʪʥʠʢʦʚʳʤʠ 

ʘʥʪʝʥʥʘʤʠ ʙʘʟʦʚʦʡ ʩʪʘʥʮʠʠ ʠ ʩʪʘʥʮʠʠ ʤʦʥʠʪʦʨʠʥʛʘ: 

$ 8" 8!ȟ9" 9!ȟ:" :!4 (5) 
ʛʜʝ, 
Xɸ, Yɸ, Zɸ ï ʟʥʘʯʝʥʠʷ ʢʦʦʨʜʠʥʘʪ ʪʦʯʢʠ 

ʤʦʥʠʪʦʨʠʥʛʘ; 
XB, YB, ZB ï ʟʥʘʯʝʥʠʷ ʢʦʦʨʜʠʥʘʪ ʙʘʟʦʚʦʡ ʩʪʘʥʮʠʠ. 

3. Результаты исследования 

ɺ ʮʝʣʦʤ, ʘʥʘʣʠʟʠʨʫʷ ʨʘʟʣʠʯʥʳʝ ʧʦʜʩʠʩʪʝʤʳ 
ʤʦʥʠʪʦʨʠʥʛʘ, ʩʣʝʜʫʝʪ ʧʦʜʯʝʨʢʥʫʪʴ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʤʝʪʦʜʳ 
ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʟʘʯʘʩʪʫʶ 
ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʦʚʤʝʩʪʥʦ ʧʨʘʢʪʠʯʝʩʢʠ ʥʘ ʚʩʝʭ 
ʚʥʝʢʣʘʩʩʥʳʭ ʠ ʙʦʣʴʰʠʭ ʤʦʩʪʘʭ. ʊʘʢ, ʵʪʦ 
ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʧʫʙʣʠʢʘʮʠʷʤʠ [1, 8, 9, 13, 15, 23], ʘ 
ʪʘʢʞʝ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ ʘʚʪʦʨʦʚ ʥʘʩʪʦʷʱʝʡ ʩʪʘʪʴʠ [16, 

22]; ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʨʝʘʣʴʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʦʪʜʝʣʴʥʳʝ 
ʵʣʝʤʝʥʪʳ ʤʦʥʠʪʦʨʠʥʛʘ. ʊʦʣʴʢʦ ʚ ʦʪʜʝʣʴʥʳʭ ʩʣʫʯʘʷʭ 
ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʘʢʦʡ-ʪʦ ʦʜʠʥ ʪʠʧ ʜʘʪʯʠʢʘ 
(ʦʙʦʨʫʜʦʚʘʥʠʷ), ʘ ʥʝ ʢʦʤʧʣʝʢʩʥʳʡ ʥʘʙʦʨ ʨʘʟʥʦʦʙʨʘʟʥʳʭ 
ʩʝʥʩʦʨʦʚ. 
ɸʚʪʦʨʳ ʚʢʨʘʪʮʝ ʦʧʠʩʘʣʠ ʪʝʦʨʠʶ ʢʘʞʜʦʡ ʠʟ 

ʧʦʜʩʠʩʪʝʤ. ʃʝʛʢʦ ʦʙʥʘʨʫʞʠʪʴ, ʯʪʦ ʢʘʞʜʘʷ ʠʟ ʥʠʭ ʠʤʝʝʪ 
ʘʙʩʦʣʶʪʥʦ ʨʘʟʥʫʶ ʬʠʟʠʯʝʩʢʫʶ ʠ ʤʘʪʝʤʘʪʠʯʝʩʢʫʶ 
ʧʦʜʦʩʥʦʚʫ. ʆʜʥʘʢʦ ʚʤʝʩʪʝ, ʚ ʩʦʚʦʢʫʧʥʦʩʪʠ, ʚʦʟʤʦʞʥʦ 

ʧʦʣʫʯʠʪʴ ʝʜʠʥʫʶ ʠʥʪʝʛʨʘʣʴʥʫʶ ʩʠʩʪʝʤʫ ʤʦʥʠʪʦʨʠʥʛʘ 
ʢʦʥʩʪʨʫʢʮʠʡ.  
ɺ ʪʘʙʣʠʮʝ 1 ʤʳ ʜʘʣʠ ʦʮʝʥʢʫ ʧʨʝʠʤʫʱʝʩʪʚ ʠ 

ʥʝʜʦʩʪʘʪʢʦʚ ʢʘʞʜʦʡ ʠʟ ʧʦʜʩʠʩʪʝʤ. ñ+++ò  ʦʙʦʟʥʘʯʘʝʪ 
ʚʳʩʦʢʫʶ ʪʦʯʥʦʩʪʴ ʠ ʚʦʟʤʦʞʥʦʩʪʠ ʧʦʜʩʠʩʪʝʤʳ, ñ++ò ï 
ʩʨʝʜʥʶʶ, ñ+ò ï ʯʘʩʪʠʯʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ, ñ-ñ ï 
ʥʝʚʦʟʤʦʞʥʦʩʪʴ ʢʦʥʪʨʦʣʷ ʧʘʨʘʤʝʪʨʦʚ ʧʦʜʩʠʩʪʝʤʦʡ. 

Таблица 1 

ʇʦʜʩʠʩʪʝʤʘ SDC ACC INCL DISP 

ʀʥʩʪʨʫʤʝʥʪʘʣʴʥʳʡ 
ʤʦʥʠʪʦʨʠʥʛ 

+++ +++ ++ + 

ɻʝʦʜʝʟʠʯʝʩʢʠʡ 
ʤʦʥʠʪʦʨʠʥʛ 

- ++ +++ +++ 

4. Заключение 

1). ʄʦʥʠʪʦʨʠʥʛ ʢʦʥʩʪʨʫʢʮʠʡ ï ʩʦʚʨʝʤʝʥʥʳʡ ʠ 
ʪʦʯʥʳʡ ʠʥʩʪʨʫʤʝʥʪ ʧʦ ʫʧʨʘʚʣʝʥʠʶ ʪʝʭʥʠʯʝʩʢʠʤ 

ʩʦʩʪʦʷʥʠʝʤ ʤʦʩʪʦʚʳʭ ʦʙʲʝʢʪʦʚ. 
2). ʉʣʝʜʫʝʪ ʚʳʜʝʣʷʪʴ ʜʚʝ ʦʩʥʦʚʥʳʭ ʧʦʜʩʠʩʪʝʤʳ 

ʤʦʥʠʪʦʨʠʥʛʘ ï ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʡ ʠ ʛʝʦʜʝʟʠʯʝʩʢʠʡ, 
ʧʦʟʚʦʣʷʶʱʠʝ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʚʩʝ ʧʘʨʘʤʝʪʨʳ, 
ʪʨʝʙʫʝʤʳʝ ʜʣʷ ʢʦʥʪʨʦʣʷ ï  data (D). 
3). ʇʘʨʘʤʝʪʨʳ ʢʦʥʪʨʦʣʷ (Data (D) ʩʦʩʪʦʷʪ ʠʟ ʯʝʪʳʨʝʭ 

ʛʨʫʧʧ ʭʘʨʘʢʪʝʨʠʩʪʠʢ: SDC ï ʥʘʧʨʷʞʝʥʥʦ-
ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʝ ʩʦʩʪʦʷʥʠʝ (ʥʘʧʨʷʞʝʥʠʷ ʠ 

ʜʝʬʦʨʤʘʮʠʠ); INCL ï ʠʥʢʣʠʥʦʤʝʪʨʠʷ (ʫʛʣʳ ʧʦʚʦʨʦʪʘ); 
ACC ï ʫʩʢʦʨʝʥʠʷ (ʩʘʤʠ ʧʦ ʩʝʙʝ ʠ ʧʨʦʠʟʚʦʜʥʳʝ 
ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʪʘʢʠʝ ʢʘʢ ʚʠʙʨʘʮʠʠ ʠ ʯʘʩʪʦʪʳ); DISP ï 
ʧʝʨʝʤʝʱʝʥʠʷ (ʘʙʩʦʣʶʪʥʳʝ ʠ ʦʪʥʦʩʠʪʝʣʴʥʳʝ). 
4). ʅʝʢʦʪʦʨʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʫʯʝʥʳ 

ʪʦʣʴʢʦ ʦʧʨʝʜʝʣʝʥʥʳʤʠ (ʫʥʠʢʘʣʴʥʳʤʠ) ʜʘʪʯʠʢʘʤʠ, ʥʦ ʚ 
ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʨʘʟʣʠʯʥʳʝ ʩʨʝʜʩʪʚʘ 

ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʦʛʦ ʠ ʛʝʦʜʝʟʠʯʝʩʢʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ 
ʩʣʝʜʫʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʦʚʤʝʩʪʥʦ. 
5). ʆʜʥʦʚʨʝʤʝʥʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʨʘʟʣʠʯʥʳʭ 

ʧʦʜʩʠʩʪʝʤ ʤʦʥʠʪʦʨʠʥʛʘ ʜʝʣʘʝʪ ʨʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʷ 
ʙʦʣʝʝ ʪʦʯʥʳʤʠ, ʘ ʘʥʘʣʠʟ ʠ ʧʨʦʛʥʦʟ ʩʦʩʪʦʷʥʠʷ ï ʙʦʣʝʝ 
ʠʥʪʝʛʨʘʣʴʥʳʤ (ʢʦʤʧʣʝʢʩʥʳʤ). 
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On the issue of assessing a monolithic reinforced concrete overpass under 

seismic impacts 

 

U. Shermukhamedov1 a, Sh. Mirkh odjaev2 b, A. Karimova 1 c, A. Abdullaev1 d 

1Tashkent state transport university, Tashkent, Uzbekistan 
2Chairman of the Uzbekistan Association of Road Engineers, Tashkent, Uzbekistan 

 

Abstract: In order to improve the transport infrastructure of the Republic of Uzbekistan, monolithic structures of 
bridges and overpasses began to be used. The article presents the calculation of a monolithic bridge on 
the 1083rd km of the M-39 highway passing through the city of Samarkand. The main goal was to 
determine the structural parameters of the overpass with seismic load, especially the influence of friction 

forces on the overpass foundation. The calculations were carried out using the Midas Civil software 
package using the finite element method (FEM) based on linear spectral theory. In the calculations of the 
Midas Civil PC, carried out within the framework of linear spectral theory, it was determined that the 
pile pressure on the lower soil does not exceed the limit and the maximum value of the bending moment 
coincides with the pile head moment. 

Keywords: Bridges and overpasses, stress-strain state, thermal expansion, internal pressure, linear elasticity, finite 
displacement method, boundary conditions, radial stress, numerical modeling, mechanical behavior, 
long-term operation 

 

К вопросу оценке монолитного железобетонного путепровода при 

сейсмических воздействиях 
 

У. Шермухамедов1 , Ш. Мирходжаев2 , А. Каримова1 , А. Абдуллаев1  

1ʊʘʰʢʝʥʪʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʨʘʥʩʧʦʨʪʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʊʘʰʢʝʥʪ, ʋʟʙʝʢʠʩʪʘʥ 
2ʇʨʝʜʩʝʜʘʪʝʣʴ ɸʩʩʦʮʠʘʮʠʠ ʜʦʨʦʞʥʠʢʦʚ ʋʟʙʝʢʠʩʪʘʥʘ, ʊʘʰʢʝʥʪ, ʋʟʙʝʢʠʩʪʘʥ 

 

ɸʥʥʦʪaʮʠʷ: ɺ ʮʝʣʷʭ ʫʣʫʯʰʝʥʠʷ ʪʨʘʥʩʧʦʨʪʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʈʝʩʧʫʙʣʠʢʠ ʋʟʙʝʢʠʩʪʘʥ ʥʘʯʘʣʠ ʠʩʧʦʣʴʟʦʚʘʪʴ 
ʤʦʥʦʣʠʪʥʦʝ ʩʪʨʦʝʥʠʝ ʤʦʩʪʦʚ ʠ ʧʫʪʝʧʨʦʚʦʜʦʚ. ɺ ʩʪʘʪʴʝ ʧʨʠʚʝʜʝʥ ʨʘʩʯʝʪ ʤʦʥʦʣʠʪʥʦʛʦ ʤʦʩʪʘ ʥʘ 
1083-ʤ ʢʤ ʘʚʪʦʤʦʙʠʣʴʥʦʡ ʜʦʨʦʛʠ ʄ-39, ʧʨʦʭʦʜʷʱʝʡ ʯʝʨʝʟ ʛʦʨʦʜ ʉʘʤʘʨʢʘʥʜ. ʆʩʥʦʚʥʦʡ ʮʝʣʴʶ 
ʙʳʣʦ ʦʧʨʝʜʝʣʝʥʠʝ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʧʫʪʝʧʨʦʚʦʜʘ ʩ ʩʠʣʦʡ ʩʝʡʩʤʠʯʝʩʢʦʡ ʥʘʛʨʫʟʢʠ, 
ʦʩʦʙʝʥʥʦ ʚʣʠʷʥʠʷ ʚʳʟʳʚʘʝʤʦʛʦ ʩʠʣʘʤʠ ʪʨʝʥʠʷ ʥʘ ʬʫʥʜʘʤʝʥʪʘ ʧʫʪʝʧʨʦʚʦʜʘ. ʈʘʩʯʝʪʳ ʧʨʦʚʦʜʠʣʠʩʴ 
ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤʥʦʛʦ ʧʘʢʝʪʘ Midas Civil ʤʝʪʦʜʦʤ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ (ʄʂʕ) ʥʘ 
ʦʩʥʦʚʝ ʣʠʥʝʡʥʦʡ ʩʧʝʢʪʨʘʣʴʥʦʡ ʪʝʦʨʠʠ. ɺ ʨʘʩʯʝʪʘʭ ʇʂ Midas Civil, ʧʨʦʚʝʜʝʥʥʳʭ ʚ ʨʘʤʢʘʭ 

ʣʠʥʝʡʥʦ-ʩʧʝʢʪʨʘʣʴʥʦʡ ʪʝʦʨʠʠ, ʙʳʣʦ ʦʧʨʝʜʝʣʝʥʦ, ʯʪʦ ʜʘʚʣʝʥʠʝ ʩʚʘʠ ʥʘ ʥʠʞʥʠʡ ʛʨʫʥʪ ʥʝ 
ʧʨʝʚʳʰʘʝʪ ʧʨʝʜʝʣʘ ʠ ʥʘʠʙʦʣʴʰʝʝ ʟʥʘʯʝʥʠʝ ʠʟʛʠʙʘʶʱʝʛʦ ʤʦʤʝʥʪʘ ʩʦʚʧʘʜʘʝʪ ʩ ʤʦʤʝʥʪʦʤ ʛʦʣʦʚʢʠ 
ʩʚʘʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʄʦʩʪʳ ʠ ʵʩʪʘʢʘʜʳ, ʥʘʧʨʷʞʝʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʝ ʩʦʩʪʦʷʥʠʝ, ʪʝʨʤʠʯʝʩʢʦʝ ʨʘʩʰʠʨʝʥʠʝ, 
ʚʥʫʪʨʝʥʥʝʝ ʜʘʚʣʝʥʠʝ, ʣʠʥʝʡʥʘʷ ʫʧʨʫʛʦʩʪʴ, ʤʝʪʦʜ ʢʦʥʝʯʥʳʭ ʧʝʨʝʤʝʱʝʥʠʡ, ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ, 
ʨʘʜʠʘʣʴʥʦʝ ʥʘʧʨʷʞʝʥʠʝ, ʯʠʩʣʝʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ, ʤʝʭʘʥʠʯʝʩʢʦʝ ʧʦʚʝʜʝʥʠʝ, ʜʦʣʛʦʩʨʦʯʥʘʷ 
ʵʢʩʧʣʫʘʪʘʮʠʷ 

1. Введение 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʥʘʰʠʭ ʢʨʫʧʥʳʭ ʛʦʨʦʜʘʭ 
ʜʦʩʪʠʛʘʶʪʩʷ ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʚ ʫʧʨʘʚʣʝʥʠʠ 
ʪʨʘʥʩʧʦʨʪʥʳʤ ʧʦʪʦʢʦʤ ʧʫʪʝʤ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʥʦʚʳʭ 
ʩʦʚʨʝʤʝʥʥʳʭ ʤʦʩʪʦʚ ʧʦ ʩʦʚʨʝʤʝʥʥʳʤ ʧʨʦʝʢʪʘʤ 
ʩʦʚʤʝʩʪʥʦ ʩ ʚʝʜʫʱʠʤʠ ʤʠʨʦʚʳʤʠ ʤʝʞʜʫʥʘʨʦʜʥʳʤʠ 
ʦʨʛʘʥʠʟʘʮʠʷʤʠ ʚ ʦʙʣʘʩʪʠ ʤʦʩʪʦʩʪʨʦʝʥʠʷ. ʉʝʛʦʜʥʷ 

ʨʘʟʚʠʪʠʝ ʛʦʨʦʜʩʢʦʛʦ ʧʘʩʩʘʞʠʨʩʢʦʛʦ ʪʨʘʥʩʧʦʨʪʘ 
ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʩʘʤʳʭ ʦʩʪʨʳʭ ʧʨʦʙʣʝʤ, ʩʪʦʷʱʠʭ 
ʧʝʨʝʜ ʧʨʦʮʝʩʩʦʤ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʦʚʨʝʤʝʥʥʦʛʦ 

                                                             
a  Ƙǧps://orcid.org/0000-0003-1718-5331 

b  https://orcid.org/0009-0007-2301-8122 

c  https://orcid.org/0000-0003-4568-4728 

ʤʝʛʘʧʦʣʠʩʘ. ʕʪʦ ʚʳʟʳʚʘʝʪ ʩʝʨʴʝʟʥʳʝ ʧʨʦʙʣʝʤʳ ʩ 
ʪʨʘʥʩʧʦʨʪʥʳʤʠ ʠ ʧʘʩʩʘʞʠʨʩʢʠʤʠ ʧʝʨʝʚʦʟʢʘʤʠ, ʧʨʦʙʢʠ 
ʠ ʥʝ ʧʦʟʚʦʣʷʝʪ ʣʶʜʷʤ ʙʳʩʪʨʦ ʠ ʣʝʛʢʦ ʜʦʙʨʘʪʴʩʷ ʜʦ ʤʝʩʪʘ 
ʥʘʟʥʘʯʝʥʠʷ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʫʟʙʝʢʩʢʦʤ 
ʤʦʩʪʦʩʪʨʦʝʥʠʠ ʠʟʫʯʘʶʪʩʷ ʥʦʚʳʝ ʩʦʚʨʝʤʝʥʥʳʝ ʤʝʪʦʜʳ 
ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʩʪʨʦʠʪʝʣʴʩʪʚʘ, ʧʨʠʤʝʥʷʶʪʩʷ ʥʦʚʳʝ 

ʧʨʠʝʤʳ ʠ ʪʝʭʥʦʣʦʛʠʠ, ʧʦʩʪʝʧʝʥʥʦ ʦʪʢʘʟʳʚʘʷʩʴ ʦʪ 
ʧʨʠʥʮʠʧʦʚ ʪʠʧʦʚʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʩʪʨʦʠʪʝʣʴʩʪʚʘ 
[1-4]. ʆʜʥʠʤ ʠʟ ʠʟʚʝʩʪʥʳʭ ʠ ʥʝʪʨʘʜʠʮʠʦʥʥʳʭ ʩʧʦʩʦʙʦʚ 

d  https://orcid.org/0000-0002-8338-2053 
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ʷʚʣʷʝʪʩʷ ʤʝʪʦʜ ʤʦʥʦʣʠʪʥʦʛʦ ʩʪʨʦʠʪʝʣʴʩʪʚʘ. 
ʇʨʠʤʝʥʝʥʠʝ ʜʘʥʥʦʛʦ ʩʧʦʩʦʙʘ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʦ ʚ 
ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʫʥʠʢʘʣʴʥʳʭ ʦʙʲʝʢʪʦʚ ʚ ʢʨʫʧʥʳʭ ʛʦʨʦʜʘʭ 
ʤʠʨʘ [5]. ʕʪʦʪ ʧʦʜʭʦʜ ʦʯʝʥʴ ʧʦʧʫʣʷʨʝʥ ʧʨʠ 
ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʫʥʠʢʘʣʴʥʳʭ ʦʙʲʝʢʪʦʚ ʚ ʢʨʫʧʥʳʭ ʛʦʨʦʜʘʭ 
ʤʠʨʘ. ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʛ. ʊʘʰʢʝʥʪ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ 
ʠʟ ʢʨʫʧʥʳʭ ʤʝʛʘʧʦʣʠʩʦʚ, ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʜʚʠʞʝʥʠʷ ʠ 
ʪʨʘʥʩʧʦʨʪʥʳʡ ʧʦʪʦʢ ʫʚʝʣʠʯʠʣʠʩʴ ʚ 2-3 ʨʘʟʘ, ʘ ʧʦ ʫʣʠʮʘʤ 
ʛʦʨʦʜʘ ʚ ʩʫʪʢʠ ʧʨʦʝʟʞʘʝʪ ʙʦʣʝʝ 700-800 ʪʳʩʷʯ 

ʘʚʪʦʤʦʙʠʣʝʡ [4, 8]. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʩʪʨʦʠʪʝʣʴʩʪʚʦ 
ʜʦʨʦʞʥʦʡ ʩʠʩʪʝʤʳ, ʪʨʘʥʩʧʦʨʪʥʳʭ ʦʙʲʝʢʪʦʚ, ʪʘʢʠʭ ʢʘʢ 
ʤʦʩʪʳ, ʵʩʪʘʢʘʜʳ ʠ ʧʦʜʟʝʤʥʳʝ ʞʝʣʝʟʥʳʝ ʜʦʨʦʛʠ, 
ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʥʦʚʳʤʠ ʪʨʝʙʦʚʘʥʠʷʤʠ. 
ɼʣʷ ʨʘʟʚʠʪʠʷ ʠ ʫʣʫʯʰʝʥʠʷ ʜʦʨʦʞʥʦ-ʪʨʘʥʩʧʦʨʪʥʦʡ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʢʨʫʧʥʦʛʦ ʠʩʪʦʨʠʯʝʩʢʦʛʦ ʛʦʨʦʜʘ 
ʉʘʤʘʨʢʘʥʜʘ ʥʘʯʘʣʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʦʥʦʣʠʪʥʳʡ ʩʧʦʩʦʙ 
ʚʦʟʚʝʜʝʥʠʷ ʤʦʩʪʦʚ ʠ ʧʫʪʝʧʨʦʚʦʜʦʚ. ʆʜʥʠʤ ʠʟ ʷʨʢʠʭ 

ʧʨʠʤʝʨʦʚ ʵʪʦʛʦ ʷʚʣʷʝʪʩʷ ʥʦʚʳʡ ʧʫʪʝʧʨʦʚʦʜ, ʢʦʪʦʨʳʡ 
ʨʝʘʣʠʟʫʝʪʩʷ ʥʘ 1083-ʤ ʢʤ ʘʚʪʦʤʦʙʠʣʴʥʦʡ ʜʦʨʦʛʠ ʄ-39, 
ʧʨʦʭʦʜʷʱʝʡ ʯʝʨʝʟ ʛʦʨʦʜ ʉʘʤʘʨʢʘʥʜ (ʨʠʩ. 1). ʂʘʢ ʚʠʜʥʦ, 
ʦʜʥʦʡ ʠʟ ʦʩʪʨʳʭ ʧʨʦʙʣʝʤ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ 
ʪʝʭʥʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ (ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʠ ʨʘʩʯʝʪ) 
ʤʦʥʦʣʠʪʥʳʭ ʞʝʣʝʟʦʙʝʪʦʥʥʳʭ ʤʦʩʪʦʚ ʠ ʵʩʪʘʢʘʜ. ʆʥʘ 
ʦʢʘʟʳʚʘʝʪ ʘʢʢʫʤʫʣʷʪʠʚʥʳʡ ʵʬʬʝʢʪ ʥʘ ʩʪʨʦʠʪʝʣʴʩʪʚʦ 
ʤʦʩʪʦʚʦʡ ʦʪʨʘʩʣʠ ʈʝʩʧʫʙʣʠʢʠ ʋʟʙʝʢʠʩʪʘʥ [6-9]. 

  
Рис. 1. Современные монолитные 

железобетонные мосты и путепроводы в Ташкенте и 

Самарканде 

2. Методика исследования 

ʂʦʥʩʪʨʫʢʮʠʠ ʤʦʩʪʦʚ ʦʙʳʯʥʦ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ 
ʨʘʩʯʝʪʦʚ ʥʘ ʩʪʘʪʠʯʝʩʢʠʝ ʠ ʩʝʡʩʤʠʯʝʩʢʠʝ ʚʦʟʜʝʡʩʪʚʠʷ 
ʤʦʜʝʣʠʨʫʶʪʩʷ ʚ ʚʠʜʝ ʙʘʣʦʯʥʦ-ʨʘʟʨʝʟʥʳʭ, ʙʘʣʦʯʥʦ-

ʥʝʨʘʟʨʝʟʥʳʭ ʠ ʙʘʣʦʯʥʦ-ʢʦʥʩʦʣʴʥʳʭ ʩʭʝʤ. ʄʦʩʪʦʚʳʝ 
ʩʦʦʨʫʞʝʥʠʷ ʩʦʩʪʦʷʪ ʠʟ ʤʥʦʛʠʭ ʵʣʝʤʝʥʪʦʚ, ʥʘʠʙʦʣʝʝ 
ʚʘʞʥʳʤʠ ʠʟ ʥʠʭ ʷʚʣʷʶʪʩʷ ʦʧʦʨʳ ʠ ʦʧʦʨʥʳʝ ʯʘʩʪʠ. 
ʈʘʩʩʤʦʪʨʠʤ ʪʨʝʭʧʨʦʣʝʪʥʳʡ ʞʝʣʝʟʦʙʝʪʦʥʥʳʡ 
ʤʦʥʦʣʠʪʥʳʡ ʤʦʩʪ, ʜʣʠʥʦʡ 110 ʤ ʠ ʰʠʨʠʥʦʡ 10.5 ʤ, 
ʠʤʝʝʪ ʧʝʨʝʤʝʥʥʫʶ ʪʦʣʱʠʥʫ ʚʜʦʣʴ ʤʦʩʪʘ. ʇʨʦʣʝʪʥʦʝ 
ʩʪʨʦʝʥʠʝ ʤʦʩʪʘ ʚʳʧʦʣʥʝʥʦ ʥʝʨʘʟʨʝʟʥʦʡ ʤʦʥʦʣʠʪʥʦʡ 
ʞʝʣʝʟʦʙʝʪʦʥʥʦʡ ʨʘʩʯʝʪʥʦʡ ʩʭʝʤʦʡ 33ʤ+42ʤ+33ʤ 

ʠʥʜʠʚʠʜʫʘʣʴʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ. ʇʦ ʬʘʩʘʜʫ ʧʨʦʣʝʪʥʦʝ 
ʩʪʨʦʝʥʠʝ ʚʳʧʦʣʥʝʥʦ ʧʣʠʪʦʡ ʧʝʨʝʤʝʥʥʦʡ ʚʳʩʦʪʳ ï 1.3ʤ 
ʚ ʧʨʦʣʝʪʝ ʠ 2.3 ʤ ʥʘʜ ʦʧʦʨʦʡ. ʅʘ ʨʠʩʫʥʢʝ 2 ʧʨʝʜʩʪʘʚʣʝʥ 
ʦʙʱʠʡ ʚʠʜ ʧʫʪʝʧʨʦʚʦʜʘ. 

 

Рис. 2. Фасад монолитного железобетонного 

путепровода в Самарканде 

ʇʨʦʤʝʞʫʪʦʯʥʳʝ ʦʧʦʨʳ ʠʤʝʶʪ ʨʘʟʤʝʨʳ: ʚʳʩʦʪʘ 5.85 
ʤ, ʰʠʨʠʥʘ ʧʦ ʬʘʩʘʜʫ ï 2 ʤ, ʘ ʧʦ ʙʦʢʦʚʦʤʫ ʥʘʧʨʘʚʣʝʥʠʶ 
ʠʤʝʝʪ ʧʝʨʝʤʝʥʥʳʡ ʨʘʟʤʝʨ ʧʦ ʚʳʩʦʪʝ ʦʪ 5 ʤ ʜʦ 8.4 ʤ. 

 

Рис. 3. Обзор промежуточной опоры 

ɿʝʤʣʝʪʨʷʩʝʥʠʝ ʚʳʜʘʝʪʩʷ ʧʦ ʩʧʝʢʪʨʘʣʴʥʦʤʫ ʤʝʪʦʜʫ, 
ʬʫʥʜʘʤʝʥʪ ʞʝʩʪʢʦ ʩʦʝʜʠʥʸʥ ʩ ʦʩʥʦʚʘʥʠʝʤ, ʯʪʦ ʧʨʠʜʘʝʪ 
ʚʦʟʤʦʞʥʦʩʪʴ ʢʦʥʩʪʨʫʢʮʠʶ ʩʜʚʠʛʘʪʴʩʷ ʩ ʦʩʥʦʚʘʥʠʝʤ 
ʚʦʚʨʝʤʷ ʟʝʤʣʝʪʨʷʩʝʥʠʠ [17]. ʉʝʡʩʤʠʯʥʦʩʪʴ ʪʝʨʨʠʪʦʨʠʠ 
ʛ.ʉʘʤʘʨʢʘʥʜʘ, ʩʦʛʣʘʩʥʦ ʢʘʨʪʳ ʩʝʡʩʤʠʯʝʩʢʦʛʦ 
ʤʠʢʨʦʨʘʡʦʥʠʨʦʚʘʥʠʷ, ʚʳʧʦʣʥʝʥʥʦʛʦ ʠʥʩʪʠʪʫʪʦʤ 
ʉʝʡʩʤʦʣʦʛʠʠ ʚ 1980 ʛ., ʦʮʝʥʠʚʘʝʪʩʷ ʚ 9 ʠ 8 ʙʘʣʣʦʚ. 

ʋʯʘʩʪʦʢ ʧʨʦʝʢʪʠʨʫʝʤʦʛʦ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʨʘʩʧʦʣʦʞʝʥ ʚ 8-
ʪʠ ʙʘʣʴʥʦʡ ʟʦʥʝ [17-18]. 
ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʘʙʣʠʮʝʡ 1.1 ʂʄʂ 2.01.03-96 [10] ʚ 

ʧʨʝʜʝʣʘʭ ʧʣʦʱʘʜʢʠ ʚ ʚʝʨʭʥʝʡ 10-ʤʝʪʨʦʚʦʡ ʪʦʣʱʝ, 
ʩʯʠʪʘʷ ʦʪ ʧʦʜʦʰʚʳ ʬʫʥʜʘʤʝʥʪʦʚ ʟʘʣʝʛʘʶʪ ʛʨʫʥʪʳ II 
ʢʘʪʝʛʦʨʠʠ ʧʦ ʩʝʡʩʤʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʘʤ ï ʩʫʛʣʠʥʢʠ ʩ 
ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʧʦʨʠʩʪʦʩʪʠ ʝ<0,8, ʛʘʣʝʯʥʠʢʦʚʳʡ ʛʨʫʥʪ). 
ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʩʝʡʩʤʠʯʥʦʩʪʴ ʧʨʦʝʢʪʠʨʫʝʤʦʡ 

ʩʪʨʦʠʪʝʣʴʥʦʡ ʧʣʦʱʘʜʢʠ ʧʨʝʜʣʘʛʘʝʪʩʷ ʧʨʠʥʠʤʘʪʴ 8 
ʙʘʣʣʴʥʦʡ ʟʦʥʦʡ. 

3. Результаты исследования 

ɼʣʷ ʦʙʣʝʛʯʝʥʠʷ ʩʦʙʩʪʚʝʥʥʦʛʦ ʚʝʩʘ ʧʨʦʣʝʪʥʳʭ 
ʩʪʨʦʝʥʠʡ, ʧʨʠ ʙʝʪʦʥʠʨʦʚʘʥʠʠ ʙʫʜʫʪ ʤʦʥʪʠʨʦʚʘʥʳ 

ʧʫʩʪʦʪʝ ʦʙʨʘʟʫʶʱʠʝ ʵʣʝʤʝʥʪʳ ʚ ʚʠʜʝ ʪʨʫʙ ʇʅɼ 
(ʥʠʟʢʦʥʘʧʦʨʥʳʝ ʧʦʣʠʵʪʠʣʝʥʦʚʳʝ ʪʨʫʙʳ), ʢʦʪʦʨʳʝ 
ʠʤʝʶʪ ʜʠʘʤʝʪʨ 400 ʤʤ, ʜʣʠʥʘ ʪʨʫʙ ʧʨʠ ʧʝʨʚʦʤ ʠ ʪʨʝʪʴʝʤ 
ʧʨʦʣʝʪʝ ʩʦʩʪʘʚʣʷʝʪ ï16,5 ʤʝʪʨʘ, ʚ ʮʝʥʪʨʘʣʴʥʦʤ ʧʨʦʣʝʪʝ 
- 22 ʤʝʪʨʘ.  
ʇʫʪʝʧʨʦʚʦʜ ʠʤʝʝʪ 9-ʛʨʘʜʫʩʥʳʡ ʫʛʦʣ ʧʝʨʝʩʝʯʝʥʠʷ ʩ 

ʘʚʪʦʜʦʨʦʞʥʳʤ ʤʘʛʠʩʪʨʘʣʝʤ. [13].  
ʕʩʪʘʢʘʜʘ ʨʘʩʩʯʠʪʘʥʘ ʥʘ ʩʝʡʩʤʠʯʝʩʢʠʝ ʚʦʟʜʝʡʩʪʚʠʷ 

ʥʘ ʦʩʥʦʚʝ ʤʝʪʦʜʘ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ (ʄʂʕ) ʧʦ 
ʣʠʥʝʡʥʦ-ʩʧʝʢʪʨʘʣʴʥʦʡ ʪʝʦʨʠʠ ʚ ʧʨʦʛʨʘʤʤʥʦʤ 
ʢʦʤʧʣʝʢʩʝ Midas Civil [19]. 

Midas Civil - ʵʪʦ ʧʘʢʝʪ ʧʨʦʛʨʘʤʤʥʳʭ ʧʨʦʜʫʢʪʦʚ, 
ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ 
ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʪʨʘʥʩʧʦʨʪʥʳʭ ʦʙʲʝʢʪʦʚ, 
ʦʙʲʝʢʪʦʚ ʩʪʨʦʠʪʝʣʴʩʪʚʘ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʠʥʪʝʨʝʩʘʭ 
ʙʝʪʦʥʠʨʦʚʘʥʠʷ ʚʩʝʭ ʚʠʜʦʚ ʥʘʟʥʘʯʝʥʠʷ, ʤʦʜʝʣʠʨʦʚʘʥʠʷ 
ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ ʠ ʦʮʝʥʢʠ ʠʭ ʥʝʩʫʱʝʡ 

ʩʧʦʩʦʙʥʦʩʪʠ. MiDAS Civil - ɻ ʪʦ ʠʥʩʪʨʫʤʝʥʪ ʠʥʞʝʥʝʨʥʳʭ 
ʧʨʦʛʨʘʤʤ, ʢʦʪʦʨʳʡ ʨʘʟʨʘʙʦʪʘʣ ʥʦʚʫʶ ʧʘʨʘʜʠʛʤʫ ʚ 
ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʤʦʩʪʦʚ ʠ ʛʨʘʞʜʘʥʩʢʠʭ ʩʦʦʨʫʞʝʥʠʡ. 
ʀʥʪʝʨʬʝʡʩ ʧʨʦʛʨʘʤʤʳ ʦʪʣʠʯʘʝʪʩʷ ʧʨʦʩʪʦʪʦʡ ʠ 
ʫʜʦʙʩʪʚʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʠ ʦʜʥʦʚʨʝʤʝʥʥʦʡ 
ʨʝʘʣʠʟʘʮʠʠ ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʘ ʧʨʦʝʢʪʥʳʭ ʟʘʜʘʯ, 
ʚʢʣʶʯʘʷ ʨʘʩʯʸʪʳ ʜʣʷ ʨʝʰʝʥʠʷ ʥʝʣʠʥʝʡʥʳʭ ʟʘʜʘʯ ʩ 
ʧʨʠʤʝʥʝʥʠʝʤ ʤʝʭʘʥʠʟʤʦʚ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠ ʚʝʜʝʥʠʷ ʙʘʟ 

ʜʘʥʥʳʭ. ɺʳʩʦʢʦʨʘʟʚʠʪʳʝ ʨʘʩʯʸʪʥʳʝ ʤʦʜʝʣʠ ʠ 
ʠʥʩʪʨʫʤʝʥʪʳ ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʧʦʟʚʦʣʷʶʪ 
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ʵʬʬʝʢʪʠʚʥʦ ʫʩʪʨʘʥʷʪʴ ʪʠʧʠʯʥʳʝ ʧʨʦʙʣʝʤʳ, 
ʚʦʟʥʠʢʘʶʱʠʝ ʧʨʠ ʦʮʝʥʢʝ ʩʝʡʩʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 
ʩʦʦʨʫʞʝʥʠʡ, ʨʘʩʩʯʠʪʘʥʥʳʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʣʠʥʝʡʥʦ-
ʫʧʨʫʛʠʭ ʤʦʜʝʣʝʡ (ʃʕʋ). 
ʉʝʡʩʤʦʠʟʦʣʷʮʠʷ ʢʦʥʩʪʨʫʢʮʠʠ ʧʨʦʠʩʭʦʜʠʪ ʟʘ ʩʯʝʪ 

ʩʤʝʱʝʥʠʷ ʧʝʨʠʦʜʘ ʢʦʣʝʙʘʥʠʡ ʦʩʥʦʚʥʳʭ ʪʦʥʦʚ ʚ ʟʦʥʫ 
ʚʳʩʦʢʠʭ ʟʥʘʯʝʥʠʡ. ʊʘʢʞʝ ʧʨʦʠʩʭʦʜʠʪ ʨʘʩʩʝʠʚʘʥʠʝ 
ʵʥʝʨʛʠʠ ʟʝʤʣʝʪʨʷʩʝʥʠʷ ʟʘ ʩʯʝʪ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ 
ʩʚʠʥʮʦʚʦʛʦ ʩʝʨʜʝʯʥʠʢʘ ʜʣʷ LRB ʠʟʦʣʷʪʦʨʦʚ. 

ɿʥʘʯʝʥʠʝ ʩʝʡʩʤʠʯʝʩʢʦʡ ʥʘʛʨʫʟʢʠ F ʧʨʠʥʠʤʘʣʦʩʴ 
ʩʦʛʣʘʩʥʦ ʥʦʨʤʘʪʠʚʥʳʤ ʜʦʢʫʤʝʥʪʘʤ: 
ʂʄʂ 2.01.03-96 ʉʪʨʦʠʪʝʣʴʩʪʚʦ ʚ ʩʝʡʩʤʠʯʝʩʢʠʭ 

ʨʘʡʦʥʘʭ [12]; ʐʅʂ 2.01.20-16. ʉʪʨʦʠʪʝʣʴʩʪʚʦ 
ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ ʚ ʩʝʡʩʤʠʯʝʩʢʠʭ ʨʘʡʦʥʘʭ [13]; 

Eurocode 8 EN 1998-2-2011 ʇʨʦʝʢʪʠʨʦʚʘʥʠʝ 
ʩʦʦʨʫʞʝʥʠʡ, ʩʝʡʩʤʦʩʪʦʡʢʦʩʪʴ ʏʘʩʪʴ 2 [14, 16]; ʊʘʰʢʝʥʪ, 
2016.  

ʉ ʪʘʢ ʥʘʟʳʚʘʝʤʳʤʠ ñʇʨʘʚʠʣʘʤʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷò 
[15].  
ʆʧʨʝʜʝʣʝʥʥʳʝ ʩʝʡʩʤʠʯʝʩʢʠʝ ʥʘʛʨʫʟʢʠ ʙʳʣʠ 

ʧʦʣʫʯʝʥʳ ʩ ʫʯʝʪʦʤ ʩʧʝʢʪʨʘʣʴʥʦʡ ʪʝʦʨʠʠ: - ʚ 
ʥʘʧʨʘʚʣʝʥʠʠ ʦʩʝʡ X ʠ Y ʢ ʛʦʨʠʟʦʥʪʘʣʴʥʦʤʫ ʜʝʡʩʪʚʠʶ: 

 
      S_(i,k)^(X,Y)=Q_kĀAĀK_ŭĀɓ_iĀ  (1) 

 

- ʜʣʷ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ 
ʦʩʠ Z, 

 
S_(i,k)^Z=0,5ĀQ_kĀAĀ1/qĀɓ_i         (2) 

 
ʛʜʝ: 0,5 ï ʤʥʦʞʠʪʝʣʴ ʩʦʛʣʘʩʥʦ ʧ. 4.16 ʐʅʂ 2.06.20-

15; 
Q_kï ʚʝʩ ʩʦʦʨʫʞʝʥʠʷ (ʠʣʠ ʝʛʦ ʵʣʝʤʝʥʪʘ), ʦʪʥʝʩʝʥʥʦʡ 

ʢ ʪʦʯʢʝ K, ʦʧʨʝʜʝʣʷʝʤʦʡ ʩ ʫʯʝʪʦʤ ʨʘʩʯʝʪʥʳʭ ʥʘʛʨʫʟʦʢ; 
A ï ʫʩʢʦʨʝʥʠʝ ʧʨʠʥʷʪʦ ʩʦʛʣʘʩʥʦ ʧ. 8.3.34 

ʉʇ268.1325800.2016; 
A=0,2 gm/s^2   ï ʜʣʷ ʩʝʡʩʤʠʯʥʦʩʪʠ 8 ʙʘʣʣʦʚ; 
K_ŭ ï ʢʦʵʬʬʠʮʠʝʥʪ ʜʠʩʩʠʧʘʮʠʠ ʩʦʛʣʘʩʥʦ ʧ. 2.16 

ʂʄʂ 2.01.03-96 K_ŭ=e^((0,548-ãŭ)(0,1+0,7/ã(T_1 ))) 
ʧʨʠʤʝʥʝʥ ʢ ʛʦʨʠʟʦʥʪʘʣʴʥʳʤ ʩʦʩʪʘʚʣʷʶʱʠʤ 
ʩʝʡʩʤʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ FX, FY; 

q ï ʢʦʵʬʬʠʮʠʝʥʪ ʨʘʙʦʪʳ ʧʦ Eurocode 8 EN 1998-2-
2011. 
ʉʦʛʣʘʩʥʦ ʧ. 2.3.2.2 Eurocode 8 EN 1998-2-2011, ʚ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʥʘʧʨʷʞʝʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʷʭ ʥʝ 
ʜʦʧʫʩʢʘʝʪʩʷ ʦʙʨʘʟʦʚʘʥʠʝ ʧʣʘʩʪʠʯʝʩʢʠʭ ʰʘʨʥʠʨʦʚ, ʩ 
ʫʯʝʪʦʤ ʧʨʠʤʝʥʝʥʠʷ ʩʝʡʩʤʦʠʟʦʣʠʨʫʶʱʠʭ ʫʩʪʨʦʡʩʪʚ ʥʘ 
ʦʧʦʨʘʭ, ʘ ʪʘʢʞʝ ʧ. 2.3.2.3 Eurocode 8 EN 1998-2-2011 ʚ 
ʨʘʩʯʝʪ ʚʚʝʜʝʥ ʢʦʵʬʬʠʮʠʝʥʪ ʨʘʙʦʪʳ q=1.5 ʢ 
ʚʝʨʪʠʢʘʣʴʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʩʝʡʩʤʠʯʝʩʢʦʛʦ 

ʚʦʟʜʝʡʩʪʚʠʷ FZ [8, 11]. 
ɓ_iï ʢʦʵʬʬʠʮʠʝʥʪ ʜʠʥʘʤʠʯʥʦʩʪʠ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʧʝʨʠʦʜʘ T. 
ɺ ʨʘʩʯʝʪʝ ʧʨʠʥʷʪʘ ʩʧʝʢʪʨʘʣʴʥʘʷ ʢʨʠʚʘʷ ɓ_i(T) 

ʩʦʛʣʘʩʥʦ ʐʅʂ 2.06.20-15 ʬʦʨʤʫʣʘ 4.2, ʥʦ ʙʝʟ ʫʯʝʪʘ 
ʪʨʝʙʦʚʘʥʠʷ ɓ_i >0.8 (Fig. 4). 

 

 

Рисунок 4. График спектральной кривой 

ʉʝʡʩʤʠʯʝʩʢʠʝ ʩʠʣʳ FX, FY, FZ ʧʨʠʣʦʞʝʥʳ ʧʦ ʪʨʝʤ 
ʦʨʪʦʛʦʥʘʣʴʥʳʤ ʥʘʧʨʘʚʣʝʥʠʷʤ, ʫʩʠʣʠʷ ʠ ʧʝʨʝʤʝʱʝʥʠʷ 
ʦʪ ʥʠʭ ʩʣʝʜʫʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʩ ʦʙʦʠʤʠ ʟʥʘʢʘʤʠ. 

 

Рисунок 5. Расчетная модель Midas Civil 

 

Рисунок 6. Расчетная модель Midas Civil. 

Закрепление свай 

 

Рисунок 7. Расчетная модель Midas Civil . 

Закрепление пролетного строения 

ʈʝʘʢʮʠʠ ʦʪ ʧʦʩʪʦʷʥʥʦʡ ʥʘʛʨʫʟʢʠ, ʩ ʫʯʝʪʦʤ 
ʧʨʝʜʥʘʧʨʷʞʝʥʠʷ, ʧʨʠʭʦʜʷʱʠʝʩʷ ʥʘ ʦʧʦʨʫ: 

 

   ὠ ὠ ψφςά χφχά ρφςωά (3) 
 
ɻʦʨʠʟʦʥʪʘʣʴʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʩʝʡʩʤʠʯʝʩʢʦʡ ʩʠʣʳ, 

ʧʨʠʭʦʜʷʱʘʷʩʷ ʥʘ ʦʧʦʨʫ ʦʪ ʧʦʩʪʦʷʥʥʦʛʦ ʥʦʨʤʘʪʠʚʥʦʛʦ 

ʚʝʩʘ ʧʨʦʣʝʪʥʦʛʦ ʩʪʨʦʝʥʠʷ ʠ ʤʦʩʪʦʚʦʛʦ ʧʦʣʦʪʥʘ 
ʦʧʨʝʜʝʣʷʝʪʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧ. 4.18 ʐʅʂ 2.06.20-15: 

 

Ὓ πȟπυϽςȟχϽρφςωÔ ςρωȟωÔ  
 
ɺʝʩ ʪʝʣʘ ʦʧʦʨʳ, ʨʘʩʧʦʣʦʞʝʥʥʦʛʦ ʚʳʰʝ ʦʙʨʝʟʘ 

ʬʫʥʜʘʤʝʥʪʘ: 
 

ὠ ρφψȟρὸ       (4) 
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ɻʦʨʠʟʦʥʪʘʣʴʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʩʝʡʩʤʠʯʝʩʢʦʡ ʩʠʣʳ, 
ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧ. 4.18 ʐʅʂ 2.06.20-15. 

 

Ὓ πȟπυϽ ςȟχϽρφψȟρ ά ςςȟχά  (5) 

ɺʝʩ ʨʦʩʪʚʝʨʢʘ ʦʧʦʨʳ: 

 

ὠ σρςȟςÔ  
 
ɻʝʦʤʝʪʨʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʚʘʡ, ʜʣʷ ʨʘʩʯʝʪʥʦʡ 

ʤʦʜʝʣʠ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʩʦʛʣʘʩʥʦ ʤʝʪʦʜʠʢʠ ʠʟʣʦʞʝʥʥʦʡ 
ʚ ʧʨʠʣʦʞʝʥʠʠ ɸ ʐʅʂ 2.02.03-12. 

Таблица 1 

Характеристики грунта 

ʉʣʦʡ 

ʛʨʫʥʪʘ 
 

1 

ʊʦʣʱʠʥʘ ʩʣʦʷ 1,300 ʤ 

ʂʦʵʬʬʠʮʠʝʥʪ 
ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʩʪʠ 

7000 ʢʅ/ʤ4 

ʋʜʝʣʴʥʳʡ ʚʝʩ ʛʨʫʥʪʘ 19,300 ʢʅ/ʤ3 

ʋʛʦʣ ʚʥʫʪʨʝʥʥʝʛʦ 

ʪʨʝʥʠʷ 
24,000 ʛʨʘʜ. 

ʂʦʵʬʬʠʮʠʝʥʪ 
ʫʜʝʣʴʥʦʛʦ ʩʮʝʧʣʝʥʠʷ 
ʛʨʫʥʪʘ 

27,500 ʢʇʘ 

 

2 

ʊʦʣʱʠʥʘ ʩʣʦʷ 2,400 ʤ 

ʂʦʵʬʬʠʮʠʝʥʪ 
ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʩʪʠ 

50000 ʢʅ/ʤ4 

ʋʜʝʣʴʥʳʡ ʚʝʩ ʛʨʫʥʪʘ 19,600 ʢʅ/ʤ3 

ʋʛʦʣ ʚʥʫʪʨʝʥʥʝʛʦ 
ʪʨʝʥʠʷ 

43,000 ʛʨʘʜ. 

ʂʦʵʬʬʠʮʠʝʥʪ 
ʫʜʝʣʴʥʦʛʦ ʩʮʝʧʣʝʥʠʷ 
ʛʨʫʥʪʘ 

2,000 ʢʇʘ 

 

3 

ʊʦʣʱʠʥʘ ʩʣʦʷ 8,300 ʤ 

ʂʦʵʬʬʠʮʠʝʥʪ 
ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʩʪʠ 

7000 ʢʅ/ʤ4 

ʋʜʝʣʴʥʳʡ ʚʝʩ ʛʨʫʥʪʘ 19,200 ʢʅ/ʤ3 

ʋʛʦʣ ʚʥʫʪʨʝʥʥʝʛʦ 
ʪʨʝʥʠʷ 

24,000 ʛʨʘʜ. 

ʂʦʵʬʬʠʮʠʝʥʪ 
ʫʜʝʣʴʥʦʛʦ ʩʮʝʧʣʝʥʠʷ 
ʛʨʫʥʪʘ 

23,000 ʢʇʘ 

    

4 

ʊʦʣʱʠʥʘ ʩʣʦʷ 20,000 ʤ 

ʂʦʵʬʬʠʮʠʝʥʪ 
ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʩʪʠ 

50000 ʢʅ/ʤ4 

ʋʜʝʣʴʥʳʡ ʚʝʩ ʛʨʫʥʪʘ 19,600 ʢʅ/ʤ3 

ʋʛʦʣ ʚʥʫʪʨʝʥʥʝʛʦ 
ʪʨʝʥʠʷ 

43,000 ʛʨʘʜ. 

ʂʦʵʬʬʠʮʠʝʥʪ 
ʫʜʝʣʴʥʦʛʦ ʩʮʝʧʣʝʥʠʷ 
ʛʨʫʥʪʘ 

2,000 ʢʇʘ 

ʇʨʠ ʨʘʩʯʝʪʝ ʤʦʥʦʣʠʪʥʦʛʦ ʵʩʪʘʢʘʜʳ ʨʘʩʯʝʪʳ 

ʧʨʦʚʦʜʠʣʠʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤʳ MiDAS Civil 
ʜʣʷ ʥʝʩʫʱʝʛʦ ʬʫʥʜʘʤʝʥʪʘ ʢʦʥʩʪʨʫʢʮʠʠ ʩ ʫʯʝʪʦʤ 
ʩʣʝʜʫʶʱʠʭ ʛʨʫʥʪʦʚʳʭ ʫʩʣʦʚʠʡ [10]. 

 

 

 

Таблица 2 

Характеристики свайного фундамента 

1 ʊʠʧ ʩʝʯʝʥʠʷ ʩʚʘʠ ʢʚʘʜʨʘʪʥʦʝ  

2 
ɺʚʝʜʠʪʝ ʩʪʦʨʦʥʫ 
ʩʝʯʝʥʠʷ ʩʚʘʠ 

0,35 ʤ 

3 
ʄʦʜʫʣʴ ʫʧʨʫʛʦʩʪʠ 

ʙʝʪʦʥʘ ʩʚʘʠ 
30000000 ʢʇʘ 

4 
ʈʘʩʩʪʦʷʥʠʝ ʦʪ 
ʧʦʚʝʨʭʥʦʩʪʠ ʛʨʫʥʪʘ ʜʦ 
ʥʠʟʘ ʩʚʘʡ 

13 ʤ 

5 
ʂʦʵʬʬʠʮʠʝʥʪ 
ʇʫʘʩʩʦʥʘ 

0,2 - 

ɻʣʫʙʠʥʘ Lk 2,725 ʤ 

 

ʂʦʣʠʯʝʩʪʚʦ ʩʣʦʝʚ ʛʨʫʥʪʘ, 
ʥʘʭʦʜʷʱʝʝʩʷ ʚ ʧʨʝʜʝʣʘʭ 
ʛʣʫʙʠʥʳ Lk 

2 ʰʪ. 

ʄʦʜʫʣʴ ʩʜʚʠʛʘ ʙʝʪʦʥʘ 12500000 ʢʇʘ 

ʂʦʵʬʬʠʮʠʝʥʪ 
ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʩʪʠ 

18759 ʢʅ/ʤ4 

ʋʩʣʦʚʥʘʷ ʰʠʨʠʥʘ ʩʚʘʠ 1,025 ʤ 

ʄʦʤʝʥʪ ʠʥʝʨʮʠʠ 
ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʩʚʘʠ 

0,00125 ʤ4 

ʂʦʵʬʬʠʮʠʝʥʪ ʜʝʬʦʨʤʘʮʠʠ 0,875 1/ʤ 

ʇʨʠʚʝʜʝʥʥʘʷ ʛʣʫʙʠʥʘ 
ʧʦʛʨʫʞʝʥʠʷ ʩʚʘʠ ʚ ʛʨʫʥʪ 

11,37331 ʤ 

 

ɻʦʨʠʟʦʥʪʘʣʴʥʦʝ 
ʧʝʨʝʤʝʱʝʥʠʝ ʩʝʯʝʥʠʷ ʦʪ 
ʩʠʣʳ ʅ=1  

9,717E-05 ʤ/ʢʅ 

ɻʦʨʠʟʦʥʪʘʣʴʥʦʝ 
ʧʝʨʝʤʝʱʝʥʠʝ ʩʝʯʝʥʠʷ ʦʪ 
ʤʦʤʝʥʪʳ ʄ=1  

5,645E-05 
1/ʢʅ*
ʤ 

ʋʛʦʣ ʧʦʚʦʨʦʪʘ ʩʝʯʝʥʠʷ ʦʪ 
ʩʠʣʳ ʅ=1  

5,645E-05 1/ ʢʅ 

ʋʛʦʣ ʧʦʚʦʨʦʪʘ ʩʝʯʝʥʠʷ ʦʪ 
ʤʦʤʝʥʪʘ ʄ=1  

5,335E-05 
1/ʢʅ*
ʤ 

ɺʝʨʪʠʢʘʣʴʥʦʝ ʧʝʨʝʤʝʱʝʥʠʝ 
ʦʪ ʩʠʣʳ N=1  

7,040E-06 ʤ 

 

ʇʦ ʩʧʦʩʦʙʫ ʧʨʦʠʟʚʦʜʩʪʚʘ 
ʨʘʙʦʪ, ʩʚʘʷ ʷʚʣʷʝʪʩʷ: 

ʟʘʙʠʚʥʦʡ ɝ= 0,6 

 
 

 
Рисунок 8. Расчетная схема промежуточной опоры в 

Midas Civil  
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Рисунок 9. Конструктивная схема промежуточной 

опоры - свайного крепления 

 

Рисунок 10. Реакции на узлах свайной арматуры от 

продольной сейсмичности 

 

Рисунок 11. Реакции в узлах крепления свай от 

поперечной сейсмичности 

ʉʠʣʳ ʩʝʡʩʤʠʯʥʦʩʪʠ. ɼʣʷ ʧʨʦʜʦʣʞʝʥʠʷ ʨʘʩʯʝʪʦʚ 
ʙʳʣʘ ʩʧʨʦʝʢʪʠʨʦʚʘʥʘ ʤʦʜʝʣʴ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʵʩʪʘʢʘʜʳ 
ʚ ʧʘʢʝʪʝ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ MiDAS Civil. ʆʥʠ 
ʧʨʠʚʝʜʝʥʳ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʘʩʯʝʪʘ ʤʦʥʦʣʠʪʥʦʛʦ ʵʩʪʘʢʘʜʳ 
ʧʦʜ ʜʠʥʘʤʠʯʝʩʢʦʡ ʥʘʛʨʫʟʢʦʡ, ʧʨʠ ʢʦʪʦʨʦʡ 
ʩʝʡʩʤʠʯʝʩʢʠʝ ʵʬʬʝʢʪʳ FH, FY, FZ ʚʣʠʷʶʪ ʥʘ 
ʦʨʪʦʛʦʥʘʣʴʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʨʝʭ ʥʘʧʨʘʚʣʝʥʠʡ ʠ 

ʵʬʬʝʢʪʳ ʜʦʣʞʥʳ ʫʯʠʪʳʚʘʪʴʩʷ ʢʘʢ ʩ ʟʥʘʢʘʤʠ ʩʠʣ, ʪʘʢ ʠ ʩ 
ʧʝʨʝʤʝʱʝʥʠʷʤʠ. 
ʅʘ ʨʠʩʫʥʢʘʭ 12-15 ʧʦʢʘʟʘʥʘ ʩʠʣʦʚʘʷ ʠ ʤʦʤʝʥʪʥʘʷ 

ʜʠʘʛʨʘʤʤʘ ʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ʦʧʦʨ ʠʟ-ʟʘ ʧʨʦʜʦʣʴʥʳʭ ʠ 
ʧʦʧʝʨʝʯʥʳʭ ʩʝʡʩʤʠʯʝʩʢʠʭ ʚʦʟʜʝʡʩʪʚʠʡ. 

 

 

 

 

 

Рисунок 12. Эпюры продольных сейсмических сил 

резания 

 

Рисунок 13. Диаграммы упругих моментов от 

продольной сейсмичности 

 

Рисунок 14. Диаграммы поперечных сейсмических 

сил 

 

Рисунок 15. Диаграммы поперечных изгибающих 

моментов 
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4. Заключение 

ɺ ʨʘʤʢʘʭ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʨʘʙʦʪʳ ʙʳʣʠ 
ʧʨʦʨʘʙʦʪʘʥʳ ʩʝʡʩʤʠʯʝʩʢʠʝ ʚʦʟʜʝʡʩʪʚʠʷ ʥʝʨʘʟʨʝʟʥʦʛʦ 
(ʤʦʥʦʣʠʪʥʦʛʦ) ʞʝʣʝʟʦʙʝʪʦʥʥʦʛʦ ʧʫʪʝʧʨʦʚʦʜʘ ʥʘ ʫʯʘʩʪʢʝ 
ʧʨʦʪʷʞʝʥʥʦʩʪʴʶ 1083 ʢʤ ʘʚʪʦʜʦʨʦʛʠ ʄ-39 ʯʝʨʝʟ ʛʦʨʦʜ 

ʉʘʤʘʨʢʘʥʜ. 
ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʚ ʋʟʙʝʢʠʩʪʘʥʝ ʙʳʣʦ ʧʦʩʪʨʦʝʥʦ 

ʤʥʦʞʝʩʪʚʦ ʠʥʞʝʥʝʨʥʳʭ ʩʦʦʨʫʞʝʥʠʡ, ʚ ʯʘʩʪʥʦʩʪʠ, 
ʤʦʩʪʳ ʠ ʵʩʪʘʢʘʜʳ. ɸʥʘʣʠʟʠʨʫʷ ʨʘʙʦʪʳ, ʚʳʧʦʣʥʝʥʥʳʝ ʚ 
ʵʪʦʪ ʧʝʨʠʦʜ, ʤʦʞʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ ʚ ʈʝʩʧʫʙʣʠʢʝ 
ʩʫʱʝʩʪʚʫʝʪ ʟʥʘʯʠʪʝʣʴʥʳʡ ʦʧʳʪ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ 
ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʪʠʧʦʚʳʭ ʤʦʩʪʦʚ ʥʝ ʠʤʝʶʱʝʡ 
ʘʨʭʠʪʝʢʪʫʨʥʦʡ ʧʨʠʚʣʝʢʘʪʝʣʴʥʦʩʪʠ. ʏʪʦʙʳ ʠʟʙʝʞʘʪʴ 
ʵʪʦʛʦ ʥʝʜʦʩʪʘʪʢʘ ʚ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʚʥʝʜʨʷʶʪʩʷ 

ʤʦʥʦʣʠʪʥʳʝ ʤʦʩʪʳ ʠ ʵʩʪʘʢʘʜʳ. 
ʈʘʩʯʝʪʳ ʧʨʦʚʦʜʠʣʠʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʧʘʢʝʪʘ Midas Civil ʤʝʪʦʜʦʤ ʢʦʥʝʯʥʳʭ 
ʵʣʝʤʝʥʪʦʚ (ʄʂʕ) ʥʘ ʦʩʥʦʚʝ ʣʠʥʝʡʥʦʡ ʩʧʝʢʪʨʘʣʴʥʦʡ 
ʪʝʦʨʠʠ. ʈʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʳʚʘʶʪ ʯʪʦ, ʦʩʥʦʚʥʦʡ ʧʨʠʯʠʥʦʡ 
ʧʦʚʨʝʞʜʝʥʠʷ ʦʧʦʨ ʤʦʩʪʦʚ ʷʚʣʷʝʪʩʷ ʚʦʟʥʠʢʥʦʚʝʥʠʝ 
ʧʨʦʜʦʣʴʥʳʭ (ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ) ʩʝʡʩʤʠʯʝʩʢʠʭ 
ʚʦʟʜʝʡʩʪʚʠʡ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʦʩʠ ʤʦʩʪʘ. 

ɺ ʨʘʩʯʝʪʘʭ ʇʂ Midas Civil, ʧʨʦʚʝʜʝʥʥʳʭ ʚ ʨʘʤʢʘʭ 
ʣʠʥʝʡʥʦ-ʩʧʝʢʪʨʘʣʴʥʦʡ ʪʝʦʨʠʠ, ʙʳʣʦ ʦʧʨʝʜʝʣʝʥʦ, ʯʪʦ 
ʜʘʚʣʝʥʠʝ ʩʚʘʠ ʥʘ ʥʠʞʥʠʡ ʛʨʫʥʪ ʥʝ ʧʨʝʚʳʰʘʝʪ ʧʨʝʜʝʣʘ ʠ 
ʥʘʠʙʦʣʴʰʝʝ ʟʥʘʯʝʥʠʝ ʠʟʛʠʙʘʶʱʝʛʦ ʤʦʤʝʥʪʘ ʩʦʚʧʘʜʘʝʪ ʩ 
ʤʦʤʝʥʪʦʤ ʛʦʣʦʚʢʠ ʩʚʘʠ. 
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Mutual influence of parallel tunnels in an elastic medium in the epicentral 

zone of an earthquake 
 

I. Mirzaev 1,2 a, S.M. Gaynazarov3 b 

1Tashkent state transport university, Tashkent, Uzbekistan 
2M.T. Urazbayev Institute of Mechanics and Seismic Resistance of Structures of the Academy of Sciences of the 

Republic of Uzbekistan, Tashkent, Uzbekistan 
3National University of Uzbekistan, Tashkent, Uzbekistan 

 
Abstract: When analyzing the interaction of parallel metro running tunnels in dynamic problems involving wave 

loading, it is necessary to limit the computational domain using artificial boundaries. This requires the 
formulation of boundary conditions that ensure transparency for both incoming external waves and 
internal waves reflected from structural elements. In this paper, exact non-reflecting boundary conditions 

are proposed. Based on the developed mathematical model, the behavior of tunnel linings under the action 
of longitudinal and shear waves in the epicentral zone of an earthquake is investigated. The numerical 
implementation is carried out using the finite element method and the Bathe time integration method. 
The influence of the distance between circular reinforced concrete linings under longitudinal and shear 
wave loading is studied. The calculation results demonstrate the high efficiency of the proposed 
transparent boundary conditions, which makes it possible to reliably investigate waveïstructure 
interaction processes in underground structures under plane strain conditions. 

Keywords: elastic medium, lining. transparent boundaries, wave propagation, finite element method, Bathe 
integration method 

 

Взаимовлияние параллельных тоннелей в упругой среде в 

эпицентральной зоне землетрясения 
 

И. Мирзаев1,2 , С.М. Гайназаров3  

1ʊʘʰʢʝʥʪʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʨʘʥʩʧʦʨʪʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. Taʰʢʝʥʪ ʋʟʙʝʢʠʩʪʘʥ 
2ʀʥʩʪʠʪʫʪ ʤʝʭʘʥʠʢʠ ʠ ʩʝʡʩʤʦʩʪʦʡʢʦʩʪʠ ʩʦʦʨʫʞʝʥʠʡ ʠʤʝʥʠ ʄ.ʊ. ʋʨʘʟʙʘʝʚʘ ɸʅ ʈʝʩʧʫʙʣʠʢʠ ʋʟʙʝʢʠʩʪʘʥ, ʛ. 

Taʰʢʝʥʪ, ʋʟʙʝʢʠʩʪʘʥ 
3ʅʘʮʠʦʥʘʣʴʥʳʡ ʋʥʠʚʝʨʩʠʪʝʪ ʋʟʙʝʢʠʩʪʘʥʘ, ʛ. Taʰʢʝʥʪ, ʋʟʙʝʢʠʩʪʘʥ 

 
ɸʥʥʦʪaʮʠʷ: ʇʨʠ ʨʘʩʯʝʪʝ ʚʟʘʠʤʦʚʣʠʷʥʠʷ ʧʘʨʘʣʣʝʣʴʥʳʭ ʧʝʨʝʛʦʥʥʳʭ ʪʦʥʥʝʣʝʡ ʤʝʪʨʦʧʦʣʠʪʝʥʘ ʜʣʷ ʨʝʰʝʥʠʷ 

ʜʠʥʘʤʠʯʝʩʢʠʭ ʟʘʜʘʯ ʥʘ ʚʦʣʥʦʚʳʝ ʚʦʟʜʝʡʩʪʚʠʷ ʪʨʝʙʫʝʪʩʷ ʦʛʨʘʥʠʯʝʥʠʝ ʦʙʣʘʩʪʠ ʠʩʢʫʩʩʪʚʝʥʥʳʤʠ 
ʛʨʘʥʠʮʘʤʠ. ʇʨʠ ʵʪʦʤ ʚʦʟʥʠʢʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʟʘʜʘʥʠʷ ʪʘʢʠʭ ʫʩʣʦʚʠʡ ʥʘ ʛʨʘʥʠʮʘʭ, ʢʦʪʦʨʳʝ 
ʦʙʝʩʧʝʯʠʣʠ ʙʳ ʠʭ ʧʨʦʟʨʘʯʥʦʩʪʴ ʜʣʷ ʧʨʦʭʦʞʜʝʥʠʷ ʚʥʝʰʥʠʭ ʠ ʦʪʨʘʞʝʥʥʳʭ ʦʪ ʦʙʲʝʢʪʦʚ ʚʥʫʪʨʝʥʥʠʭ 
ʚʦʣʥ. ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʧʨʝʜʣʦʞʝʥʳ ʪʦʯʥʳʝ ʫʩʣʦʚʠʷ ʥʝʦʪʨʘʞʝʥʠʷ ʚʦʣʥ ʥʘ ʛʨʘʥʠʮʘʭ. ʅʘ ʦʩʥʦʚʝ 
ʧʨʝʜʣʦʞʝʥʥʦʡ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʚʳʧʦʣʥʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʦʚʝʜʝʥʠʷ ʦʙʜʝʣʦʢ ʧʨʠ 
ʚʦʟʜʝʡʩʪʚʠʝ ʧʨʦʜʦʣʴʥʳʭ ʠ ʩʜʚʠʛʦʚʳʭ ʚʦʣʥ ʚ ʵʧʠʮʝʥʪʨʘʣʴʥʦʡ ʟʦʥʝ ʟʝʤʣʝʪʨʷʩʝʥʠʷ. ʏʠʩʣʝʥʥʘʷ 

ʨʝʘʣʠʟʘʮʠʷ ʚʳʧʦʣʥʝʥʘ ʤʝʪʦʜʦʤ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʠ ʤʝʪʦʜʦʤ ɹʘʪʝ ʧʦ ʚʨʝʤʝʥʠ. ʀʩʩʣʝʜʦʚʘʥʦ 
ʚʣʠʷʥʠʝ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʢʨʫʛʦʚʳʤʠ ʞʝʣʝʟʦʙʝʪʦʥʥʳʤʠ ʦʙʜʝʣʢʘʤʠ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʝ ʧʨʦʜʦʣʴʥʳʭ 
ʠ ʩʜʚʠʛʦʚʳʭ ʚʦʣʥ. ʇʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ, ʧʦʢʘʟʳʚʘʶʱʠʝ ʭʦʨʦʰʝʝ ʢʘʯʝʩʪʚʦ ʫʩʣʦʚʠʡ 
ʧʨʦʟʨʘʯʥʦʩʪʠ ʥʘ ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʛʨʘʥʠʮʘʭ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʦʜʠʪʴ ʜʦʩʪʦʚʝʨʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 
ʧʨʦʮʝʩʩʦʚ ʚʦʟʜʝʡʩʪʚʠʷ ʚʦʣʥ ʥʘ ʧʦʜʟʝʤʥʳʝ ʩʦʦʨʫʞʝʥʠʷ ʚ ʩʣʫʯʘʝ ʧʣʦʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʫʧʨʫʛʘʷ ʩʨʝʜʘ, ʦʙʜʝʣʢʘ. ʧʨʦʟʨʘʯʥʳʝ ʛʨʘʥʠʮʳ, ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʚʦʣʥʳ, ʤʝʪʦʜ ʢʦʥʝʯʥʳʭ 
ʵʣʝʤʝʥʪʦʚ, ʤʝʪʦʜ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ɹʘʪʝ 

1. Введение 

ʇʨʠ ʨʘʩʯʝʪʝ ʩʦʦʨʫʞʝʥʠʡ ʚ ʛʨʫʥʪʦʚʦʡ ʩʨʝʜʝ ʧʨʠ 
ʜʠʥʘʤʠʯʝʩʢʠʭ ʚʦʟʜʝʡʩʪʚʠʷʭ ʦʜʥʠʤ ʠʟ ʚʘʞʥʳʭ ʫʩʣʦʚʠʡ 
ʷʚʣʷʝʪʩʷ ʫʯʝʪ ʥʝ ʦʪʨʘʞʝʥʠʷ ʚʦʣʥ ʦʪ ʛʨʘʥʠʮʳ ʨʘʩʯʝʪʥʦʡ 
ʦʙʣʘʩʪʠ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʦʧʪʠʤʘʣʴʥʦ ʦʛʨʘʥʠʯʠʪʴ ʦʙʣʘʩʪʴ 
ʨʘʩʯʝʪʘ ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʘʥʘʣʠʟʘ ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʠ 

ʯʠʩʣʝʥʥʳʭ ʨʘʩʯʝʪʘʭ.  

                                                             
a  https://orcid.org/0000-0002-8616-9717 

b  https://orcid.org/0009-0001-2535-1283 

ɺ ʨʘʙʦʪʝ [1] ʚʧʝʨʚʳʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʜʘʥʥʘʷ 
ʧʨʦʙʣʝʤʘ ʠ ʧʨʝʜʣʘʛʘʶʪʩʷ ʬʦʨʤʫʣʳ ʟʘʚʠʩʠʤʦʩʪʠ 
ʥʘʧʨʷʞʝʥʠʡ ʦʪ ʩʢʦʨʦʩʪʝʡ ʯʘʩʪʠʮ ʧʣʦʩʢʠʭ ʚʦʣʥ ʥʘ 
ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʛʨʘʥʠʮʘʭ.  ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ 
ʫʩʣʦʚʠʝ ʃʘʡʩʤʝʨʘ ʠ ʠʭ ʤʦʜʠʬʠʢʘʮʠʠ ʷʚʣʷʶʪʩʷ 

ʧʨʠʙʣʠʞʝʥʥʳʤʠ ʫʩʣʦʚʠʷʤʠ ʥʘ ʛʨʘʥʠʮʘʭ. ʕʪʠ ʫʩʣʦʚʠʷ 
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ʜʘʶʪ ʭʦʨʦʰʠʝ ʨʝʟʫʣʴʪʘʪʳ, ʢʦʛʜʘ ʥʦʨʤʘʣʴ ʢ ʬʨʦʥʪʫ 
ʚʦʣʥʳ ʩ ʠʩʢʫʩʩʪʚʝʥʥʦʡ ʛʨʘʥʠʮʝʡ ʩʦʩʪʘʚʣʷʝʪ ʧʨʷʤʦʡ 
ʫʛʦʣ. ɺ ʨʘʙʦʪʝ [2] ʜʣʷ ʩʠʩʪʝʤʳ ʩʦʦʨʫʞʝʥʠʝ-ʦʩʥʦʚʘʥʠʝ 
ʠʩʧʦʣʴʟʦʚʘʥ ʫʯʝʪ ʚʦʣʥʦʚʦʛʦ ʫʥʦʩʘ ʵʥʝʨʛʠʠ ʯʝʨʝʟ 
ʥʝʦʪʨʘʞʘʶʱʫʶ ʛʨʘʥʠʮʫ ʧʦʩʨʝʜʩʪʚʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 
ʫʩʣʦʚʠʡ Lysmer [1], ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʘ ʢʦʥʝʯʥʳʭ 
ʵʣʝʤʝʥʪʦʚ. ɺ ʩʪʘʪʴʝ [3] ʪʘʢʠʤ ʞʝ ʩʧʦʩʦʙʦʤ 

ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʤʝʪʦʜ ʫʯʝʪʘ ʚʦʣʥʦʚʦʛʦ ʫʥʦʩʘ ʵʥʝʨʛʠʠ ʧʨʠ 
ʜʚʠʞʝʥʠʠ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʛʦ ʩʦʩʪʘʚʘ. ɺ ʨʘʙʦʪʝ [4] 
ʠʩʩʣʝʜʦʚʘʥʘ ʥʝʦʜʥʦʨʦʜʥʘʷ ʧʣʦʩʢʘʷ ʟʘʜʘʯʘ ʪʝʦʨʠʠ 
ʫʧʨʫʛʦʩʪʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʘ ʢʦʥʝʯʥʳʭ 
ʵʣʝʤʝʥʪʦʚ ʚ ʨʘʩʯʝʪʘʭ ʥʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʚʠʙʨʘʮʠʠ ʧʨʠ 
ʧʨʦʭʦʞʜʝʥʠʠ ʧʦʝʟʜʦʚ ʤʝʪʨʦ ʚ ʧʘʨʘʣʣʝʣʴʥʳʭ ʪʦʥʥʝʣʷʭ.  
ɺ ʩʪʘʪʴʝ [5] ʧʨʝʜʣʦʞʝʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʬʠʢʪʠʚʥʦʡ 

ʦʙʣʘʩʪʠ ʩ ʩʧʝʮʠʘʣʴʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʧʦʛʣʦʱʝʥʠʷ ʚʦʣʥ, 

ʯʪʦ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʨʝʰʝʥʠʡ ʧʨʦʙʣʝʤʳ ʥʝ ʦʪʨʘʞʝʥʠʷ 
ʥʘ ʛʨʘʥʠʮʘʭ ʦʙʣʘʩʪʠ. ɺ ʵʪʦʡ ʩʪʘʪʴʝ ʩʚʷʟʘʥʥʘʷ ʟʘʜʘʯʘ, 
ʚʢʣʶʯʘʶʱʘʷ ʚʥʫʪʨʝʥʥʶʶ ʧʦʜʦʙʣʘʩʪʴ ʠ ʧʦʛʣʦʱʘʶʱʠʝ 
ʩʣʦʠ, ʨʝʘʣʠʟʫʝʪʩʷ ʯʝʨʝʟ ʛʝʪʝʨʦʛʝʥʥʳʝ ʘʩʠʥʭʨʦʥʥʳʝ 
ʠʥʪʝʛʨʘʪʦʨʳ ʚʨʝʤʝʥʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʦʙʨʘʙʘʪʳʚʘʪʴ 
ʧʦʛʣʦʱʘʶʱʠʝ ʩʣʦʠ ʩ ʧʦʤʦʱʴʶ ʷʚʥʦʡ ʩʭʝʤʳ 
ʮʝʥʪʨʘʣʴʥʦʡ ʨʘʟʥʦʩʪʠ. ʇʨʝʜʩʪʘʚʣʝʥ ʵʪʘʣʦʥ ʜʣʷ 
ʪʨʝʭʤʝʨʥʳʭ ʷʚʥʳʭ ʘʩʠʥʭʨʦʥʥʳʭ ʧʦʛʣʦʱʘʶʱʠʭ ʩʣʦʝʚ 

ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʥʝʦʛʨʘʥʠʯʝʥʥʳʭ ʦʙʣʘʩʪʝʡ ʩ 
ʧʦʤʦʱʴʶ ʩʪʘʥʜʘʨʪʥʦʛʦ ʤʝʪʦʜʘ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʥʘ 
ʦʩʥʦʚʝ ʧʝʨʝʤʝʱʝʥʠʡ.  
ɺ ʨʘʙʦʪʝ [6] ʧʨʝʜʣʦʞʝʥ ʥʦʚʳʡ ʤʝʪʦʜ ʠʥʚʝʨʩʠʠ ʜʣʷ 

ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʩʣʦʞʥʦʛʦ ʥʝʢʦʛʝʨʝʥʪʥʦʛʦ ʧʘʜʘʶʱʝʛʦ 
ʚʦʣʥʦʚʦʛʦ ʧʦʣʷ SH-ʚʦʣʥ ʚ ʦʙʣʘʩʪʠ, ʦʛʨʘʥʠʯʝʥʥʦʡ ʚʦʣʥ 
ʧʦʛʣʦʱʘʶʱʠʤʠ ʛʨʘʥʠʯʥʳʤʠ ʫʩʣʦʚʠʷʤʠ, ʩ 
ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʘ ʦʧʪʠʤʠʟʘʮʠʠ, ʦʛʨʘʥʠʯʝʥʥʦʡ 
ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʤ ʫʨʘʚʥʝʥʠʝʤ ʚ ʯʘʩʪʥʳʭ 

ʧʨʦʠʟʚʦʜʥʳʭ. 
ʉʪʘʪʴʷ [7] ʷʚʣʷʝʪʩʷ ʦʙʟʦʨʥʦʡ ʨʘʙʦʪʦʡ, ʚ ʢʦʪʦʨʦʡ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʘʟʣʠʯʥʳʝ ʤʦʜʝʣʠ, ʨʝʘʣʠʟʫʶʱʠʝ ʫʩʣʦʚʠʷ 
ʥʝ ʦʪʨʘʞʝʥʠʷ ʚʦʣʥ ʥʘ ʛʨʘʥʠʮʘʭ ʦʛʨʘʥʠʯʝʥʥʦʡ ʦʙʣʘʩʪʠ. 
ɺ ʩʪʘʪʴʝ [8] ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʦʚʘʷ ʧʨʦʮʝʜʫʨʘ ʫʯʝʪʘ 
ʚʣʠʷʥʠʷ ʩʚʦʙʦʜʥʦʛʦ ʧʦʣʷ ʚ ʤʦʜʝʣʠ ʩʝʡʩʤʠʯʝʩʢʦʛʦ 
ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʛʨʫʥʪʘ ʠ ʢʦʥʩʪʨʫʢʮʠʠ (SSSI) ʧʨʠ 
ʠʩʧʦʣʴʟʦʚʘʥʠʠ 8-ʫʟʣʦʚʳʭ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ, 

ʦʛʨʘʥʠʯʝʥʥʳʭ ʩʦʚʤʝʩʪʠʤʳʤʠ ʧʦʛʣʦʱʘʶʱʠʤʠ 
ʙʝʩʢʦʥʝʯʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ. 
ɺ ʩʪʘʪʴʝ [9] ʜʣʷ ʦʜʥʦʤʝʨʥʦʛʦ ʚʦʣʥʦʚʦʛʦ ʫʨʘʚʥʝʥʠʷ 

ʧʨʝʜʣʦʞʝʥ ʤʝʪʦʜ ʧʦʣʫʯʝʥʠʷ ʧʨʦʟʨʘʯʥʳʭ ʛʨʘʥʠʯʥʳʭ 
ʫʩʣʦʚʠʡ ʠ ʧʦʢʘʟʘʥʘ ʝʛʦ ʯʠʩʣʝʥʥʘʷ ʨʝʘʣʠʟʘʮʠʷ ʩ 
ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʘ ʢʦʥʝʯʥʳʭ ʨʘʟʥʦʩʪʝʡ. 
ʇʨʝʜʣʦʞʝʥʥʳʡ ʤʝʪʦʜ ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʥʘ ʪʨʝʭʤʝʨʥʦʝ 
ʚʦʣʥʦʚʦʝ ʫʨʘʚʥʝʥʠʝ ʩ ʨʘʜʠʘʣʴʥʦʡ ʩʠʤʤʝʪʨʠʝʡ.  

ɺ ʨʘʙʦʪʘʭ [10], [11], [12] ʚʳʧʦʣʥʝʥ ʩʪʘʪʠʯʝʩʢʠʡ 
ʘʥʘʣʠʟ ʥʘʧʨʷʞʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʨʘʟʣʠʯʥʳʭ ʦʙʜʝʣʦʢ 
ʪʦʥʥʝʣʠ ʤʝʪʨʦʧʦʣʠʪʝʥʘ. ʇʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʯʠʩʣʝʥʥʳʭ 
ʨʝʟʫʣʴʪʘʪʦʚ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʛʣʫʙʠʥʳ ʟʘʣʦʞʝʥʠʷ 
ʪʦʥʥʝʣʷ. ɺ ʨʘʙʦʪʝ [13] ʨʘʩʩʤʦʪʨʝʥ ʨʘʩʯʝʪ 
ʚʦʜʦʧʨʦʧʫʩʢʥʦʡ ʪʫʥʥʝʣʠ ʚ ʛʨʫʥʪʝ, ʫʩʠʣʝʥʥʦʡ ʙʝʪʦʥʦʤ ʩ 
ʪʨʝʭ ʩʪʦʨʦʥ, ʠ ʚʳʧʦʣʥʝʥ ʯʘʩʪʦʪʥʳʡ ʘʥʘʣʠʟ ʩ 
ʧʨʠʤʝʥʝʥʠʝʤ ʤʝʪʦʜʘ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ. ɺ ʨʘʙʦʪʝ [14] 

ʧʨʝʜʩʪʘʚʣʝʥ ʦʙʟʦʨ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 
ʛʨʫʥʪʘ ʠ ʩʦʦʨʫʞʝʥʠʷ (SSI) ʜʣʷ ʩʪʨʦʠʪʝʣʴʥʳʭ 
ʢʦʥʩʪʨʫʢʮʠʡ ʠ ʜʦʩʪʫʧʥʳʭ ʤʝʪʦʜʦʚ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʣʷ 
ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤ SSI. ʂʨʦʤʝ ʪʦʛʦ, ʦʩʚʝʱʝʥʳ ʦʩʥʦʚʥʳʝ 
ʧʦʜʭʦʜʳ ʢ ʦʮʝʥʢʝ ʧʨʦʙʣʝʤ ʩʝʡʩʤʠʯʝʩʢʦʛʦ 
ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʛʨʫʥʪʘ ʠ ʩʦʦʨʫʞʝʥʠʷ ʩ ʧʦʤʦʱʴʶ 
ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʤʳʭ ʤʝʪʦʜʦʚ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ 
ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʤʝʪʦʜʦʚ. ʊʘʢʞʝ ʦʙʩʫʞʜʘʶʪʩʷ ʠ 

ʩʨʘʚʥʠʚʘʶʪʩʷ ʩʠʣʴʥʳʝ ʩʪʦʨʦʥʳ, ʦʛʨʘʥʠʯʝʥʠʷ ʠ ʩʣʫʯʘʠ 
ʧʨʠʤʝʥʝʥʠʷ ʢʘʞʜʦʡ ʤʦʜʝʣʠ. 

ɺ ʨʘʙʦʪʝ [15] ʧʨʝʜʣʘʛʘʶʪʩʷ ʪʦʯʥʳʝ ʥʝʦʪʨʘʞʘʶʱʠʝ 
ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ ʚʥʝʰʥʠʭ ʚʦʣʥʦʚʳʭ ʫʨʘʚʥʝʥʠʡ ʩ 
ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʘ ʛʨʘʥʠʮʘʭ ʠʥʪʝʛʨʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ. 
ɺ ʨʘʙʦʪʝ [16] ʠʩʩʣʝʜʦʚʘʥʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ 

ʧʨʦʜʦʣʴʥʦʡ ʚʦʣʥʳ ʚ ʛʨʫʥʪʝ ʩ ʥʘʩʳʧʴʶ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 
ʟʝʤʣʠ ʩ ʫʯʝʪʦʤ ʧʨʦʟʨʘʯʥʦʩʪʠ ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʛʨʘʥʠʮ. ɺ 
ʥʝʡ ʘʚʪʦʨʘʤʠ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʫʩʣʦʚʠʷ ʧʨʦʟʨʘʯʥʦʩʪʠ, ʩ 

ʜʦʙʘʚʣʝʥʠʝʤ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʯʣʝʥʘ, ʩʚʷʟʘʥʥʦʛʦ ʩ 
ʢʘʩʘʪʝʣʴʥʳʤʠ ʥʘʧʨʷʞʝʥʠʷʤʠ.  
ʇʨʠ ʥʝʜʦʩʪʘʪʦʯʥʦ ʧʨʘʚʠʣʴʥʦʤ ʤʦʜʝʣʠʨʦʚʘʥʠʠ 

ʫʩʣʦʚʠʡ ʥʝʦʪʨʘʞʝʥʠʷ ʚʥʫʪʨʝʥʥʠʭ ʚʦʣʥ ʥʘ 
ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʛʨʘʥʠʮʘʭ ʥʘʙʣʶʜʘʝʪʩʷ ʜʠʬʨʘʢʮʠʷ ʚʦʣʥ, 
ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʧʦʷʚʣʝʥʠʶ ʧʘʨʘʟʠʪʠʯʝʩʢʠʭ ʚʦʣʥ, 
ʥʘʨʫʰʘʶʱʠʭ ʧʨʦʮʝʩʩ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚʦʣʥ ʚʥʫʪʨʠ 
ʦʛʨʘʥʠʯʝʥʥʦʡ ʦʙʣʘʩʪʠ. ɺ ʩʪʘʪʴʝ [17] ʫʪʚʝʨʞʜʝʥʦ, ʯʪʦ 

ʧʨʠ ʧʘʜʝʥʠʠ ʚʦʣʥʳ ʥʘ ʛʨʘʥʠʮʫ ʚʦʟʥʠʢʘʶʪ 
ʥʝʞʝʣʘʪʝʣʴʥʳʝ ʜʠʬʨʘʢʮʠʦʥʥʳʝ ʧʨʦʮʝʩʩʳ, ʢʦʛʜʘ ʚʝʢʪʦʨ 
ʚʦʣʥʦʚʦʡ ʥʦʨʤʘʣʠ, ʦʧʨʝʜʝʣʷʶʱʠʡ ʥʘʧʨʘʚʣʝʥʠʝ 
ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚʦʣʥʳ, ʩʦʩʪʘʚʣʷʝʪ ʩ ʠʩʢʫʩʩʪʚʝʥʥʦʡ 
ʛʨʘʥʠʮʝʡ ʤʝʥʝʝ 15 ʛʨʘʜʫʩʦʚ. 
ɺ ʩʪʘʪʴʝ [18] ʧʨʝʜʩʪʘʚʣʝʥ ʘʥʘʣʠʟ ʧʦʚʝʜʝʥʠʷ ʟʜʘʥʠʷ, 

ʧʦʜʚʝʨʞʝʥʥʦʛʦ ʩʝʡʩʤʠʯʝʩʢʠʤ ʚʦʟʙʫʞʜʝʥʠʷʤ, ʩ 
ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʦʚ ʤʦʜʘʣʴʥʦʡ ʩʫʧʝʨʧʦʟʠʮʠʠ ʠ 

ʧʨʷʤʦʛʦ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ. ʈʝʘʢʮʠʷ ʟʜʘʥʠʷ ʥʘ 
ʩʝʡʩʤʠʯʝʩʢʫʶ ʥʘʛʨʫʟʢʫ ʩʨʘʚʥʠʚʘʝʪʩʷ ʩ ʧʦʤʦʱʴʶ 
ʩʧʝʢʪʨʦʚ ʨʝʘʢʮʠʠ. ɸʚʪʦʨʳ ʧʨʝʜʣʦʞʠʣʠ ʥʘʠʤʝʥʝʝ 
ʢʦʥʩʝʨʚʘʪʠʚʥʳʡ ʧʦʜʭʦʜ ʢ ʨʘʩʯʝʪʫ ʢʦʵʬʬʠʮʠʝʥʪʦʚ 
ʜʝʤʧʬʠʨʦʚʘʥʠʷ ʈʵʣʝʷ ʜʣʷ ʘʥʘʣʠʟʘ ʟʜʘʥʠʷ ʚʦ ʚʨʝʤʝʥʥʦʡ 
ʦʙʣʘʩʪʠ. 
ɺ ʩʪʘʪʴʝ [19] ʨʘʩʩʤʦʪʨʝʥʦ ʚʣʠʷʥʠʝ ʩʝʡʩʤʠʯʝʩʢʦʛʦ 

ʫʜʘʨʘ ʚ ʩʧʝʢʪʨʘʭ ʨʝʘʢʮʠʠ ʧʦʣʘ ʜʚʫʭ ʩʦʩʝʜʥʠʭ 
ʞʝʣʝʟʦʙʝʪʦʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʩ ʥʝʫʧʨʫʛʠʤ ʧʦʚʝʜʝʥʠʝʤ. 

ʇʦʢʘʟʘʥʦ ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʫʜʘʨʦʚ ʥʘ ʩʧʝʢʪʨʳ 
ʫʩʢʦʨʝʥʠʷ ʧʦʣʘ, ʯʪʦ ʫʚʝʣʠʯʠʣʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ 
ʫʩʢʦʨʝʥʠʡ ʚ ʙʦʣʝʝ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʧʝʨʠʦʜʦʚ, 
ʦʩʦʙʝʥʥʦ ʚʦʟʙʫʞʜʘʷ ʧʝʨʠʦʜʳ ʥʠʟʢʦʡ ʠ ʫʤʝʨʝʥʥʦʡ 
ʚʠʙʨʘʮʠʠ. 
ɺ ʨʝʟʫʣʴʪʘʪʝ ʘʥʘʣʠʟʘ ʣʠʪʝʨʘʪʫʨʳ ʜʦ ʥʘʩʪʦʷʱʝʛʦ 

ʚʨʝʤʝʥʠ ʥʝ ʚʩʪʨʝʪʠʣʠʩʴ ʨʘʙʦʪʳ, ʢʦʪʦʨʳʝ ʙʳ ʪʦʯʥʦ 
ʨʘʟʨʝʰʘʣʠ ʫʩʣʦʚʠʷ ʥʝ ʦʪʨʘʞʝʥʠʷ ʚʦʣʥ ʥʘ ʛʨʘʥʠʮʘʭ. 

ɼʘʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʫʩʪʘʥʘʚʣʠʚʘʝʪ ʪʦʯʥʳʝ ʫʩʣʦʚʠʷ 
ʧʨʦʟʨʘʯʥʦʩʪʠ ʥʘ ʛʨʘʥʠʮʘʭ, ʦʙʝʩʧʝʯʠʚʘʷ ʩʚʦʙʦʜʥʦʝ 
ʧʨʦʭʦʞʜʝʥʠʝ ʚʦʣʥ ʠ ʦʙʣʝʛʯʘʷ ʪʦʯʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʚ 
ʦʛʨʘʥʠʯʝʥʥʦʡ ʦʙʣʘʩʪʠ 

2. Методика исследования 

ɺ ʧʦʣʫʧʣʦʩʢʦʩʪʠ ʨʘʩʩʤʦʪʨʝʥʦ ʜʚʫʤʝʨʥʦʝ 
ʠʟʦʪʨʦʧʥʦʝ ʣʠʥʝʡʥʦ ʫʧʨʫʛʦʝ ʪʝʣʦ, ʦʛʨʘʥʠʯʝʥʥʦʝ 
ʦʙʣʘʩʪʴʶ Ý, ʩ ʚʢʣʶʯʝʥʠʝʤ ʚ ʚʠʜʝ ʦʜʥʦʡ ʢʨʫʛʦʚʦʡ 
ʦʙʜʝʣʢʠ ʠʣʠ ʜʚʫʭ ʢʨʫʛʦʚʳʭ ʦʙʜʝʣʦʢ (ʨʠʩ. 1). ʇʣʦʩʢʘʷ 
ʧʨʦʜʦʣʴʥʘʷ ʠʣʠ(ʠ) ʧʦʧʝʨʝʯʥʘʷ ʚʦʣʥʘ ʚ ʦʙʣʘʩʪʴ Ý ʚʭʦʜʠʪ 
ʯʝʨʝʟ ʛʨʘʥʠʮʫ ɸɺ, ʘ ʫʩʣʦʚʠʷ ʥʘ ʛʨʘʥʠʮʘʭ ɸʉ ʠ BD 
ʜʦʣʞʥʳ ʢʦʤʧʝʥʩʠʨʦʚʘʪʴ ʜʝʡʩʪʚʠʝ ʦʪʙʨʦʰʝʥʥʦʡ ʯʘʩʪʠ 
ʧʦʣʫʧʣʦʩʢʦʩʪʠ. ɻʨʘʥʠʮʘ ʉD ʦʙʣʘʩʪʠ Ý ʩʚʦʙʦʜʥʘ ʦʪ 

ʥʘʧʨʷʞʝʥʠʡ, ʪ.ʝ. ʥʘ ʵʪʦʡ ʛʨʘʥʠʮʝ ʟʘʜʘʥʦ ʫʩʣʦʚʠʝ 
ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. ɺʥʫʪʨʠ ʧʨʷʤʦʫʛʦʣʴʥʦʡ ʦʙʣʘʩʪʠ 
ʤʦʛʫʪ ʙʳʪʴ ʨʘʩʧʦʣʦʞʝʥʳ ʢʨʫʛʦʚʳʝ ʦʙʜʝʣʢʠ ʥʘ ʨʘʟʥʦʡ 
ʛʣʫʙʠʥʝ ʦʪ ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. 
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Рис. 1. Вид основной и вспомогательной 

областей 

ɼʣʷ ʨʝʰʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʟʘʜʘʯʠ ʠʩʧʦʣʴʟʫʝʤ 
ʩʣʘʙʫʶ ʬʦʨʤʫ (ʚʘʨʠʘʮʠʦʥʥʘʷ ʬʦʨʤʘ) ʫʨʘʚʥʝʥʠʡ 
ʨʘʚʥʦʚʝʩʠʷ [20]: 

᷿‗ὨὭὺόὨὭὺ‏ό ς‘‐‏‐ ὶ ”ό ὧό‏όὨ 

᷿ὖ‏όὨῲπȟ                        (1) 

ʛʜʝ P ï ʚʝʢʪʦʨ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʫʩʠʣʠʡ ʥʘ ʝʜʠʥʠʮʫ 

ʧʣʦʱʘʜʠ ʥʘ ʛʨʘʥʠʮʝ ʦʙʣʘʩʪʠ, , ,c rr  ï ʧʣʦʪʥʦʩʪʴ 

ʤʘʪʝʨʠʘʣʘ, ʧʘʨʘʤʝʪʨ ʚʷʟʢʦʩʪʠ ʩʨʝʜʳ ʠ ʚʝʢʪʦʨ ʦʙʲʝʤʥʳʭ 

ʩʠʣ, { },T

x zu u u=  ï ʚʝʢʪʦʨ ʧʝʨʝʤʝʱʝʥʠʡ, Ů - ʪʝʥʟʦʨ 

ʜʝʬʦʨʤʘʮʠʡ, ɚ ʠ ɛ ï ʢʦʵʬʬʠʮʠʝʥʪʳ ʃʷʤʝ. ʆʩʠ 

ʜʝʢʘʨʪʦʚʳʭ ʢʦʦʨʜʠʥʘʪ ʥʘʧʨʘʚʣʝʥʳ: Ox ï ʩʣʝʚʘ ʥʘ ʧʨʘʚʦ, 
Oz ï ʩʥʠʟʫ-ʚʚʝʨʭ, ʥʘʯʘʣʦ ʢʦʦʨʜʠʥʘʪ ʨʘʩʧʦʣʦʞʝʥʦ ʚ 
ʮʝʥʪʨʝ ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ.  
ʇʨʦʟʨʘʯʥʳʝ ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ ʚʳʚʦʜʷʪʩʷ 
ʧʨʠʤʝʥʝʥʠʝʤ ʪʦʯʥʳʭ ʨʝʰʝʥʠʡ ʜʣʷ ʧʣʦʩʢʦʡ ʚʦʣʥʳ ʚ 
ʚʠʜʝ ʩʚʷʟʠ ʤʝʞʜʫ ʜʝʬʦʨʤʘʮʠʷʤʠ ʠ ʩʢʦʨʦʩʪʷʤʠ ʯʘʩʪʠʮ, 
ʠ ʧʦʜʩʪʘʥʦʚʢʦʡ ʠʭ ʚ ʦʙʦʙʱʝʥʥʳʡ ʟʘʢʦʥ ɻʫʢʘ. ʂʨʦʤʝ 
ʵʪʦʛʦ, ʚ ʧʦʣʫʯʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʠʩʧʦʣʴʟʫʝʪʩʷ ʨʝʰʝʥʠʝ 

ʦʜʥʦʤʝʨʥʦʡ ʧʣʦʩʢʦʡ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʜʠʥʘʤʠʯʝʩʢʦʡ 
ʟʘʜʘʯʠ ʜʣʷ ʦʙʣʘʩʪʠ ʙʝʟ ʦʙʜʝʣʢʠ. 
ɻʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ, ʢʦʛʜʘ ʯʝʨʝʟ ʛʨʘʥʠʮʫ ɸɺ 

ʧʦʩʪʫʧʘʝʪ ʚ ʦʙʣʘʩʪʴ Ý ʧʨʦʜʦʣʴʥʘʷ ʠ ʧʦʧʝʨʝʯʥʘʷ ʚʦʣʥʳ 

ʩʦ ʩʢʦʨʦʩʪʷʤʠ ʯʘʩʪʠʮ Ὢὸ ʠ Ὢὸ, ʩʣʝʜʫʶʱʠʝ: 

ʫʩʣʦʚʠʷ ʧʨʦʟʨʘʯʥʦʩʪʠ ʥʘ AB, ʠʤʝʶʪ ʚʠʜ: 

ὖ „ ὧ”ό ‗
‬ό

‬ὼ
ςὧ”ὪὸȠ 

ὖ „ ὧ”ό ςὧ”ὪὸȠ (2) 
ʫʩʣʦʚʠʷ ʥʝ ʦʪʨʘʞʝʥʠʷ ʥʘ CD: 

ὖ „ ὧ”ό ‗
‬ό

‬ὼ
Ƞ 

ὖ „ ὧ”όȠ  (3) 
ʠʣʠ ʚ ʩʣʫʯʘʝ ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘ CD: 

ὖ „ πȠὖ „ πȠ  (4) 
ʫʩʣʦʚʠʷ ʧʨʦʟʨʘʯʥʦʩʪʠ ʥʘ AC: 

ὖ „ ὧ”ό ‗
‬ό

‬ᾀ
ὧ”όȠ 

ὖ „ ὧ”ό ὧ”όȠ (5) 
ʫʩʣʦʚʠʷ ʧʨʦʟʨʘʯʥʦʩʪʠ ʥʘ BD: 

ὖ „ ὧ”ό ‗
‬ό

‬ᾀ
ὧ”όȠ 

ὖ „ ὧ”ό ὧ”όȢ (6) 

ɿʜʝʩʴ ὧȟὧ ï ʩʢʦʨʦʩʪʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʧʨʦʜʦʣʴʥʦʡ 

ʠ ʧʦʧʝʨʝʯʥʦʡ ʚʦʣʥ; ό  ʠ ό  ï ʟʥʘʯʝʥʠʷ ʩʢʦʨʦʩʪʝʡ, 
ʷʚʣʷʶʱʠʭʩʷ ʨʝʰʝʥʠʝʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʦʜʥʦʤʝʨʥʳʭ 

ʟʘʜʘʯ ʜʣʷ ʧʣʦʩʢʦʡ ʚʦʣʥʳ ʚ ʚʩʧʦʤʦʛʘʪʝʣʴʥʦʡ 
ʧʨʷʤʦʫʛʦʣʴʥʦʡ ʦʙʣʘʩʪʠ ʩ ʥʝʦʙʭʦʜʠʤʳʤʠ ʛʨʘʥʠʯʥʳʤʠ 
ʫʩʣʦʚʠʷʤʠ, ʢʦʪʦʨʳʝ ʧʨʠʚʝʜʝʥʳ ʥʠʞʝ. 
ʅʘʯʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʧʨʠ t=0 ʟʘʜʘʶʪʩʷ ʨʘʚʥʳʤʠ ʥʫʣʶ 

ʧʝʨʝʤʝʱʝʥʠʡ ʠ ʩʢʦʨʦʩʪʝʡ ʯʘʩʪʠʮ ʚ ʟʘʜʘʥʥʦʡ ʦʙʣʘʩʪʠ  

ό πȠό πȠό πȠό πȢ (7) 

ɼʣʷ ʚʳʯʠʩʣʝʥʠʷ όȟό  ʚʚʦʜʷʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ 
ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʝ ʦʙʣʘʩʪʠ (ʨʠʩ. 1) ʩ ʮʝʣʴʶ ʚʳʯʠʩʣʝʥʠʷ 
ʧʨʦʮʝʩʩʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʠʩʭʦʜʥʦʡ ʚʦʣʥʳ ʧʨʠ 
ʦʜʠʥʘʢʦʚʳʭ ʬʠʟʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ, ʢʘʢ ʚ Ý, ʠ ʩʦ 
ʩʣʝʜʫʶʱʠʤʠ ʛʝʦʤʝʪʨʠʝʡ ʠ ʛʨʘʥʠʮʘʤʠ: 

  ὼȟᾀȡὼɴ πȟῳὒȟᾀɴ πȟὌ ȟ 
ῲ ὼȟᾀȡὼ πȟᾀɴ πȟὌ ȟ 
ῲ ὼȟᾀȡὼ ῳὒȟᾀɴ πȟὌ ȟ 
ῲ ὼȟᾀȡὼɴ πȟῳὌȟᾀ Ὄȟ 
ῲ ὼȟᾀȡὼɴ πȟῳὌȟᾀ πȢ 

ɼʣʷ ʚʩʧʦʤʦʛʘʪʝʣʴʥʦʡ ʟʘʜʘʯʠ ʰʠʨʠʥʫ ʦʙʣʘʩʪʠ 
ʨʘʩʯʝʪʘ L ʜʦʩʪʘʪʦʯʥʦ ʚʟʷʪʴ ʚ ʨʘʟʤʝʨʝ ʦʜʥʦʛʦ ʢʦʥʝʯʥʦʛʦ 
ʵʣʝʤʝʥʪʘ, ʨʘʟʤʝʨ ʢʦʪʦʨʦʛʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʨʘʟʤʝʨʫ 
ʢʦʥʝʯʥʦʛʦ ʵʣʝʤʝʥʪʘ ʥʘ ʛʨʘʥʠʮʝ ʦʩʥʦʚʥʦʡ ʦʙʣʘʩʪʠ, ʘ 
ʚʳʩʦʪʘ ʦʙʣʘʩʪʠ H ʨʘʚʥʘ ʚʳʩʦʪʝ ʦʩʥʦʚʥʦʡ ʦʙʣʘʩʪʠ. 

ʈʘʟʙʠʝʥʠʝ ʥʘ ʢʦʥʝʯʥʳʝ ʵʣʝʤʝʥʪʳ ʜʦʣʞʥʦ 
ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʨʘʟʙʠʝʥʠʶ ʥʘ ʢʦʥʝʯʥʳʝ ʵʣʝʤʝʥʪʳ ʥʘ 
ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʛʨʘʥʠʮʝ ʦʩʥʦʚʥʦʡ ʦʙʣʘʩʪʠ ʨʘʩʯʝʪʘ.  
ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʛʨʘʥʠʯʥʳʤʠ ʫʩʣʦʚʠʷʤʠ ʚ ʩʣʫʯʘʝ ʜʝʡʩʪʚʠʷ 
ʧʨʦʜʦʣʴʥʦʡ ʚʦʣʥʳ ʥʘ ʛʨʘʥʠʮʝ ũb1 ʠʤʝʶʪ ʚʠʜ: 

ὖ „ ὧ”ό ‗
‬ό

‬ὼ
ςὧ”ὪὸȠ 

ὖ „ ὧ”όȠ (8) 
ʫʩʣʦʚʠʷ ʥʝ ʦʪʨʘʞʝʥʠʷ ʥʘ ɻt1: 

ὖ „ ὧ”ό ‗
‬ό

‬ὼ
Ƞ 

ὖ „ ὧ”όȠ (9) 
ʠʣʠ ʫʩʣʦʚʠʷ ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ: 

ὖ „ πȠὖ „ πȠ (10) 
ʥʘ ʛʨʘʥʠʮʘʭ ũl1 ʠ ɻr1 ʟʘʜʘʶʪʩʷ ʫʩʣʦʚʠʷ ʠʜʝʘʣʴʥʦʛʦ 

ʩʢʦʣʴʞʝʥʠʷ: 

ό πȠὖ „ πȢ  (11) 
ɽʩʣʠ ʥʘ ʥʠʞʥʝʡ ʛʨʘʥʠʮʝ ʧʦʩʪʫʧʘʝʪ ʩʜʚʠʛʦʚʘ ̫ʚʦʣʥʘ, 

ʪʦʛʜʘ ʥʘ ʛʨʘʥʠʮʝ ũb1 ʫʩʣʦʚʠʷ ʠʤʝʶʪ ʚʠʜ: 

ὖ „ ὧ”ό ςὧ”ὪὸȠ 

ὖ „ ὧ”ό ‗ Ƞ (12) 

ʫʩʣʦʚʠʷ ʥʝ ʦʪʨʘʞʝʥʠʷ ʥʘ ɻt1: 

ὖ „ ὧ”ό ‗
‬ό

‬ὼ
Ƞ 

ὖ „ ὧ”όȠ (13) 
ʠʣʠ ʫʩʣʦʚʠʷ ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ: 

ὖ „ πȠὖ „ πȠ (14) 
ʥʘ ʛʨʘʥʠʮʘʭ ũl1 ʠ ɻr1 ʟʘʜʘʶʪʩʷ ʫʩʣʦʚʠʷ: 

ό πȠὖ „ πȢ  (15) 
ʅʘʯʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ ʦʜʥʦʤʝʨʥʳʭ 

ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʭ ʟʘʜʘʯ ʘʥʘʣʦʛʠʯʥʳ ʫʩʣʦʚʠʷʤ ʦʩʥʦʚʥʦʡ 
ʟʘʜʘʯʠ. 
ʇʨʝʜʩʪʘʚʣʝʥʥʳʝ ʧʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ ʠ ʛʨʘʥʠʯʥʳʝ 

ʫʩʣʦʚʠʷ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʩʚʦʡʩʪʚ 
ʩʨʝʜʳ ʪʦʣʴʢʦ ʚʜʦʣʴ ʦʩʠ Oz, ʚ ʯʘʩʪʥʦʩʪʠ ʩʨʝʜʘ ʤʦʞʝʪ 
ʙʳʪʴ ʩʣʦʠʩʪʦʡ, ʧʦʚʝʨʭʥʦʩʪʠ ʢʘʞʜʦʛʦ ʩʣʦʷ ʜʦʣʞʥʳ ʙʳʪʴ 
ʧʘʨʘʣʣʝʣʴʥʳʤʠ ʢ ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ 

3. Результаты исследования 

ɼʣʷ ʦʙʦʩʥʦʚʘʥʠʷ ʧʨʝʜʣʦʞʝʥʥʦʡ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ 
ʤʦʜʝʣʠ ʚʳʧʦʣʥʝʥ ʨʘʩʯʝʪ ʧʝʨʝʤʝʱʝʥʠʡ, ʩʢʦʨʦʩʪʝʡ ʠ 
ʥʘʧʨʷʞʝʥʠʡ ʚ ʟʘʜʘʥʥʦʡ ʧʨʷʤʦʫʛʦʣʴʥʦʡ ʦʙʣʘʩʪʠ ʩ 
ʨʘʟʤʝʨʘʤʠ 100 ʤ ʭ 50 ʤ ʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʦʜʥʦʤʝʨʥʦʡ 

ʦʙʣʘʩʪʠ ʚʳʩʦʪʦʡ 50 ʤ, ʢʦʪʦʨʳʝ ʧʨʝʜʩʪʘʚʣʷʶʪ 
ʦʜʥʦʨʦʜʥʳʡ ʛʨʫʥʪ ʩʦ ʩʣʝʜʫʶʱʠʤʠ ʤʝʭʘʥʠʯʝʩʢʠʤʠ 
ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ: ʤʦʜʫʣʴ ʖʥʛʘ E=150 ʄʇʘ, 
ʢʦʵʬʬʠʮʠʝʥʪ ʇʫʘʩʩʦʥʘ ɜ=0.3 ʠ ʧʣʦʪʥʦʩʪʴ 



Journal Engineer           ISSN: 3030-3893 Special Issue| 2026 
 

 
 16-fevral, 2026 34 

                 “Transport inshootlari: zamonaviy texnologiyalar, seysmik barqarorlik” 

32000 /ʢʛ ʤr=  . ʆʙʜʝʣʢʠ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʞʝʣʝʟʦʙʝʪʦʥʥʦʝ ʢʦʣʴʮʘ ʚʥʝʰʥʠʤ ʜʠʘʤʝʪʨʦʤ 6 ʤ ʠ 
ʪʦʣʱʠʥʦʡ 0.3 ʤ, ʤʦʜʫʣʝʤ ʖʥʛʘ ɽ=20000 ʄʇʘ, 
ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʇʫʘʩʩʦʥʘ ɜ=0.3 ʠ ʧʣʦʪʥʦʩʪʴʶ 

32500 /ʢʛ ʤr=  . ɺ ʨʘʩʯʝʪʘʭ ʮʝʥʪʨʳ ʢʦʣʝʮ 

ʨʘʩʧʦʣʦʞʝʥʳ ʥʘ ʛʣʫʙʠʥʝ: z=-10 ʤ, ʮʝʥʪʨʳ ʦʪʜʘʣʝʥʳ ʥʘ 
ʨʘʩʩʪʦʷʥʠʠ Lint. ʈʘʩʩʤʦʪʨʝʥʳ ʩʣʫʯʘʠ: Lint=8 ʤ, Lint=10 ʤ, 
Lint=12 m, Lint=16 ʤ, Lint=24 ʤ. ʐʘʛ ʧʦ ʚʨʝʤʝʥʠ ȹt=0.001 
ʩ, ʚʨʝʤʷ ʨʘʩʯʝʪʘ T=2 ʩ. 

ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʧʨʦʜʦʣʴʥʘʷ ʧʘʜʘʶʱʘʷ ʚʦʣʥʘ 

ʟʘʜʘʝʪʩʷ ʚ ʚʠʜʝ Ὢ ὃὸὧέίς“‫ὸ , ʛʜʝ ὃὸ ὃẗ

ὸȾὸ  ʧʨʠ t<t0, ὃὸ ὃ ʚ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ, t0 ï 
ʟʘʜʘʥʥʳʡ ʠʥʪʝʨʚʘʣ ʥʘʨʘʩʪʘʥʠʷ ʚʦʣʥʳ, A0 -ʟʘʜʘʥʥʘʷ 

ʘʤʧʣʠʪʫʜʘ ʠ ʯʘʩʪʦʪʘ ʛʘʨʤʦʥʠʯʝʩʢʦʡ ʚʦʣʥʳ. ɺ -  ‫ 
ʨʘʩʯʝʪʘʭ ʧʨʠʥʷʪʳ ʩʣʝʜʫʶʱʠʝ ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ 
ʧʘʜʘʶʱʝʡ ʚʦʣʥʳ: A0=1 ʤ/ʩ, t0=0.5 ʩ =2 ɻʮ. ʇʨʠ ʵʪʦʤ 

ʧʦʧʝʨʝʯʥʘʷ ʧʘʜʘʶʱʘʷ ʚʦʣʥʘ Ὢ π. 
ʈʝʘʣʠʟʘʮʠʷ ʟʘʜʘʯʠ ʧʨʦʚʦʜʠʣʩʷ ʚ ʩʚʦʙʦʜʥʦ 

ʨʘʩʧʨʦʩʪʨʘʥʷʝʤʦʡ ʩʠʩʪʝʤʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʜʣʷ ʄʂʕ 

FreeFem++ [22]. ɺ ʢʘʯʝʩʪʚʝ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ 
ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʪʨʝʫʛʦʣʴʥʳʡ ʵʣʝʤʝʥʪ ʩ ʰʝʩʪʴʶ ʫʟʣʘʤʠ, 
ʚʪʦʨʦʡ ʩʪʝʧʝʥʠ ʪʦʯʥʦʩʪʠ. 
ʉʪʨʫʢʪʫʨʘ ʢʦʥʝʯʥʦ-ɻ ʣʝʤʝʥʪʥʦʡ ʩʝʪʢʠ ʧʨʠʚʝʜʝʥʘ ʥʘ 

ʈʠʩʫʥʢʝ 2. 

 
Рис. 2. Конечно-элементная сетка области 

ɺ ʛʨʘʬʠʢʘʭ, ʧʨʠʚʝʜʝʥʥʳʭ ʥʘ ʈʠʩʫʥʢʝ 3, ʧʦʢʘʟʘʥʦ 
ʠʟʤʝʥʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʥʘʧʨʷʞʝʥʠʡ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 
ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʜʚʫʤʷ ʦʙʜʝʣʢʘʤʠ, ʚ ʩʣʫʯʘʷʭ 
ʧʨʦʜʦʣʴʥʦʡ ʠ ʩʜʚʠʛʦʚʦʡ ʚʦʣʥ. ʊʦʯʢʘ ʥʘʙʣʶʜʝʥʠʷ ʚʟʷʪʦ 
ʥʘ ʣʝʚʦʡ ʩʪʦʨʦʥʝ ʧʨʘʚʦʡ ʦʙʜʝʣʢʠ ʚ ʪʦʯʢʝ ʚʥʫʪʨʠ 

ʦʙʜʝʣʢʠ: z=-10 ʤ ʠ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 0.2 ʤ ʦʪ ʚʥʝʰʥʝʛʦ 
ʨʘʜʠʫʩʘ ʦʙʜʝʣʢʠ. 
ʀʟ ʛʨʘʬʠʢʦʚ ʚʠʜʥʦ ʯʪʦ ʜʣʷ ʧʨʦʜʦʣʴʥʦʡ ʚʦʣʥʳ ʧʨʠ 

ʨʘʟʣʠʯʥʳʭ ʨʘʩʩʪʦʷʥʠʷʭ ʤʝʞʜʫ ʦʙʜʝʣʢʘʤʠ ʥʘʠʙʦʣʴʰʝʝ 
ʟʥʘʯʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʥʘʧʨʷʞʝʥʠʡ ʜʦʩʪʠʛʘʝʪʩʷ ʧʨʠ 
Lint=8 ʤ, ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʧʨʠ Lint=16 ʤ, ʟʘʪʝʤ ʦʥʦ 
ʫʤʝʥʴʰʘʝʪʩʷ ʜʦ 0.02 ʄʇʘ ʧʨʠ Lint=24 ʤ. ɿʘʤʝʪʠʤ ʯʪʦ 
ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʧʨʠ Lint=12 ʤ ʙʦʣʴʰʝ ʯʝʤ 

ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʧʨʠ Lint=10 ʤ, ʵʪʦ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, 
ʯʪʦ ʚʙʣʠʟʠ ʦʙʜʝʣʦʢ ʧʨʦʠʩʭʦʜʠʪ ʩʣʦʞʥʡr 
ʜʠʬʨʘʢʮʠʦʥʥʳʡ ʧʨʦʮʝʩʩ, ʢʦʪʦʨʳʡ ʟʘʚʠʩʠʪ ʪʘʢ ʞʝ ʦʪ 
ʜʣʠʥʳ ʚʦʣʥʳ ʠ ʙʣʠʟʦʩʪʠ ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. 
ʇʨʠ ʟʘʜʘʥʥʦʡ ʩʜʚʠʛʦʚʦʡ ʚʦʣʥʝ ʥʘʠʙʦʣʴʰʠʝ 

ʤʘʢʩʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʥʘʧʨʷʞʝʥʠʡ 
ʜʦʩʪʠʛʘʶʪʩʷ ʧʨʠ Lint=16 ʤ, ʘ ʥʘʠʤʝʥʴʰʠʝ ʧʨʠ Lint=10 ʤ, 
ʩʨʝʜʥʝʝ ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʧʨʠ Lint=12 ʤ, ʵʪʦ 
ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ ʩ ʫʤʝʥʴʰʝʥʠʝʤ ʨʘʩʩʪʦʷʥʠʷ 

ʤʝʞʜʫ ʦʙʜʝʣʢʘʤʠ ʧʨʠ ʩʜʚʠʛʦʚʦʡ ʚʦʣʥʝ ʟʥʘʯʝʥʠʝ 
ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʥʘʧʨʷʞʝʥʠʡ ʫʤʝʥʴʰʘʶʪʩʷ. 

 
ʘ) 

 
ʙ) 

Рис. 3. Графики интенсивности напряжений в 

обделке в зависимости от расстояния между 

обделками: a) для продольной волны, б) для 

сдвиговой волны 

ʉ ʮʝʣʴʶ ʧʦʢʘʟʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚʦʣʥ ʚ 
ʠʩʢʫʩʩʪʚʝʥʥʦ ʦʛʨʘʥʠʯʝʥʥʦʡ ʦʙʣʘʩʪʠ ʩ ʦʜʥʦʡ ʠ ʜʚʫʤʷ 
ʦʙʜʝʣʢʘʤʠ, ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʥʝʦʛʨʘʥʠʯʝʥʥʦʡ ʦʙʣʘʩʪʠ, ʚ 
ʧʨʠʣʦʞʝʥʠʠ ʥʘ ʈʠʩʫʥʢʝ 4 ʧʨʠʚʝʜʝʥʘ ʜʠʥʘʤʠʢʘ 
ʧʨʦʭʦʞʜʝʥʠʷ ʩʜʚʠʛʦʚʦʡ ʚʦʣʥʳ ʚ ʨʘʟʥʳʝ ʤʦʤʝʥʪʳ 
ʚʨʝʤʝʥʠ. 

 
t=0.72c 
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t=0.78c 

Рис. 4. Процесс прохождения сдвиговой волны в 

грунтовой среде с условием прозрачности на 

искусственных границах 

4. Выводы и рекомендации 

ʇʦʣʫʯʝʥʳ ʪʦʯʥʳʝ ʫʩʣʦʚʠʷ ʥʘ ʧʨʦʟʨʘʯʥʳʭ ʛʨʘʥʠʮʘʭ, 
ʢʦʛʜʘ ʟʘʜʘʥʥʳʝ ʧʨʦʜʦʣʴʥʘʷ ʠ ʧʦʧʝʨʝʯʥʘʷ ʚʦʣʥʳ 
ʧʦʩʪʫʧʘʶʪ ʚ ʠʩʢʫʩʩʪʚʝʥʥʦ ʦʛʨʘʥʠʯʝʥʥʫʶ 
ʧʨʷʤʦʫʛʦʣʴʥʫʶ ʦʙʣʘʩʪʴ ʧʘʨʘʣʣʝʣʴʥʦ ʢ ʩʚʦʙʦʜʥʦʡ 
ʧʦʚʝʨʭʥʦʩʪʠ ʵʪʦʡ ʦʙʣʘʩʪʠ. ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʚʦʙʦʜʥʦ 
ʨʘʩʧʨʦʩʪʨʘʥʷʝʤʦʡ ʩʠʩʪʝʤʳ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʜʣʷ 
ʄʂʕ FreeFem++ ʠ ʤʝʪʦʜʘ ɹʘʪʝ ʨʝʰʝʥʘ ʟʘʜʘʯʘ ʦ 

ʚʦʟʜʝʡʩʪʚʠʠ ʫʧʨʫʛʠʭ ʚʦʣʥ ʥʘ ʢʨʫʛʦʚʳʝ ʦʙʜʝʣʢʠ ʚ 
ʦʜʥʦʨʦʜʥʦʡ ʛʨʫʥʪʦʚʦʡ ʩʨʝʜʝ. ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ 
ʨʝʰʝʥʘ ʟʘʜʘʯʘ ʦ ʚʦʟʜʝʡʩʪʚʠʠ ʧʨʦʜʦʣʴʥʦʡ ʠ ʧʦʧʝʨʝʯʥʦʡ 
ʛʘʨʤʦʥʠʯʝʩʢʦʡ ʚʦʣʥ, ʧʦʩʪʫʧʘʶʱʝʡ ʯʝʨʝʟ ʥʠʞʥʁʁ 
ʠʩʢʫʩʩʪʚʝʥʥʫ  ʁ ʧʨʦʟʨʘʯʥʫ  ʁ ʛʨʘʥʠʮʫ ʦʙʣʘʩʪʠ. 
ʇʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʠ ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ 
ʜʠʥʘʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ ʦʙʜʝʣʢʠ ʧʨʠ ʨʘʟʣʠʯʥʦʤ 
ʨʘʩʩʪʦʷʥʠʠ ʤʝʞʜʫ ʦʙʜʝʣʢʘʤʠ. ʉ ʫʚʝʣʠʯʝʥʠʝʤ 

ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʦʙʜʝʣʢʘʤʠ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ 
ʧʨʦʜʦʣʴʥʦʡ ʚʦʣʥʳ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʝʝ ʜʣʠʥʳ 
ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʜʠʥʘʤʠʯʝʩʢʠʭ ʥʘʧʨʷʞʝʥʠʡ ʚ ʦʙʜʝʣʢʘʭ 
ʫʤʝʥʴʰʘʝʪʩʷ ʜʦ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʟʥʘʯʝʥʠʷ, ʪ.ʝ. ʩʪʨʝʤʠʪʩʷ 
ʢ ʟʥʘʯʝʥʠʶ ʜʣʷ ʩʣʫʯʘʷ ʦʜʠʥʦʯʥʦʡ ʦʙʜʝʣʢʠ. ʇʨʠ 
ʚʦʟʜʝʡʩʪʚʠʠ ʩʜʚʠʛʦʚʦʡ ʚʦʣʥʳ ʩ ʫʚʝʣʠʯʝʥʠʝʤ 
ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʦʙʜʝʣʢʘʤʠ ʩʥʘʯʘʣʘ ʠʥʪʝʥʩʠʚʥʦʩʪʴ 
ʥʘʧʨʷʞʝʥʠʡ ʫʚʝʣʠʯʠʚʘʝʪʩʷ, ʘ ʟʘʪʝʤ ʥʘʯʠʥʘʝʪ ʧʘʜʘʪʴ ʜʦ 

ʟʥʘʯʝʥʠʷ ʢʘʢ ʧʨʠ ʦʜʠʥʦʯʥʦʡ ʦʙʜʝʣʢʝ. 
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Abstract: The article discusses the recycling of household waste, plastic, polymers and organic waste to create 

various types of building materials, as well as the production of paving slabs by heating plastic and 
natural sand at high temperatures. 
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Annotatsiya: Maqolada maishiy chiqindilar, plastic, polimer va organik chiqindilar qayta ishlanib, turli turdagi qurilish 

materiallarini yaratiishi shuningdek plstmassa va tabiy qumni yuqori teperaturada qizdiri yulak plitkalari 
ishlab chiqarish xaqida soóz boradi. 

Kalit soózlar: Energiya tejamkor qurilish materiallari, maishiy chiqindi,(bakalashka) energiya tejash, yoôlak plitka, 
mashina kalotkalari 

1. Kirish  

Butun dunyoda avtomobil yoóllari malakatning 
iqtisodiyotining rivojlanishida muhim rol oóynaydigan 
infratuzilma inshootlaridan biridir. Bugungi kunda global 
ekologik muammolar, xususan, chiqindilarning koópayishi 

va tabiiy resurslarning kamayishi zamonaviy qurilish 
sanoatiga yangi yondashuvlarni talab qilmoqda. Shu nuqtayi 
nazardan qaralganda, maishiy chiqindilar va tabiiy xom 
ashyo materiallaridan foydalanib qurilish materiallarini 
ishlab chiqarish ekologik barqarorlik va iqtisodiy 
samaradorlikni taôminlashda muhim omil boólmoqda. 

Maishiy chiqindilar, masalan, plastik butilkalar (PET), 
shisha, qogóoz, metall parchalari va organik chiqindilar 

qayta ishlanib, turli turdagi qurilish materiallarini yaratishda 
qoóllanilmoqda. Misol uchun, qayta ishlangan plastiklardan 
plastbeton, izolyatsiya materiallari, yengil panellar yoki 
yopiq pollar tayyorlanmoqda. Shuningdek, shisha 
chiqindilari sement aralashmalariga qoóshilib, materialning 
mustahkamligini oshirishda va issiqlik oótkazuvchanligini 
kamaytirishda xizmat qiladi. Bu usul orqali chiqindilar soni 
kamayadi va ular iqtisodiy foyda keltiradigan shaklga oótadi. 

2. Tadqiqot metodikasi 

Tabiiy xom ashyo sifatida esa loy, gil, qum, ohak hamda 
oósimlik tolalari (kanop, arpa somoni, paxta poyasi) 

ishlatiladi. Ushbu materiallar ekologik toza boólib, mahalliy 
resurslar asosida olinadi. Masalan, somon aralash loydan 
tayyorlangan góishtlar (adobe) ekologik va energiya 
tejamkor qurilishda keng qoóllaniladi. Paxta poyasi 
aralashgan issiqlik izolatsiya plitalari esa yaxshi issiqlik 
saqlash xususiyatiga ega boólib, energiyani tejashda yordam 
beradi. Shu orqali qimmat import materiallar oórnini arzon, 
ammo samarali mahalliy mahsulotlar egallaydi. 
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Bunday yondashuv ekologik xavfsizlikni taôminlash, 
qurilish materiallari tannarxini arzonlashtirish, energiya 
tejamkorligini oshirish kabi koóplab afzalliklarni beradi. 
Bundan tashqari, qayta ishlangan chiqindilardan foydalanish 
orqali atrof-muhitga salbiy taôsir kamayadi va sanoat 
chiqindilari miqdori keskin qisqaradi. Qiziqarli jihati 
shundaki, ayrim qayta ishlangan materiallar oddiy 
materiallardan ham mustahkam va uzoq muddat xizmat 

qilishi mumkin. Bu esa zamonaviy qurilish sanoati uchun 
ekologik va texnologik jihatdan istiqbolli yoónalishlardan 
biri hisoblanadi. 

Etʘlon nʘmunʘlʘr uchun Jizzʘx shahrida va tumanlarida 
daryo koóllardan olinishi mobaynida halqimiz qurilish 
materiali va tabiiy xom ashyo  sifatida keng qoôllanilib 
kelinmoqda. Maishiy chiqindi boôlgan va hozirgi davr eng 
koôp chiqindiga chiqarilib tashilyotgan bakalashka materiali 

asosida ishlab chiqilmoqda 
Namunalar uchun Jizzax shahrida va tumanlarida daryo 

koᾷllardan olinishi mobaynida chinoz qumini halqimiz 
qurilish materiali va tabiiy xom ashyo sifatida keng 
qoᾷllanilib kelinmoqda. Maishiy chiqindi boᾷlgan va hozirgi 
davrda yeng koóp chiqindiga chiqarilib tashilyotgan 
polietilentereftalat butilka (bakalashka) materiali asosida 
ishlab chiqilmoqda. 

Hozirgi vaqtda dunyo boᾷyicha qurilish sohasida 
mustaxkam va iqtisodiy tomondan arzon material va 
buyumlarga talab ortmoqda. Bunda mahalliy chiqindilardan 
tayyorlangan qurilish materiallari birinchi navbatda 
tayyorlanish jarayonida energiyani tejaydi, ikkinchi 
navbatda esa mahalliy chiqindilardan foydalanilayotgani 
uchun uning tannarxi ham qisman tushishi kuzatiladi. 

Tabbiy xom ashyo boᾷlgan chinoz qumi va maishiy 
chiqindi boᾷlgan polietilentereftalat butilka (bakalashka) 

maxsuloti asosida zamonaviy qurilish materiali boᾷlgan 
yoᾷlak plitkalarini ishlab chiqish. Namunadan kutilayotgan 
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yana bir maqsad maishiy chiqindi asosida avtomobil tormoz 
qismida joylashgan kalotka qismida ham samarali 
foydalanish [1, 2, 3]. 

 
1-rasm. Chinoz qumi 

Oótkazilgan sinov tajriba natijalari shuni koórsatdiki 10 
va 15 sm; uzunligi 2-3 sm bulgan namunamizning xom 
ashyo tarkibi 70 ga 30 % da tarkib topadi. 

Chinoz qumi ð Oózbekistonning Toshkent viloyatiga 
qarashli Chinoz tumani hududida joylashgan tabiiy qum 
konlaridan olinadigan qurilish materialidir. Bu qum 
geologik jihatdan daryo qumi yoki allyuvial (daryo oqimlari 
keltirgan) qum turiga kiradi. Uning asosiy manbai ð 
Sirdaryo daryosining qadimgi va hozirgi oqimlarida 
shakllangan qumli qatlamlardir. 

3. Tadqiqot natijalari va tahlillar  

Chinoz qumining rangi odatda och sargóish, kulrang 
yoki biroz toóqroq boólishi mumkin. Uning donadorligi 
mayda va oórtacha boólib, taxminan 0,25 mm dan 2 mm 
gacha oózgaradi. Bu qum tabiiy yuvilgan boólgani sababli, 
tarkibida loy, chang va boshqa zararli aralashmalar juda kam 
uchraydi. Uning zichligi taxminan 1400ï1600 kg/m³ 

atrofida boólib, yaxshi zichlanish xususiyatiga ega. 
Chinoz qumi qurilish sanoatida keng qoóllaniladi. Tabiiy 

tarkibi va tozaligi tufayli u turli xil qurilish ishlari uchun juda 
qulay inert material hisoblanadi. Ushbu qum beton 
aralashmalari tayyorlashda asosiy tarkibiy modda sifatida 
ishlatiladi. Yengil va ogóir betonlar tarkibiga qoóshiladi, 
sement-shagóal-qum aralashmalarida, ayniqsa monolit 
quyma ishlari va yoól qurilishida keng qoóllanadi. 

Shuningdek, suv oótkazmaydigan qatlamlar va pol plitalari 
tayyorlashda, góisht terish va suvoq ishlarida ham 
foydalaniladi[4-7]. 

 
2-rasm. Tayyor maxsulot 

4. Xulosa 

Tabbiy xom ashyo boólgan chinoz qumi va maishiy 

chiqindi boôlgan bakalashka maxsuloti asosida 

zamonaviy qurilish materiali boólgan yoólak 

plitkalarini ishlab chiqish. Namunadan kutilayotgan 

yana bir maqsad maishiy chiqindi asosida avtomobil 

tormoz qismida joylashgan kalotka qismida ham 

samarali foydalanish. 

Chinoz qumining asosiy afzalliklari shundan 

iboratki, u tabiiy yuvilganligi sababli iflosliklardan 

deyarli xoli boóladi, suv bilan yaxshi aralashadi, 

betonning mustahkamligini oshiradi va mahalliy 

manba boólgani sababli iqtisodiy jihatdan ham 

foydalidir. Bu qum ekologik toza material hisoblanadi 
va uni qurilishda ishlatish atrof-muhitga zarar 

yetkazmaydi. Qum konlari maxsus geologik nazorat 

asosida ochiladi va foydalaniladi. Ishlab chiqarishdan 

oldin bu qum laboratoriya sinovlaridan oótkaziladi va 

davlat standartlariga muvofiq tasdiqlanadi. Shu 

jihatlari bilan Chinoz qumi qurilish sohasi uchun 

ishonchli va sifatli material hisoblanadi. 
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Abstract: This article examines the physicochemical properties of expanded clay concrete compositions modified 
with mineral and chemical additives. In the research process, the influence of additives on the 
microstructure of cement stone, hydration processes, and the formation of the filler-bonding interface 
zone (CZ) was analyzed. The results of physicochemical analysis showed that mineral and chemical 
additives compress the cement matrix, reduce capillary porosity, and increase the structural stability of 
the interface zone. The obtained results have scientific and practical significance for the creation of 
energy-saving and high-performance expanded clay concrete materials. 

Keywords: Expanded clay concrete, mineral additives, chemical additives, physicochemical analysis, cement stone, 

microstructure, filler-binder interface zone (CZ), hydration processes, capillary porosity 

 

1. Introduction  

Today, the sustainable development of the construction 
industry is closely linked to the creation of energy-efficient, 
resource-saving, and environmentally safe building 
materials. Reducing heat energy consumption during the 
operation of buildings, reducing carbon emissions, and 
ensuring the long-term stability of structures are one of the 
main tasks of modern building materials technology. In these 
conditions, lightweight concretes, especially concrete based 

on expanded clay aggregate, are of particular importance due 
to the combination of such properties as low density, 
sufficient mechanical strength, heat and fire resistance. 

Despite the wide range of practical applications of 
expanded clay concrete, its formation on the basis of highly 
porous aggregate creates a number of technological and 
structural problems. In particular, the high water absorption 
of expanded clay aggregate granules, the relative porosity 

and weakness of the zone of the aggregate-bonding interface 
(contact-transition) formed between the cement stone and 
the aggregate, limit the operational indicators of concrete, 
such as strength, water resistance, and frost resistance. 
Therefore, the modification of the composition of expanded 
clay concrete, especially the control of its microstructure and 
interface zone, is an urgent scientific and technical task [1]. 

In recent years, the integrated use of mineral and 

chemical additives has been widely used as an effective 
approach to improving the properties of expanded clay 
concrete. Mineral additives activate secondary hydration 
processes in the cement matrix and serve to compact the 
microstructure, while chemical additives allow improving 
the rheological properties of the concrete mix, reducing the 
water-cement ratio, and controlling the hardening process. 
As a result of the combined action of these additives, an 
increase in the structural homogeneity of expanded clay 

concrete, a decrease in porosity in the contact zone, and an 
increase in bond strength are observed [2]. 

However, the analysis of existing scientific research 
shows that the mechanisms of physicochemical action of 
mineral and chemical additives introduced into expanded 
clay concrete, in particular, the processes of cement 
hydration, the formation of the phase composition, and 
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changes occurring at the level of microstructure of the 
interface zone, have not been sufficiently systematically 
studied. In many works, the influence of additives is assessed 
mainly through physical and mechanical indicators and is 
not deeply related to structural and physicochemical 
analyses. 

From this point of view, the identification and analysis 
of physicochemical changes occurring in the process of 

modifying the composition of expanded clay concrete is of 
great scientific importance. X-ray phase analysis, infrared 
spectroscopy, thermal analysis, and electron microscopic 
studies allow for in-depth study of the structure of cement 
stone, hydration products, and the formation of the filler-
binder interface zone. Such an approach creates a solid 
theoretical basis for scientifically based regulation of the 
properties of expanded clay concrete and the development of 

optimal compositions[3]. 
In this article, the physicochemical properties of 

expanded clay concrete compositions modified with mineral 
and chemical additives are analyzed, and the influence of 
additives on the microstructure of cement stone, hydration 
processes, and the formation of the filler-binder interface 
zone is scientifically substantiated. The obtained results have 
scientific and practical significance for the creation of 

energy-saving, resource-saving, and high-performance 
expanded clay concrete materials [4]. 

2. Materials and methods 

In order to determine the phase changes occurring in the 

composition of expanded clay concrete under the influence 
of mineral and chemical additives, the samples were 
investigated by X-ray phase analysis. This method allows for 
the identification of new compounds formed under the 
influence of crystalline phases, hydration products, and 
additives formed in the cement stone. 

As a result of X-ray phase analysis, the presence of the 
main hydration products - calcium silicate hydrates (C-S-H), 

calcium hydroxide (Ca (OH) 2), ettringite, and other 
crystalline phases, as well as changes in their intensity, were 
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assessed. Based on the obtained diffractograms, the 
influence of mineral and chemical additives on the activation 
of secondary hydration processes in the cement matrix, as 
well as on the content of free calcium hydroxide, was 
analyzed. 

 

 
Fig. 1. X-Ray Difraktometr AL -27 MINI. iScope 

Microscopes used to study the microstructure of 

materials 
The data of X-ray phase analysis served as an important 

scientific basis for assessing the formation of the 
microstructure of expanded clay concrete and the state of the 

filler -binder interface zone (CZ). 
Scanning electron microscopy (SEM) was used to study 

the microstructure of expanded clay concrete, the features of 
the formation of the filler-binder interface (contact-

transition) zone between cement stone and expanded clay 
granules. This method allows for high-precision analysis of 
the distribution of pores in concrete, the morphology of 
crystalline structures, and structural homogeneity. 

Based on electron microscopic images, the 
microstructure of samples of modified expanded clay 
concrete without the addition of mineral and chemical 
additives was compared. In particular, under the influence of 
additives, a compaction of the cement stone structure, a 

decrease in the number of capillary pores, and an 
improvement in cohesion in the interface zone were 
revealed. 

The results of SEM analysis made it possible to explain 
changes in the physical, mechanical, and operational 
properties of expanded clay concrete at the microstructural 
level and played an important role in the scientific 
substantiation of the effectiveness of mineral and chemical 

additives. 

3. Experimental part  

Quantitative and qualitative X-ray diffraction analysis of 
expanded clay concrete with the addition of the complex 
chemical additive Sika 43.36. 

The results of X-ray phase analysis (XRD) showed that 
the phase composition of the expanded clay concrete sample 
has a complex and stable composite structure. In the 
diffractogram, crystalline phases characteristic of the 
mineral peroxynite, in particular forsterite (Mg2SiO4) and 
magnesite (MgCO3), are revealed, the intensity of the peaks 
of which confirms the active participation of these mineral 
components in the composition of concrete. These phases 

have high thermal and chemical stability and are an 
important factor in improving the operational properties of 
concrete. 

The presence of an amorphous background along with 
crystalline phases on the diffractogram indicates that the 
cement stone and hydrated products are in a partially 
amorphous state. The combined formation of crystalline and 
amorphous phases determines the composite nature of 

expanded clay concrete, ensuring its mechanical strength 
and resistance to environmental influences. In general, the 
results of X-ray phase analysis confirm the presence of phase 
harmony in the composition of expanded clay concrete with 
the addition of the mineral peroxynite, which indicates the 
possibility of reliable and stable operation of concrete under 
long-term operating conditions [5].

 
Fig. 3. X-ray phase analysis of a sample of expanded clay concrete without additives 
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The results of X-ray phase analysis show an increase in 
the proportion of calcium silicate hydrates (C-S-H) in the 
composition of cement hydration products as a result of the 
introduction of the mineral additive peroxynite into the 
composition of expanded clay concrete. If intensive peaks 
characteristic of the calcium hydroxide (Ca (OH) 2) phase 
are observed in the control sample, then a decrease in the 
intensity of these peaks is observed in the modified 
compositions. This is explained by the puzolamic activity of 

peroxynite and the microstructural compaction of the cement 
stone. 

X-ray phase analysis of the expanded clay concrete 
sample was carried out in the range of 5-80Á 2ɗ. A number 
of distinct and intense diffraction peaks are observed on the 
obtained diffractogram, which indicates the presence of 
phases with a crystalline structure in the sample. At the same 
time, the relatively wide and smooth nature of the 
background line confirms the partial amorphous state of the 

cement stone and hydration products. 

 
Fig. 4. X-ray phase analysis of a sample of expanded clay concrete with additives 

By comparing the diffractogram results with the PDF 
(ICDD) database, the forsterite (Mg2SiO4) and magnesite 
(MgCO3) phases characteristic of the peroxynite mineral 

were determined in the sample. These phases indicate the 
preservation of magnesium and silicon compounds in the 
peroxynite and the formation of a stable crystalline structure 
in the concrete matrix. The presence of the forsterite phase 
is an important factor ensuring the material's resistance to 
high heat and chemical influences [5]. 

According to the results of microscopic analysis at 10x 
and 20x magnification of expanded clay concrete samples 

prepared without chemical additives with the addition of the 
mineral peroxynite, it was established that the internal 

structure of the concrete is relatively homogeneous and 
stable. Sufficiently dense contact zones have formed 
between the cement matrix, expanded clay aggregate grains, 

and the mineral particles of peroxynite, and a uniform 
distribution of pores is observed throughout the volume (Fig. 
5). 

The clear manifestation of the boundaries of the matrix 
and filler with increasing magnification confirms the 
positive role of the peroxynite mineral in structure 
formation. The properties of this microstructure contribute 
to the improvement of lightness, structural stability, and 

thermal and technical indicators of expanded clay concrete 
[6]. 
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Fig. 5. 10x and 20x magnified microscopic structure of a sample of expanded clay concrete without additives and with the 

addition of 0.6% chemical additives 

Microscopic analysis with 10x and 20x magnification of 

expanded clay concrete samples with the addition of the 
mineral peroxynite and the chemical additive Sika® 43.36 
in an amount of 0.6% showed a significant compaction of 
the internal structure of the concrete. It was established that 
strong and continuous contact zones have formed between 
the cement matrix, expanded clay granules, and mineral 
particles of peroxynite (Fig. 5). 

The more pronounced manifestation of the boundaries of 

the binding phase and filler with increasing magnification 
confirms the dispersing and structure-forming effect of the 
chemical additive. The predominance of small and closed 
pores in the microstructure, as well as the reduction of large 
voids, contributes to the improvement of structural stability, 
strength, and thermal and technical indicators of concrete 
[7]. 

4. Conclusion 

The results of electron microscopic and X-ray phase 
analyses confirmed that the mineral peroxynite and the 
complex chemical additive Sika® 43.36 have a significant 
influence on the microstructure and phase composition of 
expanded clay concrete. Although relatively stable contact 

zones were formed between the cement matrix and the filler 
in the sample without the chemical additive, the presence of 
open and large pores in the structure was observed. 

In the samples of expanded clay concrete with the 
addition of the mineral peroxynite and the additive Sika® 
43.36 in an amount of 0.6%, significant compaction 
occurred at the microstructural level, and strong and 
continuous filling-bonding interface zones were formed 
between the cement matrix and expanded clay granules. 

Electron microscopic images showed a predominance of 
small and closed pores in the microstructure and a decrease 
in large voids, which creates favorable conditions for 
improving the structural stability and thermal and technical 
properties of concrete. 

The results of X-ray phase analysis showed an increase 
in the proportion of cement hydration products, in particular 
calcium silicate hydrates (C-S-H), and a decrease in the 

amount of free calcium hydroxide (Ca (OH) 2) in the 
composition of modified expanded clay concrete. This 
circumstance is explained by the activation of secondary 
hydration processes under the influence of the puzolic 
activity and chemical additives of the peroxynite mineral. 
The detection of forsterite (Mg2SiO4) and magnesite 
(MgCO3) phases on diffractograms is an important factor 

ensuring high thermal and chemical stability of expanded 

clay concrete. 
The combined formation of crystalline and amorphous 

phases determines the composite nature of expanded clay 
concrete, ensuring its mechanical strength, resistance to heat 
and aggressive environments, and the possibility of stable 
operation under long-term operating conditions. The 
obtained results scientifically substantiate the mechanism of 
the complex influence of mineral and chemical additives on 

the formation of the structure of expanded clay concrete and 
confirm their effectiveness. 
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protection of bridge intermediate buildings 
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Abstract: This paper presents the outcomes of experimental investigations into the application of newly developed 

seismic protection support components for enhancing the seismic safety of bridges and overpasses.Based 
on the results of experimental tests, the amplitude-frequency characteristics of traditional and new 
seismic protection components were compared, and the effectiveness of the new seismic protection 
component was substantiated. In addition, based on graphs, the diagrams of the installation of support 

parts for seismic protection of bridges, the AFCh of vibrations of a special unprotected support, the 
displacements of the span structure and the upper part of the support during seismic isolation of one span 
structure, the amplitude-frequency characteristics of the displacement of the span structure and the upper 
part of the support when the first span structure is combined with seismic protective and the second with 
movable and stationary support parts are compared. 

Keywords: Amplitude-frequency characteristics, span structure, movable and fixed supporting parts, heavy span 
structure, upper part of the support, strong earthquakes, design moment on the foundation, oscillation 
periods, fastening of span structures 

 

Dispers sistemalarning gidrotransportida quvurlarni yuvish uchun polimer 

kompozitsiyalarni o‘rganish 
 

Raximjonov Z.Q.1 a, A.Ch. Xurramov 2 b 

1Toshkent davlat transport universiteti, Toshkent, Oózbekiston 
2Oózbekiston Respublikasi Fanlar akademiyasi M.T. Oórozboyev nomidagi Mexanika va inshootlarning seysmik 

mustahkamligi instituti, Toshkent, Oózbekiston 

 
Annotatsiya: Ushbu ishda koóprik va yoól oótkazgichlarning seysmik xavfsizligini oshirish uchun yangi ishlab 

chiqilgan seysmik himoya tayanch qismlarini qoóllash boóyicha eksperimental tadqiqotlar natijalari 
keltirilgan. Eksperimental sinovlar natijalari asosida anôanaviy va yangi seysmik himoya tayanch 
qismlarining amplituda-chastota xususiyatlari taqqoslandi va yangi seysmik himoya tayanch 
qismlarining samaradorligi asoslandi. Bundan tashqari, grafiklar asosida koópriklarni seysmohimoyalash 
uchun tayanch qismlarini oórnatish sxemalari, maxsus himoyalanmagan tayanch tebranishlarining 
AChX, bitta oraliq qurilmani seysmoizolyatsiyalashda oraliq qurilma va tayanch yuqori qismining 

siljishlari, birinchi oraliq qurilma seysmohimoyaviy va ikkinchisi qoózgóaluvchan va qoózgóalmas 
tayanch qismlari bilan birlashtirilganda oraliq qurilma va tayanch yuqori qismining siljishining 
amplituda-chastota xarakteristikalari taqqoslangan. 

Kalit soózlar: amplituda-chastota xarakteristikalari, oraliq qurilma, qoózgóaluvchan tayanch qismlar hamda 
qoózgóalmas tayanch qismlar, ogóir oraliq qurilma, tayanch yuqori qismi, kuchli zilzilalar, poydevor 
ustidagi hisobiy moment, tebranish davrlari, Oraliq qurilmalarni mahkamlash 

1. Kirish  

Respublikamizda transport inshootlarini loyihalash va 
qurish jarayonida seysmik himoya elementlaridan 
foydalanish orqali ularning seysmik barqarorligini oshirish 

va taôminlash maqsadida yangi konstruktiv yechimlarni 
ishlab chiqish va amaliyotga tatbiq etish boóyicha keng 
qamrovli tadqiqotlar olib borilmoqda. Shu borada, 
Oózbekiston Respublikasi Prezidentining 2022 yil 28 
yanvardagi ñ2022ï2026 yillarda Yangi Oózbekistonning 
taraqqiyot strategiyasi toógórisidaògi PF-60-sonli 

                                                             
a  ƘǧǇǎΥκκƻǊŎƛŘΦƻǊƎκллллπлллнπтуфуπлтт·  
b  https://orcid.org/0000-0003-3591-6468  

Farmonida, jumladan, ñé respublikadagi mavjud 1512 ta 
taômirtalab koópriklar va boshqa sunôiy inshootlarini 
bosqichma-bosqich qayta qurish va taômirlashéò [1] kabi 

vazifalar belgilab berilgan. 
Ushbu vazifalarni bajarish jarayonida, avtomobil 

yoóllaridagi koóprik inshootlarini seysmik taôsirlarga 
hisoblash usulini takomillashtirish, shuningdek, 
tebranishlarni dinamik soóndirgichlar bilan boshqarish 
maqsadida oraliq qurilmalarni qoóllash muhim hisoblanadi. 

https://orcid.org/0000-0002-7898-077X
https://orcid.org/0000-0003-3591-6468
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Shu bilan birga, seysmik taôsir paytida oraliq qurilmalarining 
xarakterli nuqtalarini tebranishlarning ikkinchi shakli 
boóyicha aniqlash orqali koópriklar ishonchliligini oshirish 
boóyicha yangi metodlarni ishlab chiqish dolzarb va muhim 
vazifalardan biri hisoblanadi. 

2. Tadqiqot metodikasi 

Ushbu maqolada ogóir oraliq qurilmali koóprik 
tayanchlarining seysmik tebranishlarini kamaytirish 
boóyicha yangi usul taklif etilgan. Masalan, tayanchlarning 
biriga oraliq qurilmalardan biri bikir, ikkinchisi esa 

himoyalovchi tayanch elementlari yordamida biriktirilgan 
holat koórib chiqiladi. Tayanch elementining bikirligi 
shunday tanlanadiki, izolyatsiyalangan oraliq qurilma bikir 
mahkamlangan qurilma bilan birgalikda tayanch 
tebranishlarini dinamik soóndirgich rejimida boshqaradi. 
Shu bilan birga, himoyalovchi tayanch bilan yonma-yon 
joylashgan tayanchlar faqat qoózgóaluvchan elementlarga 
ega boólib, koóprik boóylab gorizontal seysmik yuklar ularga 

sezilarli taôsir koórsatmaydi. 
Taklif etilayotgan texnik yechim tayanch tebranishlarini 

sonli modellashtirish orqali batafsil tahlil qilingan boólib, 
hisoblashlar garmonik taôsirlar, chiziqli-spektral usul va 
sintetik akselerogrammalarning taôsiri hisobga olinib amalga 
oshirilgan. Natijalar shuni koórsatdiki, ushbu yechim 
seysmik yuklarning taôsirini ikki baravardan ortiq 
kamaytirishga imkon beradi. 

Seysmoizolyatsiya hozirgi vaqtda inshootlar 

seysmohimoyasining umumeôtirof etilgan samarali 
vositasidir. U koópriklarni seysmik himoyalash uchun keng 
qoóllaniladi. Samarali seysmoizolyatsiya tizimlarining 
koóplab misollari bir nechta ilmiy adabiyotlarda tasvirlangan 
[2, 3]. Seysmoizolyatsiyaning turli yechimlari orasida oraliq 
qurilma tayanch tebranishlarining dinamik soóndirgichi 
vazifasini bajaradigan variant eng optimal variant 
hisoblanadi. Bunday yechim oótgan asrning 80-yillari 

boshida A.A.Nikitin va A.M.Uzdin [4] tomonidan taklif 
qilingan boólib, ular ushbu yechimning samaradorligini 
tahlil qilish bilan bir qatorda tebranishlarning dinamik 
soóndirgichlari (TDS) nazariyasining "Katta massali TDS" 
boólimini yaratdi. Ushbu usul [31] monografiyada koórib 
chiqilgan va meôyoriy hujjatlarda [5] aks ettirilgan. Katta 
massali TDSni oórganish doirasida TDSning kritik massasi 
mavjudligi aniqlandi, uning oshib ketishi soóndirgich 

taôsirining yoóqolishiga olib keladi. Soóndirgich massasining 

m inshoot massasiga M  nisbati (n=m/M) TDS ning nisbiy 
massasini ifodalaydi. Ushbu kattalik TDS massasi deb 
ataladi. [5, 6] maôlumotlariga koóra, TDSning kritik massasi 

nʢʨº2 ga tengligini koórishimiz mumkin.  

 
1-rasm. Ko‘priklarni seysmik himoyalashda tayanch 

qismlarini joylashtirish sxemalari 

a) Oddiy tayanch qismlarni joylashtirish 

b) Oddiy seysmoizolyatsiya tayanchlari 

v) Taklif etilayotgan seysmoizolyatsiya varianti 

1 – ko‘prik tayanchlari, 2 – oraliq qurilmalar, 3 – 

qo‘zg‘aluvchan tayanch elementlari, 4 – qo‘zg‘almas 

tayanch elementlari, 5 – izolyatsiyalovchi tayanch 

elementlari 

O.P. Nesterovaning keyingi tadqiqotlarida TDSning 
kritik massasi himoyalangan inshootdagi soónishga sezilarli 
darajada bogóliqligi aniqlangan [7]. Inshootda kritik 

qiymatlar 5% dan ortiq soóndirilganda nʢʨ qiymati kamayadi, 
kritik qiymatlar 10% dan ortiq soóndirilganda 1 ga 
yaqinlashadi. Shu sababli, koópchilik maôlum yechimlarda, 

xususan, [3] da, TDS rejimini amalga oshirish mumkin 
emas. Xuddi shunday holat mamlakatimiz avtomobil 
yoóllaridagi koópriklarini loyihalashda ham kuzatiladi. 
Taklif etilayotgan sxema koóprik tayanchlarining 

seysmik taôsirga bardoshini oshirishga qaratilgan boólib, 
qoózgóaluvchan va izolyatsiyalovchi elementlarning 
kombinatsiyasidan foydalanadi. Shu tarzda, seysmik yuklar 
taôsiri sezilarli darajada kamayadi va koópriklarning 

ishonchliligi oshadi. 
Koópriklar yengil ramali tayanchlar va ogóir temir-beton 

oraliq qurilmalar bilan ajralib turardi. Ular uchun kattalik 

n>40 va tebranishlarning dinamik soónishi haqida soóz 
yuritishning imkoni yoóq.  

1a-rasmda himoyalangan koóprik sxemasi keltirilgan. 
Oddiy seysmoizolyatsiyalashda tayanch qismlarning 
anôanaviy joylashuvi 1b-rasmda koórsatilgan boólib, 1v-
rasmda esa taklif etilayotgan seysmoizolyatsiya varianti 
keltirilgan. 

 
2-rasm. Ko‘prikning ko‘ndalang qirqimi 
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Inshootning seysmik himoyalangan qismi qizil rang 

bilan koórsatilgan. Yuqorida taôkidlanganidek, agar n > nʢʨ 
boólsa, soóndirgichning samaradorligi yoóqoladi va 
izolyatsiyalovchi tayanch elementiga ega oraliq qurilma 
Lanchester dempferi sifatida ishlay boshlaydi. Shu bilan 
birga, izolyatorning bikirligi kamayishi va dempferlash 
taôsirining oshishi uning samaradorligini oshiradi. Bunda 
oraliq qurilmaning tayanchga nisbatan siljishi juda katta 

boólib, ushbu yechim faqat nazariy hisoblashlarda 
qoóllanilishi mumkin. [8] tadqiqotida izolyatorlarning 
bikirligi shunday tanlangan boóldiki, 5ï6 ball intensivlikdagi 
zilzilalarga nisbatan tez-tez va kuchsiz zilzilalarda oraliq 
qurilmaning tayanchga nisbatan siljishi 0,1 m dan 
oshmaydi.Tayanchning koórinishi 2-rasmda koórsatilgan. 
Bunday tizimning ACHXsi 3-rasmda koórsatilgan. 

Oraliq qurilmasiz tayanchning dastlabki xususiy 
tebranish chastotasi varianti k=18.4 s-1 ga, davri esa T=0.06 

s ga teng. Tayanchga bitta oraliq qurilma biriktirilganda 
tayanchning xususiy chastotasi k=2.82 s-1 ga tebranish davri 
T=0.36s ga teng. Ushbu munosabatlar yengil tayanchli va 
ogóir oraliq qurilmalarga ega koópriklarning koórib 
chiqilayotgan turini tavsiflaydi. Doimiy garmonik taôsir 
ostidagi amplitudaïchastota xarakteristikasida, agar tayanch 
tanasida kritik soónish 5 %, poydevor ustunlarida esa 7 % 
boólsa, siljish qiymatlari quyidagicha aniqlangan: 

yuklanmagan tayanchlar uchun taxminan 2,5 sm, oraliq 
qurilmali tayanchlar uchun esa 95 sm. 

a)  

b)  

3-rasm. Maxsus seysmik himoyalanmagan tayanch 

tebranishlarining ACHX. a) oraliq qurilmalarsiz 

tayanch b) bitta bikir mahkamlangan oraliq qurilmali 

tayanch 

Yuqorida taôkidlangan oraliq qurilma siljishlarini 
cheklash sharti asosida, bikir tayanch elementini 
izolyatsiyalovchi tayanch elementi bilan almashtirish orqali 
tayanchni seysmoizolyatsiya qilish mumkin. Bu usul 
tayanchga taôsir etuvchi seysmik yuklarni maôlum darajada 
kamaytirishga imkon beradi. 4-rasmda tayanchning yuqori 
qismi va oraliq qurilma tebranishlarining amplitudaï

chastota xarakteristikalari (ACHX) koórsatilgan. Shu yerda, 
tayanch va oraliq qurilma oórtasidagi siljishlar garmonik 
qoózgóalish sharoitida, 1 m/sĮ tezlanish bilan, taxminan 
20 sm ni tashkil qilgan [9]. 

 
4-rasm. Bitta oraliq qurilmani seysmoizolyatsiyalashda 

oraliq qurilmaning va tayanch ustki qismining 

siljishlari: 1 - oraliq qurilmaning sil jishi; 2 - tayanch 

yuqori qismining siljishi  

Seysmoizolyatsiya samaradorligini oshirish uchun 
ushbu tadqiqot ishida har bir ikkinchi tayanchga 
izolyatsiyalovchi va qoózgóalmas tayanch qismlarini, 
qoóshni tayanchlarga esa 1 b-rasmda koórsatilganidek ikkita 
qoózgóaluvchan tayanch qismlarini oórnatish taklif 
qilinmoqda. Bunday holda, bikir biriktirilgan oraliq 

qurilmaga ega boólgan tayanchning TDS rejimida 
seysmoizolyatsiyani sozlash mumkin boóladi. Bu holda 
konstruksiyaning himoyalangan qismi 1 v -rasmda qizil rang 
bilan ajratilgan. Tavsiya etilayotgan tayanch qismlarni 
joylashtirish uchun TDSning nisbiy massasi quyidagiga teng 

n
n

n
        (1) 

Bu kattalik 1 dan biroz kichik boólib, izolyatsiyani TDS 
ish rejimiga samarali sozlash imkonini beradi. 

5-rasmda izolyatsiyalovchi tayanch qismini optimal 
sozlash va soóndirishda oraliq qurilmali tayanchning ACHX 
koórsatilgan. Bikir biriktirilgan oraliq qurilmaga ega tayanch 
himoya obyekti hisoblanadi va ikkita choóqqili ACHXga ega 
boólib, tayanch yuqori qismining maksimal siljishi 32.6 sm, 
oraliq qurilmaning siljishi esa 64.4 sm ni tashkil etadi. 

 
5-rasm. Birinchi oraliq qurilma seysmik himoyalovchi 

va ikkinchisi qo‘zg‘aluvchan hamda qo‘zg‘almas 

tayanch qismlar bilan birirktirilganda oraliq qurilma 

va tayanch yuqori qismining ko‘chishini amplituda-

chastota xarakteristikasi: 1 - oraliq qurilmaning siljishi; 

2 - tayanch yuqori qismining siljishi 
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Ikkita biriktirilgan oraliq qurilmali tayanchning yuqori 
qismidagi dinamik siljishlar, bitta biriktirilgan oraliq 
qurilmali tayanchga nisbatan biroz kichik boóladi. Shunga 
qaramay, tayanch va oraliq qurilma oórtasidagi siljishlar 
38 sm gacha yetishi mumkin. Bu yerda ikki muhim jihatni 
alohida qayd etish lozim. Birinchidan, siljishlar katta boólsa 
ham, qatnov qismi tirqishlarining deformatsiya choklari 

yordamida yopilishiga imkon beradi, bu esa koóplab chet el 
loyihalarida qabul qilingan amaliy yondashuvdir. 
Ikkinchidan, 38 sm li siljishlar faqat juda kuchli zilzilalar 
natijasida yuzaga keladi, kichik va oórtacha taôsirlar esa 
odatda 10ï20 sm oraligóida siljishlar hosil qiladi. Shu 
sababli, aksariyat hollarda faqat loyihaviy (kichik) zilzilalar 
uchun qatnov qismini saqlab qolish boóyicha talablar bilan 
cheklanish tavsiya etiladi. Bu masala, shuningdek, 

buyurtmachining qarori va moliyaviy imkoniyatlariga 
bogóliq. 

1-jadval 

Oraliq qurilmalarni mahkamlashning turli 

usullarida ko‘prik tayanchlarining tebranish 

parametrlarini qiyosiy baholash 

Tayanch xarakteristikalari 

Qoózgóal
mas 

tayanch 
qismi 

Taklif 
etilayotgan 

yechim 

Oraliq 
qurilmalarning 

massalari, t 

Oóngdan  624 

Oóngdan 624 624 

Shakllarning 
tebranish 
davrlari 

ʊ1, ʩ 2,231 1,764 

ʊ2, ʩ  0,715 

Modal 

soónishlar 

g1 0,13 2,9 

g2  0,66 

ACHX boóyicha 
koóchishlar, sm 

Oraliq 
qurilma 

95 64,4 

Tayanch 
yuqorisi 

95 32.6 

Oózaro 0 32 

Tayanch ostidagi hisobiy 

moment Ms, knm 
1536 574 

 
1-jadvaldan kʦórinib turiptiki, oraliq qurilmalarni 

mahkamlashning turli usullarida koóprik tayanchlarining 
tebranish parametrlarini qiyosiy baholash natijasida, kʦóprik 
inshootiga qoózgóalmas tayanch qismi ʦórnatilganda 
poydevor ustidagi hisobiy moment qiymati 1536 kNm, taklif 

etilayotgan yechimda esa 574 kNm ni tashkil etdi, yaôni 
moment qiymati 2.67 barobar kamayganini kʦórishimiz 
mumkin. 

Bundan tashqari, [10, 11] tadqiqot ishlarida temir yoól va 
avtomobil yoóllaridagi koópriklarning zilzilabardoshligini 
oshirishga qaratilgan bʦólib, unda soóndiruvchi massa 
sifatida oraliq qurilmadan foydalangan holda tayanch 
tebranishlarini dinamik soóndirishni qoóllash istiqbollari 
koórsatilgan. Ushbu ishlarda tebranishlarni dinamik 

soóndirgichlarini (TDS) sozlash parametrlariga, ayniqsa, 
dempferlash boóyicha sezuvchan emasligi koórsatilgan 
hamda, koópriklarning seysmik himoya tayanch 
qismlarining parametrlarini tanlash boóyicha amaliy 

tavsiyalar berib oótgan. Bunda, n=2 bʦólgan holat uchun 
bikirlik f bʦóyicha xatolar 0,08 dan 0,27 gacha oraliqda, 
sʦónish ɔg bʦóyicha xatolar esa 0 dan 4,2 gacha oraliqda 
bʦólishi aniqlangan.  

1-jadvaldagi hamda turli nazariyalar va usullar 

yordamida uzlukli tizimli koóprik inshootlari tayanch 
qismlarining bikirlik f va sʦónish ɔg bʦóyicha parametrlari 

ʦózaro solishtirildi. Natijada, muallif tomonidan aniqlangan 

n=2 bʦólgan holat uchun bikirlik f bʦóyicha sozlanishlar 
0,037 ni, sʦónish ɔg bʦóyicha esa 5 ni tashkil etdi. [11] 
tadqiqot ishi va muallif tomonidan olingan natijalar ʦózaro 
muvofiq kelishini kʦórishimiz mumkin. 

3. Xulosa  

Seysmik taôsirlar paytida, oraliq qurilma siljishlarini 
cheklash sharti asosida, bikir tayanch elementini 
izolyatsiyalovchi tayanch elementi bilan almashtirish orqali 
tayanchni seysmoizolyatsiya qilish mumkin. Bu usul 
tayanchga tushadigan seysmik yuklarni maôlum darajada 
kamaytirishni taôminlaydi. 

Seysmoizolyatsiya samaradorligini oshirish uchun, har 

bir ikkinchi tayanchga izolyatsiyalovchi va bikir 
qoózgóalmas tayanch elementlarini, qoóshni tayanchlarga esa 
ikkita qoózgóaluvchan tayanch elementlarini oórnatish orqali 
seysmoizolyatsiyani mustahkam biriktirilgan oraliq 
qurilmaga ega tayanchning TDS rejimida samarali ishlashini 
taôminlash mumkin. 
Olib borilgan tadqiqotlar ogóir oraliq qurilmalariga ega 

boólgan avtomobil yoóllari koópriklarini seysmik 
himoyalashning yangi usulini tavsiya etish imkoniyatini 

beradi. Tayanchga tayangan oraliq qurilmalardan birini 
qoózgóalmas qilib, ikkinchisini esa elastik qilib mahkamlash 
tavsiya etiladi. Bunda mahkamlash bikirligini 
tebranishlarning dinamik soóndirgichini bikir 
mahkamlangan oraliq qurilma bilan ishlashini taôminlash 
uchun sozlanadi. Bunday yechim tayanch va poydevorlarga 
seysmik yuklarni sezilarli darajada kamaytiradi. 
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Abstract: The article examines the challenges and solutions for 3D concrete printing in arid, hot climates for 
transport infrastructure construction. It analyzes the detrimental effects of high temperatures, low 
humidity, and cyclic loading on the printing process and structural durability. Modern approaches to 

designing specialized concrete composites are presented, including mix designs with complex admixtures 
and reinforcement methods. The advantages of additive technologies for creating climate-adapted, 
functionally integrated, and cost-effective structures are highlighted. 

Keywords: Additive Construction, 3D Concrete Printing, Arid Hot Climate, Transport Infrastructure, Printable 
Concrete 

 

Бетоны для аддитивного строительного производства в условиях сухого 

жаркого климата для транспортной инфраструктуры 
 

Щипачева Е.В.1 a, Мурадов З.М. b 

1ʊʘʰʢʝʥʪʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʨʘʥʩʧʦʨʪʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʊʘʰʢʝʥʪ, ʋʟʙʝʢʠʩʪʘʥ 
2ɼʞʠʟʘʢʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ, ɼʞʠʟʘʢ, ʋʟʙʝʢʠʩʪʘʥ 

 

ɸʥʥʦʪaʮʠʷ: ʈʘʩʩʤʦʪʨʝʥʳ ʧʨʦʙʣʝʤʳ ʠ ʨʝʰʝʥʠʷ ʜʣʷ 3D-ʧʝʯʘʪʠ ʙʝʪʦʥʦʤ ʚ ʫʩʣʦʚʠʷʭ ʩʫʭʦʛʦ ʞʘʨʢʦʛʦ ʢʣʠʤʘʪʘ 
ʧʨʠ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʪʨʘʥʩʧʦʨʪʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ. ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʥʦ ʨʘʟʨʫʰʘʶʱʝʝ ʚʦʟʜʝʡʩʪʚʠʝ 
ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ, ʥʠʟʢʦʡ ʚʣʘʞʥʦʩʪʠ ʠ ʮʠʢʣʠʯʝʩʢʠʭ ʥʘʛʨʫʟʦʢ ʥʘ ʧʨʦʮʝʩʩ ʧʝʯʘʪʠ ʠ 
ʜʦʣʛʦʚʝʯʥʦʩʪʴ ʢʦʥʩʪʨʫʢʮʠʡ. ʇʨʝʜʩʪʘʚʣʝʥʳ ʩʦʚʨʝʤʝʥʥʳʝ ʧʦʜʭʦʜʳ ʢ ʩʦʟʜʘʥʠʶ ʩʧʝʮʠʘʣʴʥʳʭ 
ʙʝʪʦʥʥʳʭ ʢʦʤʧʦʟʠʪʦʚ, ʚʢʣʶʯʘʷ ʨʝʮʝʧʪʫʨʳ ʩ ʢʦʤʧʣʝʢʩʥʳʤʠ ʜʦʙʘʚʢʘʤʠ ʠ ʤʝʪʦʜʳ ʘʨʤʠʨʦʚʘʥʠʷ. 
ʇʦʢʘʟʘʥʳ ʧʨʝʠʤʫʱʝʩʪʚʘ ʘʜʜʠʪʠʚʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʜʣʷ ʩʦʟʜʘʥʠʷ ʢʣʠʤʘʪʠʯʝʩʢʠ-ʘʜʘʧʪʠʨʦʚʘʥʥʳʭ, 

ʬʫʥʢʮʠʦʥʘʣʴʥʦ-ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʭ ʠ ʵʢʦʥʦʤʠʯʝʩʢʠ ʵʬʬʝʢʪʠʚʥʳʭ ʩʦʦʨʫʞʝʥʠʡ. 
ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ɸʜʜʠʪʠʚʥʦʝ ʩʪʨʦʠʪʝʣʴʥʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ, 3D-ʧʝʯʘʪʴ ʙʝʪʦʥʦʤ, ʉʫʭʦʡ ʞʘʨʢʠʡ ʢʣʠʤʘʪ, 

ʊʨʘʥʩʧʦʨʪʥʘʷ ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ, ʇʝʯʘʪʥʳʡ ʙʝʪʦʥ 

1. Введение 

ʉʦʚʨʝʤʝʥʥʘʷ ʵʧʦʭʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʜʚʫʤʷ 

ʚʟʘʠʤʦʫʩʠʣʠʚʘʶʱʠʤʠ ʪʨʝʥʜʘʤʠ: ʩʪʨʝʤʠʪʝʣʴʥʦʡ 
ʫʨʙʘʥʠʟʘʮʠʝʡ ʠ ʦʩʚʦʝʥʠʝʤ ʨʘʥʝʝ ʤʘʣʦʜʦʩʪʫʧʥʳʭ 
ʪʝʨʨʠʪʦʨʠʡ, ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʠ ʥʘʨʘʩʪʘʶʱʠʤʠ 
ʧʨʦʷʚʣʝʥʠʷʤʠ ʛʣʦʙʘʣʴʥʦʛʦ ʠʟʤʝʥʝʥʠʷ ʢʣʠʤʘʪʘ ï ʩ 
ʜʨʫʛʦʡ. ʕʪʠ ʧʨʦʮʝʩʩʳ ʩ ʦʩʦʙʦʡ ʦʩʪʨʦʪʦʡ ʧʨʦʷʚʣʷʶʪʩʷ ʚ 
ʨʝʛʠʦʥʘʭ ʩ ʩʫʭʠʤ ʞʘʨʢʠʤ ʢʣʠʤʘʪʦʤ (ɹʣʠʞʥʠʡ ɺʦʩʪʦʢ, 
ʉʝʚʝʨʥʘʷ ɸʬʨʠʢʘ, ʎʝʥʪʨʘʣʴʥʘʷ ɸʟʠʷ, ʯʘʩʪʠʯʥʦ ʶʛʦ-
ʟʘʧʘʜ ʉʐɸ ʠ ɸʚʩʪʨʘʣʠʷ), ʛʜʝ ʤʘʩʰʪʘʙʥʳʝ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʥʳʝ ʧʨʦʝʢʪʳ, ʦʩʦʙʝʥʥʦ ʚ ʪʨʘʥʩʧʦʨʪʥʦʡ 
ʩʬʝʨʝ, ʩʪʘʥʦʚʷʪʩʷ ʣʦʢʦʤʦʪʠʚʘʤʠ ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ 
ʨʘʟʚʠʪʠʷ. ʆʜʥʘʢʦ ʪʨʘʜʠʮʠʦʥʥʳʝ ʤʝʪʦʜʳ ʢʘʧʠʪʘʣʴʥʦʛʦ 
ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʟʜʝʩʴ ʩʪʘʣʢʠʚʘʶʪʩʷ ʩ ʩʠʩʪʝʤʥʳʤʠ 
ʦʛʨʘʥʠʯʝʥʠʷʤʠ. ɼʝʬʠʮʠʪ ʠ ʚʳʩʦʢʘʷ ʩʪʦʠʤʦʩʪʴ ʚʦʜʳ, 
ʵʢʩʪʨʝʤʘʣʴʥʳʝ ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʥʘʛʨʫʟʢʠ, ʧʨʠʚʦʜʷʱʠʝ ʢ 
ʪʝʧʣʦʚʳʤ ʜʝʬʦʨʤʘʮʠʷʤ ʠ ʫʩʢʦʨʝʥʥʦʡ ʜʝʛʨʘʜʘʮʠʠ 
ʤʘʪʝʨʠʘʣʦʚ, ʩʣʦʞʥʦʩʪʠ ʩ ʣʦʛʠʩʪʠʢʦʡ ʠ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ 

ʤʘʩʩʦʚʦʛʦ ʠʤʧʦʨʪʘ ʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʦʡ ʨʘʙʦʯʝʡ ʩʠʣʳ ï 
ʚʩʝ ʵʪʦ ʩʫʱʝʩʪʚʝʥʥʦ ʫʚʝʣʠʯʠʚʘʝʪ ʩʨʦʢʠ, ʩʪʦʠʤʦʩʪʴ ʠ 
ʵʢʦʣʦʛʠʯʝʩʢʠʡ ʩʣʝʜ ʧʨʦʝʢʪʦʚ [1]. 

                                                             
a  https://orcid.org/0009-0000-0489-445X 

b  https://orcid.org/0000-0002-6761-6753 

ɺ ʵʪʦʤ ʢʦʥʪʝʢʩʪʝ ʘʜʜʠʪʠʚʥʦʝ ʩʪʨʦʠʪʝʣʴʥʦʝ 

ʧʨʦʠʟʚʦʜʩʪʚʦ (ɸʉʇ, ʠʣʠ 3D-ʧʝʯʘʪʴ ʙʝʪʦʥʦʤ) emerges ʥʝ 
ʧʨʦʩʪʦ ʢʘʢ ʠʥʥʦʚʘʮʠʦʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ, ʘ ʢʘʢ 
ʩʪʨʘʪʝʛʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ, ʩʧʦʩʦʙʥʦʝ ʧʝʨʝʟʘʛʨʫʟʠʪʴ 
ʧʦʜʭʦʜʳ ʢ ʚʦʟʚʝʜʝʥʠʶ ʦʙʲʝʢʪʦʚ. ɽʛʦ ʧʦʪʝʥʮʠʘʣ ï ʚ 
ʙʝʩʧʨʝʮʝʜʝʥʪʥʦʡ ʘʚʪʦʤʘʪʠʟʘʮʠʠ, ʮʠʬʨʦʚʠʟʘʮʠʠ 
ʧʨʦʮʝʩʩʘ, ʨʘʜʠʢʘʣʴʥʦʤ ʩʦʢʨʘʱʝʥʠʠ ʦʪʭʦʜʦʚ ʠ 
ʚʦʟʤʦʞʥʦʩʪʠ ʩʦʟʜʘʚʘʪʴ ʩʣʦʞʥʳʝ, ʦʧʪʠʤʠʟʠʨʦʚʘʥʥʳʝ 
ʬʦʨʤʳ, ʥʝʜʦʩʪʫʧʥʳʝ ʜʣʷ ʪʨʘʜʠʮʠʦʥʥʦʡ ʦʧʘʣʫʙʢʠ. ɼʣʷ 

ʪʨʘʥʩʧʦʨʪʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ, ʪʨʝʙʫʶʱʝʡ ʤʥʦʞʝʩʪʚʘ 
ʪʠʧʦʚʳʭ, ʥʦ ʘʜʘʧʪʠʨʫʝʤʳʭ ʢ ʤʝʩʪʥʦʩʪʠ ʵʣʝʤʝʥʪʦʚ 
(ʦʧʦʨʳ ʤʦʩʪʦʚ, ʰʫʤʦʟʘʱʠʪʥʳʝ ʵʢʨʘʥʳ, ʵʣʝʤʝʥʪʳ 
ʨʘʟʚʷʟʦʢ, ʧʘʚʠʣʴʦʥʳ), ɸʉʇ ʦʪʢʨʳʚʘʝʪ ʧʫʪʴ ʢ ʤʘʩʩʦʚʦʡ 
ʢʘʩʪʦʤʠʟʘʮʠʠ ʠ ʫʩʢʦʨʝʥʥʦʤʫ ʨʘʟʚʝʨʪʳʚʘʥʠʶ. 
ɹʦʣʴʰʠʝ ʧʨʦʙʣʝʤʳ ʚʥʝʜʨʝʥʠʷ ɸʉʇ ʚ ʪʘʨʥʩʧʦʨʪʥʦʝ 

ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʈʝʩʧʫʙʣʠʢʠ ʋʟʙʝʢʠʩʪʘʥ ʦʙʫʩʣʦʚʣʝʥʳ 
ʢʣʠʤʘʪʠʯʝʩʢʠʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʨʝʛʠʦʥʘ.  

ʊʘʢ, ʢʘʞʜʳʡ ʬʘʢʪʦʨ ʩʨʝʜʳ ʜʝʡʩʪʚʫʝʪ ʢʦʤʧʣʝʢʩʥʦ, 
ʩʦʟʜʘʚʘʷ ʘʛʨʝʩʩʠʚʥʫʶ ʩʨʝʜʫ ʜʣʷ ʘʜʜʠʪʠʚʥʦʛʦ ʧʨʦʮʝʩʩʘ: 

https://orcid.org/0009-0000-0489-445X
https://orcid.org/0000-0002-6761-6753
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1. ɻʠʧʝʨʪʝʨʤʠʷ ʠ ʨʘʜʠʘʮʠʦʥʥʳʡ ʥʘʛʨʝʚ: 
ʊʝʤʧʝʨʘʪʫʨʘ ʦʢʨʫʞʘʶʱʝʛʦ ʚʦʟʜʫʭʘ ʚ +45...+50ÁC 
ʧʨʠʚʦʜʠʪ ʢ ʥʘʛʨʝʚʫ ʢʦʤʧʦʥʝʥʪʦʚ ʩʤʝʩʠ (ʮʝʤʝʥʪʘ, 
ʟʘʧʦʣʥʠʪʝʣʝʡ) ʫʞʝ ʥʘ ʩʪʘʜʠʠ ʭʨʘʥʝʥʠʷ ʠ ʜʦʟʠʨʦʚʘʥʠʷ. 
ʉʦʣʥʝʯʥʘʷ ʨʘʜʠʘʮʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʠ ʥʝʨʘʚʥʦʤʝʨʥʦ 
ʥʘʛʨʝʚʘʝʪ ʧʦʚʝʨʭʥʦʩʪʴ ʪʦʣʴʢʦ ʯʪʦ ʦʪʧʝʯʘʪʘʥʥʦʛʦ 
ʵʣʝʤʝʥʪʘ, ʚʳʟʳʚʘʷ ʛʨʘʜʠʝʥʪʳ ʪʝʤʧʝʨʘʪʫʨ ʜʦ 20-30ÁC ʧʦ 

ʩʝʯʝʥʠʶ ʩʣʦʷ. ʕʪʦ ʧʨʦʚʦʮʠʨʫʝʪ ʪʝʨʤʠʯʝʩʢʠʝ 
ʥʘʧʨʷʞʝʥʠʷ, ʚʝʜʫʱʠʝ ʢ ʜʝʬʦʨʤʘʮʠʷʤ ʠ ʨʘʩʩʣʦʝʥʠʶ. 

2. ʂʠʥʝʪʠʢʘ ʚʣʘʛʦʦʙʤʝʥʘ: ʆʪʥʦʩʠʪʝʣʴʥʘʷ 
ʚʣʘʞʥʦʩʪʴ ʚʦʟʜʫʭʘ ʥʠʞʝ 30% ʚʳʟʳʚʘʝʪ ʤʛʥʦʚʝʥʥʦʝ 
ʠʩʧʘʨʝʥʠʝ ʚʦʜʳ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʵʢʩʪʨʫʜʠʨʫʝʤʦʡ ʥʠʪʠ. 
ʕʪʦ ʥʝ ʪʦʣʴʢʦ ʦʩʪʘʥʘʚʣʠʚʘʝʪ ʛʠʜʨʘʪʘʮʠʶ ʚ 
ʧʦʚʝʨʭʥʦʩʪʥʦʤ ʩʣʦʝ, ʥʦ ʠ ʩʦʟʜʘʝʪ ʢʘʧʠʣʣʷʨʥʳʝ ʩʠʣʳ, 
ʚʳʪʷʛʠʚʘʶʱʠʝ ʚʣʘʛʫ ʠʟ ʛʣʫʙʠʥʳ. ʈʝʟʫʣʴʪʘʪ ï 

ʧʣʘʩʪʠʯʝʩʢʘʷ ʫʩʘʜʢʘ, ʩʝʪʢʘ ʤʠʢʨʦʪʨʝʱʠʥ, ʢʨʠʪʠʯʝʩʢʦʝ 
ʩʥʠʞʝʥʠʝ ʤʝʞʩʣʦʡʥʦʡ ʘʜʛʝʟʠʠ (ʢʣʶʯʝʚʦʛʦ ʧʘʨʘʤʝʪʨʘ 
ʜʣʷ ɸʉʇ) ʠ ʧʦʥʠʞʝʥʥʘʷ ʜʦʣʛʦʚʝʯʥʦʩʪʴ. 

3. ʎʠʢʣʠʯʝʩʢʠʝ ʥʘʛʨʫʟʢʠ: ʉʫʪʦʯʥʳʡ ʧʝʨʝʧʘʜ 
ʪʝʤʧʝʨʘʪʫʨ ʚ 25-30ÁC ʩʦʟʜʘʝʪ ʵʬʬʝʢʪ çʜʳʭʘʥʠʷè 
ʢʦʥʩʪʨʫʢʮʠʠ. ɼʣʷ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʦʦʨʫʞʝʥʠʡ (ʤʦʩʪʦʚ, 
ʵʩʪʘʢʘʜ) ʵʪʦ ʥʘʢʣʘʜʳʚʘʝʪʩʷ ʥʘ ʜʠʥʘʤʠʯʝʩʢʠʝ ʠ 
ʚʠʙʨʘʮʠʦʥʥʳʝ ʥʘʛʨʫʟʢʠ ʦʪ ʪʨʘʥʩʧʦʨʪʘ, ʫʩʢʦʨʷʷ 

ʫʩʪʘʣʦʩʪʥʦʝ ʨʘʟʨʫʰʝʥʠʝ. 
4. ɸʙʨʘʟʠʚʥʦ-ʢʦʨʨʦʟʠʦʥʥʘʷ ʩʨʝʜʘ: ʇʝʨʝʥʦʩʠʤʳʝ 

ʚʝʪʨʦʤ ʯʘʩʪʠʮʳ ʧʝʩʢʘ ʜʝʡʩʪʚʫʶʪ ʢʘʢ ʘʙʨʘʟʠʚ, ʘ ʩʦʣʝʚʳʝ 
ʪʫʤʘʥʳ ʠʣʠ ʚʳʩʦʣʳ ʚ ʧʨʠʙʨʝʞʥʳʭ ʧʫʩʪʳʥʷʭ 
ʠʥʠʮʠʠʨʫʶʪ ʢʦʨʨʦʟʠʶ ʩʪʘʣʴʥʦʡ ʘʨʤʘʪʫʨʳ (ʝʩʣʠ ʦʥʘ 
ʠʩʧʦʣʴʟʫʝʪʩʷ) ʠ ʜʝʛʨʘʜʘʮʠʶ ʮʝʤʝʥʪʥʦʛʦ ʢʘʤʥʷ. 
ʆʜʥʘʢʦ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʤ çʫʟʢʠʤ ʤʝʩʪʦʤè ʜʣʷ 

ʨʝʘʣʠʟʘʮʠʠ ʵʪʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʚ ʫʩʣʦʚʠʷʭ ʘʨʠʜʥʦʛʦ 
ʢʣʠʤʘʪʘ ʷʚʣʷʝʪʩʷ ʤʘʪʝʨʠʘʣ-ʥʦʩʠʪʝʣʴ ʪʝʭʥʦʣʦʛʠʠ ï 

ʙʝʪʦʥʥʘʷ ʩʤʝʩʴ ʜʣʷ ʧʝʯʘʪʠ. ʉʪʘʥʜʘʨʪʥʳʝ ʩʦʩʪʘʚʳ, 
ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʜʣʷ ʫʤʝʨʝʥʥʦʛʦ ʢʣʠʤʘʪʘ, ʚ ʫʩʣʦʚʠʷʭ 
ʛʠʧʝʨʪʝʨʤʠʠ, ʥʠʟʢʦʡ ʚʣʘʞʥʦʩʪʠ ʠ ʠʥʪʝʥʩʠʚʥʦʡ 
ʩʦʣʥʝʯʥʦʡ ʨʘʜʠʘʮʠʠ ʚʝʜʫʪ ʩʝʙʷ ʥʝʧʨʝʜʩʢʘʟʫʝʤʦ: 
ʧʨʦʠʩʭʦʜʠʪ ʢʘʪʘʩʪʨʦʬʠʯʝʩʢʠ ʙʳʩʪʨʦʝ ʠʩʧʘʨʝʥʠʝ ʚʦʜʳ, 
ʥʘʨʫʰʘʶʱʝʝ ʢʠʥʝʪʠʢʫ ʛʠʜʨʘʪʘʮʠʠ ʠ ʤʝʞʩʣʦʡʥʫʶ 
ʘʜʛʝʟʠʶ; ʚʦʟʥʠʢʘʶʪ ʢʨʠʪʠʯʝʩʢʠʝ ʛʨʘʜʠʝʥʪʳ ʪʝʤʧʝʨʘʪʫʨ 
ʠ ʧʣʘʩʪʠʯʝʩʢʠʝ ʫʩʘʜʢʠ, ʚʝʜʫʱʠʝ ʢ 

ʪʨʝʱʠʥʦʦʙʨʘʟʦʚʘʥʠʶ; ʫʩʢʦʨʷʝʪʩʷ ʩʭʚʘʪʳʚʘʥʠʝ, 
ʜʝʩʪʘʙʠʣʠʟʠʨʫʶʱʝʝ ʧʨʦʮʝʩʩ ʵʢʩʪʨʫʟʠʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 
ʘʢʪʫʘʣʴʥʦʩʪʴ ʪʝʤʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʥʝʦʙʭʦʜʠʤʦʩʪʠ 
ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʛʦ ʧʝʨʝʦʩʤʳʩʣʝʥʠʷ ʨʝʦʣʦʛʠʠ, ʩʦʩʪʘʚʘ ʠ 
ʧʦʚʝʜʝʥʠʷ ʙʝʪʦʥʘ ʥʘ ʚʩʝʭ ʵʪʘʧʘʭ ï ʦʪ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʜʦ 
ʜʣʠʪʝʣʴʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʚ ʵʢʩʪʨʝʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ. 
ʕʪʦ ʟʘʜʘʯʘ ʥʘ ʩʪʳʢʝ ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʷ, ʭʠʤʠʠ, 
ʩʪʨʦʠʪʝʣʴʥʦʡ ʬʠʟʠʢʠ ʠ ʨʦʙʦʪʦʪʝʭʥʠʢʠ, ʨʝʰʝʥʠʝ 

ʢʦʪʦʨʦʡ ʦʧʨʝʜʝʣʠʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʝʨʝʭʦʜʘ ʦʪ 
ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʝʤʦʥʩʪʨʘʪʦʨʦʚ ʢ ʤʘʩʰʪʘʙʥʦʤʫ 
ʧʨʦʤʳʰʣʝʥʥʦʤʫ ʧʨʠʤʝʥʝʥʠʶ ɸʉʇ ʚ ʩʪʨʘʪʝʛʠʯʝʩʢʠ 
ʚʘʞʥʳʭ ʨʝʛʠʦʥʘʭ ʧʣʘʥʝʪʳ [2]. 

2. Методология исследования 

ɺ ʩʣʦʞʠʚʰʠʭʩʷ ʨʝʘʣʠʷʭ ʩʪʨʦʠʪʝʣʴʩʪʚʘ 
ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʦʦʨʫʞʝʥʠʡ ʮʝʣʝʩʦʦʙʨʘʟʥʦ 
ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʙʝʪʦʥ ʜʣʷ ɸʉʇ ʥʝ ʢʘʢ ʩʤʝʩʴ, ʘ ʢʘʢ 
ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʡ ʢʦʤʧʦʟʠʪ ʩ ʧʨʦʛʨʘʤʤʠʨʫʝʤʳʤʠ 
ʩʚʦʡʩʪʚʘʤʠ ʥʘ ʚʩʝʭ ʩʪʘʜʠʷʭ: ʦʪ ʵʢʩʪʨʫʟʠʠ ʜʦ 
ʜʦʣʛʦʚʝʯʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʦʩʥʦʚʥʳʤʠ 

ʤʦʤʝʥʪʘʤʠ ʙʫʜʫʪ ʷʚʣʷʪʴʩʷ ʧʦʜʙʦʨ ʩʦʩʪʘʚʘ ʙʝʪʦʥʘ ʠ 
ʤʝʪʦʜʳ ʘʨʤʠʨʦʚʘʥʠʷ.  
1. ʊʱʘʪʝʣʴʥʳʡ ʧʦʜʙʦʨ ʠ ʧʦʜʛʦʪʦʚʢʘ ʢʦʤʧʦʥʝʥʪʦʚ: 
ɺʷʞʫʱʠʝ ʩʠʩʪʝʤʳ: ʀʩʧʦʣʴʟʫʶʪʩʷ ʢʦʤʧʦʟʠʪʳ ʥʘ 

ʦʩʥʦʚʝ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʘ ʩ ʦʧʪʠʤʠʟʠʨʦʚʘʥʥʳʤ 
ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʤ ʩʦʩʪʘʚʦʤ (C3A, C3S). ɸʢʪʠʚʥʦ 

ʚʥʝʜʨʷʶʪʩʷ ʘʣʴʪʝʨʥʘʪʠʚʥʳʝ ʥʠʟʢʦʫʛʣʝʨʦʜʠʩʪʳʝ 
ʚʷʞʫʱʠʝ: ʱʝʣʦʯʥʦ-ʘʢʪʠʚʠʨʦʚʘʥʥʳʝ ʰʣʘʢʠ (AAS) ʠʣʠ 
ʟʦʣʳ (geopolymers). ʆʥʠ ʥʝ ʪʦʣʴʢʦ ʦʙʣʘʜʘʶʪ 
ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʠʤ ʪʝʧʣʦʚʳʜʝʣʝʥʠʝʤ, ʥʦ ʠ 
ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʧʦʚʳʰʝʥʥʫʶ ʩʪʦʡʢʦʩʪʴ ʢ ʩʫʣʴʬʘʪʘʤ ʠ 
ʭʣʦʨʠʜʘʤ, ʭʘʨʘʢʪʝʨʥʳʤ ʜʣʷ ʟʘʩʫʰʣʠʚʳʭ ʨʝʛʠʦʥʦʚ. 
ɿʘʧʦʣʥʠʪʝʣʠ: ɺʤʝʩʪʦ ʩʪʘʥʜʘʨʪʥʳʭ ʧʨʠʤʝʥʷʶʪʩʷ 

ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʥʳʝ ʟʘʧʦʣʥʠʪʝʣʠ ʩ ʧʦʚʳʰʝʥʥʦʡ 
ʧʣʦʪʥʦʩʪʴʶ ʫʧʘʢʦʚʢʠ ʜʣʷ ʩʥʠʞʝʥʠʷ ʧʦʪʨʝʙʥʦʩʪʠ ʚ ʚʦʜʝ. 
ʀʩʩʣʝʜʫʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʝʩʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʪʘʢʠʭ 
ʢʘʢ ʪʝʨʤʦʦʙʨʘʙʦʪʘʥʥʳʝ ʧʫʩʪʳʥʥʳʝ ʧʝʩʢʠ (ʜʣʷ 
ʫʣʫʯʰʝʥʠʷ ʟʝʨʥʦʚʦʛʦ ʩʦʩʪʘʚʘ) ʠʣʠ ʜʨʦʙʣʝʥʳʡ ʙʘʟʘʣʴʪ, 
ʧʦʚʳʰʘʶʱʠʡ ʠʪʦʛʦʚʫʶ ʘʙʨʘʟʠʚʥʫʶ ʩʪʦʡʢʦʩʪʴ. 
ʄʦʜʠʬʠʮʠʨʫʶʱʠʝ ʜʦʙʘʚʢʠ (ʢʣʶʯʝʚʦʡ ʵʣʝʤʝʥʪ): 
ʉʫʧʝʨʧʣʘʩʪʠʬʠʢʘʪʦʨʳ ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ (PCE ʩ 

ʢʦʥʪʨʦʣʠʨʫʝʤʦʡ ʘʜʩʦʨʙʮʠʝʡ): ʇʦʟʚʦʣʷʶʪ ʜʦʩʪʠʯʴ 
ʢʦʥʩʠʩʪʝʥʮʠʠ, ʠʜʝʘʣʴʥʦʡ ʜʣʷ ʵʢʩʪʨʫʟʠʠ, ʧʨʠ ʥʠʟʢʦʤ 
ʚʦʜʦʮʝʤʝʥʪʥʦʤ ʦʪʥʦʰʝʥʠʠ (ɺ/ʎ < 0.30), ʯʪʦ ʥʘʧʨʷʤʫʶ 
ʧʦʚʳʰʘʝʪ ʧʨʦʯʥʦʩʪʴ ʠ ʩʥʠʞʘʝʪ ʫʩʘʜʢʫ. 
ɺʦʜʦʫʜʝʨʞʠʚʘʶʱʠʝ ʜʦʙʘʚʢʠ (ɺʋɼ): ʅʘ ʦʩʥʦʚʝ 

ʵʬʠʨʦʚ ʮʝʣʣʶʣʦʟʳ ʠʣʠ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʧʦʣʠʤʝʨʦʚ. ʆʥʠ 
ʩʦʟʜʘʶʪ ʚ ʧʦʨʠʩʪʦʡ ʩʪʨʫʢʪʫʨʝ ʛʝʣʝʚʫʶ ʤʘʪʨʠʮʫ, 
ʬʠʟʠʯʝʩʢʠ ʩʚʷʟʳʚʘʷ ʚʦʜʫ ʠ ʟʘʤʝʜʣʷʷ ʝʝ ʤʠʛʨʘʮʠʶ ʢ 

ʧʦʚʝʨʭʥʦʩʪʠ ʠʩʧʘʨʝʥʠʷ ʥʘ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʳʝ ʧʝʨʚʳʝ 
60-90 ʤʠʥʫʪ ʧʦʩʣʝ ʧʝʯʘʪʠ. 
ʉʪʘʙʠʣʠʟʘʪʦʨʳ ʨʝʦʣʦʛʠʠ (ʟʘʛʫʩʪʠʪʝʣʠ): 

ʆʙʝʩʧʝʯʠʚʘʶʪ ʩʪʨʫʢʪʫʨʥʫʶ ʚʷʟʢʦʩʪʴ (ʪʠʢʩʦʪʨʦʧʠʶ), 
ʧʨʝʜʦʪʚʨʘʱʘʷ ʨʘʩʧʣʳʚʘʥʠʝ ʥʠʞʥʠʭ ʩʣʦʝʚ ʧʦʜ ʚʝʩʦʤ 
ʚʝʨʭʥʠʭ. ʏʘʩʪʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʩʠʥʝʨʛʠʠ ʩ PCE. 
ʇʝʥʦʦʙʨʘʟʦʚʘʪʝʣʠ ʠ ʚʦʟʜʫʭʦʚʦʚʣʝʢʘʶʱʠʝ ʜʦʙʘʚʢʠ 

(ʢʦʥʪʨʦʣʠʨʫʝʤʳʝ): ɺʚʝʜʝʥʠʝ ʤʠʢʨʦʧʦʨ (3-5% ʦʙʲʝʤʘ) 
ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦ ʩʥʠʞʘʝʪ ʧʣʦʪʥʦʩʪʴ ʠ 

ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ ʤʘʪʝʨʠʘʣʘ, ʘ ʪʘʢʞʝ ʩʦʟʜʘʝʪ ʨʝʟʝʨʚʥʳʝ 
ʧʫʩʪʦʪʳ ʜʣʷ ʢʦʤʧʝʥʩʘʮʠʠ ʪʝʨʤʠʯʝʩʢʦʛʦ ʨʘʩʰʠʨʝʥʠʷ. 
ʋʩʢʦʨʠʪʝʣʠ/ʟʘʤʝʜʣʠʪʝʣʠ ʩʭʚʘʪʳʚʘʥʠʷ ʩ çʫʤʥʦʡè 

ʘʢʪʠʚʘʮʠʝʡ: ʄʥʦʛʦʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʜʦʙʘʚʢʠ, ʢʦʪʦʨʳʝ 
ʤʦʛʫʪ ʟʘʤʝʜʣʷʪʴ ʩʭʚʘʪʳʚʘʥʠʝ ʚ ʩʤʝʩʠʪʝʣʴʥʦʤ ʫʟʣʝ ʠ 
ʰʣʘʥʛʝ, ʥʦ ʫʩʢʦʨʷʪʴ ʝʛʦ ʩʨʘʟʫ ʧʦʩʣʝ ʵʢʩʪʨʫʟʠʠ ʧʦʜ 
ʜʝʡʩʪʚʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ ʠʣʠ ʋʌ-ʠʟʣʫʯʝʥʠʷ. 
2. ʉʪʨʘʪʝʛʠʠ ʘʨʤʠʨʦʚʘʥʠʷ ʜʣʷ ʘʜʜʠʪʠʚʥʳʭ 

ʢʦʥʩʪʨʫʢʮʠʡ: 
ɼʠʩʢʨʝʪʥʦʝ (ʬʠʙʨʦʚʦʝ) ʘʨʤʠʨʦʚʘʥʠʝ: ʂʘʢ 

ʫʧʦʤʷʥʫʪʦ, ʙʘʟʘʣʴʪʦʚʳʝ, ʧʦʣʠʧʨʦʧʠʣʝʥʦʚʳʝ, ʘ ʪʘʢʞʝ 
ʩʪʘʣʴʥʳʝ ʚʦʣʦʢʥʘ ʜʣʠʥʦʡ 6-12 ʤʤ. ʉʦʚʨʝʤʝʥʥʳʡ ʪʨʝʥʜ 
ï ʛʠʙʨʠʜʥʦʝ ʘʨʤʠʨʦʚʘʥʠʝ (ʩʦʯʝʪʘʥʠʝ ʚʦʣʦʢʦʥ ʨʘʟʥʦʡ 
ʜʣʠʥʳ ʠ ʤʦʜʫʣʷ ʫʧʨʫʛʦʩʪʠ) ʜʣʷ ʦʜʥʦʚʨʝʤʝʥʥʦʛʦ 
ʧʦʜʘʚʣʝʥʠʷ ʤʠʢʨʦ- ʠ ʤʘʢʨʦʪʨʝʱʠʥ. 
ʅʝʧʨʝʨʳʚʥʦʝ ʘʨʤʠʨʦʚʘʥʠʝ: ʇʨʦʨʳʚʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ 

ï ʦʜʥʦʚʨʝʤʝʥʥʘʷ ʩʦʚʤʝʩʪʥʘʷ ʧʝʯʘʪʴ ʙʝʪʦʥʘ ʠ 
ʥʝʧʨʝʨʳʚʥʦʡ ʥʠʪʠ ʠʟ ʧʦʣʠʤʝʨʥʳʭ ʢʦʤʧʦʟʠʪʦʚ 
(ʙʘʟʘʣʴʪʦʧʣʘʩʪʠʢ, ʩʪʝʢʣʦʧʣʘʩʪʠʢ, ʫʛʣʝʧʣʘʩʪʠʢ). ʈʦʙʦʪ 
ʫʢʣʘʜʳʚʘʝʪ ʙʝʪʦʥ ʠ ʘʨʤʘʪʫʨʫ ʚ ʝʜʠʥʦʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʤ 
ʮʠʢʣʝ, ʩʦʟʜʘʚʘʷ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʥʘʧʨʷʞʝʥʥʳʝ, 
ʘʥʠʟʦʪʨʦʧʥʳʝ ʢʦʥʩʪʨʫʢʮʠʠ ʩ ʚʳʩʦʢʦʡ ʧʨʦʯʥʦʩʪʴʶ ʥʘ 
ʨʘʩʪʷʞʝʥʠʝ ʠ ʠʟʛʠʙ, ʯʪʦ ʠʜʝʘʣʴʥʦ ʜʣʷ ʧʨʦʣʝʪʥʳʭ 
ʩʪʨʦʝʥʠʡ ʤʦʩʪʦʚ ʠ ʢʦʥʩʦʣʝʡ. 

ɸʨʤʠʨʦʚʘʥʠʝ ʚʩʪʨʦʝʥʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ: ɺ ʧʨʦʮʝʩʩʝ 
ʧʝʯʘʪʠ ʚ ʪʝʣʦ ʙʝʪʦʥʘ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ 
ʘʥʢʝʨʥʳʝ ʛʠʣʴʟʳ, ʟʘʢʣʘʜʥʳʝ ʜʝʪʘʣʠ, ʢʘʥʘʣʳ ʜʣʷ 
ʧʦʩʣʝʜʫʶʱʝʛʦ ʥʘʪʷʞʝʥʠʷ ʠʣʠ ʤʦʥʪʘʞʘ ʧʝʨʠʣ ʠ 
ʦʛʨʘʞʜʝʥʠʡ [3]. 

3. Результаты исследования 

ɻʝʦʤʝʪʨʠʯʝʩʢʘʷ ʩʚʦʙʦʜʘ ɸʉʇ ʧʦʟʚʦʣʷʝʪ 
ʧʝʨʝʦʩʤʳʩʣʠʪʴ ʩʘʤʠ ʧʨʠʥʮʠʧʳ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ 
ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʜʣʷ ʞʘʨʢʦʛʦ ʢʣʠʤʘʪʘ. 
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Таблица 1 

Сравнение свойств бетонных смесей для 3D-печати в условиях сухого жаркого климата 

Состав смеси В/Ц 

Прочность на 

сжатие (28 

суток), МПа 

Межслойная 

адгезия, МПа 

Усадка при 

высыхании, % 

Время 

сохранения 

пластичности, 

мин 

ʉʪʘʥʜʘʨʪʥʳʡ 
ʩʦʩʪʘʚ (ʙʝʟ 
ʜʦʙʘʚʦʢ) 

0,45 35,2 0,8 0,15 40 

ʉ ʇɺʍ ʠ ɺʋɼ 0,35 52,6 2,1 0,08 75 

ʉ ʬʠʙʨʦʡ 
(ʙʘʟʘʣʴʪ 1%) 

0,38 48,5 2,5 0,06 60 

ʉ 
ʛʝʦʧʦʣʠʤʝʨʥʳʤ 
ʚʷʞʫʱʠʤ 

0,30 58,0 2,3 0,05 90 

ʇʨʠʤʝʯʘʥʠʝ: ʇɺʍ ð ʧʦʣʠʢʘʨʙʦʢʩʠʣʘʪʥʳʡ ʧʣʘʩʪʠʬʠʢʘʪʦʨ, ɺʋɼ ð ʚʦʜʦʫʜʝʨʞʠʚʘʶʱʘʷ ʜʦʙʘʚʢʘ. 
 

1. ʇʘʩʩʠʚʥʘʷ ʢʣʠʤʘʪʠʯʝʩʢʘʷ ʘʜʘʧʪʘʮʠʷ ʢʦʥʩʪʨʫʢʮʠʡ 

(ʙʠʦʤʠʤʝʪʠʢʘ): 

ʂʦʥʩʪʨʫʢʮʠʠ ʩ ʤʠʥʠʤʘʣʴʥʳʤ ʧʦʧʝʨʝʯʥʳʤ 

ʩʝʯʝʥʠʝʤ: ʇʝʯʘʪʴ ʘʞʫʨʥʳʭ, ʨʝʰʝʪʯʘʪʳʭ (ʣʘʪʦʦʙʨʘʟʥʳʭ) 

ʩʪʨʫʢʪʫʨ ʜʣʷ ʦʧʦʨ, ʧʦʜʧʦʨʥʳʭ ʩʪʝʥʦʢ, ʢʦʟʳʨʴʢʦʚ. ʕʪʦ 

ʫʤʝʥʴʰʘʝʪ ʤʘʩʩʫ, ʥʘʛʨʝʚ ʠ ʚʝʪʨʦʚʫʶ ʥʘʛʨʫʟʢʫ. 

ʕʣʝʤʝʥʪʳ ʩ ʨʘʟʚʠʪʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ ʪʝʧʣʦʦʙʤʝʥʘ: 

ɺʥʝʰʥʠʝ ʨʝʙʨʘ, ʚʳʩʪʫʧʳ, ʢʘʥʘʣʳ ʧʦ ʘʥʘʣʦʛʠʠ ʩ ʨʝʙʨʘʤʠ 

ʢʘʢʪʫʩʘ ʠʣʠ ʫʰʘʤʠ ʬʝʥʝʢʘ. ʆʥʠ ʫʚʝʣʠʯʠʚʘʶʪ 

ʧʦʚʝʨʭʥʦʩʪʴ ʦʭʣʘʞʜʝʥʠʷ ʠ ʩʦʟʜʘʶʪ ʩʘʤʦʦʙʨʘʟʫʶʱʫʶʩʷ 

ʪʝʥʴ ʥʘ ʯʘʩʪʠ ʢʦʥʩʪʨʫʢʮʠʠ. 

ʀʥʪʝʛʨʠʨʦʚʘʥʥʳʝ ʩʠʩʪʝʤʳ ʧʘʩʩʠʚʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ: 

ʇʝʯʘʪʴ ʧʦʣʳʭ ʵʣʝʤʝʥʪʦʚ ʩ ʚʝʨʪʠʢʘʣʴʥʳʤʠ 

ʚʝʥʪʠʣʷʮʠʦʥʥʳʤʠ ʢʘʥʘʣʘʤʠ, ʨʘʙʦʪʘʶʱʠʤʠ ʧʦ 

ʧʨʠʥʮʠʧʫ ʩʦʣʥʝʯʥʦʡ ʪʨʫʙʳ (ʪʝʨʤʦʩʠʬʦʥʘ). ʅʘʛʨʝʪʳʡ 

ʚʦʟʜʫʭ ʧʦʜʥʠʤʘʝʪʩʷ ʚʚʝʨʭ, ʩʦʟʜʘʚʘʷ ʪʷʛʫ ʠ ʚʪʷʛʠʚʘʷ 

ʙʦʣʝʝ ʭʦʣʦʜʥʳʡ ʚʦʟʜʫʭ ʩʥʠʟʫ. 

2. ʌʫʥʢʮʠʦʥʘʣʴʥʦ-ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʝ ʪʨʘʥʩʧʦʨʪʥʳʝ 

ʩʦʦʨʫʞʝʥʠʷ: 

çʋʤʥʳʝè ʤʦʩʪʦʚʳʝ ʦʧʦʨʳ ʠ ʧʨʦʣʝʪʳ: ɺ ʧʨʦʮʝʩʩʝ 

ʧʝʯʘʪʠ ʟʘʢʣʘʜʳʚʘʶʪʩʷ ʥʝ ʧʨʦʩʪʦ ʢʘʥʘʣʳ, ʘ ʮʝʣʳʝ ʩʝʪʢʠ 

ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʝʩʢʠʭ ʜʘʪʯʠʢʦʚ (Distributed Fiber Optic 

Sensing). ʆʥʠ ʧʦʟʚʦʣʷʶʪ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ 

ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʜʝʬʦʨʤʘʮʠʠ, ʪʝʤʧʝʨʘʪʫʨʫ ʧʦ ʩʝʯʝʥʠʶ, 

ʟʘʨʦʞʜʝʥʠʝ ʠ ʨʘʩʢʨʳʪʠʝ ʪʨʝʱʠʥ ʧʦ ʚʩʝʡ ʜʣʠʥʝ 

ʵʣʝʤʝʥʪʘ. 

ɸʜʜʠʪʠʚʥʳʝ ʵʣʝʤʝʥʪʳ ʜʦʨʦʞʥʦʛʦ ʧʦʣʦʪʥʘ: ʇʝʯʘʪʴ 

ʥʝ ʥʝʩʫʱʠʭ, ʥʦ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ï 

ʰʫʤʦʧʦʛʣʦʱʘʶʱʠʭ ʙʘʨʴʝʨʦʚ ʩ ʦʪʢʨʳʪʦʡ ʧʦʨʠʩʪʦʡ 

ʩʪʨʫʢʪʫʨʦʡ, ʚʝʪʨʦʟʘʱʠʪʥʳʭ ʵʢʨʘʥʦʚ ʩʣʦʞʥʦʡ 

ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʬʦʨʤʳ, ʚʦʜʦʩʙʦʨʥʳʭ ʠ ʜʨʝʥʘʞʥʳʭ 

ʣʦʪʢʦʚ ʩ ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʤʠ ʢʘʥʘʣʘʤʠ. 

ɹʳʩʪʨʦʚʦʟʚʦʜʠʤʳʝ ʤʦʜʫʣʴʥʳʝ ʢʦʥʩʪʨʫʢʮʠʠ ʜʣʷ 

ʣʦʛʠʩʪʠʢʠ: ʇʝʯʘʪʴ ʥʘ ʤʝʩʪʝ ʤʦʜʫʣʴʥʳʭ ʙʣʦʢʦʚ ʜʣʷ 

ʩʢʣʘʜʦʚ ʚʨʝʤʝʥʥʦʛʦ ʭʨʘʥʝʥʠʷ, ʛʘʨʘʞʝʡ ʜʣʷ 

ʩʧʝʮʪʝʭʥʠʢʠ, ʫʢʨʳʪʠʡ ʜʣʷ ʜʦʨʦʞʥʳʭ ʩʣʫʞʙ. ʌʦʨʤʘ 

ʙʣʦʢʦʚ ʤʦʞʝʪ ʧʨʝʜʫʩʤʘʪʨʠʚʘʪʴ ʧʘʟʳ ʜʣʷ ʙʳʩʪʨʦʡ 

ʩʙʦʨʢʠ ʙʝʟ ʨʘʩʪʚʦʨʘ, ʧʦ ʧʨʠʥʮʠʧʫ Lego. 

3. ʄʦʙʠʣʴʥʳʝ ʠ ʘʚʪʦʥʦʤʥʳʝ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ 

ʧʣʘʪʬʦʨʤʳ: 

ʈʘʟʚʠʪʠʝ ʠʜʝʪ ʚ ʩʪʦʨʦʥʫ ʩʦʟʜʘʥʠʷ ʤʦʙʠʣʴʥʳʭ 

ʘʚʪʦʥʦʤʥʳʭ ʟʘʚʦʜʦʚ-ʧʨʠʥʪʝʨʦʚ (Mobile On-Site Printing 

Factory) ʥʘ ʙʘʟʝ ʪʷʞʝʣʳʭ ʛʨʫʟʦʚʠʢʦʚ ʠʣʠ ʛʫʩʝʥʠʯʥʳʭ 

ʰʘʩʩʠ. ʊʘʢʘʷ ʧʣʘʪʬʦʨʤʘ ʚʢʣʶʯʘʝʪ: 

ʉʠʣʦʚʫʶ ʫʩʪʘʥʦʚʢʫ (ʯʘʩʪʦ ʛʠʙʨʠʜʥʫʶ, ʜʠʟʝʣʴ-

ʩʦʣʥʝʯʥʫʶ). 

ɹʫʥʢʝʨʳ-ʩʠʣʦʩʳ ʜʣʷ ʩʫʭʠʭ ʢʦʤʧʦʥʝʥʪʦʚ ʩ ʩʠʩʪʝʤʦʡ 

ʧʥʝʚʤʦʧʦʜʘʯʠ. 

ʄʦʜʫʣʴ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʠ ʦʭʣʘʞʜʝʥʠʷ ʩʤʝʩʠ (ʩ 

ʯʠʣʣʝʨʦʤ). 

ʈʦʙʦʪʠʟʠʨʦʚʘʥʥʳʡ ʤʘʥʠʧʫʣʷʪʦʨ ʩ ʠʟʤʝʥʷʝʤʦʡ 

ʛʝʦʤʝʪʨʠʝʡ ʟʦʥʳ ʧʝʯʘʪʠ. 

ʇʦʜʦʙʥʳʝ ʢʦʤʧʣʝʢʩʳ ʤʦʛʫʪ ʧʝʨʝʤʝʱʘʪʴʩʷ ʚʜʦʣʴ 
ʪʨʘʩʩʳ, ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʧʝʯʘʪʘʷ ʵʣʝʤʝʥʪʳ 
ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ. 
Экономические и экологические перспективы. 
ɺʥʝʜʨʝʥʠʝ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʙʝʪʦʥʦʚ ʜʣʷ ɸʉʇ ʚ 

ʩʫʭʦʤ ʢʣʠʤʘʪʝ, ʥʝʩʤʦʪʨʷ ʥʘ ʚʳʩʦʢʫʶ ʥʘʯʘʣʴʥʫʶ 
ʩʪʦʠʤʦʩʪʴ ʤʘʪʝʨʠʘʣʦʚ ʠ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʜʘʝʪ ʟʥʘʯʠʤʳʝ 
ʧʨʝʠʤʫʱʝʩʪʚʘ: 
ʉʥʠʞʝʥʠʝ ʣʦʛʠʩʪʠʯʝʩʢʠʭ ʟʘʪʨʘʪ: ɼʦ 70% 

ʤʘʪʝʨʠʘʣʦʚ (ʧʝʩʦʢ, ʟʘʧʦʣʥʠʪʝʣʴ) ʤʦʞʥʦ ʟʘʢʫʧʘʪʴ 
ʣʦʢʘʣʴʥʦ. ʇʝʯʘʪʴ ʥʘ ʤʝʩʪʝ ʠʩʢʣʶʯʘʝʪ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʫ 
ʢʨʫʧʥʦʛʘʙʘʨʠʪʥʳʭ ɾɹʀ. 
ʕʢʦʥʦʤʠʷ ʚʦʜʳ: ɿʘ ʩʯʝʪ ʥʠʟʢʦʛʦ ɺ/ʎ ʠ 

ʚʦʜʦʫʜʝʨʞʠʚʘʶʱʠʭ ʜʦʙʘʚʦʢ ʧʦʪʨʝʙʣʝʥʠʝ ʚʦʜʳ 
ʩʥʠʞʘʝʪʩʷ ʥʘ 30-50% ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʤʦʥʦʣʠʪʥʳʤ 
ʩʪʨʦʠʪʝʣʴʩʪʚʦʤ. 
ʕʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʴ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ: 

ʆʧʪʠʤʠʟʠʨʦʚʘʥʥʳʝ ʧʦ ʤʘʩʩʝ ʠ ʪʝʧʣʦʪʝʭʥʠʯʝʩʢʠʤ 
ʩʚʦʡʩʪʚʘʤ ʢʦʥʩʪʨʫʢʮʠʠ ʪʨʝʙʫʶʪ ʤʝʥʴʰʝ ʵʥʝʨʛʠʠ ʜʣʷ 
ʙʫʜʫʱʝʡ ʵʢʩʧʣʫʘʪʘʮʠʠ (ʥʘʧʨʠʤʝʨ, ʦʭʣʘʞʜʝʥʠʷ 
ʪʦʥʥʝʣʝʡ). 
ʉʦʢʨʘʱʝʥʠʝ ʩʨʦʢʦʚ: ʉʢʦʨʦʩʪʴ ʚʦʟʚʝʜʝʥʠʷ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚ 2-3 ʨʘʟʘ, ʯʪʦ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʦ ʜʣʷ 
ʠʥʬʨʘʩʪʨʫʢʪʫʨʥʳʭ ʧʨʦʝʢʪʦʚ. 

Будущие направления исследований и развития.  

1. 4D-ʧʝʯʘʪʴ ʩ ʧʘʤʷʪʴʶ ʬʦʨʤʳ: ʄʘʪʝʨʠʘʣʳ, ʢʦʪʦʨʳʝ 
ʤʦʛʫʪ ʤʝʥʷʪʴ ʛʝʦʤʝʪʨʠʶ (ʥʘʧʨʠʤʝʨ, 
ʦʪʢʨʳʚʘʪʴ/ʟʘʢʨʳʚʘʪʴ ʞʘʣʶʟʠ) ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ 
ʪʝʤʧʝʨʘʪʫʨʳ. 

2. ʌʦʪʦ- ʠ ʪʝʨʤʦʢʘʪʘʣʠʪʠʯʝʩʢʠʝ ʙʝʪʦʥʳ: ɼʣʷ 
ʩʘʤʦʦʯʠʩʪʢʠ ʧʦʚʝʨʭʥʦʩʪʝʡ ʦʪ ʧʳʣʠ ʠ ʨʘʟʣʦʞʝʥʠʷ 
ʦʨʛʘʥʠʯʝʩʢʠʭ ʟʘʛʨʷʟʥʝʥʠʡ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʩʦʣʥʮʘ. 

3. ʇʦʣʥʦʩʪʴʶ ʨʝʮʠʢʣʠʨʫʝʤʳʝ ʩʤʝʩʠ: ʈʘʟʨʘʙʦʪʢʘ 

ʙʝʪʦʥʦʚ, ʢʦʪʦʨʳʝ ʧʦʩʣʝ ʜʝʤʦʥʪʘʞʘ ʢʦʥʩʪʨʫʢʮʠʠ ʤʦʛʫʪ 
ʙʳʪʴ ʨʘʟʤʦʣʦʪʳ ʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʢʘʯʝʩʪʚʝ ʟʘʧʦʣʥʠʪʝʣʷ 
ʜʣʷ ʥʦʚʦʡ ʧʝʯʘʪʠ. 

4. ʀʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ ʚ ʫʧʨʘʚʣʝʥʠʠ 
ʧʨʦʮʝʩʩʦʤ: ʉʠʩʪʝʤʳ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʟʨʝʥʠʷ ʠ 
ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʜʣʷ ʦʥʣʘʡʥ-ʤʦʥʠʪʦʨʠʥʛʘ ʢʘʯʝʩʪʚʘ 
ʵʢʩʪʨʫʟʠʠ, ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʢʦʨʨʝʢʮʠʠ ʧʘʨʘʤʝʪʨʦʚ 
ʧʝʯʘʪʠ ʚ ʦʪʚʝʪ ʥʘ ʠʟʤʝʥʝʥʠʝ ʚʝʪʨʘ ʠ ʪʝʤʧʝʨʘʪʫʨʳ. 
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4. Заключение 

ʈʘʟʚʠʪʠʝ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʙʝʪʦʥʦʚ ʜʣʷ 
ʘʜʜʠʪʠʚʥʦʛʦ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʚ ʫʩʣʦʚʠʷʭ ʩʫʭʦʛʦ ʞʘʨʢʦʛʦ 
ʢʣʠʤʘʪʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʥʝ ʧʨʦʩʪʦ ʪʝʭʥʠʯʝʩʢʫʶ 

ʟʘʜʘʯʫ, ʘ ʢʦʤʧʣʝʢʩʥʫʶ ʤʝʞʜʠʩʮʠʧʣʠʥʘʨʥʫʶ ʧʨʦʙʣʝʤʫ, 
ʫʩʧʝʰʥʦʝ ʨʝʰʝʥʠʝ ʢʦʪʦʨʦʡ ʟʥʘʤʝʥʫʝʪ ʧʝʨʝʭʦʜ ʢ ʥʦʚʦʡ 
ʧʘʨʘʜʠʛʤʝ ʚ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʪʨʘʥʩʧʦʨʪʥʦʡ 
ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ. ʂʘʢ ʧʦʢʘʟʳʚʘʝʪ ʘʥʘʣʠʟ, ʩʦʚʨʝʤʝʥʥʳʝ 
ʤʘʪʝʨʠʘʣʳ ʵʚʦʣʶʮʠʦʥʠʨʫʶʪ ʦʪ ʧʨʦʩʪʳʭ ʩʤʝʩʝʡ ʢ 
ʚʳʩʦʢʦʬʫʥʢʮʠʦʥʘʣʴʥʳʤ ʠʥʞʝʥʝʨʥʳʤ ʢʦʤʧʦʟʠʪʘʤ ʩ 
ʧʨʦʛʨʘʤʤʠʨʫʝʤʳʤʠ ʩʚʦʡʩʪʚʘʤʠ. ʂʣʶʯʦʤ ʢ ʫʩʧʝʭʫ 
ʷʚʣʷʝʪʩʷ ʩʠʥʝʨʛʠʷ ʥʠʟʢʦʪʝʧʣʦʪʚʦʨʥʳʭ ʚʷʞʫʱʠʭ ʩʠʩʪʝʤ, 

ʣʦʢʘʣʴʥʳʭ ʟʘʧʦʣʥʠʪʝʣʝʡ, ʤʥʦʛʦʫʨʦʚʥʝʚʦʛʦ 
ʘʨʤʠʨʦʚʘʥʠʷ (ʦʪ ʤʠʢʨʦʬʠʙʨʳ ʜʦ ʥʝʧʨʝʨʳʚʥʳʭ 
ʢʦʤʧʦʟʠʪʥʳʭ ʥʠʪʝʡ) ʠ çʫʤʥʳʭè ʭʠʤʠʯʝʩʢʠʭ ʜʦʙʘʚʦʢ, 
ʢʦʪʦʨʳʝ ʩʦʚʤʝʩʪʥʦ ʦʙʝʩʧʝʯʠʚʘʶʪ ʩʪʘʙʠʣʴʥʫʶ 
ʵʢʩʪʨʫʟʠʶ, ʬʦʨʤʦʫʩʪʦʡʯʠʚʦʩʪʴ ʠ ʜʦʣʛʦʚʝʯʥʦʩʪʴ ʚ 
ʘʛʨʝʩʩʠʚʥʦʡ ʩʨʝʜʝ. 
ʆʜʥʘʢʦ ʨʝʚʦʣʶʮʠʦʥʥʳʡ ʧʦʪʝʥʮʠʘʣ ʪʝʭʥʦʣʦʛʠʠ 

ʨʘʩʢʨʳʚʘʝʪʩʷ ʪʦʣʴʢʦ ʧʨʠ ʠʥʪʝʛʨʘʮʠʠ ʵʪʠʭ ʤʘʪʝʨʠʘʣʦʚ ʩ 

ʧʝʨʝʜʦʚʳʤʠ ʮʠʬʨʦʚʳʤʠ ʠ ʢʦʥʩʪʨʫʢʪʠʚʥʳʤʠ 
ʧʦʜʭʦʜʘʤʠ. ʉʚʦʙʦʜʘ ʛʝʦʤʝʪʨʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 
ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʚʘʪʴ ʙʠʦʥʠʯʝʩʢʠʝ, ʪʦʧʦʣʦʛʠʯʝʩʢʠ 
ʦʧʪʠʤʠʟʠʨʦʚʘʥʥʳʝ ʩʪʨʫʢʪʫʨʳ, ʢʦʪʦʨʳʝ ʥʝ ʪʦʣʴʢʦ ʥʝʩʫʪ 
ʥʘʛʨʫʟʢʫ, ʥʦ ʠ ʘʢʪʠʚʥʦ ʧʨʦʪʠʚʦʩʪʦʷʪ ʢʣʠʤʘʪʠʯʝʩʢʠʤ 
ʚʦʟʜʝʡʩʪʚʠʷʤ ï ʩʘʤʦʦʭʣʘʞʜʘʶʪʩʷ, ʤʠʥʠʤʠʟʠʨʫʶʪ 
ʥʘʛʨʝʚ, ʵʬʬʝʢʪʠʚʥʦ ʦʪʚʦʜʷʪ ʚʦʜʫ ʠ ʧʳʣʴ. ɺʥʝʜʨʝʥʠʝ 
ʩʠʩʪʝʤ ʤʦʥʠʪʦʨʠʥʛʘ ʥʘ ʵʪʘʧʝ ʧʝʯʘʪʠ (ʢʦʤʧʴʶʪʝʨʥʦʝ 

ʟʨʝʥʠʝ) ʠ ʚ ʧʨʦʮʝʩʩʝ ʵʢʩʧʣʫʘʪʘʮʠʠ (ʨʘʩʧʨʝʜʝʣʝʥʥʳʝ 
ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʝʩʢʠʝ ʜʘʪʯʠʢʠ) ʧʨʝʚʨʘʱʘʝʪ 
ʠʥʬʨʘʩʪʨʫʢʪʫʨʫ ʚ çʞʠʚʦʡè, ʯʫʚʩʪʚʠʪʝʣʴʥʳʡ ʦʨʛʘʥʠʟʤ, 
ʩʧʦʩʦʙʥʳʡ ʠʥʬʦʨʤʠʨʦʚʘʪʴ ʦ ʩʚʦʝʤ ʩʦʩʪʦʷʥʠʠ ʚ 
ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ. 
ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʙʫʜʫʱʝʝ ʩʪʨʦʠʪʝʣʴʩʪʚʘ 

ʪʨʘʥʩʧʦʨʪʥʳʭ ʦʙʲʝʢʪʦʚ ʚ ʵʢʩʪʨʝʤʘʣʴʥʳʭ 
ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʟʦʥʘʭ ʣʝʞʠʪ ʚ ʢʦʥʚʝʨʛʝʥʮʠʠ ʪʨʝʭ 
ʥʘʧʨʘʚʣʝʥʠʡ: 

ʀʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ ʤʘʪʝʨʠʘʣʳ: 
cʘʤʦʚʦʩʩʪʘʥʘʚʣʠʚʘʶʱʠʝʩʷ, ʩ ʬʘʟʦʚʳʤ ʧʝʨʝʭʦʜʦʤ, 
ʬʦʪʦʢʘʪʘʣʠʪʠʯʝʩʢʠʝ ʠ ʧʦʣʥʦʩʪʴʶ ʨʝʮʠʢʣʠʨʫʝʤʳʝ 
ʙʝʪʦʥʳ. 
ɸʚʪʦʥʦʤʥʳʝ ʨʦʙʦʪʠʟʠʨʦʚʘʥʥʳʝ ʩʠʩʪʝʤʳ: 

ʤʦʙʠʣʴʥʳʝ ʧʣʘʪʬʦʨʤʳ, ʩʧʦʩʦʙʥʳʝ ʨʘʙʦʪʘʪʴ ʚ 
ʘʚʪʦʥʦʤʥʦʤ ʨʝʞʠʤʝ, ʘʜʘʧʪʠʨʫʷʩʴ ʢ ʠʟʤʝʥʝʥʠʶ ʫʩʣʦʚʠʡ 
ʥʘ ʩʪʨʦʡʧʣʦʱʘʜʢʝ [4]. 

ʎʠʬʨʦʚʳʝ ʜʚʦʡʥʠʢʠ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʚʩʝʛʦ 
ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ: ʦʪ ʦʧʪʠʤʠʟʘʮʠʠ ʧʨʦʝʢʪʘ ʚ silico ʜʦ 
ʧʨʦʛʥʦʟʥʦʡ ʘʥʘʣʠʪʠʢʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʥʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ ʩ 
ʜʘʪʯʠʢʦʚ. 
ʉʪʨʘʥʳ ʠ ʢʦʨʧʦʨʘʮʠʠ, ʢʦʪʦʨʳʝ ʩʤʦʛʫʪ ʦʩʚʦʠʪʴ ʠ 

ʠʥʪʝʛʨʠʨʦʚʘʪʴ ʵʪʫ ʪʨʠʘʜʫ, ʧʦʣʫʯʘʪ ʥʝ ʧʨʦʩʪʦ ʥʦʚʫʶ 
ʩʪʨʦʠʪʝʣʴʥʫʶ ʪʝʭʥʦʣʦʛʠʶ, ʘ ʤʦʱʥʳʡ ʠʥʩʪʨʫʤʝʥʪ 
ʛʝʦʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʚʣʠʷʥʠʷ. ʆʥʠ ʩʤʦʛʫʪ ʙʳʩʪʨʦ ʠ 

ʵʬʬʝʢʪʠʚʥʦ ʨʘʟʚʝʨʪʳʚʘʪʴ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʫʶ 
ʠʥʬʨʘʩʪʨʫʢʪʫʨʫ ʚ ʩʘʤʳʭ ʩʣʦʞʥʳʭ ʨʝʛʠʦʥʘʭ ʤʠʨʘ, 
ʦʙʝʩʧʝʯʠʚʘʷ ʫʩʪʦʡʯʠʚʦʝ ʨʘʟʚʠʪʠʝ, ʩʥʠʞʘʷ 
ʨʝʩʫʨʩʦʝʤʢʦʩʪʴ ʠ ʬʦʨʤʠʨʫʷ ʥʦʚʳʝ ʩʪʘʥʜʘʨʪʳ 
ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʜʦʣʛʦʚʝʯʥʦʩʪʠ. ɸʜʜʠʪʠʚʥʦʝ 
ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʠʟ ʩʬʝʨʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʬʘʩʘʜʦʚ ʠ 
ʤʘʣʳʭ ʘʨʭʠʪʝʢʪʫʨʥʳʭ ʬʦʨʤ ʦʢʦʥʯʘʪʝʣʴʥʦ ʧʝʨʝʭʦʜʠʪ ʚ 
ʦʙʣʘʩʪʴ ʦʪʚʝʪʩʪʚʝʥʥʦʛʦ ʠʥʞʝʥʝʨʥʦʛʦ ʩʪʨʦʠʪʝʣʴʩʪʚʘ, 

ʦʪʢʨʳʚʘʷ ʥʦʚʫʶ ʛʣʘʚʫ ʚ ʩʦʟʜʘʥʠʠ ʘʜʘʧʪʠʚʥʦʡ ʠ 
ʨʝʟʠʣʠʝʥʪʥʦʡ ʩʨʝʜʳ ʦʙʠʪʘʥʠʷ ʯʝʣʦʚʝʯʝʩʪʚʘ. 
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Seismic Performance of Continuous Monolithic Bridges 
 

I . Mirzaev1 a, U. Shermukhamedov 1 b, A. Karimova 1 c, A. Abdullaev1 d 

1 Tashkent state transport university, Tashkent, Uzbekistan 

 
Abstract: The article highlights the issues of enhancing seismic resistance of transportation structures located in 

seismically active regions of Uzbekistan. Based on real earthquake records, the methodology for selecting 
bridge constructive parameters and performing structural analysis is examined. The study applies the 
Timoshenko beam model, spectral analysis, and time-history methods, with a case study of a reinforced 
concrete overpass in Jizzakh. Results indicate that post-tensioned tendons significantly improve seismic 
performance. 

Keywords: transportation structures, bridge, earthquake-resistant design, real earthquake records, Timoshenko beam 

model 

 

Uzluksiz monolit ko‘priklarning zilzilabardoshligi 
 

I . Mirza yev1 ʘ, U. Shermuxamedov 1 b, A. Karimova 1 c, A. Abdullayev1 d 

1 Toshkent davlat transport universiteti, Toshkent, Oózbekiston  

 
ɸʥʥʦʪaʮʠʷ: Maqolada Oózbekiston seysmik faol hududida joylashgan transport inshootlarining zilzilabardoshligini 

oshirish masalalari yoritilgan. Haqiqiy zilzila yozuvlari asosida koópriklarning optimal parametrlarini 
tanlash va hisoblash metodologiyasi koórib chiqilgan. Tadqiqotda Timoshenko balkasi modeli, spektral 

va vaqt boóyicha hisoblash usullari qoóllanib, Jizzaxdagi yoól oótkazgich misolida natijalar tahlil qilingan. 
Natijalarga koóra, armatura trossining tarangligi zilzilabardoshlikni sezilarli oshirishi aniqlangan. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: Transport inshootlari, koóprik, zilzilabardosh loyihalash, haqiqiy zilzila yozuvlari, Timoshenko balkasi 
modeli 

1. Kirish  

Jahonda seysmik faol hududlardagi transport 
magistrallarida joylashgan uzluksiz monolit koᾶprik 
inshootlarini loyihalash, qurish va ekspluatatsiya 
bosqichlarida  zizilabardoshligini taôminlash, seysmik 
taᾷsirlarni hisobga olgan holda avtomobil yoᾶllaridagi 
uzluksiz monolit koᾶprik inshootlarining konstruktiv 
parametrlarini tanlash masalalariga alohida ahamiyat 
berilmoqda.  

Bu borada avtomobil yoᾶllaridagi koᾶprik 
inshootlarining konstruktiv elementlarini ñgrunt ï poydevor 
ï tayanch ï tayanch qismi ï oraliq qurilmaò tizimida sonli 
eksperimentlar olib borish orqali konseptual ilmiy 
yondashuvning ʦózaro taôsir etuvchi yaxlit tizimi sifatida 
kʦórgan holatda amaliy tavsiyalar ishlab chiqish, haqiqiy 
zilzila yozuvlari asosida avtomobil yoᾶllaridagi uzluksiz 
monolit koᾶprik inshootlarining konstruktiv parametrlarini 
tanlash va seysmik mustahkamligini baholash usullarini 

ishlab chiqish amaliy va nazariy tadqiqotlarning dolzarb 
vazifalardan hisoblanadi. 
Koᾶprik inshootlarining konstruktiv elementlari 

zilzilabardoshligi boóyicha tajribaviy va sonli tadqiqotlar A. 
Stolarski va A. Jancy [1], M. Khatib [2], Jeung-Hwan Doh 
va Sam Fragomeni [3], Terje Kanstad va Daniel Cantero [4] 
kabi olimlar va mutaxassislar tomonidan oótkazilgan. 

2. Tadqiqot metodikasi 

Jizzax shahrida Islom Karimov koóchasidan M39 
Toshkent-Termiz avtomobil yoóligacha boólgan yangi 4K-
253a avtomobil yoóli boóylab ʦótadigan uzluksiz temirbeton 
yʦólʦótkazgichni kʦórib chiqamiz (1-rasm). 

Jizzax shahrida joylashgan uzunligi 120 m va kengligi 
21 m boólgan uch oraliqli temirbeton monolit yoól 
oótkazgichni koórib chiqamiz, oraliq qurilma yoól oótkazgich 
boóylab oózgaruvchan qalinlikka ega, noanôanaviy 
loyihalashning 35+50+35m uzluksiz monolit temirbeton 
hisoblash sxemasi bilan bajarilgan. Uzunligi boóylab oraliq 
qurilma oózgaruvchan balandlikdagi plita bilan bajarilgan ï 
oraliq oórtasida 1,35 m va oraliq tayanch ustida 2,0 m. 
Yoól oótkazgichning konstruktiv elementlari (oraliq 

qurilma va taranglikdan keyingi armatura Trosslari) 
choózilish-siqilish, ikki  yoónalish boóyicha siljish 
deformatsiyasini hisobga olgan holda egilish (Timoshenko 
balkasi) va buralishga ishlaydigan yakuniy element 
koórinishida modellashtiriladi. Timoshenko balkasining 
chekli elementi matritsalari [5] da keltirilgan.

                                                             
a  https://orcid.org/0000-0002-8616-9717 

b  https://orcid.org/0000-0003-1718-5331 

c  https://orcid.org/0000-0003-4568-4728 

d  https://orcid.org/0000-0002-8338-2053 
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1-rasm. Monolit yo‘l o‘tkazgich sxemasi 

Oraliq tayanchlar ikki ustunli boólib, oólchamlari: 
balandligi 12 m, fasad boóylab kengligi 2 m, yoónalishida 
balandligi boóyicha balandligi 3 m dan 5 m gacha 

oózgaruvchan oólchamga ega. Monolit yoól oótkazgichning 
sxemasi 1-rasmda keltirilgan. Oraliq tayanchning umumiy 
koórinishi 2-rasmda koórsatilgan. 

 
2-rasm. Oraliq tayanchning umumiy ko‘rinishi 

Yoól oótkazgichning konstruktiv elementlari ikki 
yoónalishda kesish deformatsiyasini (Timoshenko balkasi) 
va buralishni hisobga olgan holda egilib, kuchlanish-siqilish 
ostida ishlaydigan chekli element sifatida modellashtirilgan. 

Grunt uch yoónalish va uch buralish boóyicha Vinkler modeli 
yordamida modellashtirilgan. 

2017 yilda Seysmologiya instituti tomonidan tuzilgan 

seysmik mikrorayonlashtirish xaritasiga koóra Jizzax shahri 
hududining seysmikligi 7 va 8 ballga baholangan. 
Rejalashtirilgan qurilish uchastkasi 8 ball hududida 
joylashgan. 

QMQ 2.01.03-19 [6] ning 1.1-jadvaliga muvofiq, 
seysmik xususiyatlar bo'yicha Grunt toifasi III (uchinchi) - 
góovaklik koeffitsienti e< 0,8 boólgan qumli Gruntli oraliq 
qatlamlari boólgan lyossga oóxshash qumloqlar). Shuni 

inobatga olgan holda, qurilishi rejalashtirilgan maydonning 
seysmikligini 8 ball sifatida qabul qilish tavsiya etiladi. 
Seysmik taôsir tayanchlar orqali gruntda tarqalayotgan 

fazoviy haqiqiy zilzila yozuvlari toólqinlari sifatida 
konstruksiyaga uzatiladi [7]. LRB - SN seriyasining rezina-
metall tayanch qismlari yordamida tayanchlarga ulanadi. 

Hisob ishlari SHARK dasturiy majmuasi yordamida 
zilzilalarning haqiqiy qaydlari asosida amalga oshirildi. 
17.05.1976 yildagi Gazli (Oᾶzbekiston) zilzilasi, MSK-64 

shkalasi boᾶyicha 9 balldan ortiq, maksimal tezlanish, tezlik 
va koᾶprik yoᾶnalishi boᾶyicha siljishning haqiqiy 
seysmogrammalari yozuvlari asosida dinamik yukdan 
monolit koᾶprikni hisoblash natijalari keltirilgan. Zilzila 
qaydlari Yevropa kuchli zilzilalar maᾷlumotlar bazasidan 
olingan. 
Seysmik taôsir inshootga toórtta nuqtada grunt orqali 

uzatiladi. Oraliq qurilma tayanchlarga LRB-SN seriyasidagi 

rezina-metall tayanch qism elementlari yordamida 
biriktiriladi. SHARK dasturiy majmuasidagi yoól 
oótkazgichning chekli elementli modeli 3-rasmda keltirilgan. 

 
3-rasm. SHARK dasturiy majmuasida yo‘l o‘tkazgichning chekli elementli modeli 

1990-yil 20-iyundagi Manjil (Eron) zilzilasining real 
seysmogrammalari yozuvlari boóyicha monolit yoól 
oótkazgichni dinamik yukdan hisoblash natijalarini koórib 

chqamiz. MSK-64 shkalasi boóyicha 8 ball, maksimal 
tezlanish, tezlik va yoónalishdagi siljish, koóprikning 
boóylama oóqi, seysmik toólqinlarning tarqalishi: maksimal 
gorizontal tezlanish 1,869 m/s2, tezlik 0,18 m/s, siljish 0,095 
m, raqamlash qadami 0,005 s, davomiyligi 80,42 s (dastlabki 
hisobda 40 soniya) [8]. Zilzila yozuvlari Yevropa kuchli 
zilzilalar maôlumotlar bazasidan olingan. Diskretlashtirish 
uchun yoól oótkazgich 278 ta chekli elementlarga ajratildi. 

Hisoblashlar vaqt qadami 0,001 s boólgan oshkormas sxema 
boóyicha amalga oshirildi. Energiya yoóqotilishi Reley 
shaklida hisobga olindi.  

Gruntning yaxlit uzluksiz yoól oótkazgich poydevori 
bilan oózaro taôsiri 4 ta holatda koórib chiqildi. 

1. Qum 
2. Supes 
3. Suglinok 
4. Loy 
Ushbu grunt sharoitlarining xususiyatlari 1-jadvalda 

keltirilgan. 
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1-jadval 

Grunt sharoitlarining xususiyatlari  
 Qum Supes Suglinok Loy 

ɜ 0,3 0,35 0,37 0,45 

E, MPa 1,2E+08 4,6E+08 1,8E+09 7,6E+09 

Tayanch 
Chetki/ 

Oraliq 

Chetki/ 

Oraliq 

Chetki/ 

Oraliq 

Chetki/ 

Oraliq 

Kx, N/m³ 
4,17E+09 

2,95E+09 

1,77E+10 

1,25E+10 

7,25E+10 

5,13E+10 

3,69E+11 

2,61E+11 

Ky N/m³ 
4,4E+09 

3,09E+09 

1,87E+10 

1,32E+10 

7,64E+10 

5,38E+10 

3,89E+11 

2,74E+11 

Kz N/m³ 
5,26E+09 

3,71E+09 

2,34E+10 

1,65E+10 

9,75E+10 

6,88E+10 

5,4E+11 

3,81E+11 

Kxx N/m³ 
2,36E+11 

8,67E+10 

1,05E+12 

3,85E+11 

4,38E+12 

1,6E+12 

2,43E+13 

8,89E+12 

Kyy N/m³ 
5,88E+11 

1,99E+11 

2,61E+12 

8,84E+11 

1,09E+13 

3,68E+12 

6,03E+13 

2,04E+13 

Kzz N/m³ 
5,71E+11 

1,97E+11 

2,36E+12 

8,13E+11 

9,52E+12 

3,28E+12 

4,6E+13 

1,59E+13 

G, MPa 8,5 E+7 3,54E+08 1,43E+09 6,91E+09 

bunda: v ï Puasson koeffitsiyenti, E ï Yung moduli, Kx 
ï x oóqi boóyicha bikrlik, Ky - y oóqi boóyicha bikrlik, Kz ï z 
oóqi boóyicha bikrlik , Kxx ï x oóqi atrofida buralishdagi 

bikrlik, Kyy ï y oóqi atrofida buralishdagi bikrlik , Kzz ï z oóqi 
atrofida buralishdagi bikrlik, G ï siljish moduli boólib, (1) ï 
(6) ifodalar orqali qiymatlari aniqlangan:[9]. 

Kx ï x oóqi boóyicha bikrlik  

ὑ σȢτ
Ȣ

ρȢς                                         (1) 

Ky - y oóqi boóyicha bikrlik 

ὑ σȢτ
Ȣ

πȢτ πȢψ                                (2) 

Kz ï z oóqi boóyicha bikrlik 

ὑ ρȢυυ
Ȣ

πȢψ                                          (3) 

Kxx ï x oóqi atrofida buralishdagi bikrlik  

ὑ πȢτ πȢρ                                                    (4) 

Kyy ï y oóqi atrofida buralishdagi bikrlik 

ὑ πȢτχ
Ȣ
πȢπστ                                     (5) 

Kzz ï z oóqi atrofida buralishdagi bikrlik 

ὑ ὋὄπȢυσ
Ȣ

πȢυρ                                     (6)  

Bunda: L va B ï poydevor uzunligi va kengligi. 
4, 5 va 6-rasmlarda qumli grunt sharoitida monolit 

yoóloótkazgich oraligói uzunligining yuqori qismida statik 
holatda (0 sek.) va dinamik holatda (26,94 sek. va 28,96 sek.) 
normal kuchlanishning oózgarish grafiklari keltirilgan. 

 
4-rasm. Qumli  grunt  sharoitida estakada uzunligi 

bo‘ylab statik holatda oraliq  qurilmaning  yuqori  

qismida siquvchi kuchlanishning o‘zgarishi 

 
5-rasm. Qumli grunt sharoitida dinamik holatda (26,94 

sek) oraliq qurilmaning yuqori qismidagi siquvchi 

kuchlanishning yo‘l o‘tkazgich uzunligi bo‘ylab 

o‘zgarishi 

 
6-rasm. Qumli grunt sharoitida yo‘l o‘tkazgichning 

uzunligi bo‘ylab dinamik holatda (28,96 sek) oraliq 

qurilmaning yuqori qismidagi siqilish kuchlanishining 

o‘zgarishi 

Yoól oótkazgichning yuqori qismidagi kuchlanishlarning 
oózgarishini tahlil qilish natijasida yoól oótkazgichning oórta 
qismida siquvchi va choózuvchi kuchlanishlarning maksimal 

qiymatlari aniqlandi. Yoól oótkazgichning yuqori qismidagi 
maksimal siqilish kuchlanishi 26,94 soniyada sodir boóladi 
va -11,547 MPa ga teng, yoóloótkazgichning pastki 
qismidagi maksimal choózilish kuchlanishi esa qumli grunt 
sharoitida Manjil zilzilasini qayd etishda 28,96 soniyada 
sodir boóladi va -9,2181 MPa ga teng. Natijalar loyihalash 
meôyorlaridan oshmaydi va texnik talablarga javob beradi. 
Turli grunt sharoitlarida monolit yoóloótkazgichning 

oórtasida oraliq qurilmaning yuqori va pastki qismlarida 
normal kuchlanishning oózgarishi 7-rasmda keltirilgan. 

 
7-rasm. Manjil zilzilasida qum, qumloq va absolyut 

qattiq holatlar uchun yo‘l o‘tkazgich o‘rtasidagi oraliq 

qurilmaning yuqori (sigmam) va pastki (sigmap) 

qismlarida normal kuchlanishning o‘zgarishi 
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8-rasm. Manjil zilzilasida qum, qumoq, qumloq, gil va 

absolyut qattiq holatlar uchun yo‘l o‘tkazgich 

o‘rtasidagi oraliq qurilmaning pastki qismlarida 

normal kuchlanishning o‘zgarishi 

2-jadvalda uzluksiz monolit yoóloótkazgich oraliq 
qurilma elementlarining yuqori va pastki qismlarida normal 
kuchlanishning oózgarishi boóyicha hisoblash natijalarining 
turli gruntlar uchun SHARK dasturiy taôminot paketidagi 
statik holatining qiyosiy tahlili keltirilgan. 

2-jadval 

Yo‘l o‘tkazgichning o‘rtasidagi yuqori va pastki 

qismlarida oraliq qurilmadagi maksimal kuchlanish 

qiymatlari  

№ Grunt turi  

Yuqori 

qismdagi 

maksimal 

kuchlanish  

MPa 

Pastki 

qismdagi 

maksimal 

kuchlanish  

MPa 

SHNK 

2.05.03-

2022 

bo‘yicha 

siqilish/ 

cho‘zilishd

agi 

maksimal 

ruxsat 

etilgan 

kuchlanish 

MPa 

1 Qum -14,703 -10,456 -50.4 / 3.22 

2 Supes -14,591 -10,198 -50.4 / 3.22 

3 Suglinok -14,167 -9,850 -50.4 / 3.22 

4 Loy -13,513 -9,232 -50.4 / 3.22 

5 
Absolyut 
mustahkam 

-13,117 -8,796 -50.4 / 3.22 

 
9-rasm. Manjil zilzilasida qum, qumoq, qumloq, gil va 

absolyut qattiq holatlar uchun yo‘l o‘tkazgich 

o‘rtasidagi oraliq qurilmaning yuqori  qismlarida vaqt 

o‘tishi bilan normal kuchlanishning o‘zgarishi 

8 va 9-rasmlarni tahlil qilib va natijalarni 2-jadvalda 
koórsatib, quyidagi umumiy qonuniyatlarni aniqlashimiz 
mumkin: asosning qattiqligi Absolyut qattiq Ÿ Loy Ÿ 
Suglinok Ÿ Supes Ÿ Qumdan kamayishi bilan siqilish va 
choózilish kuchlanishlari ortadi. Asos qumdan boólganda eng 

katta zoóriqishlar hosil boóladi. 

3. Xulosalar 

Ishlab chiqilgan usulda uzluksiz monolit 
yoóloótkazgichni mavjud zilzilalarning yozuvlari asosida 
tayanchlarning turli balandliklarda (6m, 8m, 10m, 12m 

boólganda) va turli grunt sharoitlarida (qum, supes, suglinok, 
loy va absolyut qattiq) zilzilabardoshlikka hisoblanganda, 
oraliq qurilmalardagi normal kuchlanishlar amaldagi 
meôyoriy hujjatlar talablariga muvofiqligi isbotlandi. 
Olingan natijalarga koóra, uzluksiz monolit koóprik inshooti 
oraliq qurilmasi uchun maksimal siqilishdagi kuchlanishi 
qum asos uchun -14.703 MPa, absolyut qattiq uchun -8,796 
MPa tashkil qildi, bu esa uzluksiz monolit koóprik inshooti 
seysmik mustahkamligini taôminlaydi. 
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geotechnical and earthworks 
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Abstract: This article analyzes the possibilities of using basalt fiberïbased composite reinforcement in 

geotechnical, hydraulic engineering structures, as well as in buildings and civil engineering constructions. 
The physical and mechanical properties of the material are compared with those of steel reinforcement, 
and the most appropriate fields of application are identified. 

Keywords: basalt reinforcement (basalt rebar), composite materials, soil reinforcement, geotechnical engineering, 
foundations, corrosion resistance, low-rise construction 

 

Basalt armatura, to‘r va matolarning geotexnik hamda yer inshootlarida 

konstruktiv materiallar sifatida qo‘llanilishi 
 

Xasanov A.Z.1 ʘ, Xasanov Z.A.2 b, Kurbanov B.I .1 c, Toshmuqumov B.J.1 d 

1Sharof Rashidov nomidagi Samarqand davlat universiteti, Samarqand, Oózbekiston 
2òGeoFundamentProjectò MCHJ, Samarqand, Oózbekiston 

 
Annotatsiya: Ushbu maqolada bazalt tolasi asosidagi kompozit armaturalarning geotexnik, gidrotexnik, bino  va 

inshootlarida qoóllanish imkoniyatlari tahlil qilinadi. Materialning fizik-mexanik xususiyatlari poólat 
armatura bilan taqqoslanadi hamda qoóllashning eng maqbul sohalari aniqlanadi. 

Kalit soózlar: Bazalt armatura, bazalt toór, bazalt tola, bazalt mato 

1. Kirish  

Soónggi yillarda qurilish amaliyotida kompozit 
armirlovchi materiallar keng qoóllanilmoqda. Ayniqsa bazalt 
tolasi asosidagi armatura yuqori mustahkamlik, kichik 
zichlik va agressiv muhitlarga chidamliligi sababli dolzarb 
ahamiyat kasb etmoqda.  

Bazalt tolalari asosida tayyorlangan materiallar 
geotexnikda, gidrotexnikda, bino  va inshootlari qurilishida 
keng qoóllanilib kelinmoqda. Jumladan, bazalt toór va 

matolar quyidagi maqsadlarda ishlatiladi: grunt asoslarini 
mustahkamlash, qiyaliklarni barqarorlashtirish, qirgóoq va 
kanallarni himoyalash, armogrunli devorlar qurish, yoól 
qoplamalarini mustahkamlash.  

Bazalt tolalari asosida tayyorlangan materiallar 
korroziyaga uchramaydi, tuz va kimyoviy moddalarga 
chidamli, zichligi poólatga nisbatan bir necha baravar kichik, 
montaj qilish oson va issiqlik oótkazuvchanligi past. Quyida 

bazalt tilalari asosida ytayyorlangan armaturalarning fizik-
mexanik koórsatkichlar keltirilgan. 

2-jadval. 

Bazalat armaturaning fizik-mexanik ko‘rsatkichlar 

T/r  Parametrlat Tipik qiymat lar 

1 Zichlik 1,9 ï2,1 t/m³ 

2 Elastiklik moduli 45ï80 GPa 

3 
Choózilishdagi 

mustahkamlik 
800ï1400 MPa 

4 Nisbiy choózilish 2ï3 % 

                                                             
a  https:/orcid.org/0000-0002-0227-7199 

b  http://orcid.org/0009-0002-0227-7198 

5 
Korroziyaga 

chidamlilik 
Yuqori 

6 Haroratga chidamlilik 300ï400 °C gacha 

Hozirgi kunda mamlakatimizda bazalt armaturalarni 

qurilishda ommaviy koᾶllash boᾶyicha ishlar ozroq 
oqsamoqda. Bunga sabab bazalt armaturalarning quyidagi 
kamchiliklari hisoblanadi: 

Elastiklik modulining pastligi.  Yaᾷni poᾶlat 
armaturalardan tayyorlangan konstruksiyalarga nisbatan 
bazalt armaturalardan tayyorlangan konstruksiyalar koᾶproq 
egilib ketadi. Buning natijasida esa, konstruksiyalarda 
yorilishlar tezroq paydo boᾶlishi mumkin [1, 2]; 

Moʻrt material. Ogohlantirmasdan sinib ketadi (xuddi 
poᾶlatdek egilib, oldindan belgi bermaydi bermaydi) [3]; 

Yuqori  haroratga chidamsiz. 300 ÷ 400°C da 
mustahkamligi keskin pasayadi (yongᾶin xavfida 
ishonchlilik keskin pasayadi) [4]. 
Meʼyoriy hujjatlar va tajriba kamroq.  Poᾶlat 

armaturaga nisbatan QMQ va SHNQ Yevrokodlar tajribasi 
cheklangan [5]. 

Mamlakatimizdagi bazalt zavodlar ishlab chiqarayotgan 
bazalt tolalaridan ip yigirib, ushbu iplardan yoki tayyor 
bazalt matolardan qoplar ishlab chiqarishni yoᾶlga qoᾶyish 
texnologiyasini ishlab chiqish katta ahamiyatga ega. Ushbu 
qoplardan quyidagi muammolarni yechish mumkin. 

c  https:/orcid.org/0009-0002-2674-780X 

d  https://orcid.org/0009-0008-7556-9572 
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1-rasm. Daryo qirgʻoqlaridagi inshootlar poydevori 

asoslarini sel yuvish hollari [6] 

Bahor faslidagi kuchli yogᾶingarchilik davrida 
Zarafshon daryo yon bagᾶirlarini katta suv oqimlari oqizib 
ketishi sababli daryoni kesib oᾶtgan koᾶpriklar tayanchlari 
ostidagi poydevorlar asoslarini oqizib ketishi tufayli 
koᾶpriklarni buzilishi yoki ekspluatatsiyaga yaroqsiz holatga 
kelishi kuzatilmoqda (1-rasm). Ushbu talafotlarni bartaraf 
etish uchun davlat byudjeti mablagᾶlardan katta summalar 
ajratilib kelinmoqda. Ajratilgan mablagᾶlar yangi koᾶpriklar 
qurish va ekspluatatsiyaga yaroqsiz boᾶlib qolgan 

koᾶpriklarni rekonstruksiya qilish uchun sarflanmoqda. 
Bundan tashqari Buxoro viloyati Qoraqalpogᾶiston 
Respublikasidan oᾶtuvchi xalqaro ahamiyatga ega avtomobil 
yoᾶllari yon bagᾶirlarda yotgan qumlar shamol taᾷsirida yoᾶl 
qoplamalariga va chiqib qolish va haydovchilarga 
noqulayliklar keltirib chiqarish holatlari koᾶp kuzatilmoqda 
[6]. Bu muammolarga yechim topish uchun olimlar ilmiy 
izlanishlar olib borishmoqda. bazalt tolalaridan tayyorlangan 

matolaridan ishlab chiqarilgan qoplarda shu atrofdagi inert 
materiallar (shagᾶal, qum, va boshqalar) joylashtirilib 
toᾶsiqlar tayyorlash katta samara beradi. Masalan: Zarafshon 
daryolari yoqalarini himoyalash uchun shu daryoning 
shagᾶalidan foydalanib, bazalt matolardan ishlab chiqarilgan 
qoplarni ichini toᾶldirib katta suv oqimi oqizilmaydigan 
toᾶsiqlar tayyorlash. Buxoro viloyati Qoraqalpogᾶiston 

Respublikasidan oᾶtuvchi xalqaro ahamiyatga ega avtomobil 
yoᾶllari yoqalari boᾶylab, bazalt matolar asosida 
tayyorlangan qoplarni ichiga qumi toᾶldirib toᾶsiqlar barpo 
etish va boshqalar. 

Ushbu ishlarni amalga oshirishda bazalt matolaridan 
ishlab chiqarilgan qoplarni ishlatilishiga sabab, bazalt yuqori 
haroratga, agressiv muhitga, issiq-sovuq taᾷsiriga, 
quyoshning toᾶgᾶridan-toᾶgᾶri taᾷsir etayotgan nuri taᾷsiriga, 
suv muhitiga chidamliligining yuqorilidir. 

Poᾶlat, polimer, mato va kompozitsion materiallardan 
tayyorlangan toᾶrlar, matolar va boshqalar uzoq muddat 
xizmat qilmaydi. 

Bazalt tolasidan tayyorlangan matolardan ishlab 
chiqarilgan qoplarning xizmat muddati uzoq boᾶladi. Bordi-
yu bazalt tolalaridan tayyorlanadigan matolarni ishlab 
chiqarishda yoki ushbu matolardan qoplar tayyorlashda 
boshqa materiallar (epoksid yelim, polimer va boshqalar) 

ishlatilsa bunday qoplarning xizmat muddati kamayib 
ketadi. 

2. Tadqiqot metodikasi 

Mamlakatimizda bazalt materiallarini ishlab chiqarish 
zavodlari ochilganligi munosabati bilan, mahalliy xom 
ashyolardan ishlab chiqarilayotgan materiallarni qurilish va 
geotexnikada qoᾶllash biz muhandislar oldimizda turgan oliy 
vazifalardan biri hisoblandi. Oózbekistondagi bazalt 
zavodida ishlab chiqarilgan bazalt armaturalarini poᾶlat 
armaturalar bilan taqqoslash maqsadida 

ñGEOFUNDAMENTPROJECTò MCHJ qoshidagi 
ñAvtomobil yoóllari va qurilish materiallariò ilmiy tadiqot 
laboratoriyasida Xasanov A.Z. rahbarligida diametri d = 6 
mm va sinfi A240 boólgan poólat hamda bazalt 
armaturalarning elastiklik moduli va choózilishdagi 
qarshiliklari aniqlandi (2-rasm). Tajribadan olingan natijalar 
asosida quyidagi grafik qurildi (3-rasm). Natijalar tahlili 
asosida quyidagi taqqoslash jadvali ishlab chiqildi  
(1-jadval). 

 
2-rasm. Po‘lat va bazalt armaturalarning elastiklik moduli va cho‘zilishdagi qarshiliklari aniqlash jarayonidan lavhalar  
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3-rasm. Kuchlanish va nisbiy deformatsiya orasidagi 

bog‘lanish grafigi. 1-po‘lat armatura; 2-bazalt 

armatura 

Bazalt armaturalarni bino va inshootlar qurilishida kam 
qoᾶllanilishga asosiy sabab bazalt armaturalarni elastik 
modulining kichikligi va ularning yuqori harorat taᾷsirida 

xususiyatlarini kamayishi sabab edi. Ushbu kamchiliklari 
inobatga olib bazalt  armaturalari poᾶlat armaturalar bilan 
birgalikda qoᾶllash masalasi qoᾶyildi va shu tarzda 2020-
yilda Oózbekistondagi bazalt zavodida ishlab chiqarilgan 

bazalt armaturalarini poᾶlat armaturalar bilan birgalikda 
qoᾶllab ñGEOFUNDAMENTPROJECTò MCHJ hududida 
Xasanov A.Z. rahbarligida 2 qavatli bino qurildi (4, 5-
rasmlar). 

3-jadval 

Po‘lat va bazalt armaturalarning elastiklik moduli va 

cho‘zilishdagi qarshiliklari taqqoslash 

T/

r  

Nomlanis

hi 

Cho‘zilishd

agi 

qarshiligi, 

R (MPa) 

Elastikli

k 

moduli, 

E (GPa) 

Po‘lat 

elastiklik 

modulini

ng bazalt 

elastiklik 

moduliga 

nisbati, 

 

1 
Poólat 
armatura 

428 210 

2,62 

2 
Bazalt 
armatura 

800 80 

Mana 5 yil  davomida shu binoni ekspluatatsiya qilish 

davrida bino konstruksiyalarida hech qanday yoriqlar yoki 
egilishlar kuzatilmadi (6-rasm). 

 
4-rasm. Bino ora yopmasini barpo etish jarayonidan lavha 

 
5-rasm. Bino ora yopmasi betonlangandan keyingi lavha 
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6-rasm. Binoning barpo yetilgandan keyingi lavha 

Koᾶchki va surilishlarni hisoblash usullari orasida eng 
soda tez hisoblash imkonini beruvchi usullardan biri bu 
Fellenius usuli hisoblanadi. Fellenius usuli ï geotexnika 
muhandisligida ishlatiladigan surilish tekisligi boᾶylab 
koᾶchkini tahlil qilish usuli boᾶlib, bu usul doiraviy 
surilishlarni hisoblashda yaxshi samara beradi.  
Ushbu usul koᾶchki ehtimolini tez hisoblash, grunt 

parametrlarining minimal maᾷlumotlarini talab qilgan holda 

hisoblash orqali qiyalikni dastlabki taxminiy hisoblash 
ishlari uchun ishlatiladigan samarali usuldir. 
Bazalt toᾶrlarni geotexnikada keng koᾶllash ishlari 

jadallik bilan olib borilmoqda. Jumladan Xitoy-Qirgᾶiziston-
Oᾶzbekiston temir yoᾶl trassasi qurilishida Qirgᾶizistonda 
oᾶtuvchi temir yoᾶl asosini va poyini qatlamlab zichlashda 
asosning yuk koᾶtara olish qobiliyati va deformatsiyasini 
kamaytirish hamda qiyaliklarning turgᾶunligini taᾷminlash 

maqsadida bazalt toᾶrlardan foydalanilmoqda (7-rasm). 

 
7-rasm. Xitoy-Qirg i̒ziston-O z̒bekiston temir yo l̒ trassasi qurilishida  Qirg i̒zistonda o t̒uvchi temir yo l̒ asosini va poyini 

qatlamlab zichlashda jarayonidan lavha 

 
8-rasm. Bazalt matolarning gorizontal va vertikal joylashuvining tirgak devaoga ta’sirni tadqoq etish jarayonidan 

lavhalar 
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Bazalat toórlar va matolarni geotexnikada qoólashda 
samaradorlikni aniqlash boóyicha Xasanov rahbarligida 
ilmiy tadqiqot olib borayotgan doktorant B.J. 
Toshmuqumovning tadqiqotlarida (8-rasm) quyidagi 
natijalar keltirilgan. Bazalt matolar bilan gorizontal 
armaturalangan gruntlarda oᾶtkazilgan laboratoriya sinovlari 
qumli grunt bosimi taᾷsiridagi deformatsiyalarni tahlil qilish 
imkonini berdi. Bazalt matolarning gorizontal va vertikal 
joylashuvi solishtirilganda, gorizontal koᾶrinishdagi 

armalash plastinaning egilishini eng kamaytirishi va grunt 
ichki siljishlarini cheklashda samarali ekanligi aniqlandi  
(9-rasm). 

 
9-rasm. Bazalt matolarning joylashuviga qarab po‘lat 
plastinaning egilishi.  a) qistirib mahkamlangan po‘lat 

plitaning egilish grafigi; b) sharnirli mahkamlangan 

po‘lat plitaning egilishi; 1-bazalt matolar gorizontal 

joylashtirilganda; 2- bazalt matolar vertikal 

joylashtirilganda; 3- bazalt matolar 

joylashtirilmaganda plastinaning egilishi 

9-rasmdagi grafikdan koórinib turibdiki, bazalt matolarni 
gorizontal joylashtirilganda poólat plitaning egilishi kichik 
qiymatni tashkil qilyapti. 

Bazalt matolardan tayyorlangan materiallarni 
(buyumlarni) qurilish va geotexnikada keng koᾶllash 
mumkin. Jumladan bazalt tolalaridan eshilgan iplardan 
tayyorlangan qoplardan avtomobil va temir yoᾶllarini 
koᾶchuvchi qumlardan himoyalash uchun toᾶsiqlarni barpo 

etishda koᾶllash va daryo oᾶzanlarini mustahkamlashda 
koᾶllash yaxshi samara beradi (10-rasm). Sababi bazalt 
tolalari mustahkam, agressiv muhitga, quyosh nuriga, issiq-
sovuqqa chidamli hisoblanadi. 

 
10-rasm. Bazalt tolalaridan eshilgan iplardan 

tayyorlangan qoplardan avtomobil va temir yoʻllarini 

koʻchuvchi qumlardan himoyalash uchun toʻsiqlar va 

daryo oʻzanlarini mustahkamlash jarayonidan lavhalar [7] 

Olib borilgan ilmiy-tahliliy va amaliy tadqiqotlar 
mahalliy xom ashyolar asosida ishlab chiqarilayotgan bazalt 
armaturalar, toᾶrlar va tolali materiallarni qurilish hamda 
geotexnika sohasida qoᾶllash katta amaliy ahamiyatga ega 
ekanligini koᾶrsatdi. Tadqiqotlar natijalari bazalt 
materiallarining afzalliklari va cheklovlarini kompleks 

baholash, shuningdek, ularni anᾷanaviy poᾶlat materiallar 
bilan birgalikda qoᾶllash orqali samaradorlikni oshirish 
imkoniyatini ochib berdi. 

Bazalt armaturalarning elastiklik moduli poᾶlat 
armaturalarga nisbatan past ekanligi aniqlandi. Bu holat 

binolarning yer sathidan yuqorida joylashgan yuk 
koótaruvchi kaontruksiyalarida yakka holda  (faqat bazalt 
armaturalarni oózini)  qoᾶllanilganda konstruksiyalarda 
egilishlarning ortishi va yorilishlar tezroq paydo boᾶlishiga 
sabab boᾶlishi mumkin. Shu bilan birga, amaliy kuzatuvlar 
shuni koᾶrsatdiki, bazalt armaturalarni poᾶlat armaturalar 
bilan birgalikda kompleks qoᾶllash orqali ushbu 
kamchiliklar sezilarli darajada kamaytiriladi. Xususan, 
bazalt armaturalar betonda korroziyaga chidamli va yengil 

element sifatida ishlasa, poᾶlat armaturalar konstruksiyaning 
umumiy bikirligi va deformatsiyalarga qarshiligini 
taᾷminlaydi.  
2020 yilda Oózbekistondagi bazalt zavodida ishlab 

chiqarilgan bazalt armaturalardan va poᾶlat armaturalardan 
birgalikda foydalanib barpo etilgan ikki qavatli bino 
misolida olib borilgan besh yillik ekspluatatsion kuzatuvlar 
natijasida konstruksiyalarda yoriqlar, ortiqcha egilishlar 

yoki boshqa konstruktiv nuqsonlar aniqlanmadi. Bu holat 
bazalt va poᾶlat armaturalarning kompleks qoᾶllanilishi 
konstruksiyaning ishonchliligi va xizmat muddatini 
taᾷminlashda samarali yechim ekanligini tasdiqladi. 

Geotexnika sohasida olib borilgan tahlillar bazalt 
toᾶrlarning bino va inshootlar (avtomobil va temir yoóllar) 
asoslarini mustahkamlashda yuqori samara berganini 
koᾶrsatdi. Xususan, XitoyïQirgᾶizistonïOᾶzbekiston temir 

yoᾶl trassasi qurilishida bazalt toᾶrlardan foydalanish 
natijasida asosning yuk koᾶtarish qobiliyati oshgani, 
deformatsiyalar kamaygani va qiyaliklarning turgᾶunligi 
yaxshilangani kuzatildi. Bu esa bazalt toᾶrlarni zamonaviy 
transport infratuzilmasi obyektlarida keng qoᾶllash 
imkoniyati mavjudligini koᾶrsatadi. 

Shuningdek, bazalt tolalaridan tayyorlangan matolar va 
ular asosida ishlab chiqarilgan qoplarning eroziyaga qarshi 

himoya tadbirlarida yuqori samara berishi aniqlandi. Daryo 
qirgᾶoqlarini mustahkamlashda va koᾶchuvchi qumlarni 
toᾶsishda bazalt matoli qoplar ichiga mahalliy inert 
materiallar (shagᾶal, qum) toᾶldirilishi iqtisodiy va texnik 
jihatdan maqbul yechim ekani isbotlandi. Bazalt tolalarining 
agressiv muhitga, ultrabinafsha nurlarga, issiq-sovuq 
taᾷsiriga hamda suv muhitiga chidamliligi bunday 
konstruksiyalarning xizmat muddatini sezilarli darajada 

oshiradi. 
Tadqiqot natijalari shuni koᾶrsatadiki, bazalt 

materiallarini yakka holda emas, balki poᾶlat va boshqa 
anᾷanaviy materiallar bilan kompleks holda qoᾶllash orqali 
ularning texnik-iqtisodiy samaradorligini oshirish mumkin. 
Bu yondashuv mahalliy resurslardan oqilona foydalanish, 
qurilish tannarxini pasaytirish va qurilish hamda geotexnika 
inshootlarining uzoq muddatli ishonchliligini taᾷminlashga 
xizmat qiladi. 

Yuqoridagi mulohazalar asosida yaqin kelajakda 
Xasanov A.Z. BAZALT-UZBEKISTAN korxonasining 
bazalt armaturalarni qoᾶllab 3 qavatli kottej qurilish va ularni 
sinash ishlari rejalashtirilgan. Bu ish yuzasidan olib 
boriladigan tadqiqotlar real binolarda amalga oshiriladi. 
Bundan tashqari binolarning yer ostidagi konstruksiyalarni 
armaturalashda bazalt armaturalarni qoóllash boóyicha ilmiy 
izlanishlar olib borilmoqda. Jumladan burgóulab barpo 

etiladigan qoziqlarni tayyorlashda faqat bazalt armaturalarni 
koôllash va qiziqlarni zilzila tasirida tadqiq etish masalasi 
qoóyilgan.  
Oótkazilgan sinovlar mahalliy ishlab chiqaruvchi 

BAZALT -UZBEKISTAN mahsulotlarining yuqori 
mustahkamlik va kimyoviy barqarorlikka ega ekanligini 
koórsatdi. Kombinatsiyalangan (poólat + bazalt) armirlash 
konstruksiyaning ishonchliligini oshiradi. 
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3. Xulosa  

1. Bazalt armatura agressiv muhitlarda, gruntlarni 
mustahkamlashda va kam qavatli binolarda samarali 

hisoblanadi. Uzoq muddatli xizmat muddati va iqtisodiy 
samaradorlikni taôminlaydi. 

2. Kompozit materiallar shu jumladan bazalt materiallari 
qurilish va geotexnika sohasida katta istiqbolga ega. Bazalt 
armaturalarining ayrim kamchiliklari, jumladan elastiklik 
modulining pastligi, moᾶrtligi va yuqori haroratga 
chidamsizligi ularni yakka holda qoᾶllashni cheklasa-da, 
poᾶlat armaturalar bilan birgalikda qoᾶllash orqali ushbu 

muammolarni samarali hal etish mumkinligi amaliy misollar 
orqali tasdiqlandi. 
2. Bazalt va poᾶlat armaturalardan kompleks 

foydalangan holda qurilgan ikki-uch qavatli binolarning 
besh yillik ekspluatatsiya qilish davrida konstruktiv 
nuqsonlar kuzatilmagani mazkur yechimning ishonchli va 
maqbul ekanligini koᾶrsatadi. Shuningdek, bazalt toᾶrlar va 
bazalt tolali materiallarni geotexnikada, jumladan temir yoᾶl 

va avtomobil yoᾶllari qurilishida, qiyaliklar turgᾶunligini 
taᾷminlash hamda eroziyaga qarshi himoya tadbirlarida 
qoᾶllash yuqori samara berayotgani aniqlandi. 

3.  Bazalt materiallarini qurilish amaliyotiga keng joriy 
etish, ayniqsa ularni anᾷanaviy poᾶlat materiallar bilan  
kompleks konstruksiya koᾶrinishda  qoᾶllash, qurilish 
tannarxini pasaytirish, mahalliy resurslardan oqilona 
foydalanish va konstruksiyalarning uzoq muddatli 

ishonchliligini taᾷminlashga xizmat qiladi. Kelgusida real 
obyektlarda olib boriladigan tadqiqotlar bazalt materiallarini 
qoᾶllash sohasini yanada kengaytirish va meᾷyoriy hujjatlar 
bazasini takomillashtirish uchun mustahkam ilmiy-amaliy 
asos boᾶlib xizmat qiladi. 

4. BAZALT armaturalarni qurilishda keng tatbiq qilish 
uchun oliy taᾷlim muassasalarda va ilmiy tekshirish 
korxonalarda yirik modellar bilan real qurilmalarni sinash va 
ularni deformatsiya va mustahkamligini aniqlash katta 

amaliy ahamiyatga ega, chunki aynan shu yoᾶl bilan amaliy 
qoᾶllanmalar ishlab chiqishga sharoit yaratiladi. 

Foydalanilgan adabiyotlar / 
References 

[1] Song K., Yu Y., Liu Y., Zhao J. Flexural 
performance study of basalt-fiber-reinforced polymer bar 
basalt-fiber-reinforced concrete beams // Buildings. ð 2023. 

ð Vol. 13, No. 10. ð Article 2583. DOI: 
10.3390/buildings13102583. 

[2] Wu Z., Wang X., Iwashita K. State-of-the-art of 
advanced FRP applications in civil infrastructure in Japan // 
Composites Part B: Engineering. ð 2010. ð Vol. 41, No. 
6. ð P. 433ï450. DOI: 10.1016/j.compositesb.2010.05.007.  

[3] Benmokrane B., El-Salakawy E., El-Ragaby A. 
Flexural behavior of concrete beams reinforced with FRP 

bars // Journal of Composites for Construction. ð 2006. ð 

Vol. 10, No. 2. ð P. 123ï131. ð DOI: 
10.1061/(ASCE)1090-0268(2006)10:2(123). 

[4] Ascione, L., Mancusi, G., & Spadea, G. (2010). 
Long-term behavior of FRP reinforcing bars. Composites 
Part B: Engineering, 41(3), 210ï219. 
https://doi.org/10.1016/j.compositesb.2009.12.003. 

[5] ACI Committee 440. Guide for the design and 
construction of concrete reinforced with FRP bars (ACI 
440.1R) // American Concrete Institute. ð 2015. 

[6] Kurbanov B., Qarshiboyev M. BAZALT tolalari 
asosida olingan ip kalavalaridan sochiluvchan materiallarni 
saqlash uchun qoplar. ñYangi oᾶzbekiston: ilm 
qaldirgᾶochlari - 2023ò II-respublika koᾶrik tanlovi hamda 
talabalarning ilmiy-amaliy konferensiya materiallari, 2-
qism. Jizzax shaxri 2023. 112-113 b. 

[7] ñSandbag.ò Wikipedia, Wikimedia Foundation, 
https://en.wikipedia.org/wiki/Sandbag Accessed 29 Jan. 

2026. 

Muallif lar  to‘g‘risida ma’lumot / 

Information about authors 

Xasanov Askar 

Zabiyevich / 

Askar Khasanov 

Sharof Rashidov nomidagi 
Samarqand davlat universiteti 
ñNazariy va injenerlik mexanikasiò 

kafedrasi mudiri, professor 
Email: askar_hasanov@mail.ru; 
uzssmge@gmail.com 
Tel.:+ 998979273733 
https:/orcid.org/0000-0002-0227-
7199  

Xasanov Zoxir 

Askarovich / 

Zokhir  

Khasanov 

òGeoFundamentProjectò MCHJ 
mudiri 

Email: uzssmge@gmail.com 
Tel.:+ 998979233373 
http://orcid.org/0009-0002-0227-
7198 

Kurbanov 

Baxodir 

Irkinovich  / 

Bakhodir 

Kurbanov 

Sharof Rashidov nomidagi 
Samarqand davlat universiteti 
ñNazariy va injinerlik mexanikasiò 

kafedrasi dotsenti 
Tel.:+ 998905032295  
Email: 
kurbanovbahodir03@gmail.com 
https:/orcid.org/0009-0002-2674-
780X 

Toshmuqumov 

Behzod 

Jumanazar o‘g‘li 

Bekhzod 

Toshmukumov 

Sharof Rashidov nomidagi 
Samarqand davlat universiteti 

Nazariy va injenerlik mexanikasi 
kafedrasi, assistenti 
E-mail: bekzod060696@gmail.com 
Tel.:+ 998937209606 
https://orcid.org/0009-0008-7556-
9572 

  

http://orcid.org/0009-0002-0227-7198
http://orcid.org/0009-0002-0227-7198
https://orcid.org/0009-0008-7556-9572
https://orcid.org/0009-0008-7556-9572


Journal Engineer           ISSN: 3030-3893 Special Issue| 2026 
 

 
                                                                 65                                     16-fevral, 2026 

“Transport inshootlari: zamonaviy texnologiyalar, seysmik barqarorlik” 

The problem of load combination in earthquake resistance theory 
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Abstract: This scientific work  addresses the problem of combining seismic loads with other types of actions within 

the framework of the general theory of earthquake-resistant design and modern methods for designing 
buildings and structures.  Particular attention is paid to the transition toward multi-level performance-

based design, which requires structural analyses for earthquakes of varying intensity and recurrence. A 
comparative analysis of load combination factors adopted in the regulatory documents of Russia, 
European countries, the United States, New Zealand, and Albania is performed. It is shown that the 
existing load combination factors are largely empirical, do not adequately account for the statistical 
characteristics of loads and the seismological features of the construction site, and are not mutually 
consistent. 

Keywords: seismic resistance theory, load combinations, seismic impacts, earthquakes, accelerogram recordings, 
limit state coefficient,special inspection, inspection and testing of artificial structures, conductivity, load-

bearing capacity, durability assessment 

 

Проблема сочетания нагрузок в теории сейсмостойкости 
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ʚʠʜʘʤʠ ʚʦʟʜʝʡʩʪʚʠʡ ʚ ʨʘʤʢʘʭ ʦʙʱʝʡ ʪʝʦʨʠʠ ʩʝʡʩʤʦʩʪʦʡʢʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʩʦʚʨʝʤʝʥʥʳʭ 
ʤʝʪʦʜʦʚ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʟʜʘʥʠʡ ʠ ʩʦʦʨʫʞʝʥʠʡ. ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʧʝʨʝʭʦʜʫ ʢ 

ʤʥʦʛʦʫʨʦʚʥʝʚʦʤʫ ʧʨʦʝʢʪʠʨʦʚʘʥʠʶ, ʦʩʥʦʚʘʥʥʦʤʫ ʥʘ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ, ʢʦʪʦʨʦʝ 
ʪʨʝʙʫʝʪ ʧʨʦʚʝʜʝʥʠʷ ʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ ʧʨʠ ʟʝʤʣʝʪʨʷʩʝʥʠʷʭ ʨʘʟʣʠʯʥʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠ 
ʯʘʩʪʦʪʳ. ʇʨʦʚʦʜʠʪʩʷ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʩʦʯʝʪʘʥʠʷ ʥʘʛʨʫʟʦʢ, ʧʨʠʥʷʪʳʭ ʚ 
ʥʦʨʤʘʪʠʚʥʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ ʈʦʩʩʠʠ, ʝʚʨʦʧʝʡʩʢʠʭ ʩʪʨʘʥ, ʉʐɸ, ʅʦʚʦʡ ɿʝʣʘʥʜʠʠ ʠ ɸʣʙʘʥʠʠ. 
ʇʦʢʘʟʘʥʦ, ʯʪʦ ʩʫʱʝʩʪʚʫʶʱʠʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʩʦʯʝʪʘʥʠʷ ʥʘʛʨʫʟʦʢ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ 
ʵʤʧʠʨʠʯʥʳ, ʥʝʘʜʝʢʚʘʪʥʦ ʫʯʠʪʳʚʘʶʪ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘʛʨʫʟʦʢ ʠ 
ʩʝʡʩʤʦʣʦʛʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʩʪʨʦʠʪʝʣʴʥʦʡ ʧʣʦʱʘʜʢʠ, ʘ ʪʘʢʞʝ ʥʝ ʷʚʣʷʶʪʩʷ ʚʟʘʠʤʥʦ 
ʩʦʛʣʘʩʦʚʘʥʥʳʤʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʊʝʦʨʠʷ ʩʝʡʩʤʦʩʪʦʡʢʦʩʪʠ, ʩʦʯʝʪʘʥʠʷ ʥʘʛʨʫʟʦʢ, ʩʝʡʩʤʠʯʝʩʢʠʝ ʚʦʟʜʝʡʩʪʚʠʷ, ʟʝʤʣʝʪʨʷʩʝʥʠʷ, ʟʘʧʠʩʠ 
ʘʢʩʝʣʝʨʦʛʨʘʤʤ, ʢʦʵʬʬʠʮʠʝʥʪ ʧʨʝʜʝʣʴʥʦʛʦ ʩʦʩʪʦʷʥʠʷ, ʩʧʝʮʠʘʣʴʥʳʡ ʢʦʥʪʨʦʣʴ, ʦʩʤʦʪʨ ʠ 
ʠʩʧʳʪʘʥʠʝ ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʩʦʦʨʫʞʝʥʠʡ, ʧʨʦʚʦʜʠʤʦʩʪʴ, ʥʝʩʫʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ, ʦʮʝʥʢʘ 
ʜʦʣʛʦʚʝʯʥʦʩʪʠ 

1. Введение 

ʇʨʦʝʢʪʠʨʦʚʘʥʠʝ ʟʜʘʥʠʡ ʠ ʩʦʦʨʫʞʝʥʠʡ ʚ 
ʩʝʡʩʤʦʦʧʘʩʥʳʭ ʨʘʡʦʥʘʭ ʪʨʝʙʫʝʪ ʥʘʜʝʞʥʦʛʦ ʫʯʝʪʘ 
ʩʝʡʩʤʠʯʝʩʢʠʭ ʚʦʟʜʝʡʩʪʚʠʡ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʜʨʫʛʠʤʠ 
ʚʠʜʘʤʠ ʥʘʛʨʫʟʦʢ. ʂʦʨʨʝʢʪʥʦʝ ʟʘʜʘʥʠʝ ʨʘʩʯʝʪʥʳʭ 
ʩʦʯʝʪʘʥʠʡ ʥʘʛʨʫʟʦʢ ʷʚʣʷ-ʝʪʩʷ ʦʜʥʠʤ ʠʟ ʢʣʶʯʝʚʳʭ 
ʬʘʢʪʦʨʦʚ ʦʙʝʩʧʝʯʝʥʠʷ ʩʝʡʩʤʦʩʪʦʡʢʦʩʪʠ, ʥʘʜʝʞʥʦʩʪʠ ʠ 
ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʪʨʦʠʪʝʣʴʥʳʭ 

ʢʦʥʩʪʨʫʢʮʠʡ. 
ʉʫʱʝʩʪʚʫʶʱʠʝ ʥʦʨʤʘʪʠʚʥʳʝ ʜʦʢʫʤʝʥʪʳ ʨʘʟʣʠʯʥʳʭ 

ʩʪʨʘʥ ʧʨʝʜʣʘʛʘʶʪ ʩʫʱʝʩʪʚʝʥʥʦ ʨʘʟʣʠʯʘʶʱʠʝʩʷ 
ʢʦʵʬʬʠʮʠʝʥʪʳ ʩʦʯʝʪʘʥʠʡ ʥʘʛʨʫʟʦʢ, ʢʦʪʦʨʳʝ ʟʘʯʘʩʪʫʶ 
ʥʦʩʷʪ ʵʤʧʠʨʠʯʝʩʢʠʡ ʭʘʨʘʢʪʝʨ ʠ ʥʝ ʫʯʠʪʳʚʘʶʪ ʥʠ 
ʩʪʘʪʠʩʪʠʯʝʩʢʫʶ ʧʨʠʨʦʜʫ ʥʘʛʨʫʟʦʢ, ʥʠ ʦʩʦʙʝʥʥʦʩʪʠ 
ʩʝʡʩʤʦʣʦʛʠʯʝʩʢʦʡ ʦʙʩʪʘʥʦʚʢʠ ʧʣʦʱʘʜʢʠ ʩʪʨʦʠʪʝʣʴʩʪʚʘ, 
ʥʠ ʪʨʝʙʦʚʘʥʠʷ ʤʥʦʛʦʫʨʦʚʥʝʚʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ. ɺ 
ʫʩʣʦʚʠʷʭ ʧʝʨʝʭʦʜʘ ʢ ʨʘʩʯʝʪʘʤ ʧʦ ʧʨʝʜʝʣʴʥʳʤ 

ʩʦʩʪʦʷʥʠʷʤ ʠ ʚʥʝʜʨʝʥʠʷ ʢʦʥʮʝʧʮʠʠ ʤʥʦʛʦʫʨʦʚʥʝʚʦʡ 

                                                             
a  Ƙǧps://orcid.org/0000-0003-1718-5331 

b  https://orcid.org/0000-0002-4386-5245 

ʩʝʡʩʤʠʯʝʩʢʦʡ ʟʘʱʠʪʳ ʚʦʟʥʠʢʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ 
ʩʠʩʪʝʤʥʦʛʦ ʘʥʘʣʠʟʘ ʩʣʦʞʠʚʰʠʭʩʷ ʧʦʜʭʦʜʦʚ ʠ 
ʚʳʨʘʙʦʪʢʠ ʥʘʫʯʥʦ ʦʙʦʩʥʦʚʘʥʥʳʭ ʧʨʠʥʮʠʧʦʚ ʩʦʯʝʪʘʥʠʷ 
ʩʝʡʩʤʠʯʝʩʢʠʭ ʠ ʥʝʩʝʡʩʤʠʯʝʩʢʠʭ ʚʦʟʜʝʡʩʪʚʠʡ, ʯʪʦ ʠ 
ʦʧʨʝʜʝʣʷʝʪ ʘʢʪʫʘʣʴʥʦʩʪʴ ʥʘʩʪʦʷʱʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ. 

2. Методология исследования 

ʇʨʦʙʣʝʤʘ ʩʦʯʝʪʘʥʠʷ ʥʘʛʨʫʟʦʢ ʪʝʩʥʦ ʩʚʷʟʘʥʘ ʩ ʦʙʱʝʡ 
ʪʝʦʨʠʝʡ ʩʝʡʩʤʦʩʪʦʡʢʦʩʪʠ. ʉʯʠʪʘʝʪʩʷ, ʯʪʦ ʪʝʦʨʠʷ 
ʩʝʡʩʤʦʩʪʦʡʢʦʩʪʠ ʧʦʷʚʠʣʘʩʴ ʚ 1900 ʛ, ʙʣʘʛʦʜʘʨʷ ʨʘʙʦʪʘʤ 
ʷʧʦʥʩʢʦʛʦ ʫʯʝʥʦʛʦ ʆʤʦʨʠ, ʢʦʪʦʨʳʡ ʚʧʝʨʚʳʝ ʦʮʝʥʠʣ 
ʚʝʣʠʯʠʥʫ ʩʝʡʩʤʠʯʝʩʢʦʡ ʥʘʛʨʫʟʢʠ [1,2]. 
ʆʜʥʘʢʦ ʚ ʪʝʦʨʠʠ ʆʤʦʨʠ ʩʦʜʝʨʞʘʣʦʩʴ ʦʰʠʙʦʯʥʦʝ 

ʟʘʜʘʥʠʝ ʧʠʢʦʚʳʭ ʫʩʢʦʨʝʥʠʡ ʧʨʠ ʟʝʤʣʝʪʨʷʩʝʥʠʷʭ. ʇʦ 

ʜʘʥʥʳʤ ʆʤʦʨʠ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ I=9 
ʙʘʣʣʦʚ ʫʩʢʦʨʝʥʠʷ ʦʩʥʦʚʘʥʠʷ ʩʦʩʪʘʚʣʷʶʪ 1 ʤ/c2. 



Journal Engineer           ISSN: 3030-3893 Special Issue| 2026 
 

 
 16-fevral, 2026 66 

                 “Transport inshootlari: zamonaviy texnologiyalar, seysmik barqarorlik” 

ɹʦʣʝʝ ʧʦʟʜʥʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʫʢʘʟʳʚʘʣʠ, ʯʪʦ 
ʧʠʢʦʚʳʝ ʫʩʢʦʨʝʥʠʷ ʧʨʠ I=9 ʙʘʣʣʦʚ ʩʦʩʪʘʚʣʷʶʪ ʦʢʦʣʦ 4 
ʤ/c2, ʯʪʦ ʚʳʰʝ ʚ 4 ʨʘʟʘ, ʯʝʤ ʪʦ, ʯʪʦ ʧʨʝʜʣʘʛʘʣ ʆʤʦʨʠ. 
ɺʝʣʠʯʠʥʘ ʧʠʢʦʚʳʭ ʫʩʢʦʨʝʥʠʡ ʛʨʫʥʪʘ (PGA) ʧʨʠ I=9 
ʙʘʣʣʦʚ, ʨʘʚʥʘʷ 4 ʤ/ʩ2 ʚʦʰʣʘ ʩ 1964 ʛ ʚ ʤʝʞʜʫʥʘʨʦʜʥʫʶ 
ʰʢʘʣʫ ʙʘʣʣʴʥʦʩʪʠ MSK-64. 
ɺʦʟʥʠʢʣʦ ʧʨʦʪʠʚʦʨʝʯʠʝ: ʝʩʣʠ ʧʨʦʝʢʪʠʨʦʚʘʪʴ ʟʜʘʥʠʷ 

ʥʘ ʫʢʘʟʘʥʥʦʝ ʫʩʢʦʨʝʥʠʝ, ʪʦ ʥʘʰʠ ʟʜʘʥʠʷ ʧʨʝʚʨʘ-ʪʷʪʩʷ ʚ 
ʙʦʤʙʦʫʙʝʞʠʱʘ. ʄʝʞʜʫ ʪʝʤ ʟʜʘʥʠʷ, ʢʦʪʦʨʳʝ 
ʟʘʧʨʦʝʢʪʠʨʦʚʘʥʳ ʥʘ ʤʝʥʴʰʠʝ ʫʩʢʦʨʝʥʠʷ (1 ʤ/c2 ʜʣʷ 9 
ʙʘʣʣʦʚ), ʚʧʦʣʥʝ ʙʣʘʛʦʧʦʣʫʯʥʦ, ʩ ʧʦʚʨʝʞʜʝʥʠʷʤʠ, ʥʦ ʥʝ 
ʨʘʟʨʫʰʠʚʰʠʩʴ, ʧʝʨʝʥʝʩʣʠ ʩʠʣʴʥʳʝ ʟʝʤʣʝʪʨʷʩʝʥʠʷ. 
ʕʪʦ ʧʨʦʪʠʚʦʨʝʯʠʝ ʤʝʞʜʫ ʥʘʪʫʨʥʳʤʠ ʠ ʨʘʩʯʝʪʥʳʤʠ 

ʫʩʢʦʨʝʥʠʷʤʠ ʧʨʦʩʫʱʝʩʪʚʦʚʘʣʦ ʧʨʘʢʪʠʯʝʩʢʠ 100 ʣʝʪ. 
ʇʝʨʚʘʷ ʧʦʧʳʪʢʘ ʠʟʙʘʚʠʪʴʩʷ ʦʪ ʵʪʦʛʦ ʧʨʦʪʠʚʦʨʝʯʠʷ 

ʧʦʷʚʠʣʘʩʴ ʩʧʝʨʚʘ ʚ ʥʦʨʤʘʭ ʉʐɸ, ʟʘʪʝʤ ʚ ʥʦʨʤʘʭ ʜʨʫʛʠʭ 
ʩʪʨʘʥ, ʢʦʛʜʘ ʜʣʷ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʚʦʟʜʝʡʩʪʚʠʷ I=9 ʙʘʣʣʦʚ 
ʙʳʣʦ ʚʚʝʜʝʥʦ ʫʩʢʦʨʝʥʠʝ 4 ʤ/c2, ʥʦ ʙʳʣ ʪʘʢʞʝ ʚʚʝʜʝʥ 
ʧʦʥʠʞʘʶʱʠʡ ʢʦʵʬʬʠʮʠʝʥʪ ʂ1=0,25, ʧʦʵʪʦʤʫ ʨʘʩʯʝʪ ʚʩʸ 
ʨʘʚʥʦ ʚʳʧʦʣʥʷʣʩʷ ʥʘ ʫʩʢʦʨʝʥʠʝ 1 ʤ/c2, ʥʦ ʬʦʨʤʘʣʴʥʦ ʚ 
ʥʦʨʤʘʪʠʚʥʳʭ ʜʦʢʫʤʝʥʪʘʭ ʫʞʝ ʬʠʛʫʨʠʨʦʚʘʣʦ 
ʬʘʢʪʠʯʝʩʢʠ ʟʘʬʠʢʩʠʨʦʚʘʥʥʦʝ ʫʩʢʦʨʝʥʠʝ 4 ʤ/c2 ʜʣʷ 9 
ʙʘʣʣʦʚ. 
ɺʦʧʨʦʩ ʧʨʘʢʪʠʯʝʩʢʠ ʙʳʣ ʨʝʰʝʥ ʚ ʥʘʯʘʣʝ ʚʝʢʘ, ʢʦʛʜʘ 

ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʪʨʘʥ ʥʘʯʘʣʩʷ ʧʝʨʝʭʦʜ ʥʘ 
ʤʥʦʛʦʫʨʦʚʥʝʚʦʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ. ʕʪʦ ʟʥʘʯʠʪ, ʯʪʦ 
ʥʫʞʥʳ ʨʘʩʯʝʪʳ ʥʘ ʩʠʣʴʥʳʝ ʠ ʥʘ ʩʣʘʙʳʝ ʚʦʟʜʝʡʩʪʚʠʷ. 
ʇʨʠ ʵʪʦʤ ʢʦʵʬʬʠʮʠʝʥʪ ʂ1 ʚ ʨʘʩʯʝʪʘʭ ʥʘ ʩʠʣʴʥʳʝ ʠ 
ʩʣʘʙʳʝ ʚʦʟʜʝʡʩʪʚʠʷ ʠʤʝʝʪ ʨʘʟʣʠʯʥʳʡ ʬʠʟʠʯʝʩʢʠʡ 
ʩʤʳʩʣ.  ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʩʦ ʚʨʝʤʝʥ ʆʤʦʨʠ ʚ 
ʙʦʣʴʰʠʥʩʪʚʝ ʥʦʨʤʘʪʠʚʦʚ, ʚ ʯʘʩʪʥʦʩʪʠ ʚ ʥʘʯʘʣʝ ʚ 
ɽʚʨʦʢʦʜʝ ʜʦ 2000 ʛʦʜʘ ʠ ʚ ʥʦʨʤʘʭ ʈʦʩʩʠʠ, ʚʩʝ 

ʦʨʠʝʥʪʠʨʦʚʘʥʦ ʥʘ ʩʠʣʴʥʳʝ ʚʦʟʜʝʡʩʪʚʠʷ. ɺ ʈʦʩʩʠʠ 
ʢʦʵʬʬʠʮʠʝʥʪ ʂ1 ʥʘʟʳʚʘʝʪʩʷ ʢʦʵʬʬʠʮʠʝʥʪʦʤ 
ʧʨʝʜʝʣʴʥʳʭ ʩʦʩʪʦʷʥʠʡ, ʠ ʦʥ ʧʦ ʉʇ ʟʘʚʠʩʠʪ ʦʪ ʪʠʧʘ 
ʩʦʦʨʫʞʝʥʠʷ, ʥʦ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʧʣʦʱʘʜʢʠ ʩʪʨʦʠʪʝʣʴʩʪʚʘ. 
ʇʦʢʘ ʯʪʦ ʣʫʯʰʠʤ ʨʝʟʫʣʴʪʘʪʦʤ, ʢ ʢʦʪʦʨʦʤʫ ʧʨʠʰʣʠ ʚ 
ʜʘʥʥʦʤ ʚʦʧʨʦʩʝ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʩʦʚʨʝʤʝʥʥʳʝ ʥʦʨʤʳ 
ʀʪʘʣʠʠ (ʨʠʩ. 1) [3]. ʆʥʠ ʫʯʠʪʳʚʘʶʪ ʩʨʦʢ ʩʣʫʞʙʳ, 
ʚʘʞʥʦʩʪʴ ʩʦʦʨʫʞʝʥʠʡ ʠ ʚʝʨʦʷʪʥʦʩʪʠ ʨʘʟʣʠʯʥʳʭ ʫʨʦʚʥʝʡ 

ʧʦʚʨʝʞʜʝʥʠʡ ʧʨʠ ʟʝʤʣʝʪʨʷʩʝʥʠʷʭ. 
ʀʩʩʣʝʜʦʚʘʥʠʷʤʠ ʚ ʦʙʣʘʩʪʠ  ʪʝʦʨʠʠ ʩʝʡʩʤʦʩʪʦʡʢʦʩʪʠ 

ʩʦʦʨʫʞʝʥʠʡ, ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ ʫʣʫʯʰʝʥʠʝ ʧʨʦʝʢʪʥʳʭ ʠ 
ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚ ʨʘʟʥʳʝ ʛʦʜʳ 
ʟʘʥʠʤʘʣʠʩʴ ʟʘʨʫʙʝʞʥʳʝ ʫʯʝʥʳʝ: Kyoji Suyehiro 
(ʗʧʦʥʠʷ), ʐʫʭʦʚ ɺ. ɻ. (ʈʦʩʩʠʷ),  Joseph Penzien (ʉʐɸ), 
Jack Moehle (ʉʐɸ), Kiyoshi Mutʦ (ʗʧʦʥʠʷ), ʊʘʪʴʷʥʘ ɻ. 
ʈʘʫʪʠʘʥ (ʈʦʩʩʠʷ), ɽ.ʅ. ʂʫʨʙʘʮʢʠʡ (ʈʦʩʩʠʷ), ʀʣʴʠʥʘ ɼ.ɸ. 

(ʈʦʩʩʠʷ),  ʋʟʜʠʥ ɸ.ʄ. (ʈʦʩʩʠʷ) ʠ ʜʨʫʛʠʝ. 
ɺ ʪʦʤ ʯʠʩʣʝ, ʚʦʧʨʦʩʘʤʠ ʦʙʝʩʧʝʯʝʥʠʷ 

ʩʝʡʩʤʦʩʪʦʡʢʦʩʪʠ ʩʦʦʨʫʞʝʥʠʡ ʩ ʫʯʝʪʦʤ ʫʩʣʦʚʠʡ 
ʈʝʩʧʫʙʣʠʢʠ ʋʟʙʝʢʠʩʪʘʥ, ʘ ʪʘʢʞʝ ʦʙʝʩʧʝʯʝʥʠʝ 
ʩʝʡʩʤʦʩʪʦʡʢʦʩʪʠ ʤʦʩʪʦʚʳʭ ʩʦʦʨʫʞʝʥʠʡ ʠʟ 
ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʫʯʝʥʥʳʭ ʟʘʥʠʤʘʣʠʩʴ ʄ.ʊ. ʋʨʘʟʙʘʝʚ,  
ʊ.ʈ. ʈʘʰʠʜʦʚ, ɻ.ʍ. ʍʦʞʝʤʝʪʦʚ, ʀ. ʄʠʨʟʘʝʚ,  
ʋ.ɿ. ʐʝʨʤʫʭʘʤʝʜʦʚ, ʄ. ʄʠʨʘʣʠʤʦʚ ʠ ʜʨ. 
ʂʘʢ ʪʦʣʴʢʦ ʤʳ ʧʝʨʝʭʦʜʠʤ ʢ ʤʥʦʛʦʫʨʦʚʥʝʚʦʤʫ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʶ, ʚʦʟʥʠʢʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʩʯʠʪʘʪʴ ʥʘ 
ʚʦʟʜʝʡʩʪʚʠʷ ʨʝʜʢʠʝ (ʩʠʣʴʥʳʝ), ʫʤʝʨʝʥʥʳʝ ʠ ʯʘʩʪʳʝ 
(ʩʣʘʙʳʝ). ʇʦʚʪʦʨʷʝʤʦʩʪʴ ʫʤʝʨʝʥʥʳʭ ʠ ʩʣʘʙʳʭ 
ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʩʦʩʪʘʚʣʷʝʪ ʨʘʟ ʚ 20 - 400 ʣʝʪ. ʊʘʢʠʝ 
ʟʝʤʣʝʪʨʷʩʝʥʠʷ ʧʦ ʬʠʟʠʯʝʩʢʦʤʫ ʩʤʳʩʣʫ ʜʦʣʞʥʳ 
ʦʪʥʦʩʠʪʴʩʷ ʢ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ ʩʦʯʝʪʘʥʠʷʤ ʥʘʛʨʫʟʦʢ. 
ʉʪʨʦʛʦ ʛʦʚʦʨʷ, ʜʣʷ ʥʠʭ ʥʫʞʥʦ ʘʥʘʣʠʟʠʨʦʚʘʪʴ 

ʢʦʵʬʬʠʮʠʝʥʪʳ ʩʦʯʝʪʘʥʠʡ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 
ʩʝʡʩʤʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʠ ʦʪ ʪʨʝʙʦʚʘʥʠʡ ʟʘʢʘʟʯʠʢʘ 
(ʢʘʢ ʦʥ ʛʦʪʦʚ ʨʠʩʢʦʚʘʪʴ). 

 
Рис. 1. Современные нормы Италии 

3. Результаты исследования 

ɺ ʩʚʷʟʠ ʩ ʠʟʣʦʞʝʥʥʳʤ ʚʦʟʥʠʢʘʝʪ ʚʦʧʨʦʩ ʦʧʨʝʜʝ-

ʣʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʩʦʯʝʪʘʥʠʡ ʩʝʡʩʤʠʯʝʩʢʦʡ 
ʥʘʛʨʫʟʢʠ ʩ ʜʨʫʛʠʤʠ ʚʠʜʘʤʠ ʥʘʛʨʫʟʦʢ, ʢʦʪʦʨʳʡ ʢʘʢ ʚ 
ʨʦʩʩʠʡʩʢʦʡ, ʪʘʢ ʠ ʚ ʤʠʨʦʚʦʡ ʧʨʘʢʪʠʢʝ ʩʝʡʩʤʦʩʪʦʡʢʦʛʦ 
ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʥʘʭʦʜʠʪʩʷ ʥʘ ʥʘʯʘʣʴʥʦʡ ʩʪʘʜʠʠ ʥʘʫʯʥʦʡ 
ʧʨʦʨʘʙʦʪʢʠ ʠ ʥʦʨʤʘʪʠʚʥʦʛʦ ʦʬʦʨʤʣʝʥʠʷ. ʕʪʘ ʧʨʦʙʣʝʤʘ 
ʧʨʠʦʙʨʝʪʘʝʪ ʦʩʦʙʫʶ ʘʢʪʫʘʣʴʥʦʩʪʴ ʚ ʩʚʝʪʝ ʩʦʚʨʝʤʝʥʥʳʭ 
ʪʝʥʜʝʥʮʠʡ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʩʣʦʞʥʳʭ ʠʥʞʝʥʝʨʥʳʭ 
ʩʦʦʨʫʞʝʥʠʡ ʚ ʩʝʡ-ʩʤʦʦʧʘʩʥʳʭ ʨʝʛʠʦʥʘʭ, ʛʜʝ ʪʨʝʙʫʝʪʩʷ 

ʢʦʤʧʣʝʢʩʥʳʡ ʫʯʝʪ ʚʩʝʛʦ ʩʧʝʢʪʨʘ ʚʦʟʤʦʞʥʳʭ 
ʚʦʟʜʝʡʩʪʚʠʡ. 
ʅʦʨʤʘʪʠʚʥʳʝ ʜʦʢʫʤʝʥʪʳ ʨʘʟʥʳʭ ʩʪʨʘʥ ʧʨʝʜʫ-

ʩʤʘʪʨʠʚʘʶʪ ʨʘʟʣʠʯʥʳʝ ʧʦʜʭʦʜʳ ʢ ʦʧʨʝʜʝʣʝʥʠʶ ʵʪʠʭ 
ʢʦʵʬʬʠʮʠʝʥʪʦʚ. 

 ɺ ʨʦʩʩʠʡʩʢʠʭ ʥʦʨʤʘʪʠʚʥʳʭ ʜʦʢʫʤʝʥʪʘʭ ʩʝʡʩʤʠ-
ʯʝʩʢʘʷ ʥʘʛʨʫʟʢʘ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʦʩʦʙʘʷ.  ʆʩʥʦʚʥʳʤ 
ʜʦʢʫʤʝʥʪʦʤ ʜʣʷ ʩʝʡʩʤʠʯʝʩʢʠʭ ʥʘʛʨʫʟʦʢ ʤʦʞʥʦ ʩʯʠʪʘʪʴ 

ʉʇ 14.13330 çʉʪʨʦʠʪʝʣʴʩʪʚʦ ʚ ʩʝʡʩʤʠʯʝʩʢʠʭ ʨʘʡʦʥʘʭè 
[14],                ʉʇ 20.13330 çʅʘʛʨʫʟʢʠ ʠ ʚʦʟʜʝʡʩʪʚʠʷè 
[15] ʠ  ʉʇ 268.1325800 çʊʨʘʥʩʧʦʨʪʥʳʝ ʩʦʦʨʫʞʝʥʠʷ ʚ 
ʩʝʡʩʤʠʯʝʩʢʠʭ ʨʘʡʦʥʘʭè [16] 
ʀʟ ʚʳʰʝʩʢʘʟʘʥʥʦʛʦ ʚʠʜʥʦ, ʯʪʦ ʝʩʪʴ ʨʷʜ ʥʝʩʦʦʪ-

ʚʝʪʩʪʚʠʡ ʧʨʠʥʷʪʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʩʦʯʝʪʘʥʠʡ. ʇʨʠ ʵʪʦʤ 
ʥʠ ʦʜʠʥ ʠʟ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʜʦʢʫʤʝʥʪʦʚ ʥʝ ʧʨʝʜʫʩʤʘʪ-
ʨʠʚʘʝʪ ʧʝʨʝʭʦʜ ʥʘ ʤʥʦʛʦʫʨʦʚʥʝʚʦʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ, ʚ 

ʢʦʪʦʨʦʤ ʥʝʦʙʭʦʜʠʤʦ ʨʘʩʩʯʠʪʳʚʘʪʴ ʢʦʥʩʪʨʫʢʮʠʠ ʥʘ ʜʝʡ-
ʩʪʚʠʝ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʨʘʟʥʦʡ ʩʠʣʳ ʠ ʧʦʚʪʦʨʷʝʤʦʩʪʠ. 
ʂʨʦʤʝ ʪʦʛʦ, ʦʙʦʩʥʦʚʘʥʠʝ ʧʨʠʥʷʪʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʩʦ-
ʯʝʪʘʥʠʡ ʥʝ ʫʯʠʪʳʚʘʝʪ ʥʠ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚʘ 
ʥʘʛʨʫʟʢʠ, ʥʠ ʩʚʦʡʩʪʚʘ ʟʝʤʣʝʪʨʷʩʝʥʠʷ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, 
ʧʨʠ ʨʘʩʯʝʪʝ ʩʦʦʨʫʞʝʥʠʷ ʧʦ ʢʘʨʪʝ çɺè ʆʉʈ ʥʘ ʧʣʦʱʘʜʢʝ 
ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʚʦʟʤʦʞʥʳ 4 ʚʘʨʠʘʥʪʘ ʩʠʪʫʘʮʠʦʥʥʦʡ ʩʝʡ-
ʩʤʠʯʥʦʩʪʠ: 

¶ IA=7, IB=8, IC=8; 
¶ IA=8, IB=8, IC=8; 
¶ IA=7, IB=8, IC=9; 
¶ IA=8, IB=8, IC=9. 

çɺè 8 ʙʘʣʣʦʚ, ʥʦ, ʦʯʝʚʠʜʥʦ, ʩʝʡʩʤʠʯʝʩʢʘʷ ʦʧʘʩʥʦʩʪʴ 
ʥʘ ʥʠʭ ʜʦʣʞʥʘ ʩʫʱʝʩʪʚʝʥʥʦ ʨʘʟʣʠʯʘʪʴʩʷ. 
ʂʦʵʬʬʠʮʠʝʥʪʳ ʩʦʯʝʪʘʥʠʡ ʚ ʪʘʢʠʭ ʩʣʫʯʘʷʭ ʜʦʣʞʥʳ ʙʳʪʴ 

ʨʘʟʥʳʤʠ, ʯʪʦ ʚ ʥʦʨʤʘʪʠʚʥʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ ʈʌ ʥʝ 
ʫʯʠʪʳʚʘʝʪʩʷ. ʊʦʯʥʦ ʪʘʢʞʝ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ 
ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʨʫʛʠʭ ʥʘʛʨʫʟʦʢ ʥʝ ʫʯʠʪʳʚʘʶʪʩʷ ʧʨʠ 
ʦʮʝʥʢʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʩʦʯʝʪʘʥʠʡ. ɺʝ-ʨʦʷʪʥʦʩʪʴ 
ʥʘʭʦʞʜʝʥʠʷ ʧʦʝʟʜʘ ʥʘ ʤʦʩʪʫ ʚʦ ʚʨʝʤʷ ʟʝʤʣʝ-ʪʨʷʩʝʥʠʷ 
ʙʝʟʫʩʣʦʚʥʦ ʟʘʚʠʩʠʪ ʦʪ ʜʣʠʥʳ ʤʦʩʪʘ ʠ ʠʥʪʝʥ-ʩʠʚʥʦʩʪʠ 
ʜʚʠʞʝʥʠʷ. ɸ ʚ ʥʦʨʤʘʭ ʈʦʩʩʠʠ ʵʪʦ ʢʦʵʬʬʠʮʠʝʥʪ 
ʩʦʯʝʪʘʥʠʡ ʦʜʠʥ. ʂʘʢ ʫʞʝ ʦʪʤʝʯʘʣʦʩʴ, ʥʦʨʤʘʪʠʚʥʳʝ ʢʦ-
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ʵʬʬʠʮʠʝʥʪʳ ʩʦʯʝʪʘʥʠʡ ʧʨʝʜʧʦʣʘʛʘʶʪ ʨʘʩʯʝʪ ʥʘ 
ʩʠʣʴʥʳʝ ʨʝʜʢʠʝ ʚʦʟʜʝʡʩʪʚʠʷ. ʆʜʥʘʢʦ ʦʙʦʩʥʦʚʘʥʠʝ 
ʢʦʵʬʬʠʮʠʝʥ-ʪʦʚ ʩʦʯʝʪʘʥʠʡ ʜʣʷ ʘʚʪʦʤʦʙʠʣʴʥʦʡ ʥʘʛʨʫʟʢʠ 
ʦʪʥʦʩʠʪʩʷ ʢ ʩʠʣʴʥʳʤ ʚʦʟʜʝʡʩʪʚʠʷʤ (ʄʈɿ) [17], ʘ ʜʣʷ 
ʞʝʣʝʟʥʦʜʦ-ʨʦʞʥʦʡ ʥʘʛʨʫʟʢʠ, ʩʢʦʨʝʝ, ʢ ʦʪʥʦʩʠʪʝʣʴʥʦ 
ʯʘʩʪʳʤ ʩʣʘ-ʙʳʤ (ʇɿ) [18]. 
ɸʥʘʣʦʛʠʯʥʘʷ ʩʠʪʫʘʮʠʷ ʩʣʦʞʠʣʘʩʴ ʠ ʚ ʟʘʨʫʙʝʞʥʦʡ 

ʥʦʨʤʘʪʠʚʥʦʡ ʣʠʪʝʨʘʪʫʨʝ. 
ɺ ɽʚʨʦʢʦʜʝ 8 [19] ʫʢʘʟʘʥʦ, ʯʪʦ ʜʣʷ ʧʨʦʝʢʪʠʨʦʚʘ-ʥʠʷ 

ʩʝʡʩʤʦʩʪʦʡʢʠʭ ʢʦʥʩʪʨʫʢʮʠʡ ʨʘʩʯʝʪʥʦʝ ʩʝʡʩʤʠʯʝʩʢʦʝ 
ʚʦʟʜʝʡʩʪʚʠʝ ʩʦʯʝʪʘʝʪʩʷ ʩ ʜʨʫʛʠʤʠ ʚʦʟʜʝʡʩʪʚʠʷʤʠ. ʇʨʠ 
ʵʪʦʤ ʢʦʵʬʬʠʮʠʝʥʪ ʩʦʯʝʪʘʥʠʷ ʩʝʡʩʤʠʯʝʩʢʠʭ ʥʘʛʨʫʟʦʢ ʩ 
ʧʦʩʪʦʷʥʥʳʤʠ ʨʘʚʝʥ 1,0, ʩ ʜʠʥʘʤʠʯʝʩʢʦʡ ʥʘʛʨʫʟʢʦʡ ʚ 
ʞʠʣʳʭ ʠʣʠ ʦʬʠʩʥʳʭ ʟʜʘʥʠʷʭ ʠ ʜʣʷ ʥʘʛʨʫʟʦʢ ʦʪ ʪʨʘʥʩ-
ʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ ʚʝʩʦʤ ʦʪ 30 ʜʦ 160 ʢʅ ï 0,3, ʩ ʜʠʥʘʤʠ-

ʯʝʩʢʦʡ ʥʘʛʨʫʟʢʦʡ ʚ ʟʦʥʘʭ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʜʣʷ ʦʙʱʝ-
ʩʪʚʝʥʥʳʭ ʩʦʙʨʘʥʠʡ, ʪʦʨʛʦʚʳʭ ʮʝʥʪʨʦʚ ʠ ʥʘʛʨʫʟʦʢ ʦʪ 
ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ ʚʝʩʦʤ ʜʦ 30 ʢʅ ï 0,6, ʩ ʜʠʥʘʤʠʯʝ-
ʩʢʠʤʠ ʥʘʛʨʫʟʢʘʤʠ ʚ ʩʢʣʘʜʩʢʠʭ ʟʦʥʘʭ ï 0,8. ɿʜʝʩʴ ʘʥʘʣʦ-
ʛʠʯʥʦ ʨʦʩʩʠʡʩʢʠʤ ʥʦʨʤʘʤ ʥʝ ʫʯʠʪʳʚʘʝʪʩʷ ʩʦʚʤʝʩʪʥʦʝ 
ʚʦʟʜʝʡʩʪʚʠʝ ʩʝʡʩʤʠʢʠ ʩ ʚʝʪʨʦʤ, ʘ ʪʘʢʞʝ ʪʝʤʧʝʨʘʪʫʨʳ, 
ʜʠʥʘʤʠʯʝʩʢʠʭ ʥʘʛʨʫʟʦʢ ʥʘ ʢʨʳʰʘʭ ʠ ʩʥʝʛʘ, ʣʝʞʘʱʝʛʦ ʥʘ 
ʢʨʳʰʝ ʥʠʞʝ 1000 ʤʝʪʨʦʚ ʥʘʜ ʫʨʦʚʥʝʤ ʤʦʨʷ (ʢʨʦʤʝ ʀʩ-

ʣʘʥʜʠʠ, ʅʦʨʚʝʛʠʠ, ʐʚʝʮʠʠ ʠ ʌʠʥʣʷʥʜʠʠ ï ʚ ʵʪʠʭ ʩʪʨʘ-
ʥʘʭ ʜʘʥʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʩʦʯʝʪʘʥʠʷ ʨʘʚʝʥ 0,2 ʜʣʷ ʩʥʝʛʘ, 
ʣʝʞʘʱʝʛʦ ʚʳʰʝ ʠ ʥʠʞʝ 1000 ʤʝʪʨʦʚ ʥʘʜ ʫʨʦʚʥʝʤ ʤʦʨʷ). 
ʉʪʨʦʛʦʝ ʦʙʦʩʥʦʚʘʥʠʝ ʥʦʨʤ ɽʚʨʦʢʦʜʦ ʚ ʣʠʪʝʨʘʪʫʨʝ ʦʪ-
ʩʫʪʩʪʚʫʝʪ. 
ʅʦʨʤʳ ʅʦʚʦʡ ɿʝʣʘʥʜʠʠ ʨʘʩʩʤʦʪʨʝʥʳ ʚ ʨʘʙʦʪʝ 

ʙʨʠʪʘʥʩʢʦʛʦ ʠʥʞʝʥʝʨʘ-ʩʪʨʦʠʪʝʣʷ G.H. Lindup [20], ɸʚ-
ʪʦʨ ʫʢʘʟʳʚʘʝʪ, ʯʪʦ ʢʦʥʩʪʨʫʢʮʠʠ ʜʦʣʞʥʳ ʙʳʪʴ ʩʧʨʦʝʢʪʠ-
ʨʦʚʘʥʳ ʥʘ ʦʩʥʦʚʝ ʥʘʠʙʦʣʝʝ ʢʨʠʪʠʯʝʩʢʠʭ ʩʠʪʫʘʮʠʡ, ʚʦʟ-

ʥʠʢʘʶʱʠʭ ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʤʙʠʥʘʮʠʠ ʚʩʝʭ ʧʨʠʤʝʥʠʤʳʭ 
ʥʘʛʨʫʟʦʢ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʨʘʟʫʤʥʦ ʧʨʦʠʩʭʦʜʠʪʴ ʦʜʥʦ-
ʚʨʝʤʝʥʥʦ. ʈʘʩʯʝʪʥʦʝ ʩʦʯʝʪʘʥʠʝ ʜʦʣʞʥʦ ʚʢʣʶʯʘʪʴ ʚʩʝ 
ʢʦʤʙʠʥʘʮʠʠ ʥʘʛʨʫʟʦʢ, ʫʢʘʟʘʥʥʳʝ ʚ ʨʘʟʜʝʣʘʭ ʩʪʘʥʜʘʨʪʘ 

ʅʦʚʦʡ ɿʝʣʘʥʜʠʠ AS/NZS 1170.0. ʉʦʛʣʘʩʥʦ ʩʪʘʥʜʘʨʪʘʤ 
ʢʦʵʬʬʠʮʠʝʥʪ ʩʦʯʝʪʘʥʠʡ ʜʣʷ ʧʦʩʪʦʷʥʥʦʡ ʥʘʛʨʫʟʢʠ ʨʘʚʝʥ 
1.0, ʜʣʷ ʥʘʛʨʫʟʦʢ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʪʨʝʥʠʷ ï 1.0, ʜʣʷ 
ʧʦʣʝʟʥʦʡ ʥʘʛʨʫʟʢʠ - 1.0, ʥʦ ʩ ʫʯʝʪʦʤ ʥʘʣʦʞʝʥʠʷ ʜʝʡ-
ʩʪʚʠʷ ʢʨʘʪʢʦʩʨʦʯʥʦʛʦ ʠ ʜʣʠʪʝʣʴʥʦʛʦ ʬʘʢʪʦʨʘ, ʜʣʷ ʩʝʡ-
ʩʤʠʯʝʩʢʦʡ ʚʝʪʨʦʚʦʡ ʥʘʛʨʫʟʦʢ ï 1.0. ɼʘʥʥʘʷ ʨʘʙʦʪʘ ʠʥʪʝ-
ʨʝʩʥʘ ʪʝʤ, ʯʪʦ ʦʥʘ ʯʝʪʢʦ ʧʨʦʧʠʩʳʚʘʝʪ ʫʯʸʪ ʥʘʛʨʫʟʦʢ ʦʪ 

ʪʨʝʥʠʷ ʠ ʪʝʤʧʝʨʘʪʫʨʳ, ʥʦ ʥʝʪ ʫʯʸʪʘ ʧʦʜʚʠʞʥʦʡ (ʦʪ 
ʪʨʘʥʩʧʦʨʪʘ) ʥʘʛʨʫʟʢʠ. 
ɺ ɸʤʝʨʠʢʘʥʩʢʠʭ ʥʦʨʤʘʭ ASCE 7-02 [22] ʚ ʨʘʩ-

ʯʝʪʥʳʭ ʩʦʯʝʪʘʥʠʷʭ ʥʘ ʩʝʡʩʤʠʯʝʩʢʠʝ ʥʘʛʨʫʟʢʠ 
ʢʦʵʬʬʠʮʠ-ʝʥʪ ʩʦʯʝʪʘʥʠʷ ʜʣʷ ʧʦʩʪʦʷʥʥʦʡ ʥʘʛʨʫʟʢʠ ʨʘʚʝʥ 
1.2, ʝʩʣʠ ʤʳ ʩʫʤʤʠʨʫʝʤ ʚʦʟʜʝʡʩʪʚʠʝ ʩʝʡʩʤʠʢʠ ʠ 
ʧʦʩʪʦʷʥʥʦʡ ʥʘʛʨʫʟʢʠ, ʠ 0,9, ʝʩʣʠ ʩʝʡʩʤʠʢʘ ʠ ʧʦʩʪʦʷʥʥʳʝ 
ʥʘʛʨʫʟʢʠ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳ ʜʨʫʛ ʜʨʫʛʫ. ʂʦʵʬʬʠʮʠʝʥʪ 

ʩʦʯʝʪʘʥʠʷ ʜʣʠʪʝʣʴʥʦʜʝʡʩʪʚʫʶʱʝʡ (ʧʦʣʝʟʥʦʡ) ʥʘʛʨʫʟʢʠ 
ʨʘʚʝʥ 1,0 (0,5, ʝʩʣʠ ʥʘʛʨʫʟʢʘ ʥʝ ʧʨʝʚʳʰʘʝʪ 100 ʬʫʥʪʦʚ 
ʥʘ 1 ʢʚʘʜ-ʨʘʪʥʳʡ ʬʫʪ), ʩʥʝʛʦʚʦʡ ï 0,2, 
ʢʨʘʪʢʦʜʝʡʩʪʚʫʶʱʝʡ (ʥʘʧʨʠʤʝʨ, ʚʝʪʝʨ) ï 0,15. 
ʂʣʶʯʝʚʦʡ ʥʦʨʤʘʪʠʚʥʳʡ ʜʦʢʫʤʝʥʪ FEMA 368 

("NEHRP Recommended Provisions for Seismic 
Regulations for New Buildings and Other Structures"), ʚʳ-
ʧʫʱʝʥʥʳʡ ʌʝʜʝʨʘʣʴʥʳʤ ʘʛʝʥʪʩʪʚʦʤ ʧʦ ʫʧʨʘʚʣʝʥʠʶ ʚ 

ʯʨʝʟʚʳʯʘʡʥʳʭ ʩʠʪʫʘʮʠʷʭ ʉʐɸ (FEMA), ʧʨʝʜʩʪʘʚʣʷʝʪ 
ʩʦʙʦʡ ʘʜʘʧʪʠʨʦʚʘʥʥʫʶ ʚʝʨʩʠʶ ʩʪʘʥʜʘʨʪʘ ASCE 7-02. ɺ 
ʵʪʦʤ ʜʦʢʫʤʝʥʪʝ ʧʦʣʥʦʩʪʴʶ ʩʦʭʨʘʥʝʥʘ ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʘʷ 
ʦʩʥʦʚʘ ASCE 7-02, ʚʢʣʶʯʘʷ ʩʠʩʪʝʤʫ ʢʦʵʬʬʠʮʠʝʥʪʦʚ 
ʩʦʯʝʪʘʥʠʡ ʥʘʛʨʫʟʦʢ - ʧʝʨʝʥʝʩʝʥʳ ʙʝʟ ʠʟʤʝʥʝʥʠʡ ʚʩʝ ʦʩ-
ʥʦʚʥʳʝ ʢʦʤʙʠʥʘʮʠʠ [23]. 
ɺ ʋʟʙʝʢʠʩʪʘʥʝ ʦʜʥʠʤʠ ʠʟ ʦʩʥʦʚʥʳʭ  ʥʦʨʤʘʪʠʚʥʳʭ 

ʜʦʢʫʤʝʥʪʦʚ ʧʦ ʩʝʡʩʤʠʯʝʩʢʠʤ ʥʘʛʨʫʟʢʘʤ  ʷʚʣʷʶʪʩʷ: 
ʂʄʂ  2.03.01-19.ʉʝʡʩʤʠʢ ״ʫʜʫʜʣʘʨʜʘ ץʫʨʠʣʠʰ  [24] ʠ  

ʰʥʢ 2.05.03-22. ʄʦʩʪʳ ʠ ʪʨʫʙʳ / [25]. ʉʚʦʜʥʘʷ ʪʘʙʣʠʮʘ 
ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʩʦʯʝʪʘʥʠʡ ʩʝʡʩʤʠʯʝʩʢʦʡ ʥʘʛʨʫʟʢʠ ʩ 
ʜʨʫʛʠʤʠ ʧʦ ʨʦʩʩʠʡʩʢʠʤ ʠ ʦʪʝʯʝʩʪʚʝʥʥʳʤʠ 
ʥʦʨʤʘʪʠʚʥʳʤ ʜʦʢʫʤʝʥʪʘʤ ʧʦ ʧʨʠʚʝʜʝʥʘ ʥʠʞʝ. 

Таблица 1 

Сводная таблица коэффициентов сочетаний из нормативной документации разных стран 

Вид нагрузки 

Коэффициент сочетания согласно нормативному документу 

СП 14.13330 Еврокод 8 ASCE 7-22 

Нормы 

Албани

и 

Нормы 

Новой 

Зеландии 

ʂʄʂ 2.03.01-19, 
ʐʅʂ 2.05.03-22 

ʇʦʩʪʦʷʥʥʳʝ 0,9 1,0 1,2 (0,9) 0,9 1,0 0,9 

ɺʨʝʤʝʥʥʳʝ 
ʜʣʠʪʝʣʴʥʳʝ 

0,8 ʅʝ ʫʢʘʟʘʥ 1,0 (0,5) 0,8 
1,0(+ʬʘʢʪʦ
ʨ ʚʨʝʤʝʥʠ) 

0,8 

ʂʨʘʪʢʦʚʨʝʤʝʥʥʳ
ʝ 

0,5 ʅʝ ʫʢʘʟʘʥ 0,15 0,4 
1,0(+ʬʘʢʪʦ
ʨ ʚʨʝʤʝʥʠ) 

0,5 

ʉʥʝʛʦʚʳʝ 
ʂʘʢ ʜʦʣʷ 
ʜʣʠʪʝʣʴʥʦʜʝ
ʡʩʪʚʫʶʱʠʭ 

0 (ʩʥʝʛ ʥʘ ʢʨʳʰʝ ʜʦ 
1000 ʤ ʥʘʜ ʫʨ. ʤʦʨʷ) 
0,2 (ʜʣʷ ʨʷʜʘ ʩʪʨʘʥ ʠ 
ʩʥʝʛʘ, ʣʝʞʘʱʝʛʦ 
ʚʳʰʝ 1000 ʤ ʥʘʜ ʫʨ. 

ʤʦʨʷ) 

0,2 
ʅʝ 
ʫʢʘʟʘʥ 

0,2 
ʂʘʢ ʜʦʣʷ 

ʜʣʠʪʝʣʴʥʦʜʝʡʩʪʚ
ʫʶʱʠʭ 

ʂʨʘʥʦʚʳʝ 0,3 0 ʅʝ ʫʢʘʟʘʥ 
ʅʝ 
ʫʢʘʟʘʥ 

ʅʝ ʫʢʘʟʘʥ 0,3 

ʊʝʤʧʝʨʘʪʫʨʥʳʝ 0 0 
ʂʘʢ 

ʢʨʘʪʢʦʚʨʝʤ
ʝʥʥʳʝ 

ʅʝ 
ʫʢʘʟʘʥ 

1,0 0 

ɺʝʪʨʦʚʳʝ 0 0 

ʂʘʢ 

ʢʨʘʪʢʦʚʨʝʤ
ʝʥʥʳʝ 

ʅʝ 
ʫʢʘʟʘʥ 

ʅʝ ʫʢʘʟʘʥ 0 
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ʆʪ ʪʨʘʥʩʧʦʨʪʘ 
ʂʘʢ 

ʢʨʘʪʢʦʚʨʝʤʝ
ʥʥʳʝ 

0,3 (ʚʝʩʦʤ ʦʪ 30 ʜʦ 
160 ʢʅ) 

0,6 (ʜʦ 30 ʢʅ) 
ʅʝ ʫʢʘʟʘʥ 

ʅʝ 
ʫʢʘʟʘʥ 

ʅʝ ʫʢʘʟʘʥ 
ʂʘʢ 

ʢʨʘʪʢʦʚʨʝʤʝʥʥʳ
ʝ 

ɼʠʥʘʤʠʯʝʩʢʠʝ 0 

0,3 (ʞʠʣʳʝ ʟʜʘʥʠʷ ʠ 
ʦʬʠʩʳ) 

0,6 (ʦʙʱʝʩʪʚʝʥʥʳʝ ʠ 
ʪʦʨʛʦʚʳʝ) 

0,8 (ʩʢʣʘʜʩʢʠʝ) 

ʅʝ ʫʢʘʟʘʥ 
ʅʝ 
ʫʢʘʟʘʥ 

ʅʝ ʫʢʘʟʘʥ 0 

 
ʄʦʞʥʦ ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ ʧʨʦʙʣʝʤʦʡ ʟʘʜʘʥʠʷ 

ʨʘʩʯʝʪʥʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʩʦʯʝʪʘʥʠʡ ʷʚʣʷʝʪʩʷ 
ʨʘʟʥʦʩʦʨʪʥʘʷ ʥʦʨʤʘʪʠʚʥʘʷ ʣʠʪʝʨʘʪʫʨʘ, ʩʦʟʜʘʚʘʚʰʘʷʩʷ 
ʜʣʷ ʢʘʞʜʦʡ ʩʪʨʘʥʳ ʨʘʟʥʳʤʠ ʠʥʞʝʥʝʨʘʤʠ ʩ ʨʘʟʥʳʤʠ 
ʪʦʯʢʘʤʠ ʟʨʝʥʠʷ. ʅʝʪ ʯʸʪʢʦʛʦ ʠ ʧʦʥʷʪʥʦʛʦ ʧʘʨʘʤʝʪʨʘ, 

ʢʦʪʦʨʳʡ ʩʤʦʛ ʙʳ ʦʮʝʥʠʪʴ ʧʨʘʚʠʣʴʥʦʩʪʴ ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ 
ʧʨʠʥʷʪʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ. ʀʤʝʥʥʦ ʧʦʵʪʦʤʫ ʧʦʤʠʤʦ 
ʚʦʧʨʦʩʘ ʦ ʧʨʠʥʷʪʠʠ ʯʠʩʣʝʥʥʦʛʦ ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ 
ʩʦʯʝʪʘʥʠʷ ʚʘʞʥʦ ʪʘʢʞʝ ʧʦʜʥʠʤʘʪʴ ʚʦʧʨʦʩ ʦ ʪʦʤ, ʢʘʢ 
ʧʨʘʚʠʣʴʥʦ ʟʘʜʘʪʴ ʥʘʛʨʫʟʢʠ ʠ ʚʦʟʜʝʡʩʪʚʠʷ, ʜʝʡʩʪʚʫʶʱʠʝ 
ʥʘ ʟʜʘʥʠʝ ʠʣʠ ʩʦʦʨʫʞʝʥʠʝ. 
ɺʚʝʜʝʥʥʳʝ ʚ ʥʦʨʤʘʪʠʚʥʳʝ ʜʦʢʫʤʝʥʪʳ 

ʢʦʵʬʬʠʮʠʝʥʪʳ ʩʦʯʝʪʘʥʠʡ ʥʝ ʠʤʝʶʪ ʜʦʩʪʘʪʦʯʥʦʛʦ 

ʦʩʥʦʚʘʥʠʷ ʠ ʥʝ ʫʯʠʪʳʚʘʶʪ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ 
ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʘʢ ʩʝʡʩʤʠʯʝʩʢʦʡ, ʪʘʢ ʠ ʩʦʯʝʪʘʝʤʳʭ 
ʥʘʛʨʫʟʦʢ. ʇʦ ʵʪʦʡ ʧʨʠʯʠʥʝ ʧʦʷʚʣʷʶʪʩʷ ʨʘʙʦʪʳ, 
ʠʤʝʶʱʠʝ ʮʝʣʴ ʦʙʦʩʥʦʚʘʪʴ ʠ ʫʪʦʯʥʠʪʴ ʢʦʵʬʬʠʮʠʝʥʪʳ 
ʩʦʯʝʪʘʥʠʡ ʥʘʛʨʫʟʦʢ. 
ʈʘʟʥʳʝ ʩʪʨʘʥʳ ʠ ʤʥʦʞʝʩʪʚʦ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʧʨʝʜʣʘʛʘʶʪ ʨʘʟʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʩʦʯʝʪʘʥʠʡ, ʥʦ 
ʛʣʘʚʥʦʡ ʧʨʦʙʣʝʤʦʡ ʵʪʠʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʷʚʣʷʝʪʩʷ ʪʦ, 

ʯʪʦ ʦʥʠ ʥʘʫʯʥʦ ʥʝ ʦʙʦʩʥʦʚʘʥʳ. ʃʠʰʴ ʤʘʣʘʷ ʯʘʩʪʴ 
ʥʘʫʯʥʳʭ ʨʘʙʦʪ ʠʤʝʝʪ ʦʙʦʩʥʦʚʘʥʠʝ ʜʣʷ ʧʨʠʥʷʪʠʷ 
ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʩʦʯʝʪʘʥʠʡ. ʅʘʧʨʠʤʝʨ, ʚ ʨʘʙʦʪʘʭ 
ʐʝʩʪʦʧʝʨʦʚʘ ɻ.ʉ. [17], ʋʟʜʠʥʘ ɸ.ʄ. [25, 26], ʉʘʭʘʨʦʚʘ 
ʆ.ɸ. [27] ʠ ʂʫʟʥʝʮʦʚʦʡ ʀ.ʆ. [26, 28], ʘ ʪʘʢʞʝ ʉʘʙʠʨʦʚʦʡ 
ʆ.ɹ. [29] ʧʨʠʚʦʜʷʪʩʷ ʥʝʢʦʪʦʨʳʝ ʦʙʦʩʥʦʚʘʥʠʷ 
ʨʝʢʦʤʝʥʜʫʝʤʳʭ ʩʦʯʝʪʘʥʠʡ ʥʘʛʨʫʟʦʢ. 
ɺʩʝ ʧʦʩʣʝʜʥʠʝ ʧʦʧʳʪʢʠ ʚ ʨʝʰʝʥʠʠ ʚʦʧʨʦʩʘ 

ʩʦʯʝʪʘʥʠʡ ʥʘʛʨʫʟʦʢ ʠ ʚʦʟʜʝʡʩʪʚʠʡ ʜʝʣʘʣʠ ʜʣʷ ʪʦʛʦ, 
ʯʪʦʙʳ ʫʯʝʩʪʴ ʤʥʦʛʦʫʨʦʚʥʝʚʦʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʠ 
ʩʝʡʩʤʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʧʣʦʱʘʜʢʠ ʩʪʨʦʠʪʝʣʴʩʪʚʘ, ʘ 
ʪʘʢʞʝ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘʛʨʫʟʦʢ. 
ʈʝʟʶʤʠʨʫʷ ʩʢʘʟʘʥʥʦʝ, ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʠʤʝʶʱʠʝʩʷ 
ʧʨʝʜʣʦʞʝʥʠʷ ʧʦ ʩʦʯʝʪʘʥʠʶ ʩʝʡʩʤʠʯʝʩʢʦʡ ʥʘʛʨʫʟʢʠ ʩ 
ʜʨʫʛʠʤʠ ʥʘʛʨʫʟʢʘʤʠ ʥʝ ʦʜʥʦʟʥʘʯʥʳ. ʆʥʠ ʥʝ ʫʯʠʪʳʚʘʶʪ 
ʧʦʣʥʦʩʪʴʶ ʪʨʝʙʦʚʘʥʠʷ ʤʥʦʛʦʫʨʦʚʥʝʚʦʛʦ 
ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʩʦʯʝʪʘʝʤʳʭ ʥʘʛʨʫʟʦʢ. ʉʣʝʜʫʝʪ ʪʘʢʞʝ ʦʪʤʝʪʠʪʴ, ʯʪʦ 
ʨʘʟʥʳʝ ʩʧʦʩʦʙʳ ʩʦʯʝʪʘʥʠʡ ʥʘʛʨʫʟʦʢ ʧʨʠʚʦʜʷʪ ʢ ʨʘʟʥʳʤ 
ʟʥʘʯʝʥʠʷʤ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʩʦʯʝʪʘʥʠʡ. ɼʣʷ ʧʦʥʠʤʘʥʠʷ ʠ 
ʫʧʦʨʷʜʦʯʝʥʠʷ ʩʣʦʞʠʚʰʝʡʩʷ ʩʠʪʫʘʮʠʠ ʥʝʦʙʭʦʜʠʤʦ, 
ʧʨʝʞʜʝ ʚʩʝʛʦ, ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʩʦʩʪʦʷʥʠʝ ʚʦʧʨʦʩʘ ʧʦ 
ʩʦʯʝʪʘʥʠʶ ʥʘʛʨʫʟʦʢ ʠ ʚʦʟʜʝʡʩʪʚʠʡ ʚ ʪʝʦʨʠʠ ʥʘʜʝʞʥʦʩʪʠ 
ʠ ʤʝʪʦʜʘʭ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʧʦ ʧʨʝʜʝʣʴʥʳʤ ʩʦʩʪʦʷʥʠʷʤ. 

4. Заключение 

ʇʨʦʚʝʜʝʥʥʳʡ ʘʥʘʣʠʟ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʧʨʦʙʣʝʤʘ 
ʟʘʜʘʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʩʦʯʝʪʘʥʠʡ ʩʝʡʩʤʠʯʝʩʢʦʡ 
ʥʘʛʨʫʟ-ʢʠ ʩ ʜʨʫʛʠʤʠ ʚʠʜʘʤʠ ʚʦʟʜʝʡʩʪʚʠʡ ʦʩʪʘʝʪʩʷ ʦʜʥʦʡ 
ʠʟ ʥʘʠʤʝʥʝʝ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʦʙʣʘʩʪʝʡ ʥʦʨʤʘʪʠʚʥʦʛʦ 
ʦʙʝʩʧʝ-ʯʝʥʠʷ ʩʝʡʩʤʦʩʪʦʡʢʦʛʦ ʩʪʨʦʠʪʝʣʴʩʪʚʘ. ɺʦ ʤʥʦʛʠʭ 

ʩʣʫʯʘ-ʷʭ ʢʦʵʬʬʠʮʠʝʥʪʳ ʩʦʯʝʪʘʥʠʡ ʥʝ ʠʤʝʶʪ ʩʪʨʦʛʦʛʦ 
ʥʘʫʯʥʦʛʦ ʦʙʦʩʥʦʚʘʥʠʷ ʠ ʥʝ ʦʧʠʨʘʶʪʩʷ ʥʘ 

ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʭʘʨʘʢ-ʪʝʨʠʩʪʠʢʠ ʥʠ ʩʝʡʩʤʠʯʝʩʢʦʛʦ 
ʚʦʟʜʝʡʩʪʚʠʷ, ʥʠ ʩʦʧʫʪʩʪʚʫ-ʶʱʠʭ ʥʘʛʨʫʟʦʢ. 
ʉʨʘʚʥʝʥʠʝ ʟʘʨʫʙʝʞʥʳʭ ʥʦʨʤʘʪʠʚʥʳʭ ʜʦʢʫʤʝʥ-ʪʦʚ 

ʧʦʢʘʟʳʚʘʝʪ ʦʪʩʫʪʩʪʚʠʝ ʝʜʠʥʦʡ ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʦʡ ʙʘʟʳ: 
ʦʜʠʥʘʢʦʚʳʝ ʚʠʜʳ ʥʘʛʨʫʟʦʢ ʫʯʠʪʳʚʘʶʪʩʷ ʧʦ-ʨʘʟʥʦʤʫ, ʘ 

ʚʣʠʷʥʠʝ ʧʦʚʪʦʨʷʝʤʦʩʪʠ ʟʝʤʣʝʪʨʷʩʝʥʠʡ, ʪʠʧʘ 
ʩʦʦʨʫʞʝʥʠʷ, ʩʝʡʩʤʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʧʣʦʱʘʜʢʠ ʠ 
ʫʨʦʚʥʷ ʜʦʧʫʩʪʠʤʦʛʦ ʨʠʩʢʘ ʟʘʯʘʩʪʫʶ ʠʛʥʦʨʠʨʫʝʪʩʷ. ʇʨʠ 
ʵʪʦʤ ʜʝʡʩʪʚʫʶʱʠʝ ʥʦʨʤʳ ʚ ʦʩʥʦʚʥʦʤ ʦʨʠʝʥʪʠʨʦʚʘʥʳ ʥʘ 
ʨʘʩʯʝʪ ʥʘ ʨʝʜʢʠʝ ʩʠʣʴʥʳʝ ʟʝʤʣʝʪʨʷʩʝʥʠʷ ʠ ʥʝ 
ʫʯʠʪʳʚʘʶʪ ʚ ʧʦʣʥʦʡ ʤʝʨʝ ʪʨʝʙʦʚʘʥʠʷ ʤʥʦʛʦʫʨʦʚʥʝʚʦʛʦ 
ʧʨʦʝʢʪʠʨʦ-ʚʘʥʠʷ, ʧʨʝʜʧʦʣʘʛʘʶʱʝʛʦ ʘʥʘʣʠʟ ʩʣʘʙʳʭ, 
ʫʤʝʨʝʥʥʳʭ ʠ ʩʠʣʴʥʳʭ ʚʦʟʜʝʡʩʪʚʠʡ. 

ɺ ʫʩʣʦʚʠʷʭ ʘʢʪʠʚʥʦʛʦ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʩʣʦʞʥʳʭ 
ʠʥʞʝʥʝʨʥʳʭ ʩʦʦʨʫʞʝʥʠʡ ʚ ʩʝʡʩʤʦʦʧʘʩʥʳʭ ʨʘʡʦʥʘʭ 
ʚʳʷʚʣʝʥʥʳʝ ʧʨʦʪʠʚʦʨʝʯʠʷ ʧʨʠʦʙʨʝʪʘʶʪ ʦʩʦʙʫʶ 
ʧʨʘʢʪʠʯʝʩʢʫʶ ʟʥʘʯʠʤʦʩʪʴ. ɼʣʷ ʫʧʦʨʷʜʦʯʝʥʠʷ 
ʩʣʦʞʠʚʰʝʡʩʷ ʩʠʪʫʘʮʠʠ ʥʝʦʙʭʦʜʠʤ ʧʝʨʝʭʦʜ ʦʪ 
ʵʤʧʠʨʠʯʝʩʢʦʛʦ ʟʘʜʘʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʩʦʯʝʪʘʥʠʡ ʢ ʠʭ 
ʦʙʦʩʥʦʚʘʥʠʶ ʥʘ ʦʩʥʦʚʝ ʪʝʦʨʠʠ ʥʘʜʝʞʥʦʩʪʠ, 
ʚʝʨʦʷʪʥʦʩʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʘʛʨʫ-ʟʦʢ ʠ ʧʘʨʘʤʝʪʨʦʚ 

ʩʝʡʩʤʠʯʝʩʢʦʡ ʦʧʘʩʥʦʩʪʠ ʧʣʦʱʘʜʢʠ ʩʪʨʦʠʪʝʣʴʩʪʚʘ. 
ɸʥʘʣʠʟ ʩʫʱʝʩʪʚʫʶʱʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʢʘʟʳʚʘʝʪ, 

ʯʪʦ ʪʘʢʠʝ ʧʦʜʭʦʜʳ ʫʞʝ ʬʦʨʤʠʨʫʶʪʩʷ, ʦʜʥʘʢʦ ʧʦʢʘ ʥʝ 
ʧʦʣʫʯʠʣʠ ʩʠʩʪʝʤʥʦʛʦ ʦʪʨʘʞʝʥʠʷ ʚ ʥʦʨʤʘʪʠʚʥʳʭ 
ʜʦʢʫʤʝʥʪʘʭ. ɼʘʣʴʥʝʡʰʝʝ ʨʘʟʚʠʪʠʝ ʜʘʥʥʦʡ ʦʙʣʘʩʪʠ 
ʜʦʣʞʥʦ ʙʳʪʴ ʥʘʧʨʘʚʣʝʥʦ ʥʘ ʩʦʟʜʘʥʠʝ ʝʜʠʥʦʡ, ʥʘʫʯʥʦ 
ʦʙʦʩʥʦʚʘʥʥʦʡ ʤʝʪʦʜʦʣʦʛʠʠ ʩʦʯʝʪʘʥʠʷ ʥʘʛʨʫʟʦʢ, 
ʘʜʝʢʚʘʪʥʦʡ ʩʦʚʨʝʤʝʥʥʳʤ ʪʨʝʙʦʚʘʥʠʷʤ ʩʝʡʩʤʦʩʪʦʡʢʦʛʦ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ. 
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Monitoring the technical condition of operating transport tonnels 
 

Sh.U. Normurodov1 a 

1Tashkent state transport university, Tashkent, Uzbekistan 
 

Abstract: This scientific work is devoted to the issues of monitoring the technical condition of operating transport 
tunnels. The study analyzes modern methods for determining and assessing deformations, cracks, 
settlements, and other malfunctions arising during the operation of tunnel structures. The importance of 
monitoring systems in ensuring the safe and reliable operation of transport tunnels is substantiated. 
The work examines the advantages and disadvantages of geodetic, geotechnical, and automated 

monitoring methods based on domestic and foreign scientific sources. Natural and man-made factors 
affecting tunnel structures, including rock deformation, the influence of groundwater, seismic activity, 
and increased loads, were also analyzed. Based on the monitoring results, the possibilities of assessing 
the technical condition and preventing emergencies are highlighted. 

Keywords: Transport tunnel, operation, technical condition, monitoring, geotechnical, storage, current inspection, 
periodic inspection, special inspection, inspection and testing of artificial structures, conductivity, load-
bearing capacity, durability assessment 

 

Ekspluatatsiya qilinayotgan transport tonnellarining texnik holatini 

monitoring qilish  
 

Sh.U. Normurodov1 a 

1Toshkent davlat transport universiteti, Toshkent, Oózbekiston 

 

Annotatsiya: Ushbu maqolada ekspluatatsiya qilinayotgan transport tonnellarining texnik holatini monitoring qilish 
masalalariga bagóishlangan. Tadqiqotda tonnel konstruksiyalarining ekspluatatsiya jarayonida yuzaga 
keladigan deformatsiyalar, yoriqlar, choókishlar hamda boshqa nosozliklarni aniqlash va baholashning 

zamonaviy usullari tahlil qilingan. Transport tonnellarining xavfsiz va ishonchli ishlashini taôminlashda 
monitoring tizimlarining ahamiyati asoslab berilgan. 
Ishda mahalliy va xorijiy ilmiy manbalar asosida geodezik, geotexnik va avtomatlashtirilgan monitoring 
usullarining afzalliklari va kamchiliklari koórib chiqilgan. Shuningdek, tonnel konstruksiyalariga taôsir 
etuvchi tabiiy va texnogen omillar, jumladan, togó jinslarining deformatsiyasi, grunt suvlarining taôsiri, 
seysmik faollik va yuklamalarning ortishi tahlil etilgan. Monitoring natijalari asosida texnik holatni 
baholash va avariyaviy holatlarning oldini olish imkoniyatlari yoritib berilgan. 

Kalit soózlar: Transport tunneli, ekspluatatsiya, texnik holat, monitoring, geotexnik nazorat, saqlash, joriy koórik, 

davriy koórik, maxsus koórik, sunôiy inshootlarni tekshirish va sinash, oótkazish qobiliyati, yuk koótarish 
qobiliyati, chidamlilikni baholash 

1. Kirish  

Bugungi kunda transport infratuzilmasini rivojlantirish 
jarayonida tonnellar muhim strategik obyektlardan biri 
hisoblanadi. Avtomobil va temir yoól tonnellarining xavfsiz 
va uzluksiz ishlashi mamlakat iqtisodiy taraqqiyoti, yuk va 
yoólovchi tashish samaradorligi hamda aholi xavfsizligi 
bilan chambarchas bogóliq. Ayniqsa, togóli hududlarda, yirik 

shaharlar va tranzit yoólaklarda joylashgan transport 
tonnellarining ekspluatatsiya jarayonida texnik holatini 
doimiy nazorat qilib borish dolzarb masalalardan biridir . 

Ekspluatatsiya davrida tonnellar turli tashqi va ichki 
omillar taôsirida deformatsiyaga uchrashi mumkin. Bular 
jumlasiga togó jinslarining siljishi, grunt suvlarining taôsiri, 
yuklamalarning ortishi, seysmik faollik, harorat va namlik 
oózgarishlari, shuningdek, qurilish materiallarining eskirishi 
kiradi. Ushbu omillar tonnel konstruksiyalarining 

mustahkamligi va barqarorligiga salbiy taôsir koórsatib, 

                                                             
a  https://orcid.org/0000-0001-9552-5384    

favqulodda holatlar yuzaga kelishiga sabab boólishi mumkin 
[1]. 

Shu sababli, ekspluatatsiya qilinayotgan transport 
tonnellarining texnik holatini monitoring qilish zamonaviy 
muhandislik amaliyotining ajralmas qismi hisoblanadi. 
Monitoring tizimlari orqali tonnel konstruksiyalarida yuz 

berayotgan deformatsiyalar, yoriqlar, choókishlar va boshqa 
nosozliklarni erta aniqlash, ularning rivojlanish dinamikasini 
baholash hamda oldini olish choralarini koórish imkoniyati 
yaratiladi. Mazkur ishning asosiy maqsadi ekspluatatsiya 
qilinayotgan transport tonnellarining texnik holatini 
monitoring qilish usullari va tizimlarini tahlil qilish, ularning 
samaradorligini baholash va takomillashtirish yoóllarini 
aniqlashdan iborat. 

Transport tonnellarining texnik holatini monitoring 

qilish masalalari koóplab mahalliy va xorijiy olimlar 
tomonidan oórganilgan. Ilmiy adabiyotlarda tonnel 
konstruksiyalarining ishonchliligi, uzoq muddatli 
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ekspluatatsiyasi va xavfsizligini taôminlashda 
monitoringning oórni alohida taôkidlanadi. 
Koóplab tadqiqotlarda N.A. Protodyakonov, V.I. 

Karpov, B.S. Sokolov va boshqalarning tonnel qurilishi va 
ekspluatatsiyasida geotexnik monitoringning ahamiyati 
yoritilgan. Ushbu ishlarda togó jinslarining deformatsiyasi, 
mustahkamlovchi konstruksiyalarning holati va grunt 

bosimlarini nazorat qilish usullari keng koórib chiqilgan. 
Mualliflar monitoring maôlumotlari asosida tonnelning 
xavfsizlik darajasini baholash mumkinligini asoslab 
berganlar. 

Tonnel konstruksiyalari va qurilmalarining nazorat 
qilinadigan miqdor va sifat koórsatkichlarining oózgarishini 
baholash uchun ularning monitoringi olib boriladi. 
Monitoringning muhim tarkibiy qismi dastlabki maxsus 

tekshiruv boólib, u uchta oózaro bogóliq bosqichda amalga 
oshiriladi: tayyorgarlik ishlari, dastlabki (vizual) tekshiruv, 
batafsil (instrumental) tekshiruv[2-3]. 

Tayyorgarlik ishlari tekshiruv obyekti, tonnel 
konstruksiyasi va qurilishi boóyicha loyiha va ijro hujjatlari, 
ekspluatatsiya va oótkazilgan taômirlash va rekonstruksiya 
boóyicha hujjatlar bilan tanishishni, shuningdek, avvalgi 
tekshiruvlar natijalarini tahlil qilishni nazarda tutadi. 

Loyiha hujjatlari boóyicha loyiha tashkiloti - loyiha 
muallifi, uning ishlab chiqilgan yili, inshootning konstruktiv 
sxemasi, loyihada qoóllanilgan konstruksiyalar toógórisidagi 
maôlumotlar, yigóma elementlarning montaj sxemalari, 
ularni tayyorlash va tonnel qazish vaqti, tonnel, uning 
elementlari va konstruksiyalarining geometrik oólchamlari, 
hisob sxemalari, loyihaviy yuklamalar, qurilish 
materiallarining tavsiflari va boshqalar aniqlanadi. 

Konstruksiyalarni tayyorlash va tonnel qazish 

toógórisidagi maôlumotlar bilan qurilishni amalga oshirgan 
qurilish tashkilotlarining, materiallar va konstruksiyalarni 
yetkazib beruvchilarning nomlari, buyumlar va 
materiallarning sertifikatlari va pasportlari, amalga 
oshirilgan almashtirishlar va loyihadan chetga chiqishlar 
toógórisidagi maôlumotlar belgilanadi. 

Tonnel konstruksiyalaridan foydalanishni va tekshirish 
oótkazish zaruriyatini keltirib chiqargan ekspluatatsion 

taôsirlarni tavsiflovchi materiallar va maôlumotlar boóyicha 
konstruksiyalarga tashqi taôsirning xarakteri, atrof-muhit 
toógórisidagi maôlumotlar, ekspluatatsiya paytida namoyon 
boólgan nuqsonlar, shikastlanishlar va boshqalar 
toógórisidagi maôlumotlar aniqlanadi. 

Tonnel kesishmasini tekshirishga tayyorgarlik 
bosqichida texnik topshiriq asosida ishlar dasturi tuziladi. 
Unda tekshirishning maqsad va vazifalari, tekshirilishi lozim 

boólgan qurilish konstruksiyalari va jihozlari roóyxati 
koórsatiladi, joylar belgilanadi, asboblar bilan oólchash va 
sinash usullari belgilanadi. Dasturda, shuningdek, 
materiallarni ochish va namuna olish, namunalarni 
laboratoriya sharoitida tekshirish joylari, zarur tekshirish 
hisob-kitoblari roóyxati va boshqalar koórsatiladi. 

Dastlabki (vizual) tekshiruv tashqi belgilar boóyicha 
qurilish konstruksiyalarining texnik holatini oldindan 

baholash va batafsil instrumental tekshiruv oótkazish 
zarurligini asoslash uchun oótkaziladi. Dastlabki 
tekshirishning asosi inshoot va alohida konstruksiyalarni 
oólchov asboblari va priborlari (binokl, fotoapparat, ruletka, 
shtangensirkul, shchup va boshqalar) yordamida koózdan 
kechirish hisoblanadi. 
Bunda koórinadigan nuqsonlar aniqlanadi va qayd 

etiladi, nazorat oólchovlari oótkaziladi, nuqsonli 

uchastkalarning tavsifi, chizmalari, fotosuratlari olinadi, 
nuqsonlarning joylari va xususiyatlarini qayd etgan holda 
ularning sxemalari va vedomostlari tuziladi. Inshoot va 

alohida qurilish konstruksiyalarining oóziga xos 
deformatsiyalari (egilishlar, qiyshayishlar, bukilishlar, 
qiyshayishlar, uzilishlar va boshqalar) mavjudligini 
tekshirish oótkaziladi. Agar avariya uchastkalari mavjud 
boólsa, ularning mavjudligini aniqlaydi. 
Vizual tekshirish natijalari boóyicha qurilish 

konstruksiyalarining texnik holatiga dastlabki baho beriladi, 

u shikastlanish darajasi va nuqsonlarning xarakterli belgilari 
boóyicha aniqlanadi. Nuqsonlarning qayd etilgan manzarasi 
va ularning kelib chiqish sabablarini sinchiklab tahlil qilish 
baôzi hollarda konstruksiyalarning holatini baholash va 
xulosa chiqarish uchun yetarli boólishi mumkin. Agar vizual 
tekshiruv natijalari qoóyilgan vazifalarni hal qilish uchun 
yetarli boólmasa, batafsil instrumental tekshiruv oótkaziladi. 
Bu holda tegishli ish dasturi ishlab chiqiladi. 

Agar vizual tekshiruvda inshootning yuk koótaruvchi 
konstruksiyalarining mustahkamligi, turgóunligi va 
bikrligini pasaytiruvchi nuqsonlar aniqlansa, batafsil 
tekshirish dasturiga muhandislik-geologik tadqiqotlar 
kiritiladi. Avariya holati yuzaga kelganligidan dalolat 
beruvchi belgilar aniqlangan taqdirda zudlik bilan ehtimoliy 
qulashning oldini olish boóyicha tavsiyalar ishlab chiqiladi. 
Batafsil instrumental tekshirish qoóyilgan vazifalarga, 

loyiha-texnik hujjatlarning mavjudligi va toóliqligiga, 
nuqsonlar va shikastlanishlarning xususiyati va darajasiga 
qarab yoppasiga (toóliq) yoki tanlab oótkazilishi mumkin. 
Loyiha hujjatlari mavjud boólmaganda, 

konstruksiyalarning yuk koótarish qobiliyatini 
pasaytiradigan nuqsonlari aniqlanganda, tonnel 
rekonstruksiya qilinganda yoki konservatsiya tadbirlarisiz 
uch yildan ortiq muddatga toóxtatilgan qurilish qayta 
tiklanganda yalpi tekshiruv oótkaziladi. Tanlab tekshirish 

alohida konstruksiyalarni tekshirish zarur boólganda va 
potensial xavfli joylarda oótkaziladi, bu joylarda 
konstruksiyalarning mavjud emasligi tufayli yalpi tekshirish 
oótkazishning iloji boólmaydi. 

Qurilish konstruksiyalari va ularning elementlarining 
haqiqiy geometrik parametrlarini aniqlashtirish, ularning 
loyihaga mos kelishi yoki undan chetga chiqishini aniqlash 
uchun oólchash ishlari oótkaziladi. Bunda oddiy oólchash 

asboblari: chizgóichlar, ruletkalar, poólat simlar, 
shtangensirkullar, nutromerlar, shchuplar, andazalar, 
burchak oólchagichlar, shovunlar, lupalar, oólchash 
mikroskoplaridan foydalaniladi. Zarur boólganda maxsus 
oólchash asboblari: nivelirlar, teodolitlar, dalnomerlar, turli 
defektoskoplar va boshqalar, shuningdek fotogrammetriya 
qoóllaniladi. Qoóllaniladigan barcha asbob va moslamalar 
belgilangan tartibda tekshirilishi lozim. 

Beton va temir-beton qoplamalarda yoriqlar bor-yoóqligi 
aniqlanadi va ularning ochilish kattaligi oólchanadi. Agar 
nazorat gips markasida vaqt oótishi bilan yoriq paydo boólsa, 
bu qoplamada yoriqning rivojlanish jarayoni davom 
etayotganidan dalolat beradi va unda sodir boólayotgan 
jarayonlarning tezligini aniqlash uchun oólchov bazasi 
oórnatilishi kerak [4-5]. 

2. Tadqiqot metodikasi 

Temirbeton konstruksiyalarda armaturaning mavjudligi, 
joylashishi, miqdori va sinfi, uning korroziya belgilari va 
qoóyiladigan detallar, shuningdek himoya qatlamining holati 
aniqlanadi. Metall konstruksiyalarda siqilgan sterjenlarning 

toógóri chiziqliligi, biriktiruvchi plankalarning mavjudligi, 
kesimlari keskin oózgargan elementlarning holati, haqiqiy 
uzunligi tekshiriladi. 
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Tekshirish vazifalariga qarab turli asbob va moslamalar 
qoóllanilishi mumkin. Ishlab turgan tonnellardagi beton yoki 
temir-beton qoplamalarning kuchlanganlik-
deformatsiyalanganlik holatini baholash uchun 
elektrotenzometrlar yoki fotoelastik datchiklar yordamida 
yuksizlantirish usuli qoóllaniladi. Yuksizlantirish usuli 
tekshirilayotgan konstruksiyaning datchik oórnatilgan 

mahalliy uchastkasida kuchlanishlarni olishda 
deformatsiyalarni oólchashga asoslangan boólib, bunda 
datchik atrofida yuksizlantiruvchi tirqishlar hosil qilinadi. 
Bunda boóshatilgan uchastkaning dastlabki yuklanmagan 
holatigacha elastik tiklanishi va taôsir etuvchi yuklanishlarda 
konstruksiyaning deformatsiyalariga adekvat boólgan 
deformatsiyalarning boóshatilishi sodir boóladi. Betonning 
deformatsiya moduli maôlum boólganda, qoplamaning ichki 

konturidagi kuchlanishlarni hisoblash qiyin emas. 
Bunday metodika Shimoliy Muy tonnelining baôzi 

uchastkalarida qoplama betondagi kuchlanishlarni 
oórganishda qoóllanilgan. Fotoelastik deformatsiya datchigi 
(1. a-rasm) maxsus optik sezgir materialdan (qotgan epoksid 
smolasi) yasalgan plastinka 1 dan iborat boólib, uning 
uchlariga datchikni konstruksiyaga mahkamlash uchun 
moóljallangan nakladkalar 2 yopishtirilgan. Datchikning 

yuqori yuzasiga interferension polosalar holatini qayd qilish 
uchun chiziqli shkala 3 (1 boólim = 1 mm) tushirilgan. 
Shkalaning qarama-qarshi uchlarida choózilish yoki siqilish 
deformatsiyalarining ishorasini aniqlash uchun ñ+ò va ñ-ñ 
belgilari bor. Pastki yuzasi yorugólik qaytaruvchi qatlam 4 
bilan qoplangan [6]. 

 
1-rasm. Fotoelastik deformatsiya datchigining sxemasi 

(a) qoplamaga yopishtirilgan datchikdagi interferensiya 

chiziqlari (b)  

Yuksizlantirish usulida fotoelastik datchiklar bilan 
ishlash metodikasi quyidagilardan iborat. Datchik 
oórganilayotgan massivning belgilangan nuqtasida 
oólchanayotgan deformatsiyalar yoónalishida yopishtiriladi, 

shundan soóng uning interferension polosalarining 
boshlangóich joylashuv tasviri qayd etiladi (1-rasm, b). 
Keyin datchikning uchlari yaqinida uning oóqiga 
perpendikulyar ravishda betonda inshootda datchik 
mahkamlangan qoplama boólagini ishdan chiqaradigan 
teshiklar qilinadi. Bunda qutblangan yorugólik nurlarida 
koórinadigan datchikning interferension yoóllari uning oóqi 
boóylab deformatsiyaning turiga (siqilish yoki choózilish) 
qarab bir tomonga yoki ikkinchi tomonga qarab aralashib 

ketadi. 
Oózgarmas haroratda qoplama boólagining nisbiy 

deformatsiyasi shkala boólinmasining deformatsiyalar 
boóyicha qiymatini yuksizlantiruvchi kesimidan oldin va 
keyin tasma holatida datchik shkalasida qayd etilgan 
kattaliklar farqiga koópaytmasi sifatida hisoblanadi. Datchik 

tasmasining boólinish qiymati prizmani pressda yuklash 
jarayonida beton deformatsiyalarini fotoelastik datchik va 
deformometr (yoki tenzodatchik) bilan bir vaqtning oózida 
qayd etish orqali beton namuna-prizmalarda oótkaziladigan 
laboratoriya sinovlari natijalari boóyicha aniqlanadi. 

Nisbiy deformatsiyalar qiymatini yuksizlantirish usuli 
bilan ishonchli aniqlash uchun, birinchi navbatda, qoplama 

materialining deformatsion xususiyatlarini yetarlicha yuqori 
ishonchlilik darajasi bilan aniqlash kerak. Oólchov 
natijalarini qayta ishlashda datchikning harorat 
deformatsiyalari hisobga olinishi kerak. 

 
2-rasm. Yig‘ma temir-beton qoplama choklarining 

ochilish kattaligini o‘lchash 

Foydalanishdagi tonnellarda qoplama deformatsiyalari 
monitoringini soat tipidagi indikatorli mexanik yechiladigan 

deformometrlar yordamida olib borish qulay, bunda 
konstruksiyaga presslangan poólat mayoqchalar orasida 
mahkamlangan oólchov asosining uzunligi davriy ravishda 
oólchanadi. Mexanik deformometr yordamida yigóma temir-
beton qoplama choklarining ochilish dinamikasi ham 
tekshiriladi, bunda chokning turli tomonlariga presslangan 
mayoqchalar orasidagi masofa oólchanadi. Shu maqsadda 
shtangensirkuldan ham foydalaniladi (2-rasm). 

 
3-rasm. Qoplamadagi betonning mustahkamlik 

xususiyatlarini aniqlovchi “ONIKS-2,4” sklerometri 

Qoplamadagi betonning mustahkamlik xususiyatlari 
ñONIKS-2,4ò sklerometrlari yordamida mexanik 
buzmasdan nazorat qilish usullari bilan oldindan aniqlanadi. 
IPS-MG4.03 (3-rasm) yoki Avstriyada ishlab chiqarilgan 
Digi Schmidt-2000. Ishonchli natijaga ega boólish 
maqsadida burgóulash usulidan ham foydalaniladi (4-rasm). 

 
4-rasm. Betonning mustahkamligini burg‘ulash 

usulidan bilan aniqlash 

Zarur hollarda konstruksiyadagi betonning 

xarakteristikalari burgóilashda olingan namunalarni sinash 
yoóli bilan aniqlanadi. Buning uchun mavjud tonnelda 
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ñHiltiò koóchma portativ qurilmasidan foydalanish mumkin. 
Burgóilash qurilmasidan foydalanish qoplama tanasidan 
birikmalarni olishdan tashqari, uning istalgan kesimida 
haqiqiy qalinlikni oórnatish, qoplama ortidagi gruntning 
xususiyatlarini, qoplamaning grunt bilan orasida boóshliqlar 
mavjudligini aniqlash imkonini beradi. Qurilma yoól asosi 
plitasi yoki teskari gumbaz parametrlarini oórnatish uchun 

tonnelning nov qismida burgóulash ishlarini olib borish 
imkonini beradi. 
Bu yerda shuni taôkidlash kerakki, buzilmaydigan 

usullar yoki konstruksiyadan tanlab olingan namunalarni 
sinash orqali aniqlangan konstruksiyalardagi betonning 
haqiqiy mustahkamligi qoplamaning haqiqiy yuk koótarish 
qobiliyati toógórisida ishonchli maôlumot olish uchun zarur 
boólgan hisoblash parametri hisoblanadi. Biroq, koózdan 

kechirish va tanlab (nuqtali) burgóilashda qoplamadagi 
yashirin nuqsonlar, qoplamaning grunt bilan aloqasining 
buzilishi, qoplama orti boóshligóida boóshliqlarning 
rivojlanishi aniqlanmaydi. 
Shuning uchun tonnelni taômirlash boóyicha loyiha 

qarorlarini qabul qilish uchun koópincha boshlangóich 
maôlumotlar yetarli boólmaydi. 

Tekshiruvlar sifatini yaxshilash, shuningdek, texnik 

diagnostika natijalarining hajmi va ishonchliligini oshirish 
uchun soónggi yillarda tonnel qoplamasi materialining holati 
haqida ham, atrofdagi funt massivi haqida ham maôlumot 
olish uchun geofizik usullar qoóllanilmoqda. Shu maqsadda 
maxsus yer osti zondlash asboblari - georadarlar (51K-8 yoki 
ñOkoò), Georadar - yer osti zondlash radiotexnik asbobidan 
foydalaniladi. U nometall muhitlarda (fund, suv, qurilish 
konstruksiyalari va boshqalar) struktura va turli 
obyektlarning nuqtaviy va choózilgan buzilishlarini aniqlash 

uchun moóljallangan. Zondlash natijalari real vaqt rejimida 
qayd etish qurilmasi ekraniga chiqariladi va qayta ishlash 
hamda chop etish qurilmasiga chiqarish uchun faylda 
saqlanadi [7]. 

Georadarlardan foydalanish sohasi juda keng. Biroq, yer 
osti inshootlarining texnik holatini tekshirish maqsadida 
ularni qoóllashning samaradorligini asoslaydigan baôzi 
jihatlarni ajratib koórsatish mumkin. Shunday qilib, 

georadarni qoplama yuzasi boóylab harakatlantirganda, 
monitor ekraniga signallar toóplami (radarogramma) 
chiqariladi, unga koóra tonnelning butun uzunligi boóylab 
uning turli kesimlarida qoplamaning qalinligini va beton 
tuzilishidagi yashirin nuqsonlarni aniqlash mumkin, temir-
beton qoplamada esa - armatura qoóyish chastotasi va 
chuqurligini oórnatish mumkin. Georadarni qoóllash 
qoplama atrofidagi ogóir massivni zichlashmagan, namligi 

yuqori boólgan zonalarni ajratgan holda oórganish, 
shuningdek, ushbu zonalarning uzunligini aniqlash imkonini 
beradi. 

   
5-rasm. “Proceq GPR Live” georadari 

ñProceq GPR Liveò georadari bu temirbeton tonnel 
qoplamalarini buzmasdan nazorat qilishda qoóllanadigan 
zamonaviy qurilma hisoblanadi. Ushbu texnologiya 

qulayligi va simsiz sensor tizimi orqali ishlashi bilan yuqori 
samaradorlikni taôminlaydi. 
ñProceq GPR Liveò georadari temirbeton tonnel 

qoplamalari sifatni baholash va bir xillikni aniqlashda, yangi 

temirbeton tonnel qoplamalarning muvofiqligini nazorat 
qilishda, burgóilash, kesish va teshik ochishdan oldin 
armatura sterjenlarining joylashuvini aniqlashda, himoya 
qatlami qalinligi va armatura sterjenlari oólchamlarini tanlab 
tekshirishda, poólat armatura geometriyasining toóliq 
tasvirini shakllantirishda, bir tomonlama foydalanishda 
qalinlikni oólchash kabi ishlarda qoóllanadi. 

Tonneldagi beton qoplamaning suv oótkazmasligi 
koóchma Aɻɸʄɸ-2ʈʄ asbobi yordamida aniqlanadi (5-
rasm). Betonning sovuqqa chidamliligi qoplamadan olingan 
namunalarni standart usullar boóyicha sinash orqali 
aniqlanadi. Temirbeton qoplamani armaturalash tizimini 
(armatura sterjenlarining joylashishi, ularning diametri, 
beton himoya qatlamining qalinligi) tekshirish va aniqlash 
zarur boólsa, magnit yoki radiatsiya usullaridan 

foydalaniladi. Zarur hollarda, sterjenlarning diametri va 
sonini bevosita oólchash, armatura poólatining sinfini 
aniqlash, profil rasmini chizish va korroziyaga uchragan 
sterjenlarning qoldiq kesimini aniqlash uchun armaturani 
ochib, beton nazorat tekshiruvi oótkaziladi [8]. 

    
6-rasm. Tonneldagi beton qoplamaning suv 

o‘tkazmasligini tekshirish qurilmasi (AГАМА-2РМ) 

Muhandislik-geodezik ishlarni bajarish uchun 
zamonaviy yarim avtomat lazerli taxeometrlar, lazerli 

ruletkalardan foydalaniladi. Tonnel qoplamasining 
deformatsiyalari va holatini nazorat qilish elektron 
taxeometr yordamida tonnel tashqarisida joylashgan 
qoózgóalmas reperga nisbatan amalga oshiriladi. 
Nazoratning maqsadi qoplamaning mumkin boólgan 
qaytmas deformatsiyalarini oóz vaqtida ogohlantirish va 
bashorat qilishdir. Qaytargichlar (deformatsion belgilar) 
tonnel qoplamasining shakli va fazodagi holatini qayd etish 

va nazorat qilish uchun ishlatiladi. Ular obdelka perimetri 
boóylab vizual tekshiruv jarayonida aniqlangan koóplab 
nuqsonlari boólgan joylarga oórnatiladi. Oólchashlar va 
tekshirishlarning qoóshimcha roóyxatini buyurtmachi texnik 
topshiriqda belgilaydi. 

 
7-rasm. Tonnel qoplamasining deformatsiyalari va 

holatini nazorat qilishda lazerli taxeometrlarni qo‘llash 

Ekspluatatsiya qilinayotgan transport tonnellarining 

texnik holatini monitoring qilish ularning xavfsiz, ishonchli 
va uzoq muddatli ishlashini taôminlashda muhim ahamiyatga 
ega. Tahlillar shuni koórsatadiki, tonnel konstruksiyalari 
ekspluatatsiya jarayonida turli tabiiy va texnogen omillar 
taôsirida oózgarishga uchraydi, bu esa doimiy nazorat va 
baholashni talab etadi. 

Monitoring tizimlaridan foydalanish orqali tonnel 
holatidagi salbiy oózgarishlarni erta aniqlash, avariyaviy 
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holatlarning oldini olish hamda taômirlash va 
mustahkamlash ishlarini oóz vaqtida amalga oshirish 
mumkin. Adabiyotlar tahlili zamonaviy avtomatlashtirilgan 
monitoring usullarini joriy etish tonnellar ekspluatatsiyasi 
samaradorligini sezilarli darajada oshirishini koórsatdi. 

Xulosa qilib aytganda, transport tonnellarining texnik 
holatini monitoring qilish tizimlarini takomillashtirish, 

ularni mahalliy geologik va iqlim sharoitlariga moslashtirish 
hamda zamonaviy raqamli texnologiyalar bilan 
uygóunlashtirish bugungi kundagi muhim ilmiy va amaliy 
vazifalardan biridir. 

3. Xulosa  

Ekspluatatsiya qilinayotgan transport tonnellarining 
texnik holatini monitoring qilish ularning xavfsiz, ishonchli 
va uzoq muddatli ishlashini taôminlashda muhim ahamiyatga 
ega. Tahlillar shuni koórsatadiki, tonnel konstruksiyalari 
ekspluatatsiya jarayonida turli tabiiy va texnogen omillar 
taôsirida oózgarishga uchraydi, bu esa doimiy nazorat va 
baholashni talab etadi. 

Monitoring tizimlaridan foydalanish orqali tonnel 

holatidagi salbiy oózgarishlarni erta aniqlash, avariyaviy 
holatlarning oldini olish hamda taômirlash va 
mustahkamlash ishlarini oóz vaqtida amalga oshirish 
mumkin. Adabiyotlar tahlili zamonaviy avtomatlashtirilgan 
monitoring usullarini joriy etish tonnellar ekspluatatsiyasi 
samaradorligini sezilarli darajada oshirishini koórsatdi. 

Xulosa qilib aytganda, transport tonnellarining texnik 
holatini monitoring qilish tizimlarini takomillashtirish, 

ularni mahalliy geologik va iqlim sharoitlariga moslashtirish 
hamda zamonaviy raqamli texnologiyalar bilan 
uygóunlashtirish bugungi kundagi muhim ilmiy va amaliy 
vazifalardan biridir. 
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Methodology for assessing the dynamic impact of rolling stock on the 

subgrade and justification for its reinforcement in the area of rail joints 
 

Lesov K.S.1 a, Kenjaliyev M.K. 1 b, Mirzakhidova O.M. 1 c 
1Tashkent state transport university, Tashkent, Uzbekistan 

 
Abstract: The article proposes a method for assessing the dynamic impact of rolling stock on the subgrade in the 

rail joint area, taking into account speed regimes and axial loads, based on the calculated relationship 

KʧʛŸYŸů(z) and a normative check using the criterion ů(z)Ò0.5 MPa. An assessment of the conditions 
for exceeding the standard stresses during high-speed passenger and freight traffic has been carried out, 
and the introduction of the dynamic coefficient kdyn to account for shock-pulse effects has been justified. 
It has been shown that the use of a combined reinforcement system of ógeotextile + flat geogridô reduces 
vertical stresses in the main subgrade area by 25ï30% and forms a standard reserve of bearing capacity 
of the foundation. The results obtained can be used in the design and modernisation of railway lines with 
mixed and high-speed traffic in rail joint areas. 

Keywords: Dynamic impact, rail joints, subgrade, dynamic addition coefficient, dynamic coefficient, vertical 

stresses, geosynthetic materials, geotextiles, geogrids, track bed reinforcement, high-speed traffic, axial 
load, standard stresses 

 

Методика оценки динамического воздействия подвижного состава на 

земляное полотно и обоснование его усиления в зоне рельсовых стыков 
 

Лесов К.С.1 a, Кенжалиев М.К.1 b, Мирзахидова О.М.1 c 
1ʊʘʰʢʝʥʪʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʨʘʥʩʧʦʨʪʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʊʘʰʢʝʥʪ, ʋʟʙʝʢʠʩʪʘʥ 

 
ɸʥʥʦʪaʮʠʷ: ɺ ʩʪʘʪʴʝ ʧʨʝʜʣʦʞʝʥʘ ʤʝʪʦʜʠʢʘ ʦʮʝʥʢʠ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ ʥʘ 

ʟʝʤʣʷʥʦʝ ʧʦʣʦʪʥʦ ʚ ʟʦʥʝ ʨʝʣʴʩʦʚʳʭ ʩʪʳʢʦʚ ʩ ʫʯʸʪʦʤ ʩʢʦʨʦʩʪʥʳʭ ʨʝʞʠʤʦʚ ʠ ʦʩʝʚʳʭ ʥʘʛʨʫʟʦʢ, 

ʦʩʥʦʚʘʥʥʘʷ ʥʘ ʨʘʩʯʸʪʥʦʡ ʩʚʷʟʢʝ KʧʛŸYŸů(z) ʠ ʥʦʨʤʘʪʠʚʥʦʡ ʧʨʦʚʝʨʢʝ ʧʦ ʢʨʠʪʝʨʠʶ ů(z)Ò0,5 
ʄʇʘ. ɺʳʧʦʣʥʝʥʘ ʦʮʝʥʢʘ ʫʩʣʦʚʠʡ ʧʨʝʚʳʰʝʥʠʷ ʥʦʨʤʘʪʠʚʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʧʨʠ ʩʢʦʨʦʩʪʥʦʤ 
ʧʘʩʩʘʞʠʨʩʢʦʤ ʠ ʛʨʫʟʦʚʦʤ ʜʚʠʞʝʥʠʠ ʠ ʦʙʦʩʥʦʚʘʥʦ ʚʚʝʜʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʜʠʥʘʤʠʯʥʦʩʪʠ kdyn 
ʜʣʷ ʫʯʸʪʘ ʫʜʘʨʥʦ-ʠʤʧʫʣʴʩʥʳʭ ʵʬʬʝʢʪʦʚ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠʤʝʥʝʥʠʝ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ 
ʫʩʠʣʝʥʠʷ çʛʝʦʪʝʢʩʪʠʣʴ + ʧʣʦʩʢʘʷ ʛʝʦʨʝʰʸʪʢʘè ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʥʠʞʝʥʠʝ ʚʝʨʪʠʢʘʣʴʥʳʭ ʥʘʧʨʷʞʝʥʠʡ 
ʚ ʦʩʥʦʚʥʦʡ ʧʣʦʱʘʜʢʝ ʟʝʤʣʷʥʦʛʦ ʧʦʣʦʪʥʘ ʥʘ 25ï30 % ʠ ʬʦʨʤʠʨʦʚʘʥʠʝ ʥʦʨʤʘʪʠʚʥʦʛʦ ʟʘʧʘʩʘ 
ʥʝʩʫʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʦʩʥʦʚʘʥʠʷ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʨʠ 
ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʠ ʤʦʜʝʨʥʠʟʘʮʠʠ ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʭ ʣʠʥʠʡ ʩʦ ʩʤʝʰʘʥʥʳʤ ʠ ʩʢʦʨʦʩʪʥʳʤ 

ʜʚʠʞʝʥʠʝʤ ʚ ʟʦʥʘʭ ʨʝʣʴʩʦʚʳʭ ʩʪʳʢʦʚ. 
ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ɼʠʥʘʤʠʯʝʩʢʦʝ ʚʦʟʜʝʡʩʪʚʠʝ, ʨʝʣʴʩʦʚʳʝ ʩʪʳʢʠ, ʟʝʤʣʷʥʦʝ ʧʦʣʦʪʥʦ, ʢʦʵʬʬʠʮʠʝʥʪ ʜʠʥʘʤʠʯʝʩʢʦʡ 

ʜʦʙʘʚʢʠ, ʢʦʵʬʬʠʮʠʝʥʪ ʜʠʥʘʤʠʯʥʦʩʪʠ, ʚʝʨʪʠʢʘʣʴʥʳʝ ʥʘʧʨʷʞʝʥʠʷ, ʛʝʦʩʠʥʪʝʪʠʯʝʩʢʠʝ ʤʘʪʝʨʠʘʣʳ, 
ʛʝʦʪʝʢʩʪʠʣʴ, ʛʝʦʨʝʰʸʪʢʘ, ʫʩʠʣʝʥʠʝ ʦʩʥʦʚʘʥʠʷ ʧʫʪʠ, ʩʢʦʨʦʩʪʥʦʝ ʜʚʠʞʝʥʠʝ, ʦʩʝʚʘʷ ʥʘʛʨʫʟʢʘ, 
ʥʦʨʤʘʪʠʚʥʳʝ ʥʘʧʨʷʞʝʥʠʷ 

1. Введение 

ʈʘʟʚʠʪʠʝ ʛʨʫʟʦʚʦʛʦ ʠ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʛʦ 
ʧʘʩʩʘʞʠʨʩʢʦʛʦ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʛʦ ʜʚʠʞʝʥʠʷ 
ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʩʫʱʝʩʪʚʝʥʥʳʤ ʨʦʩʪʦʤ ʜʠʥʘʤʠʯʝʩʢʦʛʦ 
ʚʦʟʜʝʡʩʪʚʠʷ ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ ʥʘ ʵʣʝʤʝʥʪʳ ʧʫʪʠ ʠ 
ʟʝʤʣʷʥʦʛʦ ʧʦʣʦʪʥʘ, ʦʩʦʙʝʥʥʦ ʚ ʟʦʥʘʭ ʣʦʢʘʣʴʥʳʭ 
ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʠ ʞʸʩʪʢʦʩʪʥʳʭ ʥʝʦʜʥʦʨʦʜʥʦʩʪʝʡ, ʢ 

ʢʦʪʦʨʳʤ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʦʪʥʦʩʷʪʩʷ ʨʝʣʴʩʦʚʳʝ ʩʪʳʢʠ. 
ɺ ɻ ʪʠʭ ʫʯʘʩʪʢʘʭ ʬʦʨʤʠʨʫʶʪʩʷ ʫʜʘʨʥʦ-ʜʠʥʘʤʠʯʝʩʢʠʝ 
ʥʘʛʨʫʟʢʠ, ʦʙʫʩʣʦʚʣʝʥʥʳʝ ʧʝʨʝʭʦʜʦʤ ʢʦʣʸʩʥʳʭ ʧʘʨ ʯʝʨʝʟ 
ʟʘʟʦʨʳ ʠ ʥʝʨʦʚʥʦʩʪʠ ʨʝʣʴʩʦʚ, ʘ ʪʘʢʞʝ ʨʝʟʢʠʤʠ 
ʠʟʤʝʥʝʥʠʷʤʠ ʞʸʩʪʢʦʩʪʠ ʚʝʨʭʥʝʛʦ ʩʪʨʦʝʥʠʷ ʧʫʪʠ, ʯʪʦ 
ʧʨʠʚʦʜʠʪ ʢ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚʝʨʪʠʢʘʣʴʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʚ 
ʦʩʥʦʚʥʦʡ ʧʣʦʱʘʜʢʝ ʟʝʤʣʷʥʦʛʦ ʧʦʣʦʪʥʘ ʠ ʫʩʢʦʨʝʥʥʦʤʫ 
ʥʘʢʦʧʣʝʥʠʶ ʦʩʪʘʪʦʯʥʳʭ ʜʝʬʦʨʤʘʮʠʡ ʦʩʥʦʚʘʥʠʷ. 

                                                             
a  https://orcid.org/0000-0002-9434-0713  
b https://orcid.org/0000-0003-4622-5937  

ʀʩʩʣʝʜʦʚʘʥʠʷ ʩʠʩʪʝʤʳ çʢʦʣʝʩʦïʨʝʣʴʩïʙʘʣʣʘʩʪï
ʦʩʥʦʚʘʥʠʝè ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʜʠʥʘʤʠʯʝʩʢʘʷ ʥʘʛʨʫʟʢʘ 
ʤʦʞʝʪ ʧʨʝʚʳʰʘʪʴ ʩʪʘʪʠʯʝʩʢʫʶ ʚ 1,5ï2,5 ʨʘʟʘ ʚ 
ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʢʦʨʦʩʪʠ, ʩʦʩʪʦʷʥʠʷ ʧʫʪʠ ʠ ʞʸʩʪʢʦʩʪʠ 
ʦʧʦʨʥʦʡ ʩʠʩʪʝʤʳ. ʇʦʢʘʟʘʥʘ ʩʫʱʝʩʪʚʝʥʥʘʷ ʨʦʣʴ 
ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʥʝʨʦʚʥʦʩʪʝʡ ʠ ʧʝʨʝʭʦʜʦʚ ʞʸʩʪʢʦʩʪʠ ʚ 

ʬʦʨʤʠʨʦʚʘʥʠʠ ʧʦʚʳʰʝʥʥʳʭ ʜʠʥʘʤʠʯʝʩʢʠʭ ʚʦʟʜʝʡʩʪʚʠʡ 
ʥʘ ʵʣʝʤʝʥʪʳ ʧʫʪʠ ʠ ʦʩʥʦʚʘʥʠʝ [1, 2, 3]. 
ʅʦʨʤʘʪʠʚʥʳʝ ʜʦʢʫʤʝʥʪʳ (ɻʆʉʊ 34759ï2021, ɻʆʉʊ 

ʈ 72044ï2025) ʨʝʛʣʘʤʝʥʪʠʨʫʶʪ ʜʠʥʘʤʠʯʝʩʢʦʝ 
ʚʦʟʜʝʡʩʪʚʠʝ ʯʝʨʝʟ ʢʦʵʬʬʠʮʠʝʥʪʳ ʜʠʥʘʤʠʯʝʩʢʦʡ 
ʜʦʙʘʚʢʠ ʠ ʜʠʥʘʤʠʯʥʦʩʪʠ ʠ ʫʩʪʘʥʘʚʣʠʚʘʶʪ ʧʨʝʜʝʣʴʥʦʝ 
ʟʥʘʯʝʥʠʝ ʚʝʨʪʠʢʘʣʴʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ů(z)Ò0,5 ʄʇʘ, 

c https://orcid.org/0000-0001-6247-1869  

https://orcid.org/0000-0002-9434-0713
https://orcid.org/0000-0003-4622-5937
https://orcid.org/0000-0001-6247-1869
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ʦʜʥʘʢʦ ʠʤʧʫʣʴʩʥʳʡ ʭʘʨʘʢʪʝʨ ʥʘʛʨʫʞʝʥʠʷ ʚ ʩʪʳʢʦʚʳʭ 
ʟʦʥʘʭ ʫʯʠʪʳʚʘʝʪʩʷ ʦʛʨʘʥʠʯʝʥʥʦ. 
ɺ ʤʠʨʦʚʦʡ ʧʨʘʢʪʠʢʝ ʜʣʷ ʩʥʠʞʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʥʘʧʨʷʞʝʥʠʡ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʶʪʩʷ ʛʝʦʩʠʥʪʝʪʠʯʝʩʢʠʝ 
ʤʘʪʝʨʠʘʣʳ (ʛʝʦʪʝʢʩʪʠʣʠ ʠ ʛʝʦʨʝʰʸʪʢʠ), 
ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝ ʥʘʛʨʫʟʦʢ ʠ 
ʧʦʚʳʰʝʥʠʝ ʞʸʩʪʢʦʩʪʠ ʩʠʩʪʝʤʳ çʙʘʣʣʘʩʪïʦʩʥʦʚʘʥʠʝè. 
ɺʤʝʩʪʝ ʩ ʪʝʤ ʥʝʜʦʩʪʘʪʦʯʥʦ ʨʘʟʨʘʙʦʪʘʥʳ ʤʝʪʦʜʠʢʠ, 
ʥʘʧʨʷʤʫʶ ʩʚʷʟʳʚʘʶʱʠʝ ʧʘʨʘʤʝʪʨʳ ʜʠʥʘʤʠʯʝʩʢʦʛʦ 

ʚʦʟʜʝʡʩʪʚʠʷ ʩ ʨʘʩʯʸʪʥʦʡ ʦʮʝʥʢʦʡ ʚʝʨʪʠʢʘʣʴʥʳʭ 
ʥʘʧʨʷʞʝʥʠʡ ʠ ʦʙʦʩʥʦʚʘʥʠʝʤ ʧʘʨʘʤʝʪʨʦʚ ʫʩʠʣʝʥʠʷ 
ʠʤʝʥʥʦ ʜʣʷ ʨʝʣʴʩʦʚʳʭ ʩʪʳʢʦʚ [4, 5]. 
ɸʢʪʫʘʣʴʥʦʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʧʦʚʳʰʝʥʠʷ ʥʘʜʸʞʥʦʩʪʠ ʠ 
ʜʦʣʛʦʚʝʯʥʦʩʪʠ ʧʫʪʠ ʧʨʠ ʩʤʝʰʘʥʥʦʤ ʠ ʩʢʦʨʦʩʪʥʦʤ 
ʜʚʠʞʝʥʠʠ, ʢʦʛʜʘ ʚ ʩʪʳʢʦʚʳʭ ʟʦʥʘʭ ʚʦʟʤʦʞʥʳ 
ʧʨʝʚʳʰʝʥʠʷ ʥʦʨʤʘʪʠʚʥʳʭ ʫʨʦʚʥʝʡ ʥʘʧʨʷʞʝʥʠʡ ʠ 

ʫʩʢʦʨʝʥʥʦʝ ʨʘʟʚʠʪʠʝ ʜʝʬʦʨʤʘʮʠʡ ʦʩʥʦʚʘʥʠʷ. 
Предмет исследования ï ʜʠʥʘʤʠʯʝʩʢʦʝ 

ʚʦʟʜʝʡʩʪʚʠʝ ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ ʥʘ ʟʝʤʣʷʥʦʝ ʧʦʣʦʪʥʦ ʚ 
ʟʦʥʝ ʨʝʣʴʩʦʚʳʭ ʩʪʳʢʦʚ ʠ ʬʦʨʤʠʨʦʚʘʥʠʝ ʚʝʨʪʠʢʘʣʴʥʳʭ 
ʥʘʧʨʷʞʝʥʠʡ ʚ ʦʩʥʦʚʥʦʡ ʧʣʦʱʘʜʢʝ ʦʩʥʦʚʘʥʠʷ ʩ ʫʯʸʪʦʤ 
ʛʝʦʩʠʥʪʝʪʠʯʝʩʢʦʛʦ ʘʨʤʠʨʦʚʘʥʠʷ. 
Цель исследования ï ʨʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʠʢʠ 

ʨʘʩʯʸʪʥʦʡ ʦʮʝʥʢʠ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʠ 

ʠʥʞʝʥʝʨʥʦʝ ʦʙʦʩʥʦʚʘʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʫʩʠʣʝʥʠʷ 
ʟʝʤʣʷʥʦʛʦ ʧʦʣʦʪʥʘ ʚ ʩʪʳʢʦʚʳʭ ʟʦʥʘʭ. 
ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ ʚ ʨʘʙʦʪʝ 

ʨʝʰʘʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 
1. ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʩʦʚʨʝʤʝʥʥʳʝ ʥʘʫʯʥʳʝ ʠ 

ʥʦʨʤʘʪʠʚʥʳʝ ʧʦʜʭʦʜʳ ʢ ʦʮʝʥʢʝ ʜʠʥʘʤʠʯʝʩʢʦʛʦ 
ʚʦʟʜʝʡʩʪʚʠʷ ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ ʥʘ ʵʣʝʤʝʥʪʳ ʧʫʪʠ ʠ 
ʟʝʤʣʷʥʦʛʦ ʧʦʣʦʪʥʘ. 

2. ʆʙʦʩʥʦʚʘʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ 
ʜʠʥʘʤʠʯʝʩʢʦʡ ʜʦʙʘʚʢʠ ʦʙʨʝʩʩʦʨʝʥʥʳʭ ʯʘʩʪʝʡ ʠ 
ʢʦʵʬʬʠʮʠʝʥʪʘ ʜʠʥʘʤʠʯʥʦʩʪʠ ʜʣʷ ʨʘʩʯʸʪʥʦʡ ʦʮʝʥʢʠ 
ʚʝʨʪʠʢʘʣʴʥʳʭ ʥʘʛʨʫʟʦʢ ʚ ʩʪʳʢʦʚʳʭ ʟʦʥʘʭ. 

3. ʈʘʟʨʘʙʦʪʘʪʴ ʨʘʩʯʸʪʥʫʶ ʤʝʪʦʜʠʯʝʩʢʫʶ ʮʝʧʦʯʢʫ 
ʦʧʨʝʜʝʣʝʥʠʷ ʜʠʥʘʤʠʯʝʩʢʦʡ ʧʦʛʦʥʥʦʡ ʥʘʛʨʫʟʢʠ ʠ 
ʚʝʨʪʠʢʘʣʴʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʚ ʦʩʥʦʚʥʦʡ ʧʣʦʱʘʜʢʝ 
ʟʝʤʣʷʥʦʛʦ ʧʦʣʦʪʥʘ. 

4. ɺʳʧʦʣʥʠʪʴ ʦʮʝʥʢʫ ʧʨʝʚʳʰʝʥʠʷ ʠ ʩʦʙʣʶʜʝʥʠʷ 
ʥʦʨʤʘʪʠʚʥʳʭ ʟʥʘʯʝʥʠʡ ʚʝʨʪʠʢʘʣʴʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʧʨʠ 
ʨʘʟʣʠʯʥʳʭ ʩʢʦʨʦʩʪʷʭ ʜʚʠʞʝʥʠʷ ʠ ʦʩʝʚʳʭ ʥʘʛʨʫʟʢʘʭ. 

5. ʆʙʦʩʥʦʚʘʪʴ ʢʦʥʩʪʨʫʢʪʠʚʥʦʝ ʨʝʰʝʥʠʝ ʧʦ 
ʫʩʠʣʝʥʠʶ ʟʝʤʣʷʥʦʛʦ ʧʦʣʦʪʥʘ ʩ ʧʨʠʤʝʥʝʥʠʝʤ 
ʛʝʦʪʝʢʩʪʠʣʷ ʠ ʧʣʦʩʢʦʡ ʛʝʦʨʝʰʸʪʢʠ ʠ ʦʮʝʥʠʪʴ ʝʛʦ 
ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʩʥʠʞʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ 
ʜʠʥʘʤʠʯʝʩʢʠʭ ʥʘʧʨʷʞʝʥʠʡ. 
ʈʝʘʣʠʟʘʮʠʷ ʧʨʝʜʣʦʞʝʥʥʦʡ ʤʝʪʦʜʠʢʠ ʥʘʧʨʘʚʣʝʥʘ ʥʘ 

ʧʦʚʳʰʝʥʠʝ ʦʙʦʩʥʦʚʘʥʥʦʩʪʠ ʧʨʦʝʢʪʥʳʭ ʠ 
ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʨʝʰʝʥʠʡ ʠ ʩʧʦʩʦʙʩʪʚʫʝʪ ʨʦʩʪʫ 
ʫʩʪʦʡʯʠʚʦʩʪʠ ʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʡ ʥʘʜʸʞʥʦʩʪʠ 
ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʚ ʫʩʣʦʚʠʷʭ 
ʠʥʪʝʥʩʠʚʥʦʛʦ ʛʨʫʟʦʚʦʛʦ ʠ ʩʢʦʨʦʩʪʥʦʛʦ ʧʘʩʩʘʞʠʨʩʢʦʛʦ 
ʜʚʠʞʝʥʠʷ. 

2. Методология исследования 

1) ʄʝʪʦʜʦʣʦʛʠʯʝʩʢʘʷ ʦʩʥʦʚʘ ʠ ʩʭʝʤʘ ʠʩʩʣʝʜʦʚʘʥʠʷ 
ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʥʘ ʦʩʥʦʚʝ ʠʥʞʝʥʝʨʥʦ-

ʨʘʩʯʸʪʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ 
ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ ʥʘ ʟʝʤʣʷʥʦʝ ʧʦʣʦʪʥʦ ʚ ʟʦʥʝ 
ʨʝʣʴʩʦʚʳʭ ʩʪʳʢʦʚ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʥʦʨʤʘʪʠʚʥʦʡ 
ʧʨʦʚʝʨʢʦʡ ʧʦ ʧʨʝʜʝʣʴʥʦ ʜʦʧʫʩʪʠʤʳʤ ʟʥʘʯʝʥʠʷʤ 

ʚʝʨʪʠʢʘʣʴʥʳʭ ʥʘʧʨʷʞʝʥʠʡ. ʄʝʪʦʜʦʣʦʛʠʯʝʩʢʘʷ ʩʭʝʤʘ 

ʚʢʣʶʯʘʝʪ ʨʘʩʯʸʪʥʫʶ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ [6, 7]: 

ὑ̐ ̄O ὣᴼ„ᾀ 
ʛʜʝ: Kʧʛ ï ʢʦʵʬʬʠʮʠʝʥʪ ʜʠʥʘʤʠʯʝʩʢʦʡ ʜʦʙʘʚʢʠ 

ʦʙʨʝʩʩʦʨʝʥʥʳʭ ʯʘʩʪʝʡ; 
Y ï ʜʠʥʘʤʠʯʝʩʢʘʷ ʧʦʛʦʥʥʘʷ ʥʘʛʨʫʟʢʘ ʪʝʣʝʞʢʠ, ʢʅ; 
ů(z) ï ʚʝʨʪʠʢʘʣʴʥʳʝ ʥʘʧʨʷʞʝʥʠʷ ʚ ʪʝʣʝ ʟʝʤʣʷʥʦʛʦ 

ʧʦʣʦʪʥʘ ʥʘ ʛʣʫʙʠʥʝ z, ʄʇʘ. 
ɼʦʧʦʣʥʠʪʝʣʴʥʦ ʜʣʷ ʩʪʳʢʦʚʦʡ ʟʦʥʳ ʫʯʪʸʥ 

ʢʦʵʬʬʠʮʠʝʥʪ ʜʠʥʘʤʠʯʥʦʩʪʠ kdyn, ʦʪʨʘʞʘʶʱʠʡ ʫʜʘʨʥʦ-
ʠʤʧʫʣʴʩʥʳʡ ʭʘʨʘʢʪʝʨ ʥʘʛʨʫʞʝʥʠʷ (ʧʝʨʝʭʦʜʳ ʞʸʩʪʢʦʩʪʠ, 

ʟʘʟʦʨʳ, ʥʝʨʦʚʥʦʩʪʠ) [8, 9]. 
2) ʆʙʲʝʢʪ, ʫʩʣʦʚʠʷ ʠ ʩʮʝʥʘʨʠʠ ʨʘʩʯʸʪʘ 
ʆʙʲʝʢʪ: ʟʦʥʘ ʨʝʣʴʩʦʚʦʛʦ ʩʪʳʢʘ ʢʘʢ ʫʯʘʩʪʦʢ 

ʣʦʢʘʣʴʥʦʡ ʞʸʩʪʢʦʩʪʥʦʡ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʧʫʪʠ (ʩ 
ʧʦʚʳʰʝʥʥʦʡ ʚʝʨʦʷʪʥʦʩʪʴʶ ʫʜʘʨʥʳʭ ʚʦʟʜʝʡʩʪʚʠʡ). 
ʉʮʝʥʘʨʠʠ ʜʚʠʞʝʥʠʷ: 
ʩʢʦʨʦʩʪʠ: 60, 90, 160, 200 ʢʤ/ʯ; ʦʩʝʚʳʝ ʥʘʛʨʫʟʢʠ: 18; 

23,5; 25 ʪ/ʦʩʴ; ʚʠʜʳ ʜʚʠʞʝʥʠʷ: ʛʨʫʟʦʚʦʝ (60ï90 ʢʤ/ʯ) ʠ 

ʧʘʩʩʘʞʠʨʩʢʦʝ (160ï200 ʢʤ/ʯ). 
ʅʦʨʤʘʪʠʚʥʳʡ ʢʨʠʪʝʨʠʡ: 
ů(z)Ò0,5 ʄʇʘ (ʧʦ ʪʨʝʙʦʚʘʥʠʷʤ ɻʆʉʊ 34759ï2021; 

ʧʨʠʤʝʥʝʥʠʝ ʜʠʥʘʤʠʯʝʩʢʠʭ ʢʨʠʪʝʨʠʝʚ ʩʦʛʣʘʩʫʝʪʩʷ ʩ 
ɻʆʉʊ ʈ 72044ï2025). 

3) ʀʩʭʦʜʥʳʝ ʧʘʨʘʤʝʪʨʳ ʜʠʥʘʤʠʢʠ 
ɿʥʘʯʝʥʠʷ Kʧʛ ʧʨʠʥʷʪʳ ʢʘʢ ʭʘʨʘʢʪʝʨʥʳʝ 

(ʠʥʞʝʥʝʨʥʳʝ), ʜʦʧʫʩʪʠʤʳʝ ʜʣʷ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʭ 

ʨʘʩʯʸʪʦʚ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʜʘʥʥʳʭ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ 
ʭʦʜʦʚʳʭ ʠʩʧʳʪʘʥʠʡ (ʩ ʦʛʦʚʦʨʢʦʡ ʦ ʥʝʦʙʭʦʜʠʤʦʩʪʠ 
ʫʪʦʯʥʝʥʠʷ ʧʦ ʠʩʧʳʪʘʥʠʷʤ ʩʦʛʣʘʩʥʦ ɻʆʉʊ 34759ï2021 ʠ 
ɻʆʉʊ 33788ï2016). 

Таблица 1 

Характерные значения коэффициента 

динамической добавки обрессоренных частей Kʧʛ 

Вид 

движения 

Скорость, 

км/ч 

18 

т/ось 

23,5 

т/ось 

25 

т/ось 

ɻʨʫʟʦʚʦʝ 60 ï 0,22 0,20 

ɻʨʫʟʦʚʦʝ 90 ï 0,27 0,25 

ʇʘʩʩʘʞʠʨʩʢʦʝ 160 0,48 ï ï 

ʇʘʩʩʘʞʠʨʩʢʦʝ 200 0,55 ï ï 

4) ʈʘʩʯʸʪ ʜʠʥʘʤʠʯʝʩʢʦʡ ʧʦʛʦʥʥʦʡ ʥʘʛʨʫʟʢʠ ʪʝʣʝʞʢʠ 
ɼʠʥʘʤʠʯʝʩʢʘʷ ʧʦʛʦʥʥʘʷ ʥʘʛʨʫʟʢʘ ʚʳʯʠʩʣʷʝʪʩʷ ʧʦ 

ʚʳʨʘʞʝʥʠʶ: 

ὣ
ὲϽὖ ρ ὑ̐ ̄

ὰ ςȢς
 

ʛʜʝ: n ï ʯʠʩʣʦ ʦʩʝʡ ʚ ʪʝʣʝʞʢʝ; P0 ï ʩʪʘʪʠʯʝʩʢʘʷ ʦʩʝʚʘʷ 

ʥʘʛʨʫʟʢʘ, ʢʅ; l ï ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʢʨʘʡʥʠʤʠ ʦʩʷʤʠ 
ʪʝʣʝʞʢʠ, ʤ; ʜʦʙʘʚʢʘ 2,22 ʫʯʠʪʳʚʘʝʪ ʚʣʠʷʥʠʝ 
ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʥʘʛʨʫʟʢʠ ʚ ʟʦʥʝ ʪʝʣʝʞʢʠ [10, 11]. 
ʇʦʣʫʯʝʥʥʦʝ ʟʥʘʯʝʥʠʝ Y ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʨʘʩʯʸʪʘ 

ʚʝʨʪʠʢʘʣʴʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʚ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʦʩʥʦʚʥʦʡ 
ʧʣʦʱʘʜʢʠ ʟʝʤʣʷʥʦʛʦ ʧʦʣʦʪʥʘ. 

5) ʋʯʸʪ ʫʜʘʨʥʦ-ʜʠʥʘʤʠʯʝʩʢʠʭ ʵʬʬʝʢʪʦʚ ʚ ʩʪʳʢʝ 
ɼʣʷ ʟʦʥʳ ʨʝʣʴʩʦʚʳʭ ʩʪʳʢʦʚ ʧʨʠʥʷʪʦ: 

ὖ ὖ Ͻὑ ȟ         ʎÚ ʎÚϽὑ  

ʍʘʨʘʢʪʝʨʥʳʝ ʜʠʘʧʘʟʦʥʳ kdyn ʟʘʜʘʥʳ, ʧʦ ʠʥʞʝʥʝʨʥʦʡ 
ʦʮʝʥʢʝ, (ʢʘʢ ʥʘʜʙʘʚʢʘ ʢ çʧʣʘʚʥʦʡè ʜʠʥʘʤʠʢʝ, 
ʫʯʠʪʳʚʘʶʱʝʡʩʷ ʯʝʨʝʟ Kʧʛ [12, 13]: 

1,5ï1,7 ï ʠʩʧʨʘʚʥʳʝ ʩʪʳʢʠ, ʛʨʫʟʦʚʦʝ 60ï90 ʢʤ/ʯ; 
2,0ï2,5 ï ʥʝʙʣʘʛʦʧʨʠʷʪʥʦʝ ʩʦʩʪʦʷʥʠʝ ʩʪʳʢʦʚ, 

ʧʘʩʩʘʞʠʨʩʢʦʝ 160ï200 ʢʤ/ʯ. 
ʇʨʠ ʵʪʦʤ ʩʚʷʟʴ ʧʝʨʚʦʛʦ ʧʨʠʙʣʠʞʝʥʠʷ: 
kdynå1+Kʧʛ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʥʠʞʥʷʷ ʦʮʝʥʢʘ, 

ʪʨʝʙʫʶʱʘʷ ʫʚʝʣʠʯʝʥʠʷ ʩ ʫʯʸʪʦʤ ʫʜʘʨʥʳʭ ʵʬʬʝʢʪʦʚ 
ʩʪʳʢʘ (ʯʪʦ ʢʦʥʮʝʧʪʫʘʣʴʥʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʧʦʜʭʦʜʘʤʠ ʢ 
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“Transport inshootlari: zamonaviy texnologiyalar, seysmik barqarorlik” 

«impact wheel load factorsè ʠ ʜʠʥʘʤʠʯʝʩʢʠʤ ʬʘʢʪʦʨʘʤ ʚ 
ʨʘʙʦʪʘʭ [14-16] ʠ ʥʦʨʤʘʪʠʚʥʦʡ ʣʦʛʠʢʦʡ ɻʆʉʊ ʈ 72044ï
2025). 

6) ɺʘʨʠʘʥʪ ʫʩʠʣʝʥʠʷ ʠ ʜʦʧʫʱʝʥʠʷ 
ʈʘʩʩʤʦʪʨʝʥ ʢʦʥʩʪʨʫʢʪʠʚʥʳʡ ʚʘʨʠʘʥʪ ʫʩʠʣʝʥʠʷ 

ʦʩʥʦʚʥʦʡ ʧʣʦʱʘʜʢʠ ʟʝʤʣʷʥʦʛʦ ʧʦʣʦʪʥʘ: 
ʛʝʦʪʝʢʩʪʠʣʴ 400 ʛ/ʤĮ + ʧʣʦʩʢʘʷ ʛʝʦʨʝʰʸʪʢʘ 40Ĭ40 ʤʤ. 
ʄʝʭʘʥʠʟʤ ʨʘʙʦʪʳ ʫʩʠʣʝʥʠʷ ʚ ʨʘʤʢʘʭ ʤʝʪʦʜʘ: 

ʫʚʝʣʠʯʝʥʠʝ ʞʸʩʪʢʦʩʪʠ/ʩʚʷʟʥʦʩʪʠ ʩʠʩʪʝʤʳ çʙʘʣʣʘʩʪï

ʦʩʥʦʚʘʥʠʝè, ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝ ʥʘʛʨʫʟʦʢ ʠ ʩʥʠʞʝʥʠʝ 
ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʘʧʨʷʞʝʥʠʡ ʚ ʩʪʳʢʦʚʦʡ ʟʦʥʝ. [6-8] ɺ 
ʨʘʩʯʸʪʥʦʡ ʯʘʩʪʠ ʵʬʬʝʢʪ ʫʩʠʣʝʥʠʷ ʦʪʨʘʞʸʥ ʧʦ 
ʨʝʟʫʣʴʪʘʪʘʤ ʩʨʘʚʥʝʥʠʷ ʥʘʧʨʷʞʝʥʠʡ ʜʦ/ʧʦʩʣʝ. 
ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ (ʘʣʛʦʨʠʪʤ ʨʘʩʯʸʪʘ) 
1. ɺʳʙʦʨ ʩʮʝʥʘʨʠʷ: ʚʠʜ ʜʚʠʞʝʥʠʷ Ÿ ʩʢʦʨʦʩʪʴ v Ÿ 

ʦʩʝʚʘʷ ʥʘʛʨʫʟʢʘ P0; 
2. ʅʘʟʥʘʯʝʥʠʝ Kʧʛ (ʪʘʙʣ. 1) 

3. ʈʘʩʯʸʪ (Y) ʧʦ ʬʦʨʤʫʣʝ 
4. ʆʧʨʝʜʝʣʝʥʠʝ ů(z) (ʚʝʨʭʥʷʷ ʯʘʩʪʴ ʦʩʥʦʚʥʦʡ 

ʧʣʦʱʘʜʢʠ) 
5. ʇʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ: ʫʯʸʪ kdyn ʜʣʷ ʩʪʳʢʘ 
6. ʉʨʘʚʥʝʥʠʝ ʩ ʢʨʠʪʝʨʠʝʤ ů(z)Ò0,5 ʄʇʘ 
7. ʅʘʟʥʘʯʝʥʠʝ ʫʩʠʣʝʥʠʷ ʠ ʧʦʚʪʦʨʥʘʷ ʦʮʝʥʢʘ ů(z) 

3. Результаты исследования 

1) ɺʝʨʪʠʢʘʣʴʥʳʝ ʥʘʧʨʷʞʝʥʠʷ ʜʦ ʠ ʧʦʩʣʝ ʫʩʠʣʝʥʠʷ 
ʈʘʩʯʸʪʥʳʝ ʟʥʘʯʝʥʠʷ ʚʝʨʪʠʢʘʣʴʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʚ 

ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʦʩʥʦʚʥʦʡ ʧʣʦʱʘʜʢʠ ʟʝʤʣʷʥʦʛʦ ʧʦʣʦʪʥʘ 
ʧʨʠʚʝʜʝʥʳ ʚ ʦʙʨʘʙʦʪʘʥʥʦʤ ʚʠʜʝ (ʩ ʥʦʨʤʘʪʠʚʥʦʡ 
ʠʥʪʝʨʧʨʝʪʘʮʠʝʡ). 

Таблица 2 

Вертикальные напряжения σ(z) в зоне рельсовых 

стыков до и после усиления, МПа 

Условия 

эксплуатации 

60 

км/ч 

90 

км/ч 

160 

км/ч 

200 

км/ч 

ɹʝʟ ʫʩʠʣʝʥʠʷ 0,40 0,46 0,56 0,63 

ʇʦʩʣʝ ʫʩʠʣʝʥʠʷ 

ʛʝʦʩʠʥʪʝʪʠʯʝʩʢʠʤʠ 
ʤʘʪʝʨʠʘʣʘʤʠ 

0,28 0,32 0,40 0,45 

ʇʨʠʤʝʯʘʥʠʝ: ʟʥʘʯʝʥʠʷ ʧʨʠʚʝʜʝʥʳ ʜʣʷ ʚʝʨʭʥʝʡ ʯʘʩʪʠ 
ʦʩʥʦʚʥʦʡ ʧʣʦʱʘʜʢʠ ʟʝʤʣʷʥʦʛʦ ʧʦʣʦʪʥʘ; ʫʩʠʣʝʥʠʝ 
ʚʳʧʦʣʥʝʥʦ ʧʦ ʚʘʨʠʘʥʪʫ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ 
çʛʝʦʪʝʢʩʪʠʣʴ 400 ʛ/ʤĮ + ʧʣʦʩʢʘʷ ʛʝʦʨʝʰʸʪʢʘ 40Ĭ40 ʤʤè. 
ʂʣʶʯʝʚʦʡ ʨʝʟʫʣʴʪʘʪ: ʫʩʠʣʝʥʠʝ ʩʥʠʞʘʝʪ ů(z) ʥʘ 25ï

30% ʚʦ ʚʩʸʤ ʜʠʘʧʘʟʦʥʝ ʩʢʦʨʦʩʪʝʡ, ʦʙʝʩʧʝʯʠʚʘʷ 

ʚʳʧʦʣʥʝʥʠʝ ʢʨʠʪʝʨʠʷ ů(z)Ò0,5 ʄʇʘ ʜʘʞʝ ʜʣʷ ʩʢʦʨʦʩʪʝʡ 
160ï200 ʢʤ/ʯ. 

2) ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʫʩʠʣʝʥʠʷ (ʧʨʦʮʝʥʪ ʩʥʠʞʝʥʠʷ 
ʥʘʧʨʷʞʝʥʠʡ) 
ɼʣʷ ʥʘʛʣʷʜʥʦʩʪʠ ʵʬʬʝʢʪ ʫʩʠʣʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥ ʚ 

ʚʠʜʝ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʩʥʠʞʝʥʠʷ: 

Ў
ʎ̂ ̆̈ʎ̔ ̒̉̌

ʎ̂ ̆̈
ρzππϷ 

Таблица 3 

Снижение σ(z)после усиления 

ʉʢʦʨʦʩʪʴ, 
ʢʤ/ʯ 

60 90 160 200 

ʉʥʠʞʝʥʠʝ 

ů(z) 
30,0 30,4 28,6 28,6 

3) ɻʨʘʬʠʯʝʩʢʠʝ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ  
ɺʝʨʪʠʢʘʣʴʥʳʝ ʥʘʧʨʷʞʝʥʠʷ ů(z) ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʫʩʠʣʝʥʠʷ ʟʝʤʣʷʥʦʛʦ ʧʦʣʦʪʥʘ. ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʸʪʘ 
ʚʝʨʪʠʢʘʣʴʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʚ ʟʦʥʝ ʨʝʣʴʩʦʚʳʭ ʩʪʳʢʦʚ 
ʧʨʠʚʝʜʝʥʳ ʚ ʨʠʩ.1. 

 
Рис. 1. Распределение вертикальных напряжений 

σ(z) по глубине для скоростей 60, 90, 160 и 200 км/ч 

до и после усиления 

ɻʨʘʬʠʢ ʥʘʛʣʷʜʥʦ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʧʨʝʚʳʰʝʥʠʝ 
ʥʦʨʤʘʪʠʚʥʦʛʦ ʫʨʦʚʥʷ ů(z) ʧʨʠ ʧʘʩʩʘʞʠʨʩʢʦʤ ʜʚʠʞʝʥʠʠ 
ʩʦ ʩʢʦʨʦʩʪʷʤʠ 160ï200 ʢʤ/ʯ ʙʝʟ ʫʩʠʣʝʥʠʷ, ʘ ʪʘʢʞʝ 

ʬʦʨʤʠʨʦʚʘʥʠʝ ʥʦʨʤʘʪʠʚʥʦʛʦ ʟʘʧʘʩʘ ʧʦ ʥʘʧʨʷʞʝʥʠʷʤ 
ʧʦʩʣʝ ʫʩʠʣʝʥʠʷ ʛʝʦʩʠʥʪʝʪʠʯʝʩʢʠʤʠ ʤʘʪʝʨʠʘʣʘʤʠ. 
ʂʦʤʙʠʥʠʨʦʚʘʥʥʘʷ ʩʠʩʪʝʤʘ ʫʩʠʣʝʥʠʷ ʦʩʥʦʚʥʦʡ 

ʧʣʦʱʘʜʢʠ ʟʝʤʣʷʥʦʛʦ ʧʦʣʦʪʥʘ çʛʝʦʪʝʢʩʪʠʣʴ + ʧʣʦʩʢʘʷ 
ʛʝʦʨʝʰʸʪʢʘè, ʚʢʣʶʯʘʶʱʝʡ: ʛʝʦʪʝʢʩʪʠʣʴ ʧʣʦʪʥʦʩʪʴʶ 400 
ʛ/ʤĮ, ʧʣʦʩʢʫʶ ʛʝʦʨʝʰʸʪʢʫ ʩ ʨʘʟʤʝʨʦʤ ʷʯʝʝʢ 40Ĭ40 ʤʤ. 
ʇʨʠʥʷʪʦʝ ʢʦʥʩʪʨʫʢʪʠʚʥʦʝ ʨʝʰʝʥʠʝ ʦʙʝʩʧʝʯʠʚʘʝʪ 
ʩʦʚʤʝʩʪʥʫʶ ʨʘʙʦʪʫ ʛʨʫʥʪʘ, ʛʝʦʩʠʥʪʝʪʠʯʝʩʢʠʭ 

ʤʘʪʝʨʠʘʣʦʚ ʠ ʙʘʣʣʘʩʪʥʦʛʦ ʩʣʦʷ, ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝ 
ʜʠʥʘʤʠʯʝʩʢʠʭ ʥʘʛʨʫʟʦʢ ʠ ʩʥʠʞʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ 
ʚʝʨʪʠʢʘʣʴʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʚ ʟʦʥʝ ʨʝʣʴʩʦʚʳʭ ʩʪʳʢʦʚ. 
ɻʨʘʬʠʢ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʩʥʠʞʝʥʠʝ ʥʘʧʨʷʞʝʥʠʡ ʧʦʩʣʝ 

ʫʩʠʣʝʥʠʷ, ʛʦʨʠʟʦʥʪʘʣʴʥʘʷ ʧʫʥʢʪʠʨʥʘʷ ʣʠʥʠʷ 
ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʥʦʨʤʘʪʠʚʥʦʤʫ ʧʨʝʜʝʣʫ 0,5 ʄʇʘ. 

4) ʅʦʨʤʘʪʠʚʥʘʷ ʠʥʪʝʨʧʨʝʪʘʮʠʷ ʨʝʟʫʣʴʪʘʪʦʚ 
ʇʨʠ ʛʨʫʟʦʚʦʤ ʜʚʠʞʝʥʠʠ 60ï90 ʢʤ/ʯ: ů(z) =0,40ï0,46 

ʄʇʘ ʙʝʟ ʫʩʠʣʝʥʠʷ ð ʬʦʨʤʘʣʴʥʦ ʥʠʞʝ 0,5 ʄʇʘ, ʦʜʥʘʢʦ 
ʙʣʠʟʦʩʪʴ ʢ ʧʨʝʜʝʣʫ ʫʢʘʟʳʚʘʝʪ ʥʘ ʨʠʩʢ ʦʩʪʘʪʦʯʥʳʭ 
ʜʝʬʦʨʤʘʮʠʡ ʧʨʠ ʜʣʠʪʝʣʴʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠ ʜʝʬʝʢʪʘʭ 
ʩʪʳʢʘ. 
ʇʨʠ ʧʘʩʩʘʞʠʨʩʢʦʤ 160ï200 ʢʤ/ʯ: ů(z) =0,56ï0,63 

ʄʇʘ ʙʝʟ ʫʩʠʣʝʥʠʷ ï ʧʨʝʚʳʰʝʥʠʝ ʥʦʨʤʘʪʠʚʥʦʛʦ 
ʢʨʠʪʝʨʠʷ. 
ʇʦʩʣʝ ʫʩʠʣʝʥʠʷ: ů(z) =0,28ï0,45) ʄʇʘ ï ʚʳʧʦʣʥʝʥʠʝ 

ʥʦʨʤʘʪʠʚʘ ʠ ʬʦʨʤʠʨʦʚʘʥʠʝ ʟʘʧʘʩʘ ʥʝʩʫʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ 

ʦʩʥʦʚʘʥʠʷ. 

Обсуждение 
1) ʀʥʪʝʨʧʨʝʪʘʮʠʷ ʠ ʬʠʟʠʯʝʩʢʠʡ ʩʤʳʩʣ ʨʝʟʫʣʴʪʘʪʦʚ 
ʇʦʣʫʯʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʧʦʜʪʚʝʨʞʜʘʶʪ, ʯʪʦ ʩʪʳʢʦʚʘʷ 

ʟʦʥʘ ʷʚʣʷʝʪʩʷ ʢʨʠʪʠʯʝʩʢʦʡ ʧʦ ʜʠʥʘʤʠʯʝʩʢʦʤʫ 
ʚʦʟʜʝʡʩʪʚʠʶ ʠʟ-ʟʘ ʩʦʚʦʢʫʧʥʦʩʪʠ ʬʘʢʪʦʨʦʚ: 
ʫʜʘʨ ʢʦʣʝʩʘ ʧʨʠ ʧʨʦʭʦʞʜʝʥʠʠ ʩʪʳʢʦʚʦʛʦ 

ʟʘʟʦʨʘ/ʥʝʨʦʚʥʦʩʪʠ; 

ʨʝʟʢʠʝ ʧʝʨʝʭʦʜʳ ʞʸʩʪʢʦʩʪʠ; 
ʘʢʪʠʚʠʟʘʮʠʷ ʢʦʣʝʙʘʥʠʡ ʪʝʣʝʞʢʠ ʠ 

ʥʝʧʦʜʨʝʩʩʦʨʝʥʥʳʭ ʤʘʩʩ. 
ʆʪʩʶʜʘ ʩʣʝʜʫʝʪ ʟʘʢʦʥʦʤʝʨʥʦʩʪʴ: ʨʦʩʪ ʩʢʦʨʦʩʪʠ ʧʨʠ 

ʨʘʚʥʳʭ ʠʣʠ ʜʘʞʝ ʤʝʥʴʰʠʭ ʦʩʝʚʳʭ ʥʘʛʨʫʟʢʘʭ ʤʦʞʝʪ 
ʧʨʠʚʦʜʠʪʴ ʢ ʙʦʣʴʰʝʤʫ ʧʨʝʚʳʰʝʥʠʶ ʧʦ ů(z), ʯʝʤ 
ʫʚʝʣʠʯʝʥʠʝ ʦʩʝʚʦʡ ʥʘʛʨʫʟʢʠ ʧʨʠ ʤʝʥʴʰʠʭ ʩʢʦʨʦʩʪʷʭ. 
ʕʪʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʦʙʱʝʡ ʠʥʞʝʥʝʨʥʦʡ ʣʦʛʠʢʦʡ 

ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʢʦʣʝʩʦïʨʝʣʴʩ ʠ ʩ 
ʧʨʘʢʪʠʢʦʡ ʧʨʠʤʝʥʝʥʠʷ çimpact/dynamic factorsè ʚ 
ʨʘʩʯʸʪʘʭ [4, 5]. 

2) ʉʦʧʦʩʪʘʚʣʝʥʠʝ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʨʫʛʠʭ ʘʚʪʦʨʦʚ 
ʉʦʛʣʘʩʦʚʘʥʥʦʩʪʴ ʩ ʧʫʙʣʠʢʘʮʠʷʤʠ ʦ ʨʦʣʠ ʞʸʩʪʢʦʩʪʠ 

ʦʩʥʦʚʘʥʠʷ. 
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ɺ ʨʘʙʦʪʝ Lee J. ʠ ʩʦʘʚʪʦʨʳ ʧʦʢʘʟʘʥʦ, ʯʪʦ 
ʜʠʥʘʤʠʯʝʩʢʠʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʩʫʱʝʩʪʚʝʥʥʦ ʟʘʚʠʩʷʪ ʦʪ 
ʞʸʩʪʢʦʩʪʠ ʦʧʦʨʥʦʡ ʩʠʩʪʝʤʳ (ʚʢʣʶʯʘʷ ʦʩʦʙʝʥʥʦʩʪʠ 
ʢʦʥʩʪʨʫʢʮʠʠ ʠ ʦʩʥʦʚʘʥʠʷ) [1]. ɺ ʥʘʰʝʤ ʠʩʩʣʝʜʦʚʘʥʠʠ 
ʫʩʠʣʝʥʠʝ ʛʝʦʩʠʥʪʝʪʠʯʝʩʢʠʤʠ ʤʘʪʝʨʠʘʣʘʤʠ ʜʝʡʩʪʚʫʝʪ 
ʠʤʝʥʥʦ ʯʝʨʝʟ ʧʦʚʳʰʝʥʠʝ çʨʘʙʦʪʦʩʧʦʩʦʙʥʦʡ 
ʞʸʩʪʢʦʩʪʠ/ʩʚʷʟʥʦʩʪʠè ʩʠʩʪʝʤʳ ʠ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝ 
ʥʘʧʨʷʞʝʥʠʡ; ʥʘʙʣʶʜʘʝʤʦʝ ʩʥʠʞʝʥʠʝ ů(z) ʥʘ 25ï30% 
ʷʚʣʷʝʪʩʷ ʩʣʝʜʩʪʚʠʝʤ ʵʪʦʛʦ ʤʝʭʘʥʠʟʤʘ ʠ ʢʦʥʮʝʧʪʫʘʣʴʥʦ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʚʳʚʦʜʘʤ [1] ʦ ʚʣʠʷʥʠʠ ʞʸʩʪʢʦʩʪʠ ʥʘ 
ʜʠʥʘʤʠʯʝʩʢʠʝ ʨʝʘʢʮʠʠ. 
ʉʦʛʣʘʩʦʚʘʥʥʦʩʪʴ ʩ ʧʦʜʭʦʜʘʤʠ ʢ 

ʜʠʥʘʤʠʯʝʩʢʠʤ/ʫʜʘʨʥʳʤ ʬʘʢʪʦʨʘʤ (impact wheel load 
factors). 
Van Dyk et al. ʨʘʩʩʤʘʪʨʠʚʘʶʪ ʜʠʥʘʤʠʯʝʩʢʠʝ ʠ 

ʫʜʘʨʥʳʝ ʬʘʢʪʦʨʳ ʢʦʣʸʩʥʦʡ ʥʘʛʨʫʟʢʠ ʠ ʠʭ ʧʨʠʤʝʥʝʥʠʝ ʚ 
ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ, ʧʦʜʯʸʨʢʠʚʘʷ, ʯʪʦ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 

ʥʝʨʦʚʥʦʩʪʝʡ ʠ ʣʦʢʘʣʴʥʳʭ ʜʝʬʝʢʪʦʚ ʧʫʪʴ ʠʩʧʳʪʳʚʘʝʪ 
ʩʫʱʝʩʪʚʝʥʥʦ ʙʦʣʴʰʠʝ ʜʠʥʘʤʠʯʝʩʢʠʝ ʚʦʟʜʝʡʩʪʚʠʷ [4]. ɺ 
ɺʘʰʝʡ ʤʝʪʦʜʠʢʝ ʵʪʦ ʦʪʨʘʞʝʥʦ ʚʚʝʜʝʥʠʝʤ kdyn ʢʘʢ 
ʢʦʨʨʝʢʪʠʨʦʚʢʠ ʩʚʝʨʭ çʧʣʘʚʥʦʡè ʜʠʥʘʤʠʢʠ, 
ʫʯʠʪʳʚʘʝʤʦʡ ʯʝʨʝʟ Kʧʛ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠʥʷʪʳʡ 
ʧʦʜʭʦʜ ʥʝ ʧʨʦʪʠʚʦʨʝʯʠʪ ʤʠʨʦʚʦʡ ʧʨʘʢʪʠʢʝ: Kʧʛ 
ʦʧʠʩʳʚʘʝʪ ʚʢʣʘʜ ʢʦʣʝʙʘʥʠʡ ʦʙʨʝʩʩʦʨʝʥʥʦʡ ʤʘʩʩʳ, ʪʦʛʜʘ 
ʢʘʢ ʩʪʳʢ ʪʨʝʙʫʝʪ ʜʦʙʘʚʦʯʥʦʛʦ ʫʯʸʪʘ ʠʤʧʫʣʴʩʥʦʩʪʠ. 

ʉʦʛʣʘʩʦʚʘʥʥʦʩʪʴ ʩ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ ʪʷʞʝʣʦʚʝʩʥʦʛʦ 
ʜʚʠʞʝʥʠʷ. 
Zhao et al. ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʜʣʷ ʪʷʞʝʣʦʚʝʩʥʳʭ ʣʠʥʠʡ 

ʜʠʥʘʤʠʯʝʩʢʠʝ ʢʦʵʬʬʠʮʠʝʥʪʳ/ʫʩʠʣʝʥʠʷ ʚʦʟʨʘʩʪʘʶʪ ʧʨʠ 
ʨʦʩʪʝ ʩʢʦʨʦʩʪʠ ʠ ʫʭʫʜʰʝʥʠʠ ʛʝʦʤʝʪʨʠʠ ʧʫʪʠ, ʘ ʪʘʢʞʝ 
ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʫʩʣʦʚʠʡ ʢʦʥʪʘʢʪʘ ʠ ʧʦʜʜʝʨʞʠʚʘʶʱʝʡ 
ʩʧʦʩʦʙʥʦʩʪʠ ʦʩʥʦʚʘʥʠʷ [5]. ɺ ʥʘʰʠʭ ʨʘʩʯʸʪʘʭ ʜʘʞʝ ʧʨʠ 
ʜʦʧʫʩʪʠʤʳʭ ʥʘʧʨʷʞʝʥʠʷʭ ʚ ʛʨʫʟʦʚʳʭ ʨʝʞʠʤʘʭ (60ï90 

ʢʤ/ʯ) ʟʥʘʯʝʥʠʷ ʙʣʠʟʢʠ ʢ ʥʦʨʤʘʪʠʚʫ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ 
ʪʝʟʠʩ [5] ʦ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʫʜʝʨʞʘʥʠʷ ʟʘʧʘʩʘ ʧʦ ʥʝʩʫʱʝʡ 
ʩʧʦʩʦʙʥʦʩʪʠ ʦʩʥʦʚʘʥʠʷ ʧʨʠ ʜʣʠʪʝʣʴʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠ 
ʚʦʟʤʦʞʥʳʭ ʜʝʬʝʢʪʘʭ ʧʫʪʠ. 

3) ʇʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʠ ʦʙʣʘʩʪʴ ʧʨʠʤʝʥʝʥʠʷ 
ʤʝʪʦʜʠʢʠ 
ʇʨʝʜʣʦʞʝʥʥʳʡ ʘʣʛʦʨʠʪʤ ʨʘʩʯʸʪʘ ʫʜʦʙʝʥ ʜʣʷ: 
ʧʨʝʜʧʨʦʝʢʪʥʦʡ ʦʮʝʥʢʠ ʨʠʩʢʦʚ ʧʦ ʩʪʳʢʦʚʳʤ ʟʦʥʘʤ ʥʘ 

ʣʠʥʠʷʭ ʩʦ ʩʤʝʰʘʥʥʳʤ ʜʚʠʞʝʥʠʝʤ; 
ʦʙʦʩʥʦʚʘʥʠʷ ʫʩʠʣʝʥʠʷ ʧʨʠ ʧʝʨʝʚʦʜʝ ʣʠʥʠʡ ʥʘ ʙʦʣʝʝ 

ʚʳʩʦʢʠʝ ʩʢʦʨʦʩʪʠ; 
ʚʳʙʦʨʘ ʮʝʣʝʚʦʛʦ ʚʘʨʠʘʥʪʘ ʫʩʠʣʝʥʠʷ (ʚ ʩʪʘʪʴʝ 

ʨʘʩʩʤʦʪʨʝʥ ʚʘʨʠʘʥʪ çʛʝʦʪʝʢʩʪʠʣʴ + ʧʣʦʩʢʘʷ 
ʛʝʦʨʝʰʸʪʢʘè ʢʘʢ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠ ʨʝʘʣʠʟʫʝʤʳʡ ʚ çʦʢʥʘè 
ʠ ʵʬʬʝʢʪʠʚʥʳʡ ʧʦ ʩʥʠʞʝʥʠʶ ů(z)). 

4) ʆʛʨʘʥʠʯʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʥʘʧʨʘʚʣʝʥʠʷ 
ʨʘʟʚʠʪʠʷ 

1. ɿʥʘʯʝʥʠʷ Kʧʛ ʧʨʠʥʷʪʳ ʢʘʢ ʭʘʨʘʢʪʝʨʥʳʝ; ʜʣʷ 
ʠʪʦʛʦʚʦʛʦ ʧʨʦʝʢʪʥʦʛʦ ʨʘʩʯʸʪʘ ʪʨʝʙʫʝʪʩʷ ʫʪʦʯʥʝʥʠʝ ʧʦ 
ʨʝʟʫʣʴʪʘʪʘʤ ʠʩʧʳʪʘʥʠʡ ʢʦʥʢʨʝʪʥʦʛʦ ʧʦʜʚʠʞʥʦʛʦ 
ʩʦʩʪʘʚʘ (ɻʆʉʊ 34759ï2021, ɻʆʉʊ 33788ï2016). 

2. kdyn ʠʩʧʦʣʴʟʦʚʘʥ ʢʘʢ ʠʥʞʝʥʝʨʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ 
ʜʣʷ ʩʪʳʢʘ; ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʷʚʣʷʝʪʩʷ ʝʛʦ ʫʪʦʯʥʝʥʠʝ ʧʦ 
ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʤ ʠʟʤʝʨʝʥʠʷʤ ʥʝʨʦʚʥʦʩʪʝʡ/ʩʦʩʪʦʷʥʠʷ 
ʩʪʳʢʦʚ ʠ ʨʘʩʯʸʪʘʤ ʜʠʥʘʤʠʢʠ ʢʦʣʝʩʦïʨʝʣʴʩ (ʚ ʜʫʭʝ 

ʧʦʜʭʦʜʦʚ [4-7]). 
3. ʕʬʬʝʢʪ ʫʩʠʣʝʥʠʷ ʦʪʨʘʞʸʥ ʯʝʨʝʟ ʠʟʤʝʥʝʥʠʝ ů(z); ʚ 

ʨʘʩʰʠʨʝʥʥʦʡ ʧʦʩʪʘʥʦʚʢʝ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʜʦʧʦʣʥʠʪʴ 
ʤʝʪʦʜʠʢʫ ʢʨʠʪʝʨʠʷʤʠ ʧʦ ʜʝʬʦʨʤʘʮʠʷʤ/ʦʩʘʜʢʘʤ ʠ 
ʜʦʣʛʦʚʝʯʥʦʩʪʠ (ʮʠʢʣʠʯʝʩʢʘʷ ʨʘʙʦʪʘ ʦʩʥʦʚʘʥʠʷ). 

 
 

4. Заключение 

ɺ ʩʪʘʪʴʝ ʧʨʝʜʣʦʞʝʥʘ ʠʥʞʝʥʝʨʥʦ-ʨʘʩʯʸʪʥʘʷ ʤʝʪʦʜʠʢʘ 
ʦʮʝʥʢʠ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ 
ʥʘ ʟʝʤʣʷʥʦʝ ʧʦʣʦʪʥʦ ʚ ʟʦʥʝ ʨʝʣʴʩʦʚʳʭ ʩʪʳʢʦʚ, 
ʦʩʥʦʚʘʥʥʘʷ ʥʘ ʩʚʷʟʢʝ KʧʛŸYŸů(z) ʠ ʥʦʨʤʘʪʠʚʥʦʡ 

ʧʨʦʚʝʨʢʝ ʧʦ ʢʨʠʪʝʨʠʶ ů(z)Ò0,5 ʄʇʘ. ʄʝʪʦʜʠʢʘ 
ʧʦʟʚʦʣʷʝʪ ʫʯʠʪʳʚʘʪʴ ʚʣʠʷʥʠʝ ʩʢʦʨʦʩʪʥʳʭ ʨʝʞʠʤʦʚ ʠ 
ʦʩʝʚʳʭ ʥʘʛʨʫʟʦʢ ʥʘ ʥʘʧʨʷʞʸʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʦʩʥʦʚʥʦʡ 
ʧʣʦʱʘʜʢʠ ʦʩʥʦʚʘʥʠʷ ʧʫʪʠ. 
ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ ʩʪʳʢʦʚʳʭ ʟʦʥʘʭ ʧʨʠ ʩʢʦʨʦʩʪʥʦʤ 

ʧʘʩʩʘʞʠʨʩʢʦʤ ʜʚʠʞʝʥʠʠ 160ï200 ʢʤ/ʯ ʬʦʨʤʠʨʫʝʪʩʷ 
ʧʨʝʚʳʰʝʥʠʝ ʥʦʨʤʘʪʠʚʥʳʭ ʫʨʦʚʥʝʡ ʚʝʨʪʠʢʘʣʴʥʳʭ 
ʥʘʧʨʷʞʝʥʠʡ, ʘ ʧʨʠ ʛʨʫʟʦʚʦʤ ʜʚʠʞʝʥʠʠ 60ï90 ʢʤ/ʯ ï 
ʧʨʝʜʝʣʴʥʦʝ ʩʦʩʪʦʷʥʠʝ, ʩʧʦʩʦʙʩʪʚʫʶʱʝʝ ʥʘʢʦʧʣʝʥʠʶ 

ʦʩʪʘʪʦʯʥʳʭ ʜʝʬʦʨʤʘʮʠʡ. ʆʙʦʩʥʦʚʘʥʦ ʚʚʝʜʝʥʠʝ 
ʢʦʵʬʬʠʮʠʝʥʪʘ ʜʠʥʘʤʠʯʥʦʩʪʠ kdyn ʜʣʷ ʫʯʸʪʘ ʫʜʘʨʥʦ-
ʠʤʧʫʣʴʩʥʳʭ ʵʬʬʝʢʪʦʚ, ʥʝ ʦʪʨʘʞʘʝʤʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʤ 
ʜʠʥʘʤʠʯʝʩʢʦʡ ʜʦʙʘʚʢʠ Kʧʛ. 
ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠʤʝʥʝʥʠʝ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʡ 

ʩʠʩʪʝʤʳ ʫʩʠʣʝʥʠʷ çʛʝʦʪʝʢʩʪʠʣʴ + ʧʣʦʩʢʘʷ ʛʝʦʨʝʰʸʪʢʘè 
ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʥʠʞʝʥʠʝ ʚʝʨʪʠʢʘʣʴʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ů(z) 
ʥʘ 25ï30 % ʠ ʬʦʨʤʠʨʦʚʘʥʠʝ ʥʦʨʤʘʪʠʚʥʦʛʦ ʟʘʧʘʩʘ 

ʥʝʩʫʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʦʩʥʦʚʘʥʠʷ ʧʫʪʠ, ʯʪʦ ʧʦʚʳʰʘʝʪ 
ʫʩʪʦʡʯʠʚʦʩʪʴ ʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʫʶ ʥʘʜʸʞʥʦʩʪʴ 
ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ. 
ʇʨʘʢʪʠʯʝʩʢʘʷ ʮʝʥʥʦʩʪʴ ʤʝʪʦʜʠʢʠ ʟʘʢʣʶʯʘʝʪʩʷ ʚ 

ʚʦʟʤʦʞʥʦʩʪʠ ʝʸ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʠ 
ʤʦʜʝʨʥʠʟʘʮʠʠ ʣʠʥʠʡ ʩʦ ʩʤʝʰʘʥʥʳʤ ʠ ʩʢʦʨʦʩʪʥʳʤ 
ʜʚʠʞʝʥʠʝʤ ʜʣʷ ʦʙʦʩʥʦʚʘʥʠʷ ʠʥʞʝʥʝʨʥʳʭ ʨʝʰʝʥʠʡ ʧʦ 
ʫʩʠʣʝʥʠʶ ʟʝʤʣʷʥʦʛʦ ʧʦʣʦʪʥʘ ʚ ʟʦʥʘʭ ʨʝʣʴʩʦʚʳʭ ʩʪʳʢʦʚ. 
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Justification of the purposes of using basalt fiber in cement concrete 
 

Soy V.M.1, Mukhammadiev N.R.1 a, Malikov  G.B.1 b, Tursinaliyev D.M.1 

1Tashkent state transport university, Tashkent, Uzbekistan 
 

Abstract: The creation of modern high-efficiency building materials and products, to which the demands are 
constantly increasing, can be successfully implemented using technologies using composite materials. 
Particularly promising are dispersed reinforced concrete, in which a strong matrix and reinforcing fibers 

are successfully combined. The matrix provides high compressive strength, bending strength, and 
durability, while dispersed fibers are characterized by significant tensile strength, high elastic modulus, 
and the ability to distribute loads throughout the entire volume. Such a combination increases crack 
resistance, improves the operational properties and durability of structures, and opens up new possibilities 
for use in modern engineering structures and industrial construction. 

Keywords: concrete, basalt fiber, strength, stability, corrosion, elasticity modulus, fine-grained concrete, alkali 
resistance and acid resistance 

 

Обоснование целесообразности применения базальтового волокна в 

цементобетоне 
 

Цой В.М.1, Мухаммадиев Н.Р1 a, Маликов Г.Б.1 b, Турсиналиев Д.М.1  
1ʊʘʰʢʝʥʪʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʨʘʥʩʧʦʨʪʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʊʘʰʢʝʥʪ, ʋʟʙʝʢʠʩʪʘʥ 

 

ɸʥʥʦʪaʮʠʷ: ʉʦʟʜʘʥʠʝ ʩʦʚʨʝʤʝʥʥʳʭ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʳʭ ʩʪʨʦʠʪʝʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʠʟʜʝʣʠʡ, ʪʨʝʙʦʚʘʥʠʷ ʢ 
ʢʦʪʦʨʳʤ ʧʦʩʪʦʷʥʥʦ ʚʦʟʨʘʩʪʘʶʪ, ʤʦʞʝʪ ʙʳʪʴ ʫʩʧʝʰʥʦ ʨʝʘʣʠʟʦʚʘʥʦ ʩ ʧʦʤʦʱʴʶ ʪʝʭʥʦʣʦʛʠʡ, 
ʠʩʧʦʣʴʟʫʶʱʠʭ ʢʦʤʧʦʟʠʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ. ʆʩʦʙʝʥʥʦ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʷʚʣʷʶʪʩʷ 
ʜʠʩʧʝʨʩʥʦʘʨʤʠʨʦʚʘʥʥʳʝ ʙʝʪʦʥʳ, ʚ ʢʦʪʦʨʳʭ ʫʜʘʯʥʦ ʩʦʯʝʪʘʶʪʩʷ ʧʨʦʯʥʘʷ ʤʘʪʨʠʮʘ ʠ ʘʨʤʠʨʫʶʱʠʝ 
ʚʦʣʦʢʥʘ. ʄʘʪʨʠʮʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʳʩʦʢʫʶ ʧʨʦʯʥʦʩʪʴ ʥʘ ʩʞʘʪʠʝ, ʠʟʛʠʙ ʠ ʜʦʣʛʦʚʝʯʥʦʩʪʴ, ʘ 

ʜʠʩʧʝʨʩʥʳʝ ʚʦʣʦʢʥʘ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʟʥʘʯʠʪʝʣʴʥʳʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ ʨʘʟʨʳʚʫ, ʚʳʩʦʢʠʤ ʤʦʜʫʣʝʤ 
ʫʧʨʫʛʦʩʪʠ ʠ ʩʧʦʩʦʙʥʦʩʪʴʶ ʨʘʩʧʨʝʜʝʣʷʪʴ ʥʘʛʨʫʟʢʠ ʧʦ ʚʩʝʤʫ ʦʙʲʸʤʫ. ʊʘʢʦʝ ʩʦʯʝʪʘʥʠʝ ʧʦʚʳʰʘʝʪ 
ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʪʨʝʱʠʥʦʦʙʨʘʟʦʚʘʥʠʶ, ʫʣʫʯʰʘʝʪ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ ʠ ʜʦʣʛʦʚʝʯʥʦʩʪʴ 
ʢʦʥʩʪʨʫʢʮʠʡ, ʦʪʢʨʳʚʘʷ ʥʦʚʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʠʥʞʝʥʝʨʥʳʭ 
ʩʦʦʨʫʞʝʥʠʷʭ ʠ ʧʨʦʤʳʰʣʝʥʥʦʤ ʩʪʨʦʠʪʝʣʴʩʪʚʝ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ɹʝʪʦʥ, ʙʘʟʘʣʴʪʦʚʘʷ ʬʠʙʨʘ, ʧʨʦʯʥʦʩʪʴ, ʫʩʪʦʡʯʠʚʦʩʪʴ, ʢʦʨʨʦʟʠʷ, ʤʦʜʫʣʴ ʫʧʨʫʛʦʩʪʠ, 
ʤʝʣʢʦʟʝʨʥʠʩʪʳʡ ʙʝʪʦʥ, ʱʝʣʦʯʝʩʪʦʡʢʦʩʪʴ ʠ ʢʠʩʣʦʪʦʩʪʦʡʢʦʩʪʴ 

1. Введение 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʠʩʭʦʜʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʘʟʣʠʯʥʳʭ 
ʚʠʜʦʚ ʚʦʣʦʢʦʥ ʧʦʟʚʦʣʠʪ ʧʦʜʦʙʨʘʪʴ ʥʘʠʙʦʣʝʝ 
ʵʬʬʝʢʪʠʚʥʳʡ ʢʦʤʧʦʥʝʥʪ ʜʣʷ ʜʠʩʧʝʨʩʥʦʘʨʤʠʨʦʚʘʥʠʷ 
ʤʝʣʢʦʟʝʨʥʠʩʪʳʭ ʮʝʤʝʥʪʦʙʝʪʦʥʦʚ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ 

ʩʦʦʪʥʦʰʝʥʠʷ ʜʦʩʪʠʛʘʝʤʳʭ ʧʨʦʯʥʦʩʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 
ʠ ʥʠʟʢʦʡ ʩʪʦʠʤʦʩʪʠ ʧʨʦʝʢʪʠʨʫʝʤʦʛʦ ʢʦʥʩʪʨʫʢʮʠʦʥʥʦʛʦ 
ʤʘʪʝʨʠʘʣʘ. 
ʂʘʢ ʚʠʜʥʦ ʠʟ ʪʘʙʣʠʮʳ, ʙʘʟʘʣʴʪʦʚʦʝ ʚʦʣʦʢʥʦ ʧʦ 

ʤʥʦʛʠʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʧʨʝʚʦʩʭʦʜʠʪ ʦʩʪʘʣʴʥʳʝ 
ʬʠʙʨʳ. ɺ ʯʘʩʪʥʦʩʪʠ, ʙʘʟʘʣʴʪʦʚʦʝ ʚʦʣʦʢʥʦ ʧʦ- ʧʨʦʯʥʦʩʪʠ 
ʧʨʝʚʦʩʭʦʜʠʪ ʩʪʘʣʴ. ʇʨʠ ʵʪʦʤ ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʫʜʣʠʥʝʥʠʝ 
ʧʨʠ ʨʘʟʨʳʚʝ ʙʘʟʘʣʴʪʦʚʦʡ ʬʠʙʨʳ ʥʠʞʝ, ʯʝʤ ʩʪʘʣʴʥʦʡ. 

ʂʨʦʤʝ ʪʦʛʦ, ʙʘʟʘʣʴʪʦʚʦʝ ʚʦʣʦʢʥʦ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ 
ʭʠʤʠʯʝʩʢʠʤ ʩʨʦʜʩʪʚʦʤ ʩ ʮʝʤʝʥʪʥʳʤ ʢʘʤʥʝʤ. ɺʩʝ ʵʪʦ ʚ 
ʩʦʚʦʢʫʧʥʦʩʪʠ ʧʦʟʚʦʣʷʝʪ ʜʘʥʥʦʡ, ʬʠʙʨʝ ʙʦʣʝʝ 
ʵʬʬʝʢʪʠʚʥʦ ʧʨʝʧʷʪʩʪʚʦʚʘʪʴ ʦʙʨʘʟʦʚʘʥʠʶ ʤʠʢʨʦʪʨʝʱʠʥ 
ʚ ʙʝʪʦʥʝ ʧʨʠ ʝʛʦ ʥʘʛʨʫʞʝʥʠʠ. 

 

                                                             
a  https://orcid.org/0009-0004-2390-6961 
b  https://orcid.org/0000-0003-3691-1079 

2. Методология исследования 

ɸʥʘʣʠʟ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʦʣʦʢʦʥ, ʧʨʠʚʝʜʝʥʥʳʭ ʚ 
ʪʘʙʣʠʮʝ 1, ʧʦʟʚʦʣʷʝʪ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʠ 
ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʙʘʟʘʣʴʪʦʚʦʛʦ ʚʦʣʦʢʥʘ ʚ ʢʘʯʝʩʪʚʝ 
ʘʨʤʠʨʫʶʱʝʛʦ ʢʦʤʧʦʥʝʥʪʘ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ 
ʩʪʨʦʠʪʝʣʴʥʳʭ ʢʦʤʧʦʟʠʪʦʚ.  
ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦ ʩʦʚʦʢʫʧʥʦʩʪʠ ʚʘʨʠʘʪʠʚʥʳʭ 

ʢʨʠʪʝʨʠʝʚ, ʚ ʢʘʯʝʩʪʚʝ ʜʠʩʧʝʨʩʥʦʘʨʤʠʨʫʶʱʠʝ 
ʢʦʤʧʦʥʝʥʪʘ ʙʳʣʦ ʚʳʙʨʘʥʦ ʙʘʟʘʣʴʪʦʚʦʝ ʚʦʣʦʢʥʦ. 

ɼʣʷ ʦʪʙʦʨʘ ʙʘʟʘʣʴʪʦʚʦʛʦ ʚʦʣʦʢʥʘ ʥʘʠʙʦʣʝʝ 
ʧʨʠʛʦʜʥʦʛʦ ʜʣʷ ʘʨʤʠʨʦʚʘʥʠʷ ʮʝʤʝʥʪʥʦʡ ʤʘʪʨʠʮʳ, 
ʫʯʠʪʳʚʘʷ ʰʠʨʦʪʫ ʛʝʦʛʨʘʬʠʠ ʧʨʠʤʝʥʝʥʠʷ ʚʦʣʦʢʥʘ ʚ 
ʩʪʨʦʠʪʝʣʴʥʦʡ ʦʪʨʘʩʣʠ, ʘ ʪʘʢ ʞʝ ʧʦʩʪʦʷʥʥʦ 
ʚʦʟʨʘʩʪʘʶʱʠʝ ʦʙʲʝʤʳ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʚ 
ʈʝʩʧʫʙʣʠʢʠ ʋʟʙʝʢʠʩʪʘʥ, ʙʳʣʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ 
ʚʦʣʦʢʥʘ ʢʨʫʧʥʝʡʰʠʭ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ʙʘʟʘʣʴʪʦʚʦʡ 
ʬʠʙʨʳ, ʛʦʜʦʚʦʡ ʦʙʲʝʤ ʚʳʧʫʩʢ ʧʨʦʜʫʢʮʠʠ ʢʦʪʦʨʳʭ 
ʩʦʩʪʘʚʣʷʝʪ ʩʚʳʰʝ 1000 ʪʦʥʥ. 

https://orcid.org/0009-0004-2390-6961
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“Transport inshootlari: zamonaviy texnologiyalar, seysmik barqarorlik” 

3. Результаты исследования 

ʀʩʭʦʜʷ ʠʟ ʤʥʦʞʝʩʪʚʘ ʠʩʭʦʜʥʳʭ ʩʚʦʡʩʪʚ, ʜʣʷ ʙʦʣʝʝ 
ʪʦʯʥʦʛʦ ʚʳʙʦʨʘ ʙʘʟʘʣʴʪʦʚʦʛʦ ʚʦʣʦʢʥʘ, ʥʘʤʠ ʙʳʣ 
ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʩʳʨʴʝʚʦʛʦ ʩʦʩʪʘʚʘ, ʩʦʦʪʥʦʰʝʥʠʷ 
ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ (ʜʣʠʥʳ ʠ ʜʠʘʤʝʪʨʘ) 

ʬʠʙʨʳ, ʘ ʪʘʢʞʝ ʩʧʦʩʦʙʦʚ ʝʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ. 

Таблица 2  

Перечень свойств базальтовых волокон различных 

производителей 

ʂʦʤʧʘʥʠʷ ʊʝʭʥʦʣʦʛʠʷ ʉʳʨʴʝ 

ɼʠʘʤʝ
ʪʨ, 
ʤʢʤ 

ʆʆʆ 
«Qoraqalpoq 
Basaltwool 
LLC» 

ʮʝʥʪʨʦʙʝʞ
ʥʦʝ 

ʜʠʩʧʝʨʛʠ 
ʨʦʚʘʥʠʝ 

ʧʦʜʰʠʭʪʦʚ
ʘʥʥʳʡ 
ʙʘʟʘʣʴʪ 

(Si02 -49%) 

3-5 

ʆʆʆ «DXO 
BAZALT » 
ʅʘʚʦʠ 

ʈʘʟʜʫʚ 
ʨʘʩʧʣʘʚʘ 
ʚʝʨʪʠ 
ʢʘʣʴʥʦʡ 

ʩʪʨʫʝʡ 
ʚʦʟʜʫʭʘ 

ʧʠʨʦʢʩʝʥʦʚ
ʳʡ 

ʧʦʨʬʠʨʠʪ 

1-3 

ʆʆʆ çBasalt 
Uzbekistan» 
ʂʘʨʘʢʘʣʧʘʢ 

ʜʫʧʣʝʢʩ-

ʧʨʦʮʝʩʩ 

ɹʘʟʘʣʴʪ 

(Si02 - 52%) 
1-3 

ʆʆʆ çBasalt 
Uzbekistan» 
ɼʞʠʟʟʘʢ 

ʨʘʟʜʫʚ 
ʨʘʩʧʣʘʚʘ 

ʚʝʨʪʠ 
ʢʘʣʴʥʦʡ 
ʩʪʨʫʝʡ 
ʚʦʟʜʫʭʘ 

ʙʘʟʘʣʴʪ 
(Si02 - 53%) 

3-12 

ʆʜʥʠʤ ʠʟ ʚʘʞʥʳʭ ʠʩʭʦʜʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʚʦʣʦʢʥʘ 
ʷʚʣʷʝʪʩʷ ʝʛʦ ʩʦʩʪʘʚ. ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʘʜʛʝʟʠʠ ʢ 
ʮʝʤʝʥʪʥʦʤʫ ʢʘʤʥʶ ʥʝʦʙʭʦʜʠʤʦ, ʯʪʦʙʳ ʚʦʣʦʢʥʦ 

ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʦʩʴ ʩʠʣʠʢʘʪʥʳʤ ʩʦʩʪʘʚʦʤ, ʧʦʩʢʦʣʴʢʫ 
ʙʝʪʦʥ ʦʙʣʘʜʘʝʪ ʱʝʣʦʯʥʦʡ ʩʨʝʜʦʡ.  
ʕʣʝʤʝʥʪʥʳʡ ʩʦʩʪʘʚ ʙʘʟʘʣʴʪʦʚʦʛʦ ʚʦʣʦʢʥʘ (ʪʘʙʣ.3) 

ʨʘʟʣʠʯʥʳʭ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ 
ʥʝʟʥʘʯʠʪʝʣʴʥʳʤʠ ʚʘʨʠʘʮʠʷʤʠ ʢʦʥʮʝʥʪʨʘʮʠʡ 
ʧʝʪʨʦʛʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ. ʀʩʢʣʶʯʝʥʠʝʤ ʷʚʣʷʶʪʩʷ 
ʧʦʚʳʰʝʥʥʳʝ ʩʦʜʝʨʞʘʥʠʷ ʤʘʛʥʠʷ ʠ ʞʝʣʝʟʘ ʚ ʩʦʩʪʘʚʝ 
ʧʨʦʜʫʢʮʠʠ ʆʆʆ çBasalt Uzbekistanè ɼʞʠʟʟʘʢ ʠ ʆʆʆ 

çBasalt Uzbekistanè ʂʘʨʘʢʘʣʧʘʢ. ʕʪʦ ʤʦʞʝʪ ʙʳʪʴ 
ʩʣʝʜʩʪʚʠʝʤ ʧʦʚʳʰʝʥʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʚ ʠʩʭʦʜʥʦʤ 
ʙʘʟʘʣʴʪʦʚʦʤ ʩʳʨʴʝ ʦʣʠʚʠʥʘ. 

Таблица 3  

Элементный состав базальтового волокна 

ʂʦʤʧʦʥ
ʝʥʪʳ 

ʆʆʆ«Qora
qalpoq 
Basaltwool 
LLC» 

ʆʆʆ«
DXO 

BAZA
LT» 
ʅʘʚʦʠ 

ʆʆʆç
Basalt 
Uzbekis

ta 
n» 
ʂʘʨʘʢʘ
ʣʧʘʢ 

ʆʆʆç
Basalt 
Uzbekis
tan» 
ɼʞʠʟʟʘ
ʢ 

ɺʦʣʦʢʥʦ 
Nºl 

ɺʦʣʦʢ
ʥʦ NÜ2 

ɺʦʣʦʢʥ
ʦ NÜ3 

ɺʦʣʦʢʥ
ʦ NÜ4 

Na 1.81 3.3 2.3 1.62 

Mg 3.07 1.8 1.8 2.62 

Al  5.21 6.4 6.9 5.39 

Si 19.43 18,4 19,2 18,03 

P 0 0,2 0,2 0,23 

K 0.33 0,5 0,5 0,59 

Ca 3.1 3,2 2,9 3,21 

Ti 0.69 0,5 0,5 0,39 

Mn 0 0,1 0,1 0 

Fe 3.64 4,2 3,5 7,05 

O 62.19 18,4 19,2 17,03 

S 0,46 0 0 0,02 

ʅʝʩʤʦʪʨʷ ʥʘ ʦʙʠʣʠʝ ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ [1], 
ʚʦʧʨʦʩ ʦ ʩʪʦʡʢʦʩʪʠ ʙʘʟʘʣʴʪʦʚʦʛʦ ʚʦʣʦʢʥʘ ʚ ʘʛʨʝʩʩʠʚʥʦʡ 

ʩʨʝʜʝ ʚʩʝ ʝʱʝ ʦʩʪʘʝʪʩʷ ʦʪʢʨʳʪʳʤ. ʅʘʤʠ ʙʳʣʠ ʠʟʫʯʝʥʳ 
ʚʦʣʦʢʥʘ ʯʝʪʳʨʝʭ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ʥʘ ʢʠʩʣʦʪʥʫʶ ʠ 
ʱʝʣʦʯʥʫʶ ʩʪʦʡʢʦʩʪʴ (ʨʠʩ.1).  

 

 
Рис.1. Изменение рН-раствора в зависимости от 

вида волокна при его испытании на 

щелочестойкость (а) и кислотостойкость 

(б):Волокно № 1 - ООО «Qoraqalpoq Basaltwool 

LLC», № 2 - ООО «DXO BAZALT» Навои», № 3 - 

ООО «Basalt Uzbekistan» Каракалпак, №4 – ООО 

«Basalt Uzbekistan» Джиззак» 

ɺʝʨʦʷʪʥʳʤ ʦʙʲʷʩʥʝʥʠʝʤ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʤʦʞʝʪ 
ʙʳʪʴ ʩʣʝʜʫʶʱʝʝ. ʍʠʤʠʯʝʩʢʠʝ ʷʚʣʝʥʠʷ, ʣʝʞʘʱʠʝ ʚ 
ʦʩʥʦʚʝ ʜʝʡʩʪʚʠʷ ʱʝʣʦʯʝʡ ʥʘ ʬʠʙʨʫ, ʟʘʢʣʶʯʘʶʪʩʷ ʚ 
ʧʨʝʚʨʘʱʝʥʠʠ ʢʨʝʤʥʝʟʸʤʘ ʚ ʩʪʘʙʠʣʴʥʳʝ ʘʥʠʦʥʳ, ʥʝ 
ʧʦʣʠʤʝʨʠʟʫʶʱʠʝʩʷ ʚ ʱʝʣʦʯʥʦʡ ʩʨʝʜʝ: Si04 4~, Si205 2~, 

Si03
2~, ʘ ʢʘʪʠʦʥʳ, ʥʘʭʦʜʷʱʠʝʩʷ ʚ ʩʪʝʢʣʦʚʠʜʥʦʡ ʬʘʟʝ, 

ʦʙʨʘʟʫʶʪ ʩʦʝʜʠʥʝʥʠʷ ʪʠʧʘ ʮʠʥʢʘʪʦʚ ʠ ʘʣʶʤʠʥʘʪʦʚ. 
ɽʩʣʠ ʨʘʩʪʚʦʨ ʥʝ ʦʙʥʦʚʣʷʝʪʩʷ ʠ ʧʨʦʠʩʭʦʜʠʪ ʥʘʢʦʧʣʝʥʠʝ 
ʧʨʦʜʫʢʪʦʚ ʨʘʟʨʫʰʝʥʠʷ, ʪʦ ʧʨʦʮʝʩʩ ʨʘʟʨʫʰʝʥʠʷ 
ʟʘʤʝʜʣʷʝʪʩʷ [2]. 
ʀʟʚʝʩʪʥʦ, ʯʪʦ ʥʘ ʧʨʦʮʝʩʩ ʨʘʟʨʫʰʝʥʠʷ ʙʘʟʘʣʴʪʦʚʦʡ 

ʬʠʙʨʳ ʚʣʠʷʝʪ ʥʝ ʪʦʣʴʢʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʛʠʜʨʦʢʩʠʣʴʥʳʭ 
ʠʦʥʦʚ ʩ ʢʨʝʤʥʝʢʠʩʣʦʨʦʜʥʳʤʠ ʛʨʫʧʧʘʤʠ, ʥʦ ʠ 

ʩʧʦʩʦʙʥʦʩʪʴ ʢʘʪʠʦʥʘ ʱʝʣʦʯʥʦʛʦ ʨʘʩʪʚʦʨʘ ʢ ʠʦʥʥʦʤʫ 
ʦʙʤʝʥʫ ʩ ʢʘʪʠʦʥʘʤʠ ʤʝʪʘʣʣʦʚ, ʚʭʦʜʷʱʠʤʠ ʚ ʩʦʩʪʘʚ 
ʙʘʟʘʣʴʪʦʚʦʛʦ ʚʦʣʦʢʥʘ. ʇʨʠ ʩʦʧʨʠʢʦʩʥʦʚʝʥʠʠ ʱʝʣʦʯʥʦʛʦ 
ʨʘʩʪʚʦʨʘ ʩ ʙʘʟʘʣʴʪʦʚʦʡ ʬʠʙʨʦʡ ʩʥʘʯʘʣʘ ʧʨʦʠʩʭʦʜʠʪ 
ʚʳʱʝʣʘʯʠʚʘʥʠʝ ʩʪʝʢʣʦʚʠʜʥʦʡ ʬʘʟʳ ʠ ʣʠʰʴ ʟʘʪʝʤ 
ʨʘʟʨʫʰʝʥʠʝ. ʉʢʦʨʦʩʪʴ ʨʘʟ ʨʫʰʝʥʠʷ ʬʠʙʨʳ 
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ʦʙʫʩʣʘʚʣʠʚʘʝʪʩʷ ʩʢʦʨʦʩʪʴʶ ʧʝʨʝʭʦʜʘ ʚ ʨʘʩʪʚʦʨ ʠʦʥʦʚ 
Na (ʠʦʥʘ ʤʦʜʠʬʠʢʘʪʦʨʘ) [3]. 
ɼʝʡʩʪʚʠʝ ʱʝʣʦʯʥʳʭ ʨʘʩʪʚʦʨʦʚ ʥʘʯʠʥʘʝʪʩʷ ʩ 

ʘʜʩʦʨʙʮʠʠ ʠʦʥʦʚ Na ʠ OFT ʧʦʚʝʨʭʥʦʩʪʴʶ ʙʘʟʘʣʴʪʦʚʦʛʦ 
ʚʦʣʦʢʥʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʦʙʨʘʟʫʝʪʩʷ ʥʝʩʪʦʡʢʦʝ ʩʦʝʜʠʥʝʥʠʝ, 
ʢʦʪʦʨʦʝ ʨʘʟʨʫʰʘʝʪʩʷ ʧʦ ʩʚʷʟʷʤ ſSiðʆðSiſ ʩ 
ʦʙʨʘʟʦʚʘʥʠʝʤ ʛʨʫʧʧ ſSi-ONa ʠ ſSi-OH. ʇʦʩʣʝ 
ʨʘʟʨʫʰʝʥʠʷ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʩʚʷ ʟʝʡ 
ſSi-0-Siſ ʥʘʯʠʥʘʝʪʩʷ ʧʝʨʝʭʦʜ ʨʘʟʨʫʰʝʥʥʳʭ ʩʠʣʠʢʘʪʦʚ ʚ 

ʨʘʩʪʚʦʨ. ɺ ʧʨʦʮʝʩʩʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʙʘʟʘʣʴʪʦʚʦʛʦ 
ʚʦʣʦʢʥʘ ʩʦ ʱʝʣʦʯʘʤʠ ʫʩʣʦʚʥʦ ʚʳʜʝʣʷʶʪ ʥʝʩʢʦʣʴʢʦ 
ʩʪʘʜʠʡ [4, 5]. ʉʥʘʯʘʣʘ ʧʨʦʠʩʭʦʜʠʪ ʘʜʩʦʨʙʮʠʷ 
ʱʝʣʦʠʧʦʚʝʨʭʥʦʩʪʴʶ ʙʘʟʘʣʴʪʦʚʦʡ ʬʠʙʨʳ. ɿʘʪʝʤ ʠʤʝʝʪ 
ʤʝʩʪʦ ʪʘʢ ʥʘʟʳʚʘʝʤʘʷ ʱʝʣʦʯʥʘʷ ʘʪʘʢʘ, ʥʘʯʠʥʘʶʱʘʷʩʷ ʫ 
ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʜʝʬʝʢʪʦʚ, ʠ ʨʘʩʧʨʦʩʪʨʘʥʷʶʱʘʷʩʷ ʚ 
ʜʘʣʴʥʝʡʰʝʤ ʥʘ ʚʩʶ ʧʦʚʝʨʭʥʦʩʪʴ [6]: 

ſSi-O-Siſ + OH-> ſSi-OH + ſSi-C- 

ʅʘ ʧʦʩʣʝʜʥʝʡ ʩʪʘʜʠʠ ʧʨʦʜʫʢʪʳ ʨʝʘʢʮʠʠ ʫʜʘʣʷʶʪʩʷ ʩ 
ʧʦʚʝʨʭʥʦʩʪʠ ʬʠʙʨʨʳ, ʥʝ ʦʙʨʘʟʫʷ ʟʘʱʠʪʥʦʡ ʧʣʝʥʢʠ. ʆ 
ʩʪʦʡʢʦʩʪʠ ʙʘʟʘʣʴʪʦʚʳʭ ʚʦʣʦʢʦʥ ʚ ʘʛʨʝʩʩʠʚʥʳʭ ʩʨʝʜʘʭ 

ʤʦʞʥʦ ʩʫʜʠʪʴ ʧʦ ʭʠʤʠʯʝʩʢʦʤʫ ʩʦʩʪʘʚʫ ʩʳʨʴʷ, ʠʟ 
ʢʦʪʦʨʦʛʦ ʦʥʦ ʚʳʪʷʥʫʪʦ. ʅʘʧʨʠʤʝʨ, ʱʝʣʦʯʝʩʪʦʡʢʦʩʪʴ 
ʧʦʚʳʰʘʝʪʩʷ ʧʨʠ ʚʚʝʜʝʥʠʠ ʚ ʠʭ ʩʦʩʪʘʚ ʫʧʣʦʪʥʷʶʱʠʭ 
ʩʪʨʫʢʪʫʨʫ ʦʢʩʠʜʦʚ - ʮʠʨʢʦʥʠʷ, ʘʣʶʤʠʥʠʷ, ʞʝʣʝʟʘ, ʦʣʦʚʘ 
ʠ ʜʨ. ʅʘ ʩʪʦʡʢʦʩʪʴ ʚʦʣʦʢʦʥ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ 
ʦʢʘʟʳʚʘʝʪ ʪʘʢʞʝ ʪʝʭʥʦʣʦʛʠʷ ʠ ʩʧʦʩʦʙ ʧʨʦʠʟʚʦʜʩʪʚʘ. ɺʩʝ 
ʵʪʦ ʚ ʩʦʚʦʢʫʧʥʦʩʪʠ ʤʦʞʝʪ ʦʧʨʝʜʝʣʷʪʴ ʚʦʟʤʦʞʥʳʝ 
ʩʫʙʤʠʢʨʦʥʥʳʝ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʨʘʟʣʠʯʥʳʤ 

ʩʦʜʝʨʞʘʥʠʝʤ Fe2+ / Fe3+ ʚ ʚʦʣʦʢʥʝ. ʅʘ ʨʠʩʫʥʢʝ 3 
ʧʨʠʚʝʜʝʥʦ ʩʦʜʝʨʞʘʥʠʝ ʚ ʚʦʣʦʢʥʘʭ Fe3+, ʧʦʣʫʯʝʥʥʦʝ 
ʤʝʪʦʜʦʤ ʤʝʩʩʙʘʫʵʨʦʚʩʢʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ. 

 
Рис.2. Содержание Fe в базальтовых волокнах: 

1-3 - ООО «Qoraqalpoq Basaltwool LLC»», ООО 

«DXO BAZALT»; 4 -6 - ООО «Basalt Uzbekistan» 

Каракалпак»; 7-9 - 10-12 - ООО «Basalt Uzbekistan» 

Джиззак 

ʈʘʟʣʠʯʥʦʝ ʩʦʜʝʨʞʘʥʠʝ Fe2+/ Fe3+ ʚ ʚʦʣʦʢʥʝ, ʧʦ 
ʤʥʝʥʠʶ ʨʷʜʘ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ [7-1] ʦʧʨʝʜʝʣʷʝʪ 
ʚʦʟʤʦʞʥʳʝ ʩʫʙʤʠʢʨʦʥʥʳʝ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ, ʩʚʷʟʘʥʥʳʝ ʩ 
ʥʘʣʠʯʠʝʤ ʞʝʣʝʟʘ ʚʥʝ ʢʨʝʤʥʠʡ-ʢʠʩʣʦʨʦʜʥʦʡ ʩʝʪʢʠ, ʯʪʦ ʚ 
ʩʚʦʶ ʦʯʝʨʝʜʴ ʜʝʣʘʝʪ ʚʦʣʦʢʥʘ ʥʝʫʩʪʦʡʯʠʚʳʤʠ ʢ 
ʦʢʠʩʣʝʥʠʶ, ʘ ʪʘʢʞʝ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ 

ʧʨʠ ʧʦʚʳʰʝʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. 
ʂʘʢ ʙʳʣʦ ʦʪʤʝʯʝʥʦ ʨʘʥʝʝ, ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ 

ʜʠʩʧʝʨʩʥʦʘʨʤʠʨʦʚʘʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠʤʝʶʪ ʟʥʘʯʝʥʠʝ 
ʪʘʢʞʝ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʦʣʦʢʥʘ. ʇʦ 
ʣʠʪʝʨʘʪʫʨʥʳʤ ʜʘʥʥʳʤ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ 
ʦʧʪʠʤʘʣʴʥʦʛʦ ʧʣʘʩʪʠʯʥʦ-ʘʛʨʝʛʘʪʥʦʛʦ ʩʦʩʪʦʷʥʠʷ 
ʜʠʩʧʝʨʩʥʦʘʨʤʠʨʫʶʱʝʛʦ ʢʦʤʧʦʥʝʥʪʘ ʚ ʩʤʝʩʠ, ʩʣʝʜʫʝʪ 
ʦʪʙʠʨʘʪʴ ʠʩʭʦʜʥʳʝ ʢʦʤʧʦʥʝʥʪʳ ʩ ʦʧʪʠʤʘʣʴʥʳʤ 

ʩʦʦʪʥʦʰʝʥʠʝʤ ʜʣʠʥʳ ʢ ʜʠʘʤʝʪʨʫ ʙʦʣʴʰʠʤ 10 [8]. ʂʘʢ 
ʚʠʜʥʦ ʠʟ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʙʘʟʘʣʴʪʦʚʦʛʦ ʚʦʣʦʢʥʘ, 
ʧʨʦʠʟʚʦʜʩʪʚʘ ʆʆʆ çBasalt Uzbekistanè ɼʞʠʟʟʘʢè (ʨʠʩ. 

2), ʜʘʥʥʘʷ ʬʠʙʨʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʥʝʦʙʭʦʜʠʤʳʤ 
ʩʦʦʪʥʦʰʝʥʠʝʤ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. 
ɺ ʢʘʯʝʩʪʚʝ ʘʛʨʝʩʩʠʚʥʦʡ ʩʨʝʜʳ ʠʩʧʦʣʴʟʦʚʘʣʠ 

ʮʝʤʝʥʪʥʦʝ ʤʦʣʦʯʢʦ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʝʩʷ ʜʦʩʪʘʪʦʯʥʦʡ 
ʱʝʣʦʯʥʦʡ ʩʨʝʜʦʡ (ʨʅ=12,9). ɺ ʫʢʘʟʘʥʥʳʡ ʨʘʩʪʚʦʨ 
ʚʚʦʜʠʣʠ ʨʘʩʧʫʰʝʥʥʦʝ ʚʦʣʦʢʥʦ (ʨʠʩ. 3). ʂʦʥʮʝʥʪʨʘʮʠʶ 
ʙʘʟʘʣʴʪʦʚʦʛʦ ʚʦʣʦʢ ʥʘ ʚ ʨʘʩʪʚʦʨʝ ʚʳʙʠʨʘʣʠ ʩ ʫʯʝʪʦʤ 
ʧʨʝʜʝʣʴʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʬʠʙʨʳ ʚ ʮʝʤʝʥʪʥʳʭ 
ʢʦʤʧʦʟʠʪʘʭ (3-12 % ʤʘʩʩʳ ʚʷʞʫʱʝʛʦ), ʫʩʪʘʥʦʚʣʝʥʥʦʛʦ 

ʥʘ ʦʩʥʦʚʘʥʠʠ ʘʥʘʣʠʟʘ ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ. 
ʂʦʥʮʝʥʪʨʘʮʠʷ ʩʦʩʪʘʚʣʷʣʘ 7 %. ʆʙʨʘʟʮʳ ʧʦʜʚʝʨʛʣʠ 
ʚʳʜʝʨʞʢʝ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚ ʪʝʯʝʥʠʝ 7, 14, 
28, 72 ʩʫʪʦʢ. ʇʦ ʠʩʪʝʯʝʥʠʶ ʩʨʦʢʘ ʚʳʜʝʨʞʢʠ ʜʣʷ 
ʫʜʘʣʝʥʠʷ ʦʩʪʘʪʢʦʚ ʮʝʤʝʥʪʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʚʦʣʦʢʥʦ 
ʧʨʦʤʳʚʘʣʠ ʩʣʘʙʳʤ ʨʘʩʪʚʦʨʦʤ ʩʦʣʷʥʦʡ ʢʠʩʣʦʪʳ (0,1 %) 
ʯʝʨʝʟ ʬʠʣʴʪʨʦʚʘʣʴʥʫʶ ʙʫʤʘʛʫ. ɼʣʷ ʫʜʘʣʝʥʠʷ 
ʧʦʩʪʦʨʦʥʥʠʭ ʧʨʠʤʝʩʝʡ ʚ ʧʦʩʣʝʜʩʪʚʠʝ ʦʙʨʘʟʝʮ 

ʧʨʦʤʳʚʘʣʠ 1 ʣ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʳ. ɼʘ ʣʝʝ 
ʦʩʪʘʚʰʝʝʩʷ ʥʘ ʬʠʣʴʪʨʦʚʘʣʴʥʦʡ ʙʫʤʘʛʝ ʙʘʟʘʣʴʪʦʚʦʝ 
ʚʦʣʦʢʥʦ ʧʨʦʩʫʰʠʚʘʣʠ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. 
ʈʘʩʪʚʦʨʠʤʦʩʪʴ ʚʦʣʦʢʥʘ ʦʧʨʝʜʝʣʷʣʠ ʧʦ ʨʘʟʥʦʩʪʠ ʤʘʩʩ 
ʧʝʨʚʦʥʘʯʘʣʴʥʦʡ ʥʘʚʝʩʢʠ ʠ ʩʫʭʦʛʦ ʦʩʪʘʪʢʘ ʚ ʨʝʟʫʣʴʪʘʪʝ 
ʚʳʜʝʨʞʢʠ ʚ ʱʝʣʦʯʥʦʡ ʩʨʝʜʝ. ʇʦʪʝʨʶ ʤʘʩʩʳ ʚʳʨʘʞʘʣʠ ʚ 
ʧʨʦʮʝʥʪʘʭ (ʪʘʙʣ. 3). ɺʦʟʤʦʞʥʳʝ ʧʦʪʝʨʠ ʚʦʣʦʢʥʘ ʧʨʠ 
ʧʨʦʤʳʚʢʝ (ʪ.ʥ. ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʦʪʝʨʠ), ʧʨʠʥʷʪʳ 

ʩʦʧʦʩʪʘʚʠʤʳʤʠ ʜʣʷ ʢʘʞʜʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ. 

Таблица 3 

Результаты исследования щелочной стойкости 

базальтового волокна 
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1 7 4,67 11,9 4,17 12,4 11,9 ʅʦʨʤ 

2 14 4,95 11,9 3,45 24,2 11,5 ʥʦʨʤ 

3 28 5,01 11,9 3,31 29,9 11,5 
ʉʣʘʙʦ-
ʦʩʚʝʪʣ 

4 72 4,85 11,9 2,01 56,8 11,3 
ʉʣʘʙʦ-
ʦʩʚʝʪʣ 

ɺ ʧʨʦʮʝʩʩʝ ʥʘʙʣʶʜʝʥʠʷ ʥʘ 7 ʩʫʪʢʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 
ʚʦʣʦʢʥʘ ʦʙʥʘʨʫʞʠʣʦʩʴ ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ ʚʳʧʘʜʝʥʠʝ 
ʙʝʣʦʛʦ ʦʩʘʜʢʘ, ʚʝʨʦʷʪʥʦ, ʩʚʷʟʘʥʥʦʝ ʩ ʢʨʠʩʪʘʣʣʠʟʘʮʠʝʡ 
ʉʘʆ ʥʘ ʦʨʦʛʦʚʝʚʰʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʙʘʟʘʣʴʪʘ. ɺ ʧʝʨʠʦʜ ʩ 
14 ʜʦ 28, 62 ʩʫʪʦʢ ʚ ʨʝʟʫʣʴʪʘʪʝ ʫʪʦʥʯʝʥʠʷ ʙʦʣʝʝ ʤʝʣʢʠʭ 
ʚʦʨʩʠʥʦʢ ʚʦʣʦʢʥʘ ʦʙʱʘʷ ʤʘʩʩʘ ʙʘʟʘʣʴʪʦʚʦʛʦ ʚʦʣʦʢʥʘ ʚ 
ʚʠʜʝ ʩʛʫʩʪʢʘ ʧʦʩʪʝʧʝʥʥʦ ʨʘʩʩʳʧʘʣʘʩʴ ʩ ʤʝʜʣʝʥʥʳʤ 
ʦʩʘʞʜʝʥʠʝʤ ʤʝʣʢʠʭ ʯʘʩʪʠʮ ʚʦʣʦʢʥʘ (ʜʦ 20 %). ʅʘ 28 
ʩʫʪʢʠ ʢʦʣʠʯʝʩʪʚʦ ʙʝʣʦʛʦ ʦʩʘʜʢʘ ʚʦʟʨʦʩʣʦ, ʠ ʧʦʢʨʳʚʘʣʦ 

ʩʦʙʦʡ ʫʞʝ ʚʩʝ ʙʦʣʝʝ ʢʨʫʧʥʳʝ ʚʦʣʦʢʥʘ. ʇʨʠ ʦʩʤʦʪʨʝ 
ʦʙʨʘʟʮʘ ʥʘ 72 ʩʫʪʢʠ ʦʙʥʘʨʫʞʝʥʦ ʠʟʤʝʥʝʥʠʝ ʮʚʝʪʘ 
ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʣʦʢʥʘ - ʦʪ ʩʣʘʙʦ-ʦʩʚʝʪʣʝʥʥʦʛʦ ʜʣʷ ʤʘʣʳʭ 
ʚʦʨʩʠʥʦʢ, ʜʦ ʩʝʨʦʛʦ ʜʣʷ ʙʦʣʝʝ ʢʨʫʧʥʦʛʦ ʚʦʣʦʢʥʘ. 

4. Заключение 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʠʟʤʝʥʝʥʠʝ ʨʅ ʮʝʤʝʥʪʥʦʛʦ 
ʨʘʩʪʚʦʨʘ ʩʫʱʝʩʪʚʝʥʥʦ ʟʘ ʚʠʩʠʪ ʦʪ ʚʨʝʤʝʥʠ ʥʘʭʦʞʜʝʥʠʷ 
ʚ ʥʝʤ ʦʙʨʘʟʮʦʚ ʚʦʣʦʢʥʘ. ʊʘʢ, ʥʘ 7 ʩʫʪʢʠ ʧʨʠ ʨʦʩʪ ʨʅ ʥʝ 
ʟʘʬʠʢʩʠʨʦʚʘʥ, ʥʘ 14 - ʦʪʤʝʯʝʥʦ ʫʤʝʥʴʰʝʥʠʝ ʥʘ 2 %, ʠ ʚ 
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ʧʝʨʠʦʜ ʩ 28 ʜʦ 72 ʩʫʪʦʢ ʜʦʩʪʠʛ ʫʤʝʥʴʰʝʥʠʷ ʥʘ 4,3 % 
ʦʪʥʦʩʠʪʝʣʴʥʦ ʠʩʭʦʜʥʦʛʦ. ʇʦʣʫ ʯʝʥʥʳʝ ʠʟʤʝʥʝʥʠʷ 
ʟʥʘʯʝʥʠʡ ʨʅ ʥʘʭʦʜʷʪʩʷ ʚ ʧʨʝʜʝʣʘʭ ʟʥʘʯʝʥʠʷ 
ʧʨʦʛʥʦʟʠʨʫʝ ʤʦʡ ʥʦʨʤʳ.  
ʇʦʩʣʝ 28 ʩʫʪ ʚʳʜʝʨʞʢʠ ʚ ʨʘʩʪʚʦʨʝ ʧʦʪʝʨʷ ʤʘʩʩʳ 

ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 30 %. ɼʣʠʪʝʣʴʥʦʝ ʭʨʘʥʝʥʠʝ ʬʠʙʨʳ (72 
ʩʫʪ) ʚ ʨʘʩʪʚʦʨʝ ʧʨʠʚʦʜʠʪ ʢ ʧʦʪʝʨʝ ʤʘʩʩʳ ʜʦ 50 %. 
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Oscillation of a prestressed span structure of a reinforced concrete railway 

bridge with mass in horizontal motion 
 

I. Mirzaev 1 a, D.S. Askarova1 b 

1Tashkent state transport university, Tashkent, Uzbekistan 
 

Abstract: This work examines the features of calculating the strength of reinforced concrete railway bridges with 
a moving load and a movable oscillator. The methods of finite elements and finite differences were used. 
When solving the problem of oscillations of a beam with distributed parameters under the action of a 
moving concentrated force and mass, "parasitic oscillations" are eliminated by choosing a step in time 

depending on the speed of the load's movement. As an example for moving cargo or mass, the mass of 
the Talgo locomotive was taken. Such a mass velocity has been determined that it is possible to use the 
model of the force moving with a lower velocity, otherwise the model of the oscillator must be adopted. 
With an increase in the horizontal velocity of the oscillator, the deflection of the beam increases, and the 
vertical oscillations of the mass also increase. 

Keywords: reinforced concrete, beam, reinforcement, concentrated force, concentrated mass 

 

Temirbeton temir yo‘l ko‘prigi oldindan zo‘riqtirilgan oraliq qurilmasining 

gorizontal harakatidagi massa bilan birgalikdagi tebranishi 
 

I. Mirzayev 1 , D.S. Askarova1  

1Toshkent davlat transport universiteti, Toshkent, Oózbekiston 

 

Annotatsiya: Ushbu ishda temirbeton temir yoól koópriklarini qoózgóaluvchan yuk va qoózgóaluvchan ossillyatorda 
mustahkamlikka hisoblashning oóziga xos xususiyatlari koórib chiqilgan. Chekli elementlar va chekli 
ayirmalar usullaridan foydalanilgan. Parametrlari taqsimlangan balkaning harakatlanuvchi toóplangan 
kuch va massa taôsiridagi tebranishlari masalasini sonli yechishda yukning harakat tezligiga bogóliq holda 

vaqt boóyicha qadam tanlash bilan ñparazit tebranishlarò yoóqotildi. Misol sifatida harakatlanuvchi yuk 
yoki massa uchun Talgo lokomotivi massasi qabul qilindi. Massaning shunday harakat tezligi aniqlangan 
boólib, undan past tezlikda harakatlanuvchi kuch modelidan foydalanish mumkin, aks holda ossillyator 
modeli qabul qilinishi shart. Ossillyatorning gorizontal tezligi ortishi bilan balkaning salqilligi ortadi, 
massaning vertikal tebranishlari ham ortadi. 

Kalit soózlar: temirbeton, balka, armatura, toóplangan kuch, toóplangan massa 

1. Kirish  

Transport vositalarining koóprik bilan oózaro taôsirini 
hisobga olish poyezdlar oótishida koóprikning haqiqiy 

dinamik tebranishlarini hisoblashda muhim ahamiyatga ega 
boóladi [1]. 
Temirbeton elementlar asosan kichik va oórta 

uzunlikdagi temir yoól koópriklarini qurishda ishlatiladi. 
Maôlumki, temirbeton beton va poólat (armatura) ning 
birgalikda ishlashidan tashkil topgan kompozitsion 
materialdir. Betonning choózilish va siqilishga qarshiligi 
turlicha boóladi, natijada beton va armatura oórtasida kuchlar 
qayta taqsimlanadi [2-5]. 

Adabiyotlar tahlili  va metodologiya. Transport 
inshootlarini harakatlanuvchi yuklarga hisoblash 
usullarining rivojlanish yoónalishlarini qisqacha koórib 
chiqamiz. Koóprik va transport vositasining dinamik oózaro 
taôsiri koóplab tadqiqotchilar tomonidan koórib chiqilgan [4-
10], harakatlanayotgan transport vositalari bilan oózaro 
taôsirda koópriklarning dinamik xatti-harakatlariga taôsir 
qiluvchi taôsirlar koórib chiqiladi. Ushbu tadqiqotlarda 

                                                             
a   https://orcid.org/0000-0002-8616-9717 

b  https://orcid.org/0000-0001-7293-5348 

harakatlanuvchi transport vositalari harakatlanuvchi yuklar, 
harakatlanuvchi massalar yoki harakatdagi osma massalar 

sifatida modellashtirilib, transport vositalari bilan bogóliq 
boólgan salqillik va energiya tarqalish mexanizmlari hisobga 
olinadi. Transport vositasi va koóprikning oózaro taôsirini 
oórganishda transport vositalari yoki temir yoól 
vagonlarining turli xil dinamik xususiyatlarini hisobga 
oladigan murakkabroq modellar ham amalga oshirildi [4-5, 
11]. 
Bu ishda [12] koóprik va unda harakatlanayotgan 

transport vositasi oórtasidagi dinamik oózaro taôsir 

oórganilgan. Koóprikning siljishi, tezligi va tezlanishi turli 
darajada ikkita chastota toóplami, yaôni transport 
vositasining tebranish chastotasi va koóprikning xususiy 
chastotalari bilan tartibga solinadi. Bu mavzudagi ishlarning 
eng toóliq sharhi [13] maqolada keltirilgan. Koópriklarning 
dinamik holatini baholashda nafaqat statik yuklar, balki vaqt 
boóyicha oózgaruvchi dinamik yuklarning taôsirini ham 
chuqur tahlil qilish talab etiladi. Ayniqsa, poyezdlarning 

harakat tezligi oshgani sari koóprik konstruktsiyalarida 
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rezonans hodisalari yuzaga kelish ehtimoli ortadi. Bu esa 
konstruksiyaning uzoq muddatli mustahkamligi va xizmat 
qilish muddatiga salbiy taôsir koórsatishi mumkin. Dinamik 
tahlil natijalari asosida koóprik elementlarining konstruktiv 
yechimlarini takomillashtirish, tebranishlarni kamaytiruvchi 
texnik choralarni ishlab chiqish hamda ekspluatatsiya 
xavfsizligini taôminlash mumkin boóladi. Koóprik 
konstruksiyalarining ishonchliligi ularning dinamik 
yuklarga qanday munosabat bildirishiga bevosita bogóliqdir. 

Harakatlanuvchi transport vositalari koóprikda qoóshimcha 
inersiya kuchlarini hosil qiladi. Ushbu kuchlar koóprik 
elementlarida qoóshimcha zoóriqishlarni yuzaga keltiradi. 
Natijada konstruksiyada charchash jarayonlari tezlashishi 
mumkin. Dinamik taôsirlarni eôtiborga olmaslik hisob 
natijalarining notoógóri boólishiga olib keladi. Ayniqsa temir 
yoól koópriklarida bu holat yanada muhim hisoblanadi. 
Chunki poyezdlar katta massaga ega boólgan transport 

vositalaridir. Ularning tezligi oshgani sari dinamik effektlar 
kuchayadi. Koóprikning xususiy tebranish chastotalari 
transport vositasining tebranish chastotalariga 
yaqinlashganda rezonans holati yuzaga kelishi mumkin. 
Rezonans konstruksiya uchun xavfli hisoblanadi. Bu holatda 
tebranish amplitudalari keskin ortadi. Natijada beton va 
armatura oórtasidagi bogólanish zaiflashishi mumkin. 
Temirbeton konstruksiyalarda mikro yoriqlar paydo boólish 

ehtimoli oshadi. Ushbu yoriqlar vaqt oótishi bilan kengayib 
boradi. Bu esa koóprikning yuk koótarish qobiliyatini 
pasaytiradi. Shuning uchun dinamik hisoblar alohida 
ahamiyat kasb etadi. Zamonaviy hisoblash usullari 
murakkab matematik modellarni qoóllashga asoslanadi. Bu 
modellar koóprik va transport vositasini yagona tizim 
sifatida koórib chiqadi. Harakat jarayonida yuzaga keladigan 
barcha kuchlar hisobga olinadi. Bunda elastiklik, massaviy 

xususiyatlar va soónish koeffitsientlari muhim rol oóynaydi. 
Hisoblashlarda tajriba natijalari bilan solishtirish ham talab 
etiladi. Chunki real sharoitdagi tebranishlar nazariy 
modellardan farq qilishi mumkin. Shuningdek, yoól 
qoplamasidagi notekisliklar ham dinamik taôsirlarni 
kuchaytiradi. Relslarning deformatsiyasi qoóshimcha 
tebranishlarni keltirib chiqaradi. Bu omillar ham hisoblarda 
inobatga olinishi zarur. Koópriklarning ekspluatatsiya 

davrida monitoring tizimlaridan foydalanish muhimdir. 
Monitoring yordamida tebranish parametrlarini doimiy 
nazorat qilish mumkin. Olingan maôlumotlar asosida texnik 
holat baholanadi. Zarur hollarda mustahkamlash ishlari 
amalga oshiriladi. Bu esa avariya holatlarining oldini olishga 
xizmat qiladi. Dinamik tahlil natijalari yangi koópriklarni 
loyihalashda ham qoóllaniladi. Loyihalash bosqichida 
optimal konstruktiv sxemalar tanlanadi. Material sarfi 
samarali rejalashtiriladi. Xavfsizlik darajasi yuqori boólgan 

yechimlar ishlab chiqiladi. Natijada iqtisodiy jihatdan ham 
foydali konstruksiyalar yaratiladi. Hozirgi kunda yuqori 
tezlikda harakatlanuvchi poyezdlar soni ortib bormoqda. Bu 
esa mavjud koópriklar uchun qoóshimcha talablar qoóyadi. 
Eski koópriklarni qayta baholash zarurati yuzaga keladi. 
Ularning dinamik bardoshliligi tekshiriladi. Ayrim hollarda 
foydalanish tezligini cheklash talab etiladi. Baôzi 
koópriklarda rekonstruksiya ishlari olib boriladi. Ilmiy 

tadqiqotlar ushbu muammolarni hal etishga qaratilgan. 
Yangi hisoblash algoritmlari ishlab chiqilmoqda. 
Kompyuter texnologiyalarining rivojlanishi bu jarayonni 
tezlashtirmoqda. Sonli modellashtirish usullari keng 
qoóllanilmoqda. Bu usullar yuqori aniqlikni taôminlaydi. Shu 
bilan birga, tajriba sinovlari ham oóz ahamiyatini 
yoóqotmaydi. Nazariya va amaliyot uygóunligi muhim 
hisoblanadi. Faqat shu yoól bilan ishonchli natijalarga 

erishish mumkin. Koópriklarning xavfsizligi jamiyat uchun 

muhim masaladir. Chunki ular transport tizimining ajralmas 
qismidir. Dinamik oózaro taôsirlarni chuqur oórganish ushbu 
xavfsizlikni taôminlaydi. 

Ushbu maqolada (balka) taqsimlangan parametrli 
tizimning harakatlanuvchi toóplangan kuch va ossillyator 
taôsiridagi tebranishlari haqidagi masala hisoblash misolida 
koórib chiqiladi. Bunday turdagi masalalarni yechishning 
keng tarqalgan usullaridan biri yechimni taqsimlangan 
tizimning xususiy tebranish shakllari boóyicha qatorga 

ajratishga asoslangan boólib, bu dastlabki xususiy hosilali 
tenglamani global koordinatalar tizimiga nisbatan oddiy 
differensial tenglamalar tizimiga keltirish imkonini beradi. 
Koórib chiqilgan ishlarda qaysi holatda qoózgóaluvchan 
yuklarni kuch yoki massa koórinishida hisobga olish 
kerakligi toógórisida toóliq yechim berilmagan. Shunga 
asoslanib, ushbu maqolada qoózgóaluvchan kuch va 
qoózgóaluvchan ossillyator koórinishidagi qoózgóaluvchan 

yukni modellashtirishda yukning vertikal tebranishlariga 
harakat tezligining taôsiri oórganildi va sonli natijalarni 
taqqoslash orqali tegishli xulosalar chiqarildi. 

2. Muhokama va natijalar  

Ushbu tadqiqotda koóprik va transport vositasining 
oózaro taôsiri masalasi uchun taklif etilayotgan fizik model 
quyidagicha: koóprik Timoshenkoning balkali 
konstruksiyasi bilan ifodalanadi va v tezlik bilan 
harakatlanayotgan lokomotiv góildiragi prujina va dempfer 
bilan toóplangan kuch yoki massa koórinishida 
modellashtiriladi. Bunda bitta góildirakka toógóri keladigan 

kuch yoki massa, yaôni lokomotiv massasining 1/8 qismi 
qabul qilinadi. Tadqiqot harakatlanuvchi yuk yoki massa 
sifatida Talgo lokomotivi misolida amalga oshirildi. 
Temir yoól koóprigini oórganish uchun uzunligi 23,6 m 

boólgan oraliq qurilmalar misol qilib olindi. Simmetriya 
tufayli qoóshma parallel bogólangan balkalar oórniga 
koóprikning bitta balkasining tebranishini oórganish qabul 
qilingan, shuningdek, lokomotiv massasining 1/8 qismi, 
yaôni 8750 kg qabul qilingan, bu lokomotiv massasining 

bitta góildirakka taqsimlangan ulushi. Sonli hisob-kitoblar 
mualliflar tomonidan yaratilgan SHARK dasturlar majmuasi 
tomonidan amalga oshirildi [14]. Ushbu hisoblarda oraliq 
qurilma Timoshenko oldindan zoóriqtirilgan balkasi 
koórinishida modellashtiriladi [4-5, 14]. Koóprik 
elementlarini diskretlash chekli elementlar usuli bilan 
amalga oshiriladi, olingan oddiy differensial tenglamalar 
sistemasi Nyumarkning oshkormas chekli  ayirmali usuli 

bilan yechiladi [15].  
Oraliq qurilmada dastlabki kuchlanishni hosil qiluvchi 

ishchi armaturalar dastlabki deformatsiyalash va ishchi 
armaturaning har bir oxirgi elementini oraliq qurilmaning 
neytral oóqiga ekssentrisitetlar bilan mahkamlash orqali 
beriladi. Koóprik qurilishi amaliyotida oraliq qurilma 
balkani tayanch qismiga oórnatiladi, bu tadqiqotlarda toógóri 
modellashtirilishi kerak. Shuning uchun balkaning neytral 

oóqiga nisbatan ekssentriteti va tayanch (tayanch qismi) 
bilan qoózgóalmas yoki qoózgóaluvchan sharnirli 
biriktirishdan foydalanib, balka toretslarining tayanch 
qismlari bilan oózaro taôsirlashish shartlari hisobga olinadi. 
Harakatlanuvchi toóplangan massa qovushqoq  elastik 

prujinali modelga ega harakatlanuvchi ossillyator 
koórinishida modellashtirilgan (1-rasm, b). 



Journal Engineer           ISSN: 3030-3893 Special Issue| 2026 

 

 
 16-fevral, 2026 86 

                 “Transport inshootlari: zamonaviy texnologiyalar, seysmik barqarorlik” 

 
a) Harakatlanuvchi toóplangan kuch 

 
b) Harakatlanuvchi qovushoq-elastik ossillyator 

1-rasm. Massa harakatlanganda uzunligi 23,6 m 

bo‘lgan temir yo‘l temirbeton ko‘prik oraliq 

qurilmasining hisobiy sxemasi 

Oótkazilgan hisob-kitoblarda harakatlanayotgan 
lokomotiv bitta góildiragining oraliq qurilma tebranishlariga 
taôsiri koórib chiqilgan. Uzunligi 23,6 m (B35 beton sinfi) 

boólgan, koóndalang kesimi tavr shaklida boólgan oraliq 
qurilmali namunaviy balka uchun sonli hisoblashda, bitta 
balkaning massasi 49,2 t boólib, oldindan berilgan 
deformatsiyasi -0,00504 boólgan kuchlangan ɺʨ-II 
armaturasi ishlatilgan. Armatura elementlarining elastiklik 
modulining qiymati E=2Ā1011 Pa ga teng deb qabul qilingan. 
Armatura elementlarining tugun nuqtalarini ekssentrisitet 
yordamida neytral oóqning tegishli tugun nuqtalari bilan 

birlashtiramiz. Oldindan zoóriqtirilgan balkani tayyorlashga 
oóxshash  armaturaning taranglik kuchini belgilaymiz P0 va 
uning boshlangóich deformatsiyasini aniqlaymiz Ů0=P0/EF 
(E  armaturaning elastiklik moduli; F  armatura 
koóndalang kesimining umumiy yuzasi). Yoólning ustki 
qismi massasi 64,72 kg/m boólgan R65 turidagi relslar, 
massasi 270-300 kg boólgan temirbeton shpallar ishlatiladi, 
1 km yoólga 1840 ta shpal yotqiziladi. Ballast qatlamining 

massasi 200-300 kg/m, ballast qatlamining balandligi 0,35 
m [4-5].  
Soóngra dasturiy majmua yordamida oldindan berilgan 

deformatsiyali statik masalani yechib Ů0 koóprik 
konstruksiyasining kuchlanganlik  deformatsiyalanganlik 
holati aniqlandi. Ushbu hisob-kitoblarda harorat, 
materialning qovushqoqligi va boshqalarning oózgarishi 
tufayli dastlabki kuchlanish qiymatlarining yoóqolishi 
hisobga olinmaydi [3-5]. 

Koóprik masalasining sonli yechimi uning vaqt oótishi 
bilan koóchishining oózgarishini koórsatadi. Harakatlanuvchi 
toóplangan va taqsimlangan kuch uchun diskretlashda oraliq 
qurilma har bir turdagi chekli elementning ishini hisobga 
olgan holda 236 ta chekli elementga ajratildi, tugun nuqtalar 
soni 120 ta. Armatura chekli elementlarining tugunlari balka 
neytral oóqining tegishli tugunlari bilan ekssentrisitetlar 
yordamida qattiq biriktiriladi, shuning uchun chekli 

elementlar soni tugunlarning umumiy sonidan koóp boóladi. 
Chekli elementlar xarakteristikalarining turlari  5 xil turlari 
tegishli tartib raqamlari orqali berilgan.  

Hisoblash jarayonida har bir chekli elementning 
geometrik va mexanik xususiyatlari alohida aniqlangan. 
Materiallarning elastiklik moduli va zichligi hisoblarda 
asosiy parametr sifatida qabul qilinadi. Vaqt boóyicha 
integratsiya qilish orqali tizimning dinamik javobi olinadi. 

Yuklarning harakat tezligi modellashtirishda muhim omil 

hisoblanadi. Har bir vaqt bosqichida tugunlardagi siljish 
qiymatlari aniqlanadi. Olingan natijalar grafik koórinishda 
tahlil qilinadi. Tebranish amplitudalari va chastotalari 
baholanadi. Hisoblash natijalari koóprikning real xatti-
harakatini aks ettiradi. Modelning aniqligi tanlangan 
diskretlash darajasiga bogóliq boóladi. Chekli elementlar 
sonining koópayishi natijalarning aniqligini oshiradi. Shu 
bilan birga hisoblash vaqti ham ortadi. Armatura va 
betonning birgalikdagi ishlashi modellashtiriladi. Soónish 

koeffitsientlari tizimga kiritiladi. Bu tebranishlarning vaqt 
oótishi bilan kamayishini ifodalaydi. Chegaraviy shartlar real 
tayanch sharoitlariga mos tanlanadi.. Natijalar oórtasidagi 
farqlar tahlil qilinadi. Shu tarzda ishonchli hisoblash 
natijalariga erishiladi [4-5]. 

Harakatlanuvchi ossillyator holati uchun diskretlashda 
har bir turdagi chekli elementning ishini hisobga olgan holda 
237 ta chekli element olindi, tugun nuqtalar soni 122 ta. 

Chekli elementlar xarakteristikalarining turlari  6 xil turlari 
tegishli tartib raqamlari orqali berilgan. Ekssentritli 
birikmalar soni 120 ta. 
Hisoblashlar Nyumarkning noaniq sxemasi boóyicha 

vaqt boóyicha qadam tanlash bilan harakatlanuvchi yukni 
modellashtirishning ikkala holati uchun amalga oshirildi. 
Vaqt boóyicha qadam yukning harakat tezligiga qarab 
aniqlandi: 25 m/s tezlikda vaqt boóyicha qadam 0,008 s; 50 

m/s tezlikda vaqt boóyicha qadam 0,004 s; 75 m/s tezlikda 
vaqt boóyicha qadam 0,00267 s; 100 m/s tezlikda vaqt 
boóyicha qadam 0,002 s; 200 m/s tezlikda vaqt boóyicha 
qadam 0,001 s. Harakatlanuvchi yuk yoki massada masalani 
koordinata va vaqt boóyicha diskretlash turli harakat 
tezliklarida hisoblashlarni amalga oshirishda ñparazit 
tebranishlarò paydo boólishiga olib keladi, bu 
harakatlanuvchi yukning qoóshni tugunga toósatdan oótishi 

bilan bogóliq. Agar vaqt boóyicha qadam shunday tanlansaki, 
bir qadamda harakatlanuvchi yuk qoóshni tugunga oótsa, u 
holda ñparazit tebranishlarò yoóqoladi. 

1-jadval 

Uzunligi 23,6 m bo‘lgan balka o‘rtasining maksimal 

egilishining o‘zgarishi 

Harakatlanuv

chi kuch tezligi 

To‘plangan 

kuch 

bo‘lmagan 

da 

25 m/s 50 m/s 

Maksimal 

egilish (m) 
-0,001163 -0,001258 

-

0,001260 

 

25 m/s 50 m/s 75 m/s 100 m/s 200 m/s 

-

0,001258 

-

0,001260 

-

0,001262 

-

0,001269 

-

0,001310 

1-jadvalda toóplangan kuchning turli harakat tezliklarida 
oldindan  zoóriqtirilgan armaturani hisobga olgan holda 
balka oórtasining maksimal egilishini hisoblash natijalari 

keltirilgan. Toóplangan vertikal kuchning gorizontal harakat 
tezligi ortishi bilan balka oórtasining maksimal egilishi 
ortadi. 

Balka qoózgóaluvchan yukni ossillyator koórinishida 
qabul qilganda, ossillyator bikrligining turli qiymatlari 
uchun hisob-kitoblar oótkazildi: 1Ā108 N/m; 2,5Ā108 N/m; 
5Ā108 N/m; 7,5Ā108 N/m. Ossillyator bikrligining kattaligi 
ballastning bikrligidan, shuningdek, góildirakning osmaga 

va osmaning lokomotiv korpusiga birikish bikrligidan iborat 
boólishi mumkin.  
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25 m/s 

 
50 m/s 

 
100 m/s 

 
200 m/s 

2-rasm. Ossillyator harakatining turli tezliklarida balka 

o‘rtasining va ossillyator massasining vertikal 

tebranishlari  
Góildirakka yaqin joylashgan shpallarga tushadigan 

yukning taqsimoti [4-5, 16] maqolada keltirilgan.2-rasmda 
balka massasi va oórta nuqtasining turli harakat tezliklarida 
vertikal tebranishlarining vaqt boóyicha oózgarish grafiklari, 
ossillyator prujinasining bikrligi k=1Ā108 N/m keltirilgan. Bu 
grafiklardan koórinib turibdiki, ossillyator balkaning 
oórtasiga kelgan vaqtda balka oórtasining egilishi maksimal 

boóladi, shuningdek, bu vaqtda massaning vertikal harakati 
oózining maksimal qiymatiga erishadi. Soóngra, ossillyator 
balkadan uzoqlashgandan soóng, ularning birinchi xususiy 
shakli boóyicha tebranishlari kuzatiladi [4-5, 17], ularning 

amplitudalari ossillyatorning harakat tezligi oshishi bilan 
kritik tezlikka yetguncha ortadi. Ushbu grafiklar boóyicha 
oólchangan xususiy tebranishlar davri 0,0601 s ga, 
ossillyatorning bikrligi k=1Ā108 N/m boólgandagi xususiy 
tebranishlar davri esa 0,0587 s ga teng. 

Balka va ossillyator massalarining berilgan nisbatida 
ossillyator bikrligining oshishi balka oórtasining maksimal 
egilishiga deyarli taôsir qilmaydi, lekin massaning vertikal 
tebranishlariga kuchli taôsir koórsatadi. Ossillyatorning 

gorizontal harakat tezligini oshirish balka oórtasining 
maksimal egilishini oshirishga olib keladi. 

3. Xulosa  

Oótkazilgan ilmiy-tadqiqot ishlari natijalarini 
umumlashtirgan holda quyidagi xulosalarni bayon etish 

mumkin. Tadqiqot jarayonida aniqlanishicha, toóplangan 
vertikal yuk miqdori hamda ossillyatorning gorizontal 
yoónalishdagi harakat tezligi ortib borishi bilan balka 
oórtasida yuzaga keladigan maksimal egilish qiymati 
sezilarli darajada oshadi. Bu holat yukning taôsirida balka 
inersiyasining kuchayishi va konstruksiya elementlarida 
qoóshimcha dinamik zoóriqishlarning paydo boólishi bilan 
izohlanadi. Natijada balka deformatsiyalanishining 

intensivligi yuk parametrlari bilan bevosita bogóliq ekanligi 
tasdiqlandi. 

Shuningdek, ossillyatorning bikrligi oshirilganda balka 
oórtasidagi maksimal egilish deyarli oózgarmasligi aniqlandi. 
Biroq ushbu parametr ossillyator massasining vertikal 
tebranish xususiyatlariga sezilarli taôsir koórsatadi, yaôni, 
bikrlik ortishi natijasida massaning tebranish amplitudasi va 
tebranish chastitasi oózgaradi, bu esa tizimning umumiy 

dinamik xatti-harakatiga taôsir etadi. Bu holat ossillyator 
parametrlarini tanlashda faqat konstruksiya egilishigina 
emas, balki tebranish jarayonlarining barqarorligini ham 
hisobga olish zarurligini koórsatadi. 

Bundan tashqari, toóplangan yukning harakat tezligi 50 
m/s dan kichik boólgan hollarda yukni soddalashtirilgan 
holda toóplangan kuch sifatida modellashtirish yetarli 
aniqlikni taôminlashi aniqlangan. Bunday tezliklarda 

dinamik effektlar nisbatan kichik boólib, soddalashtirilgan 
model hisoblash jarayonini sezilarli darajada 
yengillashtiradi. Ammo yukning harakat tezligi 50 m/s dan 
oshganda, ossillyator modelidan foydalanish zarur boóladi, 
chunki bu holatda yuk va konstruksiya oórtasidagi murakkab 
dinamik oózaro taôsirlarni faqat shu model orqali toóliq va 
ishonchli tavsiflash mumkin. Shu sababli, yuqori tezlikli 
harakat sharoitlarida aniq va haqiqiy natijalarga erishish 
uchun ossillyator modeli eng maqbul hisoblanadi. 

Ushbu tadqiqot ishi Oózbekiston Respublikasi Oliy 
taôlim, fan va innovatsiyalar vazirligi huzuridagi 
Innovatsion rivojlanish agentligining moliyaviy koómagi 
asosida bajarilgan (Grant AL-8924063439). 
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Methods for determining soil pressure on underground structures under 

seismic influences 
 

U. Rakhmanov1 a, G.B. Ismailova1 b 

1Tashkent state transport university, Tashkent, Uzbekistan 

 
Abstract: This article examines methods for determining soil pressure on underground structures. Five methods for 

determining ground pressure on underground structures were considered, and the calculation results were 
compared and presented in the form of graphs. In conclusion, an analysis of the above-mentioned 
methods for calculating the seismic resistance of underground structures was conducted and their 
shortcomings were presented. 

Keywords: Pressure, soil, normal and tangential stresses, seismic impact, seismic waves, prevailing period, quasi-
static load, normal tangential stresses, extreme stresses, plane, stress concentrations, wave theory, 

seismodynamic theory 

 

Методы определения давления грунта на подземные сооружения при 

сейсмических воздействиях 
 

Рахманов У.1 a, Исмаилова Г.Б.1 b 

1ʊʘʰʢʝʥʪʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʨʘʥʩʧʦʨʪʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʊʘʰʢʝʥʪ, ʋʟʙʝʢʠʩʪʘʥ 

 
ɸʥʥʦʪaʮʠʷ: ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʤʝʪʦʜʳ ʦʧʨʝʜʝʣʝʥʠʷ ʜʘʚʣʝʥʠʷ ʛʨʫʥʪʘ ʥʘ ʧʦʜʟʝʤʥʳʝ 

ʩʦʦʨʫʞʝʥʠʷ. ʈʘʩʩʤʦʪʨʝʥʳ ʧʷʪʴ ʤʝʪʦʜʦʚ ʦʧʨʝʜʝʣʝʥʠʷ ʜʘʚʣʝʥʠʷ ʛʨʫʥʪʘ ʥʘ ʧʦʜʟʝʤʥʳʝ ʩʦʦʨʫʞʝʥʠʷ 
ʠ ʩʦʧʦʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʢʦʪʦʨʳʝ ʧʨʠʚʝʜʝʥʳ ʚ ʚʠʜʝ ʛʨʘʬʠʢʦʚ. ɺ ʟʘʢʣʶʯʝʥʠʠ 
ʧʨʦʠʟʚʝʜʝʥ ʘʥʘʣʠʟ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʚʳʰʝ ʤʝʪʦʜʦʚ ʨʘʩʯʝʪʘ ʩʝʡʩʤʦʩʪʦʡʢʦʩʪʠ ʧʦʜʟʝʤʥʳʭ 
ʩʦʦʨʫʞʝʥʠʡ ʠ ʧʨʠʚʝʜʝʥʳ ʠʭ ʥʝʜʦʩʪʘʪʢʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ɼʘʚʣʝʥʠʝ, ʛʨʫʥʪ, ʥʦʨʤʘʣʴʥʳʝ ʠ ʢʘʩʘʪʝʣʴʥʳʝ ʥʘʧʨʷʞʝʥʠʷ, ʩʝʡʩʤʠʯʝʩʢʦʤʫ ʚʦʟʜʝʡʩʪʚʠʶ, 
ʩʝʡʩʤʠʯʝʩʢʠʝ ʚʦʣʥʳ, ʧʨʝʦʙʣʘʜʘʶʱʠʡ ʧʝʨʠʦʜ, ʢʚʘʟʠʩʪʘʪʠʯʝʩʢʫʶ ʥʘʛʨʫʟʢʫ, ʥʦʨʤʘʣʴʥʳʝ 

ʪʘʥʛʝʥʮʠʘʣʴʥʳʝ ʥʘʧʨʷʞʝʥʠʷ, ʵʢʩʪʨʝʤʘʣʴʥʳʝ ʥʘʧʨʷʞʝʥʠʷ, ʧʣʦʩʢʦʩʪʴ, ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʘʧʨʷʞʝʥʠʡ, 
ʚʦʣʥʦʚʘʷ ʪʝʦʨʠʷ, ʩʝʡʩʤʦʜʠʥʘʤʠʯʝʩʢʘʷ ʪʝʦʨʠʷ 

1. Введение 

ʄʝʪʦʜʳ ʦʧʨʝʜʝʣʝʥʠʷ ʜʘʚʣʝʥʠʷ ʛʨʫʥʪʘ ʥʘ ʧʦʜʟʝʤʥʳʝ 
ʩʦʦʨʫʞʝʥʠʷ ʨʘʟʨʘʙʦʪʘʥʳ ʨʷʜʦʤ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ [1-6], 
ʧʦʣʫʯʝʥʳ ʬʦʨʤʫʣʳ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʥʦʨʤʘʣʴʥʳʭ ʠ 
ʢʘʩʘʪʝʣʴʥʳʭ ʥʘʧʨʷʞʝʥʠʡ, ʚʦʟʥʠʢʘʶʱʠʭ ʥʘ ʢʦʥʪʘʢʪʝ ʚ 
ʨʝʟʫʣʴʪʘʪʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʢʨʝʧʠ ʩ ʧʦʨʦʜʘʤʠ. ɺ ʨʘʙʦʪʝ 
[2] ʧʨʠʚʝʜʝʥ ʨʘʩʯʝʪ ʢʨʝʧʠ ʚʳʨʘʙʦʪʢʠ ʢʨʫʛʣʦʛʦ ʩʝʯʝʥʠʷ, 
ʧʦʜʚʝʨʛʘʶʱʝʛʦʩʷ ʩʝʡʩʤʠʯʝʩʢʦʤʫ ʚʦʟʜʝʡʩʪʚʠʶ ʤʝʪʦʜʦʤ 

ʤʥʦʛʦʩʣʦʡʥʦʛʦ ʢʨʫʛʦʚʦʛʦ ʢʦʣʴʮʘ. ɿʘʜʘʯʘ ʩʚʦʜʠʪʩʷ ʢ 
ʦʧʨʝʜʝʣʝʥʠʶ ʥʘʧʨʷʞʝʥʠʡ ʥʘ ʢʦʥʪʘʢʪʘʭ ʩʣʦʝʚ, ʪʘʢ ʢʘʢ, 
ʟʥʘʷ ʵʪʠ ʥʘʧʨʷʞʝʥʠʷ, ʤʦʞʥʦ ʧʨʦʠʟʚʝʩʪʠ ʨʘʩʯʝʪ ʢʘʞʜʦʛʦ 
ʩʣʦʷ. 

Методы определения давления грунта на 
подземные сооружения. ʆʪ ʦʯʘʛʘ ʟʝʤʣʝʪʨʷʩʝʥʠʷ ʚʦ ʚʩʝ 
ʩʪʦʨʦʥʳ ʨʘʩʧʨʦʩʪʨʘʥʷʶʪʩʷ ʫʧʨʫʛʠʝ ʩʝʡʩʤʠʯʝʩʢʠʝ 
ʚʦʣʥʳ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʨʘʟʣʠʯʘʶʪ ʧʨʦʜʦʣʴʥʳʝ ʈʨ ʚʦʣʥʳ 
ʠ ʧʦʧʝʨʝʯʥʳʝ P5 ʚʦʣʥʳ. ʇʨʦʜʦʣʴʥʳʝ ʚʦʣʥʳ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʚʦʟʥʠʢʥʦʚʝʥʠʝʤ ʚ ʤʘʩʩʠʚʝ ʧʦʨʦʜ 
ʯʝʨʝʜʫʶʱʠʭʩʷ ʥʘʧʨʷʞʝʥʠʡ ʨʘʩʪʷʞʝʥʠʷ ʠ ʩʞʘʪʠʷ, 
ʧʦʧʝʨʝʯʥʳʝ ʚʦʣʥʳ - ʥʘʧʨʷʞʝʥʠʡ ʩʜʚʠʛʘ. ʉʢʦʨʦʩʪʠ 
ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʧʨʦʜʦʣʴʥʳʭ ʠ ʧʦʧʝʨʝʯʥʳʭ 
ʩʝʡʩʤʠʯʝʩʢʠʭ ʚʦʣʥ ʦʪʣʠʯʘʶʪʩʷ ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʠ 
ʩʦʩʪʘʚʣʷʶʪ 

˞̋
˒

                       (1) 

                                                             
a  https://orcid.org/0000-0001-9702-0611  

˞
˒

                     (2) 

ʟʜʝʩʴ g - ʦʙʲʝʤʥʳʡ ʚʝʩ, 

m - ʢʦʵʬʬʠʮʠʝʥʪ ʇʫʘʩʩʦʥʘ, 

ɽ - ʤʦʜʫʣʴ ʫʧʨʫʛʦʩʪʠ, 
g - ʫʩʢʦʨʝʥʠʝ ʩʚʦʙʦʜʥʦʛʦ ʧʘʜʝʥʠʷ ʪʝʣʘ. 
ɼʣʷ ʧʣʦʩʢʠʭ ʛʘʨʤʦʥʠʯʝʩʢʠʭ ʚʦʣʥ ʚ ʫʧʨʫʛʦʡ ʩʨʝʜʝ 

ʵʢʩʪʨʝʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʥʦʨʤʘʣʴʥʳʭ ʠ ʢʘʩʘʪʝʣʴʥʳʭ 
ʥʘʧʨʷʞʝʥʠʡ ʦʧʨʝʜʝʣʷʶʪʩʷ ʚʳʨʘʞʝʥʠʷʤʠ 

,
2

1

min

max ʦʈʩ ʊʉʂP ÖÖ°=°= g
p

s    (3) 

,
2

1
max ʦSʩ ʊʉʂQ ÖÖ°=°= g

p
t    (4) 

ʛʜʝ ʂʩ - ʢʦʵʬʬʠʮʠʝʥʪ ʩʝʡʩʤʠʯʥʦʩʪʠ, 
ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʙʘʣʣʫ ʟʝʤʣʝʪʨʷʩʝʥʠʡ;  
ʊʦ - ʧʨʝʦʙʣʘʜʘʶʱʠʡ ʧʝʨʠʦʜ ʩʝʡʩʤʠʯʝʩʢʠʭ 

ʢʦʣʝʙʘʥʠʡ ʯʘʩʪʠʮ ʧʦʨʦʜʳ, ʦʧʨʝʜʝʣʷʝʤץʡ ʧʦ ʜʘʥʥʳʤ 
ʠʥʞʝʥʝʨʥʦ-ʩʝʡʩʤʦʤʝʪʨʠʯʝʩʢʦʡ ʩʣʫʞʙʳ, ʘ ʧʨʠ 
ʦʪʩʫʪʩʪʚʠʠ ʵʪʠʭ ʜʘʥʥʳʭ ʧʨʠʥʠʤʘʝʤʳʡ ʨʘʚʥʳʤ 0,1-1,0 ʩ. 
ʇʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʫʧʨʫʛʠʭ ʚʦʣʥ ʥʘ ʧʦʜʟʝʤʥʦʝ 

ʩʦʦʨʫʞʝʥʠʝ ʚ ʥʝʤ ʚʦʟʥʠʢʘʝʪ ʠʟʤʝʥʷʶʱʝʝʩʷ ʚʦ ʚʨʝʤʝʥʠ 

b  https://orcid.org/0000-0002-4454-5147 
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ʥʘʧʨʷʞʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ, ʢʦʪʦʨʦʝ ʤʦʞʝʪ ʙʳʪʴ 
ʠʩʩʣʝʜʦʚʘʥʦ ʩ ʧʦʤʦʱʴʶ ʨʝʰʝʥʠʡ ʜʠʥʘʤʠʯʝʩʢʠʭ ʟʘʜʘʯ 
ʪʝʦʨʠʠ ʫʧʨʫʛʦʩʪʠ. ɺʝʣʠʯʠʥʘ ʥʘʧʨʷʞʝʥʠʡ ʩʫʱʝʩʪʚʝʥʥʦ 
ʟʘʚʠʩʠʪ ʦʪ ʩʦʦʪʥʦʰʝʥʠʷ ʧʦʧʝʨʝʯʥʳʭ ʨʘʟʤʝʨʦʚ 
ʧʦʜʟʝʤʥʦʛʦ ʩʦʦʨʫʞʝʥʠʷ ʠ ʜʣʠʥʳ ʚʦʣʥ. ʇʨʠ ʜʝʡʩʪʚʠʠ 
ʧʣʦʩʢʠʭ ʛʘʨʤʦʥʠʯʝʩʢʠʭ ʚʦʣʥ ʚ ʫʧʨʫʛʦʡ ʩʨʝʜʝ, 
ʦʩʣʘʙʣʝʥʥʦʡ ʦʪʚʝʨʩʪʠʝʤ ʠʣʠ ʩʦʜʝʨʞʘʱʝʡ ʚʢʣʶʯʝʥʠʝ ʠʟ 
ʜʨʫʛʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʧʨʠ ʜʣʠʥʝ ʚʦʣʥ, ʟʥʘʯʠʪʝʣʴʥʦ 
ʧʨʝʚʦʩʭʦʜʷʱʠʭ ʨʘʟʤʝʨʳ ʦʪʚʝʨʩʪʠʷ ʠʣʠ ʚʢʣʶʯʝʥʠʷ, 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʥʘʧʨʷʞʝʥʠʡ ʚ ʩʨʝʜʝ ʧʨʠʙʣʠʞʘʝʪʩʷ ʢ 
ʧʦʣʫʯʘʝʤʦʤʫ ʠʟ ʨʝʰʝʥʠʷ ʩʪʘʪʠʯʝʩʢʦʡ ʟʘʜʘʯʠ ʪʝʦʨʠʠ 
ʫʧʨʫʛʦʩʪʠ, ʜʣʷ ʫʧʨʫʛʦʡ ʧʣʦʩʢʦʩʪʠ ʩ ʦʪʚʝʨʩʪʠʝʤ ʠʣʠ 
ʚʢʣʶʯʝʥʠʝʤ, ʥʘʛʨʫʞʝʥʥʦʡ ʥʘ ʙʝʩʢʦʥʝʯʥʦʩʪʠ 

ʥʘʧʨʷʞʝʥʠʷʤʠ ʈ, ‗ ʈ, ʦʧʨʝʜʝʣʷʝʤʳʤʠ ʩʦʦʪʥʦʰʝʥʠʷʤʠ 

(3), (4) ʠ 

‗     (5) 

ʇʨʠ ʜʣʠʥʘʭ ʚʦʣʥ L3 > 12R ʠ L4 > I OR (R-ʨʘʜʠʫʩ 
ʦʪʚʝʨʩʪʠʷ) ʤʘʢʩʠʤʘʣʴʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʢʦʥʮʝʥʪʨʘʮʠʡ 
ʜʠʥʘʤʠʯʝʩʢʠʭ ʥʘʧʨʷʞʝʥʠʡ ʥʘ 5-15% ʙʦʣʴʰʝ, ʯʝʤ ʧʨʠ 
ʩʪʘʪʠʯʝʩʢʦʤ ʥʘʛʨʫʞʝʥʠʠ. ʕʪʦ ʷʚʣʝʥʠʝ ʥʘʟʳʚʘʝʪʩʷ 
ʜʠʥʘʤʠʯʝʩʢʠʤ ʚʳʙʨʦʩʦʤ. 
ʇʨʠ ʤʝʥʴʰʠʭ ʟʥʘʯʝʥʠʷʭ ʜʣʠʥ ʚʦʣʥ ʢʦʵʬʬʠʮʠʝʥʪʳ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʜʠʥʘʤʠʯʝʩʢʠʭ ʥʘʧʨʷʞʝʥʠʡ ʩʫʱʝʩʪʚʝʥʥʦ 
ʤʝʥʴʰʝ ʩʪʘʪʠʯʝʩʢʠʭ. 
ʈʝʰʝʥʠʝ ʜʠʥʘʤʠʯʝʩʢʠʭ ʟʘʜʘʯ ʜʣʷ ʢʨʝʧʠ ʚʳʨʘʙʦʪʦʢ 

ʧʨʠ ʜʝʡʩʪʚʠʠ ʧʨʦʜʦʣʴʥʳʭ ʠ ʧʦʧʝʨʝʯʥʳʭ ʚʦʣʥ 
ʧʨʦʠʟʚʦʣʴʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ, ʧʨʠ ʩʝʡʩʤʠʯʝʩʢʠʭ ʚʦʣʥʘʭ, 
ʜʣʠʥʘ ʢʦʪʦʨʳʭ ʥʝ ʤʝʥʝʝ, ʯʝʤ ʚʪʨʦʝ, ʧʨʝʚʦʩʭʦʜʠʪ 
ʥʘʠʙʦʣʴʰʠʡ ʧʦʧʝʨʝʯʥʳʡ ʨʘʟʤʝʨ ʚʳʨʘʙʦʪʢʠ ʩʚʦʜʠʪʩʷ ʢ 
ʨʝʰʝʥʠʶ ʢʚʘʟʠʩʪʘʪʠʯʝʩʢʠʭ ʢʦʥʪʘʢʪʥʳʭ ʟʘʜʘʯ. ʆʙʱʠʝ 
ʧʨʠʥʮʠʧʳ ʨʘʩʯʝʪʘ ʢʨʝʧʠ ʚʳʨʘʙʦʪʦʢ ʥʘ ʩʝʡʩʤʠʯʝʩʢʠʝ 

ʚʦʟʜʝʡʩʪʚʠʷ ʧʨʠ ʟʝʤʣʝʪʨʷʩʝʥʠʷʭ ʨʘʟʨʘʙʦʪʘʥʳ 
ʅ.ʅ.ʌʦʪʠʝʚʦʡ. 
ʂʨʝʧʴ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʢʦʣʴʮʦ ʟʘʜʘʥʥʦʡ 

ʪʦʣʱʠʥʳ ʠ ʢʦʥʬʠʛʫʨʘʮʠʠ ʚ ʫʩʣʦʚʠʷʭ ʧʦʣʥʦʛʦ ʢʦʥʪʘʢʪʘ 
ʩ ʤʘʩʩʠʚʦʤ. ɿʘʜʘʯʘ ʚʦʟʜʝʡʩʪʚʠʷ ʫʧʨʫʛʠʭ ʚʦʣʥ 
ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʧʣʦʩʢʘʷ, ʪ.ʝ. ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ 
ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʩʝʡʩʤʠʯʝʩʢʠʭ ʚʦʣʥ ʚ ʧʣʦʩʢʦʩʪʠ 
ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʩʦʦʨʫʞʝʥʠʷ.  

ʄʘʩʩʠʚ ʛʦʨʥʳʭ ʧʦʨʦʜ ʤʦʜʝʣʠʨʫʝʪʩʷ ʣʠʥʝʡʥʦ-
ʜʝʬʦʨʤʠʨʫʝʤʦʡ ʩʨʝʜʦʡ, ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʢʦʪʦʨʦʡ 
ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʩʨʝʜʥʠʤʠ ʟʥʘʯʝʥʠʷʤʠ ʤʦʜʫʣʷ 

ʜʝʬʦʨʤʘʮʠʠ ʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʇʫʘʩʩʦʥʘ  ‘ . 

ʈʘʩʯʝʪ ʢʨʝʧʠ ʚʳʨʘʙʦʪʢʠ ʢʨʫʛʣʦʛʦ ʩʝʯʝʥʠʷ, 
ʧʦʜʚʝʨʛʘʶʱʝʡʩʷ ʩʝʡʩʤʠʯʝʩʢʦʤʫ ʚʦʟʜʝʡʩʪʚʠʶ ʦʪ 
ʟʝʤʣʝʪʨʷʩʝʥʠʷ, ʧʨʦʠʟʚʝʜʝʥ ʤʝʪʦʜʦʤ ʨʘʩʯʝʪʘ 
ʤʥʦʛʦʩʣʦʡʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ. ʈʘʩʩʤʦʪʨʝʥʦ 
ʤʥʦʛʦʩʣʦʡʥʦʝ ʫʧʨʫʛʦʝ ʢʦʣʴʮʦ, ʚʥʝʰʥʠʡ n-ʡ ʩʣʦʡ 
ʢʦʪʦʨʦʛʦ ʤʦʜʝʣʠʨʫʝʪ ʤʘʩʩʠʚ ʧʦʨʦʜ, ʘ ʚʥʫʪʨʝʥʥʠʝ - 
ʤʥʦʛʦʩʣʦʡʥʫʶ ʢʨʝʧʴ. 

ɺ ʯʘʩʪʥʦʤ ʩʣʫʯʘʝ ʤʦʥʦʣʠʪʥʦʡ ʙʝʪʦʥʥʦʡ ʢʨʝʧʠ ʵʪʘ 
ʩʭʝʤʘ ʤʦʞʝʪ ʙʳʪʴ ʩʚʝʜʝʥʘ ʢ ʜʚʫʭʩʣʦʡʥʦʤʫ ʢʦʣʴʮʫ. 
ʂʨʦʤʝ ʪʦʛʦ, ʚ ʢʘʯʝʩʪʚʝ ʩʣʦʝʚ ʤʦʛʫʪ ʙʳʪʴ ʚʳʜʝʣʝʥʳ 
ʦʙʣʘʩʪʠ ʚ ʤʘʩʩʠʚʝ ʧʦʨʦʜ ʚʦʢʨʫʛ ʚʳʨʘʙʦʪʢʠ ʩ 
ʦʪʣʠʯʘʶʱʠʤʠʩʷ ʜʝʬʦʨʤʘʮʠʦʥʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ 

(ɽ ʠ ‘ ) ʚʩʣʝʜʩʪʚʠʝ ʫʧʨʦʯʥʝʥʠʷ ʧʦʨʦʜ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʪʘʤʧʦʥʘʞʘ ʣʠʙʦ ʚʩʣʝʜʩʪʚʠʝ ʨʘʟʫʧʨʦʯʥʝʥʠʷ ʧʦʨʦʜ ʧʦʜ 
ʚʣʠʷʥʠʝʤ ʚʟʨʳʚʥʳʭ ʨʘʙʦʪ ʠʣʠ ʜʝʬʦʨʤʘʮʠʡ ʟʘ ʧʨʝʜʝʣʦʤ 
ʧʨʦʯʥʦʩʪʠ. 
ʆʧʨʝʜʝʣʠʤ ʨʘʩʯʝʪʥʫʶ ʢʚʘʟʠʩʪʘʪʠʯʝʩʢʫʶ ʥʘʛʨʫʟʢʫ, 

ʧʨʠʣʦʞʝʥʥʫʶ ʢ ʚʥʝʰʥʝʤʫ ʢʦʥʪʫʨʫ ʛ = Rn 
ʤʥʦʛʦʩʣʦʡʥʦʛʦ ʢʦʣʴʮʘ. ʇʨʠʤʝʤ ʥʘʠʙʦʣʝʝ 

ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʡ ʩʣʫʯʘʡ, ʢʦʛʜʘ ʩʝʡʩʤʠʯʝʩʢʠʝ 
ʧʨʦʜʦʣʴʥʳʝ ʠ ʧʦʧʝʨʝʯʥʳʝ ʚʦʣʥʳ ʜʦʩʪʠʛʘʶʪ ʚʳʨʘʙʦʪʢʠ 
ʦʜʥʦʚʨʝʤʝʥʥʦ, ʪʦʛʜʘ ʧʨʠ ʥʘʧʨʘʚʣʝʥʠʠ ʜʝʡʩʪʚʠʷ ʚʦʣʥ 

ʚʜʦʣʴ ʦʩʠ ʭǋ (ʨʠʩ.1) ʥʘʧʨʷʞʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʤʘʩʩʠʚʘ 
ʵʢʚʠʚʘʣʝʥʪʥʦ ʜʝʡʩʪʚʠʶ ʥʘ ʙʝʩʢʦʥʝʯʥʦʩʪʠ ʥʘʧʨʷʞʝʥʠʡ. 

„ ὖȠ   „ ‗ὖȠ † ὗȟ   (6)  

ʛʜʝ ʟʥʘʯʝʥʠʷ ʈ, Q ʠ l, ʦʧʨʝʜʝʣʝʥʳ ʬʦʨʤʫʣʘʤʠ (3), (4), 
(5). 

ʋʯʠʪʳʚʘʷ ʨʘʚʥʦʟʥʘʯʥʦʩʪʴ ʨʘʜʠʘʣʴʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ 
ʜʣʷ ʚʳʨʘʙʦʪʢʠ ʢʨʫʛʣʦʛʦ ʩʝʯʝʥʠʷ, ʦʧʨʝʜʝʣʠʤ ʛʣʘʚʥʳʝ 
ʥʘʧʨʷʞʝʥʠʷ ʚ ʤʘʩʩʠʚʝ ʧʦʨʦʜ ʥʘ ʙʝʩʢʦʥʝʯʥʦʩʪʠ, 
ʧʦʣʴʟʫʷʩʴ ʠʟʚʝʩʪʥʳʤʠ ʬʦʨʤʫʣʘʤʠ ʪʝʦʨʠʠ ʥʘʧʨʷʞʝʥʠʡ 

„
„

†   

 

 

ʇʦʜʩʪʘʚʣʷʷ ʚ ʵʪʠ ʬʦʨʤʫʣʳ ʟʥʘʯʝʥʠʷ (1.6), ʧʦʣʫʯʠʤ 

„

„
ρ σ τ‘ ρ ς‘            (7) 

ɿʜʝʩʴ ʟʥʘʢ ñ±ò ʧʝʨʝʜ ʧʨʘʚʦʡ ʯʘʩʪʴʶ ʦʙʦʟʥʘʯʘʝʪ 

ʜʝʡʩʪʚʠʝ ʩʞʠʤʘʶʱʠʭ ʠ ʨʘʩʪʷʛʠʚʘʶʱʠʭ ʥʘʧʨʷʞʝʥʠʡ ʥʘ 

ʙʝʩʢʦʥʝʯʥʦʩʪʠ. 

ɻʣʘʚʥʳʝ ʥʘʠʙʦʣʴʰʠʝ ʥʘʧʨʷʞʝʥʠʷ ʜʝʡʩʪʚʫʶʪ ʚʜʦʣʴ 

ʦʩʠ ʭǌ, ʢʦʪʦʨʘʷ ʦʪʢʣʦʥʝʥʘ ʦʪ ʦʩʠ ʭǋ ʥʘ ʫʛʦʣ Ñ a', 

ʦʧʨʝʜʝʣʷʝʤʳʡ ʠʟʚʝʩʪʥʦʡ ʟʘʚʠʩʠʤʦʩʪʴʶ (ʨʠʩ. 1) 

ς‌ ὥὶὧὸὫ              (8) 

ɻʣʘʚʥʳʝ ʥʘʧʨʷʞʝʥʠʷ ʚ ʤʘʩʩʠʚʝ ʥʘ ʙʝʩʢʦʥʝʯʥʦʩʪʠ 
ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ 

 )(

3
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¤

¤
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       = ,20 PP °      (9) 

ʛʜʝ 

;
)1(2

0
m-

=
P

P  ;)21)(43(
)1(2

2 mm
m
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=
P

P     (10) 

ɿʥʘʯʝʥʠʝ ʈ ʦʧʨʝʜʝʣʝʥʦ ʬʦʨʤʫʣʦʡ (3). 

ʇʝʨʝʭʦʜʷ ʦʪ ʜʝʢʘʨʪʦʚʳʭ ʢʦʦʨʜʠʥʘʪ ʢ ʧʦʣʷʨʥʳʤ ʠ 
ʥʘʧʨʘʚʣʷʷ ʦʩʴ ʭ ʚʜʦʣʴ ʦʩʠ ʭǌ (ʨʠʩ.1) ʧʦʣʫʯʠʤ ʩʣʝʜʫʶʱʝʝ 
ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʨʘʩʯʝʪʥʳʭ ʥʘʧʨʷʞʝʥʠʡ, ʧʨʠʣʦʞʝʥʥʳʭ ʢ 
ʚʥʝʰʥʝʤʫ ʢʦʥʪʫʨʫ ʤʥʦʛʦʩʣʦʡʥʦʛʦ ʢʦʣʴʮʘ. 

 
Рис. 1. Расчётная схема выработки круглого 

сечения 
ɼ ɼʘʣʴʥʝʡʰʠʡ ʨʘʩʯʝʪ ʧʨʦʠʟʚʦʜʠʪʩʷ ʚ ʩʣʝʜʫʶʱʝʤ 

ʧʦʨʷʜʢʝ: ʚ ʥʘʯʘʣʝ ʧʦ ʥʠʞʝʩʣʝʜʫʶʱʠʤ ʬʦʨʤʫʣʘʤ 

ὑ
Ὠ

Ὠ ὼ Ὠǋ ὑ Ὠǋ
Ƞ 
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ὑ
Ὅ

ὄ
‍‌ǋ ‍‌ Ƞ 

ὑ
Ὅ

ὄ
‍‌ ‍‌ǋ  

ὑ
Ὅ

ὄ
‌‌ǋ ‌‌ Ƞ 

ὑ ‌‌ǋ ‌‌ǋ Ƞ      (12) 

ʦʧʨʝʜʝʣʷʶʪʩʷ ʢʦʵʬʬʠʮʠʝʥʪʳ ʧʝʨʝʜʘʯʠ ʥʘʛʨʫʟʦʢ 
ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʜʣʷ ʚʩʝʭ ʩʣʦʝʚ, ʥʘʯʠʥʘʷ ʩʦ ʚʪʦʨʦʛʦ 
ʠʟʥʫʪʨʠ. ɿʘʪʝʤ ʧʦ ʬʦʨʤʫʣʘʤ 

ὖ ὖὑ ȟ 

ὖ ὖ ὑ ή ὑ ȟ 

ή ὖ ὑ ή ὑ ȟ      (13) 

ʥʘʭʦʜʷʪʩʷ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʢʦʥʪʘʢʪʘʭ ʩʣʦʝʚ. 
ʇʦʩʣʝ ʧʨʦʚʝʜʝʥʠʷ ʚʳʰʝʫʢʘʟʘʥʥʳʭ ʨʘʩʯʝʪʦʚ ʧʦ 

ʥʠʞʝʩʣʝʜʫʶʱʠʤ ʬʦʨʤʫʣʘʤ ʧʨʠ ʛ = R1-1 

„ ὖ ά ὖ ά ὖ ὲ ή ὲ  

ὖ ὲǋ ή ὲǋὧέίς—Ƞ           (14) 

ʧʨʠ ʛ = R1 

„ ὖ άǋ ὖ άǋ ὖ ὲǋ ή ὲǋ  

ὖ ὲǋ ή ὲǋὧέίς—Ƞ 
 
(15) 

ʚʳʯʠʩʣʷʶʪʩʷ ʥʦʨʤʘʣʴʥʳʝ ʪʘʥʛʝʥʮʠʘʣʴʥʳʝ ʥʘʧʨʷʞʝʥʠʷ 

ʥʘ ʚʥʫʪʨʝʥʥʝʤ ʠ ʚʥʝʰʥʝʤ ʢʦʥʪʫʨʘʭ ʢʘʞʜʦʛʦ ʩʣʦʷ. 

ʈʘʩʯʝʪʥʳʝ ʥʘʧʨʷʞʝʥʠʷ ʚ ʢʨʝʧʠ ʦʪ ʩʝʡʩʤʠʯʝʩʢʠʭ 

ʚʦʟʜʝʡʩʪʚʠʡ ʩʫʤʤʠʨʫʶʪʩʷ ʩ ʥʘʧʨʷʞʝʥʠʷʤʠ ʦʪ ʛʦʨʥʦʛʦ 

ʜʘʚʣʝʥʠʷ. ʇʨʦʚʝʨʢʘ ʧʨʦʯʥʦʩʪʠ ʩʣʦʝʚ ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʦ 

ʵʢʩʪʨʝʤʘʣʴʥʳʤ ʟʥʘʯʝʥʠʷʤ ʥʘʧʨʷʞʝʥʠʡ. 

ɽʩʣʠ ʩʚʷʟʴ ʢʨʝʧʠ ʩ ʤʘʩʩʠʚʦʤ ʧʦʨʦʜ ʥʝ ʫʩʠʣʝʥʘ 

ʢʦʥʩʪʨʫʢʪʠʚʥʦ ʠ ʢʨʝʧʴ ʧʨʦʝʢʪʠʨʫʝʪʩʷ ʩ ʜʦʧʫʱʝʥʠʝʤ 

ʦʙʨʘʟʦʚʘʥʠʷ ʪʨʝʱʠʥ, ʪʦ ʟʘ ʨʘʩʯʝʪʥʳʝ ʧʨʠʥʠʤʘʶʪʩʷ 

ʪʦʣʴʢʦ ʩʞʠʤʘʶʱʠʝ ʥʘʧʨʷʞʝʥʠʷ ʈ*. ɺ 

ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʤ ʩʣʫʯʘʝ ʥʝʦʙʭʦʜʠʤʦ ʧʨʠʥʠʤʘʪʴ ʚʦ 

ʚʥʠʤʘʥʠʝ ʜʝʡʩʪʚʠʝ ʥʘ ʢʨʝʧʴ ʧʨʦʜʦʣʴʥʦʡ ʚʦʣʥʳ ʚ ʬʘʟʝ 

ʨʘʩʪʷʞʝʥʠʷ ʠ ʫʯʠʪʳʚʘʪʴ ʦʙʘ ʟʥʘʢʘ ʥʘʧʨʷʞʝʥʠʡ. 

ɽʩʣʠ ʚʳʨʘʙʦʪʢʘ ʟʘʢʨʝʧʣʝʥʘ ʤʦʥʦʣʠʪʥʦʡ ʢʨʝʧʴʶ, ʚ 
ʨʘʩʯʝʪʥʦʡ ʩʭʝʤʝ ʦʩʪʘʝʪʩʷ ʚʩʝʛʦ ʜʚʘ ʩʣʦʷ (ʨʠʩ.2), ʧʨʠ 
ʵʪʦʤ ʨʘʩʯʝʪʥʳʝ ʬʦʨʤʫʣʳ ʩʫʱʝʩʪʚʝʥʥʦ ʫʧʨʦʱʘʶʪʩʷ. 

 
Рис. 2. Схема к расчету монолитной выработки 

круглого сечения 
ʂʦʵʬʬʠʮʠʝʥʪʳ ʧʝʨʝʜʘʯʠ ʥʘʛʨʫʟʦʢ ʯʝʨʝʟ ʚʥʝʰʥʠʡ 

ʩʣʦʡ ʦʧʨʝʜʝʣʷʶʪʩʷ ʚʳʨʘʞʝʥʠʷʤʠ ʧʨʠ r - > ¤ 
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ʛʜʝ 

ὄ ‌‍ ‌‍ȟ  ‌ ρ ὼͼὦ ȟ 

‌ ὼ ὼͼὦǋ ȟ  ‍ ρ ὼͼὦǋ ȟ 

‍ ὼ ὼͼὦǋ ȟ ὼͼ  

ʇʦʩʢʦʣʴʢʫ ʥʘʧʨʘʚʣʝʥʠʝ ʩʝʡʩʤʠʯʝʩʢʠʭ ʚʦʣʥ ʟʘʨʘʥʝʝ 
ʥʝ ʠʟʚʝʩʪʥʦ, ʪʦ ʥʝʦʙʭʦʜʠʤʦ ʟʥʘʪʴ ʵʢʩʪʨʝʤʘʣʴʥʳʝ 
ʥʘʧʨʷʞʝʥʠʷ ʚ ʢʨʝʧʠ, ʢʦʪʦʨʳʝ ʦʧʨʝʜʝʣʷʶʪʩʷ ʧʦ 
ʬʦʨʤʫʣʘʤ, ʩʣʝʜʫʶʱʠʤ ʠʟ (14) ʠ (15) 

ʧʨʠ ʛ = Ro 

„ ὖ ά ὖ ὲ ή ὲ Ƞ      (17) 

ʧʨʠ ʛ = R1 

„ ὖ άǋ ὖ ὲǋ ή ὲǋȠ       (18) 

ɺʳʨʘʞʝʥʠʷ ʤʥʦʞʠʪʝʣʝʡ   m1, m2, m3, m4, n1, n2, n3, n4, 

a
'

1 ,b
'

1 ,d, ʘ1, b1, d1, ʠ ʜʨ. ʧʨʠʚʝʜʝʥʳ ʚ ʨʘʙʦʪʝ [2]. 

ʕʢʩʪʨʝʤʘʣʴʥʳʝ ʥʘʧʨʷʞʝʥʠʷ ʩʫʤʤʠʨʫʶʪʩʷ ʩ 
ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʨʘʩʯʝʪʥʳʤʠ ʥʘʧʨʷʞʝʥʠʷʤʠ ʦʪ 
ʜʨʫʛʠʭ ʚʠʜʦʚ ʚʦʟʜʝʡʩʪʚʠʡ ʥʘ ʢʨʝʧʴ. 
ʇʦʣʘʛʘʷ, ʯʪʦ ʚ ʥʝʦʛʨʘʥʠʯʝʥʥʦʡ ʫʧʨʫʛʦʡ ʠʟʦʪʨʦʧʥʦʡ 

ʧʣʦʩʢʦʩʪʠ ʩʜʝʣʘʥʦ ʢʨʫʛʦʚʦʝ ʦʪʚʝʨʩʪʠʝ ʨʘʜʠʫʩʘ R ʠ ʚ ʵʪʦ 
ʦʪʚʝʨʩʪʠʝ ʚʩʪʘʚʣʝʥʦ ʫʧʨʫʛʦʝ ʢʦʣʴʮʦ ʠʟ ʜʨʫʛʦʛʦ 
ʠʟʦʪʨʦʧʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʚ [5] ʦʧʨʝʜʝʣʝʥʳ ʢʦʤʧʦʥʝʥʪʳ 

ʥʘʧʨʷʞʝʥʠʡ ʠ ʧʝʨʝʤʝʱʝʥʠʡ ʚ ʢʦʣʴʮʝ ʠ ʧʣʦʩʢʦʩʪʠ. 
ʈʘʩʩʤʦʪʨʝʥʳ ʜʚʘ ʚʘʨʠʘʥʪʘ ʚʩʪʘʚʣʝʥʠʷ ʢʦʣʴʮʘ: 

1 - ʚʩʪʘʚʣʝʥʥʦʝ ʢʦʣʴʮʦ ʧʨʠʧʘʷʥʦ ʢ ʦʢʨʫʞʘʶʱʝʤʫ 
ʝʛʦ ʤʘʪʝʨʠʘʣʫ, 

2 - ʢʦʣɹʮʦ ʧʨʦʩʪʦ ʚʩʪʘʚʣʝʥʦ ʚ ʦʪʚʝʨʩʪʠʝ ʠ ʥʝ 
ʧʨʠʧʘʷʥʦ. 
ʋʧʨʫʛʘʷ ʧʣʦʩʢʦʩʪʴ ʨʘʩʪʷʛʠʚʘʝʪʩʷ ʫʩʠʣʠʷʤʠ q ʚʜʦʣʴ 

ʦʩʠ ʆʫ ʠ ʈ = lq ʚʜʦʣʴ ʦʩʠ ʆʭ. ɼʣʷ ʧʨʠʚʝʜʝʥʥʳʭ ʚʳʰʝ 

ʚʘʨʠʘʥʪʦʚ ʧʦʣʫʯʝʥʳ ʚʳʨʘʞʝʥʠʷ, ʦʧʨʝʜʝʣʷʶʱʠʝ 
ʜʘʚʣʝʥʠʷ ʤʘʪʝʨʠʘʣʘ ʧʣʘʩʪʠʥʢʠ ʥʘ ʚʩʪʘʚʣʝʥʥʦʝ ʢʦʣʴʮʦ. 
ɼʘʚʣʝʥʠʝ ʤʘʪʝʨʠʘʣʘ ʧʣʘʩʪʠʥʢʠ: 
ʥʘ ʚʧʘʷʥʥʦʝ ʫʧʨʫʛʦʝ ʢʦʣʴʮʦ ʠʤʝʝʪ ʚʠʜ 
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 (19)

 

ʥʘ ʧʨʦʩʪʦ ʚʣʦʞʝʥʥʦʝ ʫʧʨʫʛʦʝ ʢʦʣʴʮʦ 

ὖ „

ήὲ ρ

ς
ρ

ς
‘ ρ ‗

ς‘ ὲ‘ ὼ ρ ς‘ ὲ ρ
 

ψ‘‘

ς‘ ὲ‘ ὼ ρ ς‘ ὲ ρ
ẗ

‐

ήρ ‗Ὑ
 

ρ ‗ ὲ ρ ὧέίς—ȟ

(20)

 

ʛʜʝ   q =g ʅ- ʚʝʩ ʚʳʰʝʣʝʞʘʱʝʛʦ ʛʨʫʥʪʘ, 

n= R2 /R1, 
ʅ - ʛʣʫʙʠʥʘ ʟʘʣʦʞʝʥʠʷ, 
R2- ʚʥʝʰʥʠʡ ʨʘʜʠʫʩ ʢʦʣʴʮʘ, 

R1 - ʚʥʫʪʨʝʥʥʠʡ ʨʘʜʠʫʩ ʢʦʣʴʮʘ, 
ɛ0, ɛ1, x0, x1, D, D1 - ʧʘʨʘʤʝʪʨʳ, ʟʘʚʠʩʷʱʠʝ ʦʪ 

ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʨʘʟʤʝʨʦʚ ʠ ʫʧʨʫʛʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 
ʧʣʘʩʪʠʥʢʠ ʠ ʢʦʣʴʮʘ. 
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ʅʘʤʠ ʧʨʦʠʟʚʝʜʝʥ ʨʘʩʯʝʪ ʧʦʜʟʝʤʥʦʡ ʢʨʝʧʠ ʧʦ 
ʤʝʪʦʜʘʤ, ʧʨʠʚʝʜʝʥʥʳʤ ʚʳʰʝ ʠ ʩʦʧʦʩʪʘʚʣʝʥʳ 
ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ (ʨʠʩ. 3). 

 
Рис. 3. Изменение давления грунта на трубопровод. 

1 - по методу [2] , 2 - по методу [5] 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʥʘ ʛʣʫʙʠʥʝ ʟʘʣʦʞʝʥʠʷ H<200R2 

ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʥʝʤʥʦʛʦ ʧʨʝʚʳʰʘʶʪ 
ʨʝʟʫʣʴʪʘʪʳ ʧʦʣʫʯʝʥʥʳʝ ʤʝʪʦʜʦʤ ʧʨʠʚʝʜʝʥʥʳʤ ʚ [5], 
ʤʘʢʩʠʤʘʣʴʥʦʝ ʨʘʩʭʦʞʜʝʥʠʝ ʩʦʩʪʘʚʣʷʝʪ 10-15%. ʅʘ 
ʛʣʫʙʠʥʝ ʟʘʣʦʞʝʥʠʷ 200R2 <H<300R2 ʟʥʘʯʝʥʠʷ ʜʘʚʣʝʥʠʡ 
ʚʳʯʠʩʣʝʥʥʳʝ ʧʦ ʤʝʪʦʜʘʤ [2] ʠ [5] ʩʦʚʧʘʜʘʶʪ. 
ɺ [3] ʧʦʣʫʯʝʥʳ ʚʳʨʘʞʝʥʠʷ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʜʘʚʣʝʥʠʷ ʛʨʫʥʪʘ ʥʘ ʪʨʫʙʦʧʨʦʚʦʜ ʚ 
ʥʘʩʳʧʠ: 

Ὃ ‎Ὀ Ὄ πȟρπψὈ ȟ 
Ὃʆʉʅ ‎Ὀ ὃὌ ὃὈ ȟ 
Ὃɼʆʇ ὑ ρ‎ὌὈ ȟ                      (21) 

ʛʜʝ g - ʦʙʲʝʤʥʳʡ ʚʝʩ ʛʨʫʥʪʘ, 

D1 - ʥʘʨʫʞʥʳʡ ʜʠʘʤʝʪʨ ʪʨʫʙʦʧʨʦʚʦʜʘ, 
ʅ - ʛʣʫʙʠʥʘ ʟʘʣʦʞʝʥʠʷ, 
ɸ1, ɸ2 - ʧʘʨʘʤʝʪʨʳ, ʟʘʚʠʩʷʱʠʝ ʦʪ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʙʦʢʦʚʦʛʦ ʜʘʚʣʝʥʠʷ, 
ʂʥ - ʢʦʵʬʬʠʮʠʝʥʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚʝʨʪʠʢʘʣʴʥʦʛʦ 

ʜʘʚʣʝʥʠʷ. 
ʈʝʟʫʣʴʪʘʪʳ, ʧʦʣʫʯʝʥʥʳʝ ʧʦ ʬʦʨʤʫʣʘʤ (21) ʙʳʣʠ 

ʩʦʧʦʩʪʘʚʣʝʥʳ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ, ʧʦʣʫʯʝʥʥʳʤʠ 
ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʤʝʪʦʜʦʤ ʮʝʥʪʨʦʙʝʞʥʦʛʦ 
ʤʦʜʝʣʠʨʦʚʘʥʠʷ [7]. ʄʘʢʩʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʜʘʚʣʝʥʠʷ, 
ʧʦʣʫʯʝʥʥʳʝ ʧʦ ʚʳʨʘʞʝʥʠʷʤ (1.21), ʥʘ 10-15% 

ʧʨʝʚʳʰʘʶʪ ʟʥʘʯʝʥʠʷ ʜʘʚʣʝʥʠʡ, ʧʦʣʫʯʝʥʥʳʭ 
ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʤʝʪʦʜʦʤ. ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ 
ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 4. 

 
Рис. 4. Изменение давления грунта на трубопровод. 

I -по формуле G = "γ " H, II - по методу [3], 

III - экспериментальным методом - статика 

IV - экспериментальным методом - динамика 

ʉʪʘʪʠʯʝʩʢʘʷ ʪʝʦʨʠʷ ʩʝʡʩʤʦʩʪʦʡʢʦʩʪʠ ʧʦʜʟʝʤʥʳʭ 
ʩʦʦʨʫʞʝʥʠʡ ʦʩʥʦʚʘʥʘ ʥʘ ʛʠʧʦʪʝʟʝ ʞʝʩʪʢʦʛʦ ʟʘʱʝʤʣʝʥʠʷ 
ʩʦʦʨʫʞʝʥʠʷ ʚ ʛʨʫʥʪ. ʀʩʭʦʜʷ ʠʟ ʫʩʣʦʚʠʷ ʩʦʚʤʝʩʪʥʦʩʪʠ 

ʜʝʬʦʨʤʘʮʠʠ ʛʨʫʥʪʘ ʠ ʩʦʦʨʫʞʝʥʠʷ, ʨʝʢʦʤʝʥʜʦʚʘʥʳ 

ʬʦʨʤʫʣʳ ʜʣʷ ʦʮʝʥʢʠ ʧʦʨʷʜʢʘ ʚʝʣʠʯʠʥ ʩʝʡʩʤʠʯʝʩʢʦʛʦ 
ʥʘʧʨʷʞʝʥʠʷ, ʘ ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʛʦʨʥʦʛʦ ʜʘʚʣʝʥʠʷ [1] 

„ ὑ‎ὅὝȢ     (22) 

ɺʳʨʘʞʝʥʠʝ (22) ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʣʫʯʘʶ, ʢʦʛʜʘ 
ʩʝʡʩʤʠʯʝʩʢʠʝ ʧʨʦʜʦʣʴʥʳʝ ʚʦʣʥʳ ʨʘʩʧʨʦʩʪʨʘʥʷʶʪʩʷ 

ʧʦʧʝʨʝʢ ʩʦʦʨʫʞʝʥʠʷ. 
ʌʦʨʤʫʣʫ (22) ʧʦʣʫʯʘʶʪ ʚ ʪʦʤ ʩʣʫʯʘʝ, ʝʩʣʠ 

ʧʨʦʜʦʣʴʥʳʝ ʩʝʡʩʤʠʯʝʩʢʠʝ ʚʦʣʥʳ ʨʘʩʧʨʦʩʪʨʘʥʷʶʪʩʷ 
ʚʜʦʣʴ ʦʩʠ ʪʦʥʥʝʣʷ ʠ ʚ ʛʦʨʥʦʤ ʤʘʩʩʠʚʝ ʚʦʟʥʠʢʘʶʪ 
ʧʨʦʜʦʣʴʥʳʝ ʩʞʠʤʘʶʱʠʝ ʥʘʧʨʷʞʝʥʠʷ. 

              „ ὑ ὝȢ   (23) 

ʇʨʠ ʦʛʨʘʥʠʯʝʥʥʦʩʪʠ ʙʦʢʦʚʳʭ ʜʝʬʦʨʤʘʮʠʡ ʧʦʨʦʜʳ 
ʩʝʡʩʤʠʯʝʩʢʦʝ ʛʦʨʥʦʝ ʜʘʚʣʝʥʠʝ ʨʘʚʥʦ 

ὖ ὑ‎ὅὝȟ            (24) 

ʛʜʝ v - ʢʦʵʬʬʠʮʠʝʥʪ ʇʫʘʩʩʦʥʘ, 
ʂʩ - ʩʝʡʩʤʠʯʝʩʢʠʡ ʢʦʵʬʬʠʮʠʝʥʪ, 
ʉʨ - ʩʢʦʨʦʩʪʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʧʨʦʜʦʣʴʥʳʭ ʚʦʣʥ, 
ʊ - ʧʝʨʠʦʜ ʢʦʣʝʙʘʥʠʷ ʧʦʯʚʳ. 

2. Заключение 

ʉʫʱʝʩʪʚʫʶʱʠʝ ʤʝʪʦʜʳ ʨʝʰʝʥʠʷ ʩʪʘʪʠʯʝʩʢʦʡ 
ʪʝʦʨʠʠ ʩʝʡʩʤʦʩʪʦʡʢʦʩʪʠ ʧʦʜʟʝʤʥʳʭ ʩʦʦʨʫʞʝʥʠʡ [1, 2, 3, 
4, 5, 6, 7, 8 ʠ ʜʨ.] ʥʝ ʚʩʝʛʜʘ ʚʝʨʥʳ, ʪʘʢ ʢʘʢ ʟʘʥʠʞʘʶʪ ʠʣʠ 
ʟʘʚʳʰʘʶʪ ʟʥʘʯʝʥʠʷ ʥʘʧʨʷʞʝʥʠʡ. ɸʥʘʣʠʟ 
ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʚʳʰʝ ʤʝʪʦʜʦʚ ʨʘʩʯʝʪʘ ʩʝʡʩʤʦʩʪʦʡʢʦʩʪʠ 
ʧʦʜʟʝʤʥʳʭ ʩʦʦʨʫʞʝʥʠʡ ʧʦʟʚʦʣʷʝʪ ʦʪʤʝʪʠʪʴ ʩʣʝʜʫʶʱʠʝ 
ʥʝʜʦʩʪʘʪʢʠ: 
ʘ) ʧʨʠ ʨʘʩʯʝʪʝ ʧʦʜʟʝʤʥʳʭ ʩʦʦʨʫʞʝʥʠʡ ʥʘ 

ʩʝʡʩʤʦʩʪʦʡʢʦʩʪʴ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʛʨʫʥʪʦʚʳʭ ʫʩʣʦʚʠʡ ʠ 
ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʩʦʦʨʫʞʝʥʠʷ ʩʪʘʪʠʯʝʩʢʘʷ 
ʪʝʦʨʠʷ ʩʝʡʩʤʦʩʪʦʡʢʦʩʪʠ ʧʦʜʟʝʤʥʳʭ ʩʦʦʨʫʞʝʥʠʡ ʤʦʞʝʪ 
ʙʳʪʴ ʧʨʠʤʝʥʝʥʘ ʚ ʪʝʭ ʩʣʫʯʘʷʭ, ʢʦʛʜʘ ʬʠʟʠʢʦ-
ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʩʦʦʨʫʞʝʥʠʷ ʠ ʦʢʨʫʞʘʶʱʝʛʦ ʝʛʦ 
ʛʨʫʥʪʘ ʦʪʣʠʯʘʶʪʩʷ ʥʝʟʥʘʯʠʪʝʣʴʥʦ; 
ʙ) ʪʝʦʨʠʷ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʘʧʨʷʞʝʥʠʡ 

ʦʢʦʣʦ ʦʪʚʝʨʩʪʠʡ ʫʜʦʙʥʘ ʜʣʷ ʨʘʩʯʝʪʘ, ʥʦ ʥʝ ʫʯʠʪʳʚʘʝʪ 

ʬʠʟʠʯʝʩʢʫʶ ʧʨʠʨʦʜʫ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩʦʦʨʫʞʝʥʠʷ ʩ 
ʛʨʫʥʪʦʤ; 
ʚ) ʦʪʩʫʪʩʪʚʫʝʪ ʫʯʝʪ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʨʘʙʦʪʳ 

ʩʦʦʨʫʞʝʥʠʷ; 
ʛ) ʚʦʣʥʦʚʘʷ ʪʝʦʨʠʷ ʚ ʠʟʫʯʝʥʠʠ ʩʝʡʩʤʦʩʪʦʡʢʦʩʪʠ 

ʧʦʜʟʝʤʥʳʭ ʩʦʦʨʫʞʝʥʠʡ ʧʦʢʘ ʥʝ ʧʨʠʚʦʜʠʪ ʢ ʞʝʣʘʝʤʳʤ 
ʨʝʟʫʣʴʪʘʪʘʤ ʧʨʠ ʢʦʣʝʙʘʪʝʣʴʥʦʤ ʧʨʦʮʝʩʩʝ ʩʘʤʦʛʦ 
ʩʦʦʨʫʞʝʥʠʷ, ʚ ʯʘʩʪʥʦʩʪʠ ʩʚʦʡʩʪʚ ʝʛʦ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ; 

ʜ) ʥʝʚʦʟʤʦʞʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 
ʥʘʧʨʷʞʝʥʠʡ ʧʦ ʪʦʣʱʠʥʝ ʩʦʦʨʫʞʝʥʠʷ ʚ ʮʝʣʷʭ 
ʧʦʚʳʰʝʥʠʷ ʝʛʦ ʥʝʩʫʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ. 
ɺ ʦʪʣʠʯʠʝ ʦʪ ʩʪʘʪʠʯʝʩʢʦʡ, ʩʝʡʩʤʦʜʠʥʘʤʠʯʝʩʢʘʷ 

ʪʝʦʨʠʷ ʩʣʦʞʥʳʭ ʩʠʩʪʝʤ ʧʦʜʟʝʤʥʳʭ ʩʦʦʨʫʞʝʥʠʡ ʥʘʭʦʜʠʪ 
ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʧʨʠ ʦʮʝʥʢʝ ʩʝʡʩʤʦʥʘʧʨʷʞʝʥʥʦʛʦ ʠ 
ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʧʦʜʟʝʤʥʳʭ 
ʪʨʫʙʦʧʨʦʚʦʜʦʚ, ʪʦʥʥʝʣʝʡ, ʩʪʘʥʮʠʡ ʤʝʪʨʦʧʦʣʠʪʝʥʦʚ ʠ 
ʪ.ʧ. ʇʨʠ ʠʟʫʯʝʥʠʠ ʨʘʟʣʠʯʥʳʭ ʤʦʜʝʣʝʡ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʜʠʥʘʤʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ "ʩʦʦʨʫʞʝʥʠʝ-ʛʨʫʥʪ" ʚʳʷʚʣʝʥ 
ʨʷʜ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʩʝʡʩʤʠʯʝʩʢʠʭ ʢʦʣʝʙʘʥʠʡ 
ʧʦʜʟʝʤʥʳʭ ʩʦʦʨʫʞʝʥʠʡ, ʠʟʤʝʥʝʥʠʝ ʜʠʥʘʤʠʯʝʩʢʠʭ 
ʫʩʠʣʠʡ ʚ ʠʭ ʵʣʝʤʝʥʪʘʭ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʝʡʩʤʠʯʝʩʢʦʛʦ 
ʚʦʟʜʝʡʩʪʚʠʷ, ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʨʘʟʤʝʨʦʚ ʠ ʬʠʟʠʢʦ-
ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʢʦʥʩʪʨʫʢʮʠʡ ʠ ʛʨʫʥʪʘ [9, 10-19]. 
ʆʩʥʦʚʳʚʘʷʩʴ ʥʘ ʵʪʠ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʥʝʦʙʭʦʜʠʤʦ 

ʩʬʦʨʤʫʣʠʨʦʚʘʪʴ ʧʦʩʪʘʥʦʚʢʫ ʟʘʜʘʯʠ, ʢʦʪʦʨʘʷ ʜʘʝʪ 

ʚʦʟʤʦʞʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʭʘʨʘʢʪʝʨʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 
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“Transport inshootlari: zamonaviy texnologiyalar, seysmik barqarorlik” 

ʥʘʧʨʷʞʝʥʠʡ ʧʦ ʧʦʧʝʨʝʯʥʦʤʫ ʩʝʯʝʥʠʶ ʩʦʦʨʫʞʝʥʠʷ ʚ 
ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʝʡʩʤʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ, 
ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʨʘʟʤʝʨʦʚ ʠ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ 
ʩʚʦʡʩʪʚ ʩʦʦʨʫʞʝʥʠʷ ʠ ʛʨʫʥʪʘ, ʘ ʪʘʢʞʝ ʚʥʫʪʨʝʥʥʝʛʦ 
ʜʘʚʣʝʥʠʷ. ʂʨʦʤʝ ʵʪʠʭ ʬʘʢʪʦʨʦʚ, ʠʤʝʝʪ ʥʝʤʘʣʦʚʘʞʥʦʝ 
ʟʥʘʯʝʥʠʝ ʫʯʝʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩʦʦʨʫʞʝʥʠʷ ʩ ʛʨʫʥʪʦʤ. 
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Methodology for Assessing Embodied Carbon in Bridge Structures 
 

A.B. Karimova1 a, M.T. Abdurasulova1 b 

1Tashkent state transport university, Tashkent, Uzbekistan 
 

Abstract: This study introduces a methodology for evaluating the embodied carbon of building materials and 
structural elements. The approach includes relevant formulas and step-by-step procedures to 
systematically assess carbon emissions associated with material production and construction processes. 
While actual numerical results are not presented in this work, the methodology provides a framework for 
applying these calculations in practice. Operational carbon is not considered in this study but is identified 

as a topic for future research. Overall, the proposed methodology offers a structured approach to 
analyzing embodied carbon, supporting further studies and adaptations in construction projects aimed at 
sustainable development. 

Keywords: Bridge sustainability, Embodied carbon, Operational carbon, Life Cycle Assessment, Environmental 
impact, Infrastructure in Uzbekistan 

 

 

1. Introduction  

The relationship between humanity and nature has deep 
and ancient philosophical roots. As expressed in a well-
known proverb: ñTreat the Earth well: it was not given to 

you by your parents, it was loaned to you by your children.ò 
This ancient Native American proverb, spoken centuries 
ago, resonates even more strongly in todayôs society. It 
implies that every action harming the Earth and its natural 
systems is ultimately an action taken against the future of 
coming generations. For this reason, growing concern 
regarding greenhouse gas (GHG) emissions has become an 
imperative issue for professionals across all disciplines. 

On a global scale, GHG emissions are the primary 
anthropogenic drivers of climate change. According to the 
United States Environmental Protection Agency (EPA), the 
transportation sector including road, rail, air, and maritime 
transport together with buildings accounts for approximately 
21% of global GHG emissions. When focusing on developed 
countries such as the United States, this proportion is even 
higher: in 2012, the transportation and building sectors 

represented about 38% of total national emissions, 
exceeding one third of the overall contribution. 

Within the field of civil engineering, the objective is not 
limited to the development of residential and commercial 
buildings, but also encompasses critical infrastructure such 
as roads, bridges, and tunnels. In recent decades, numerous 
sustainability rating systems and assessment frameworks 
have been developed to evaluate and improve the 

environmental performance of buildings. However, in 
contrast to buildings, infrastructure systems and bridges in 
particular have received comparatively limited attention in 
sustainability-related research. 

As mentioned previously, several studies and rating 
systems exist to measure the sustainability of buildings, 
raising the question of why bridges differ so significantly 
from buildings in this context. 

                                                             
a  https://orcid.org/0000-0003-4568-4728 
 

 

 
Fig. 1. Global Greenhouse Gas Emission by sourse 

One major distinction lies in the identity of the client. 

While buildings are most often commissioned by private 

companies or investors, bridges are typically initiated and 

funded by governments or public administrations at the 

municipal, regional, or national level. This difference has 

direct implications for project budgets, which are generally 

more constrained in the public sector than in private 

developments. Furthermore, because bridges serve to 

shorten travel distances and improve mobility, expectations 

regarding their environmental performance are often 

secondary. Bridge users tend to focus more on the financial 

cost borne by their city, state, or country indirectly funded 

through taxation than on the sustainability of the structure 

itself. 

In contrast, when private companies develop buildings, 

obtaining sustainability certifications often enhances 
corporate image and demonstrates environmental 
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responsibility, which can provide tangible benefits to the 
company. Another fundamental difference concerns the 
purpose of the structure. Most buildings are designed 
primarily for residential or office use, where architectural 
expression and façade design are secondary to functional 
requirements. For bridges, the primary objective is to 
connect different parts of a city or region and to create 
shorter and more efficient transportation routes. At the same 
time, bridges play a significant social and cultural role: they 

reduce travel time, enhance connectivity, and frequently 
become iconic elements that define the identity of a city, 
often being perceived as works of engineering art. 

Sustainability, as defined by the EPA, is based on the 
principle that everything necessary for human survival and 
well-being depends, directly or indirectly, on the natural 
environment. Similarly, the Brundtland Report defines 
sustainable development as development that meets present 

needs without compromising the ability of future 
generations to meet their own. 

In this context, this study aims to address existing gaps 
in bridge sustainability research by analyzing carbon 
emissions throughout the bridge life cycle, expanding life 
cycle cost assessment (LCCA) methodologies to carbon-
based evaluations, and contributing to the development of a 
more comprehensive framework for sustainable bridge 

design. 
Although this study is based on international databases 

and case studies mainly from European and North American 
contexts, the proposed methodology is not geographically 
limited. The framework developed in this research can serve 
as a foundation for future applications in other regions, 
including Uzbekistan. By adapting material emission 
coefficients, traffic data, and maintenance practices to local 

conditions, this approach could support the assessment of 
embodied and operational carbon emissions of bridge 
infrastructure at a national level. Such future applications 
would contribute to more informed decision-making in 
infrastructure planning and promote the development of 
sustainable bridge design practices in Uzbekistan. 

2. Research methodology 

Despite growing interest in sustainable construction, a 
significant knowledge gap remains in the field of sustainable 
bridge design. In particular, limited information is available 
regarding the environmental implications of material 
selection, structural dimensions, and, most importantly, the 
maintenance and operational phases of bridges. Existing 
studies rarely address how maintenance activities affect 

bridge functionality over time. For instance, during 
maintenance periods, it is often unclear whether a bridge 
remains open to traffic, how many lanes remain operational 
compared to full service conditions, or which alternative 
routes are implemented when full or partial closures occur. 
These aspects play a crucial role in understanding the overall 
sustainability performance of bridge infrastructure. 

Current research related to bridge maintenance and 

operation is predominantly grounded in economic analyses. 
For certain bridges, Life Cycle Cost Analysis (LCCA) has 
been applied to evaluate costs associated with traffic flow, 
toll systems, and other infrastructure-related factors. While 
LCCA provides valuable insights into economic efficiency, 
it does not explicitly account for greenhouse gas (GHG) 
emissions generated during the operation and maintenance 
phases of a bridgeôs life cycle. Extending this methodology 

to incorporate carbon emissions represents a critical research 
opportunity. 

The primary objective of this study is to establish a 
benchmark for embodied carbon in bridge structures, 
considering both road bridges and pedestrian bridges. In 
addition, this research aims to develop an integrated 
methodology that accounts for maintenance and operational 
impacts by expanding conventional LCCA frameworks to 
include carbon-based assessments. By addressing these 
gaps, this study seeks to support a more comprehensive 
evaluation of bridge sustainability and contribute to the 

development of improved strategies for the design and 
management of sustainable bridge infrastructure. 

Sustainability is commonly defined as a fundamental 
principle recognizing that human survival and well-being are 
inherently dependent, both directly and indirectly, on the 
natural environment. According to the United States 
Environmental Protection Agency (EPA), sustainability 
involves creating and maintaining conditions in which 

human societies and natural systems can coexist in a 
productive and balanced manner, while fulfilling social, 
economic, and environmental needs for both present and 
future generations. 

This concept is closely aligned with the definition 
presented in the Brundtland Report, which describes 
sustainable development as development that satisfies 
current needs without undermining the capacity of future 

generations to meet their own. In this sense, sustainability 
extends beyond immediate outcomes and requires a long-
term perspective that accounts for the lasting impacts of 
human actions. 

Sustainable development therefore represents a 
comprehensive way of thinking, in which the direct and 
indirect consequences of decisions are carefully considered. 
These consequences may manifest over short or extended 

time horizons ranging from months to decades or even 
centuries yet their existence and influence remain 
significant. Ensuring that such impacts do not irreversibly 
damage natural systems is central to the pursuit of 
sustainable development. 

Greenhouse gas (GHG) emissions represent the primary 
anthropogenic driver of global warming. Among these 
gases, carbon dioxide (CO ) is the most significant 

contributor, as shown in Figure 1-6. In addition to CO , other 
gases such as methane (CH ), nitrous oxide (N O), and 
fluorinated gases also play a role in intensifying climate 
change and degrading the ozone layer. Although fluorinated 
gases are released in relatively small quantities, they have a 
disproportionately high impact on the Earthôs climate due to 
their high Global Warming Potential (GWP) and are 
therefore classified as High Global Warming Potential gases 
(EPA, 2012). 

 
Fig. 2. Greenhouse Gases 

Since the Industrial Revolution, the concentration of 
greenhouse gases in the Earthôs atmosphere has increased 
considerably as a result of various human activities. These 
activities include energy production, transportation, 
industrial processes, and construction-related operations. A 
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summary of the main anthropogenic sources contributing to 
greenhouse gas emissions is presented in Table 1-1. 

Table 1 

Greenhouse Gases Source of Emissions 

Green house Gases Source 

Carbon dioxide Co2 Burning fossil fuels 

Burning solid waste 

Burning trees and wood 
products 

Certain chemical reactions 

Methane CH4 Production, transport of coal 

Production, transport of 
natural gas 

Production, transport of oil 

Livestock and other 
agricultural practice 

Nitrous oxide N2O Agricultural and industrial 
activities 

Combustion of fossils fuels 

Combustion of solid waste 

Fluorinated gases Variety of industrial process 

Global Warming Potential (GWP) is an index used to 
evaluate and compare the capacity of different greenhouse 
gases to trap heat in the atmosphere over a defined period, 
typically 100 years. This indicator expresses how much 
energy a specific gas absorbs relative to carbon dioxide 
during the same timeframe (EPA, 2012). Carbon dioxide is 
assigned a GWP value of 1, as it serves as the reference gas 

for comparison. 
Other greenhouse gases exhibit significantly higher 

GWP values, indicating a stronger warming effect per unit 
mass. For instance, methane and nitrous oxide have 
substantially higher GWP values than carbon dioxide, as 
illustrated in Table 1-2, highlighting their greater 
contribution to climate change despite lower emission 
quantities. 

Table 2 

Global Warming Potential of some Greenhouse Gases 

Green house gases GWP (100 years) 

Methance CH4 21 

Nitrouse oxide N2O 310 

Life Cycle Assessment (LCA) is a systematic 

methodology used to assess the environmental impacts 
associated with a product, process, or system throughout its 
entire life span, from raw material extraction to end-of-life 
disposal (UNEP, 1996). This approach enables a 
comprehensive evaluation of environmental burdens by 
considering all stages of a productôs existence. 

As illustrated in Figure 1-7, the LCA framework is 
structured into four main phases: 

1. Goal and Scope Definition, which establishes the 
purpose of the study, system boundaries, and assumptions; 

2. Life Cycle Inventory (LCI), involving the 
collection and quantification of inputs such as materials and 
energy, as well as outputs including emissions and waste; 

3. Life Cycle Impact Assessment, where the potential 
environmental impacts are evaluated based on inventory 
data; 

4. Interpretation, which involves analyzing the 

results, identifying key contributors, and drawing 
conclusions to support decision-making. 

 
Fig. 3. Life Cycle assessment Framework 

Embodied Carbon 

Embodied energy represents the total energy required to 
produce a material, covering all stages from extraction to 
final manufacturing (Treloar, 1994). The associated 
embodied carbon quantifies the greenhouse gas (GHG) 
emissions resulting from this energy, measured in kilograms 
of CO  equivalent (De Wolf, 2014). In the context of bridges, 
embodied carbon is primarily considered during the 
construction phase, reflecting the emissions from material 
processing, transportation, and assembly. Unlike buildings, 

where maintenance and end-of-life stages are often included, 
bridge analysis generally focuses on construction-related 
emissions. 

Operational carbon accounts for GHG emissions 
occurring throughout the bridgeôs service life, including 
maintenance activities and routine operation. Maintenance 
can temporarily obstruct traffic, causing additional 
emissions, which are therefore included in the operational 

carbon assessment. Furthermore, energy consumption from 
bridge lighting and other electrical systems contributes to 
operational emissions. Together, embodied and operational 
carbon provide a comprehensive picture of the bridgeôs 
carbon footprint, supporting more informed decisions for 
sustainable bridge design and management. 

This study focuses on a selection of pedestrian and road 
bridges to analyze their embodied carbon during the 

construction phase. The same methodology is applied to 
both types of bridges, ensuring consistency in assessment. 
The steps of the methodology are as follows: 

1. Determining Structural Material Quantities (SMQ) 
The first step is to identify the quantities of structural 

materials used in each bridge. Accurate material quantities 
are crucial for calculating embodied carbon. While obtaining 
this data for existing bridges may be challenging, designers 

and engineers can apply the same approach during the design 
or immediately after construction. The quantity of structural 
material i is denoted as SMQi 

2. Normalizing Material Quantities (NMQ) 
To allow comparisons between bridges of different sizes, 

material quantities are normalized. The normalized quantity 
of structural material (NMQi) is calculated as the weight of 
material per unit area of the bridge deck: 

NMQi [kg/m2]   =
SMQi[kg]

Length [m]ĬWidth[m]
 

3. Calculating Embodied Carbon (EC) 
The embodied carbon of each structural material is 

calculated by multiplying the normalized material quantity 

by its embodied carbon coefficient: 
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ECi [kgCO2e/m2] = NMQi [kg/m2]  ×  ECCi[kgCO2e/kg] 

4. Global Warming Potential of the Bridge (GWP) 
Finally, the total embodied carbon or global warming 

potential of the bridge is calculated as the sum of the 
embodied carbon of all materials: 

GWP[kgCO2e/m2] =ФECi [kgCO2e/m2]  

This methodology provides a structured framework for 
evaluating the environmental impact of bridges during their 
construction stage and allows comparison across different 
bridge types. 

3. Conclusion 

This study presents a methodology for assessing the 
embodied and operational carbon of pedestrian and road 
bridges, aiming to establish a benchmark and evaluate their 

sustainability over the entire life cycle. The methodology 
consists of three main steps: first, collecting comprehensive 
data on bridges; second, calculating the embodied carbon 
based on structural material quantities; and third, adapting a 
Life Cycle Cost Assessment (LCCA) approach to estimate 
the operational carbon, including traffic impacts during 
maintenance and energy use for lighting. 

The data collection includes bridge dimensions, material 

quantities, daily traffic volumes, lighting systems, and toll 
information. This ensures a thorough understanding of both 
the construction and operational characteristics of the 
bridges. Embodied carbon is calculated by normalizing 
material quantities and applying material-specific carbon 
coefficients to estimate the total global warming potential 
(GWP). Operational carbon considers emissions from 
maintenance, traffic delays, and electricity consumption, 

capturing both direct and indirect contributions to 
greenhouse gas emissions. 

While actual numerical results are not presented in this 
study, the proposed methodology provides a structured and 
repeatable framework for evaluating bridge sustainability. 
Importantly, this framework can be adapted for Uzbekistan 
and other Central Asian contexts, taking into account local 
material production processes, operational practices, and 
emission factors. Such adaptation would allow more 

accurate national-level environmental assessments and 
support sustainable decision-making in bridge design and 
management. 

In summary, this methodology offers a solid basis for 
designing and assessing sustainable bridge infrastructure, 
integrating functional, social, and environmental aspects 
while allowing future research to implement Uzbekistan-
specific parameters. 
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Abstract: In this article, the economic efficiency of implementing modern prefabricated reinforced retaining walls 

is evaluated by comparing the costs associated with the construction and installation of traditionally used 
retaining walls, as well as the expenses required to eliminate potential shortcomings and problems during 

their service life. Justifying the efficiency of prefabricated reinforced retaining walls plays an important 
role in enhancing the technical and economic performance of reinforced concrete highway bridges and 
overpasses. Replacing traditionally used retaining walls with prefabricated reinforced retaining walls 
allows for accelerated construction processes, more effective allocation of materials and labor, and 
reduction of long-term operational costs of the structures. 

Keywords: Prefabricated panel, bridge approaches, economic efficiency, bridge, overpass, retaining wall, structure, 
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Zamonaviy yig‘ma elementlardan iborat armaturalangan tirkama devorlarni 

qo‘llashning iqtisodiy samaradorligi 
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Annotatsiya: Ushbu maqolada Zamonaviy yigóma elementlardan iborat armaturalangan tirkama devorlarni 

qoóllashning iqtisodiy samaradorligini baholash uchun anôanaviy foydalanishdagi tirgak devorlarni 

tayyorlash va montaj qilish bilan bogóliq xarajatlar oórtasidagi farq hamda foydalanish bilan bogóliq 
mumkin boólgan kamchiliklar va muammolarni bartaraf etish xarajatlar taqqoslanadi. Yigóma 
elementlardan iborat armaturalangan tirkama devorlarni qoóllashning samaradorligini asoslash, avtoyoól 
temirbeton koóprik va yoóloótkazgichlarining texnik va iqtisodiy samaradorligini oshirishda muhim rol 
oóynaydi. Qurilishda anôanaviy foydalanishdagi tirgak devorlar oórniga yigóma elementlardan iborat 
armaturalangan tirkama devorlarni qoóllash, qurilish jarayonlarini tezlashtirish, materiallar va ishchi 
kuchini samarali taqsimlash, shuningdek, inshootning uzoq muddatli ekspluatatsiya davridagi 
xarajatlarini kamaytirish imkonini beradi.  

Kalit soózlar: Yigóma panel, yaqinlashuv koótarmalari, iqtisodiy samaradorlik, koóprik, yoól oótkazgich, tirgak devor, 
konstruksiya beton armatura ekspluatatsiya, texnik holat 

1. Kirish  

Yigóma elementlardan iborat armaturalangan tirkama 
devorlarni qoóllashning samaradorligini asoslash, avtoyoól 
temirbeton koóprik va yoóloótkazgichlarining texnik va 
iqtisodiy samaradorligini oshirishda muhim rol oóynaydi. 
Qurilishda anôanaviy foydalanishdagi tirgak devorlar 
oórniga yigóma elementlardan iborat armaturalangan tirkama 
devorlarni qoóllash, qurilish jarayonlarini tezlashtirish, 

materiallar va ishchi kuchini samarali taqsimlash, 
shuningdek, inshootning uzoq muddatli ekspluatatsiya 
davridagi xarajatlarini kamaytirish imkonini beradi. Tirkama 
devorlarining yigóma elementlardan tashkil etilishi, koóprik 
yaqinlashuv koótarmalarining yuk koótarish qobiliyatini 
oshirish va qurilish sifatini taôminlashda katta ahamiyatga 
ega. Yigóma elementlardan iborat armaturalangan tirkama 
devorlarni avtoyoól temirbeton koópriklarda qoóllash 

samaradorligini asoslash orqali, Respublikamiz 
koópriksozligida yangi texnologiyalarni joriy etish, 
resurslarni tejash va loyiha samaradorligini maksimal 
darajada oshirishga imkon yaratamiz. Shuning uchun, ushbu 

                                                             
a  https://orcid.org/0000-0002-1289-879X    

ñAvtoyoól temirbeton koópriklarida yigóma elementlardan 
iborat armaturalangan tirkama devorlarni qoóllashning 
samaradorligini asoslashò deb nomlangan toórtinchi bobda 
avtoyoól temirbeton koóprik va yoóloótkazgichlarining 
yaqinlashuv koótarmalari konstruksiyalarini 
takomillashtirish orqali, ularning iqtisodiy samaradorligini 
oshirish imkoniyatlari koórib chiqiladi. Iqtisodiy 

samaradorlik yoki iqtisodiy tahlil nafaqat koóprik va 
yoóloótkazgichlar balki muhandislik qurilishining ihtiyoriy 
obyektlari qurilishida muhim rol oóynaydi. Aynan shuning 
uchun uning ahamiyatini asoslovchi asosiy sabablar va 
argumentlar keltirilishi kerak boóladi.[1]. 

2. Tadqiqot metodikasi 

Hozirgi kunda respublikamizda koópriksozlik sohasida 
koóplab yangi turdagi metod va usullardan foydalangan 
holda koópriklar qurilmoqda, jumladan monalit usulda 
qurilgan bir nechta  koópriklarni misol qilib olishimiz 
mumkin, hamda Avtomabil yoóllaridagi yaqinlashub 

https://orcid.org/0000-0002-1289-879X
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koótarmalarining tirgak devorlarini keltirishimiz mumkin. 
Ammo bu zamonaviy metodlar va ularda ishlatiladigan 
konstruksiyalar qay darajada samaradorligini tekshirish 
maqsadida ABC4 dasturiy taminoti orqali hisoblab chiqildi. 
[2]  
Qurilishi loyihalanayotgan avtoyoól koóprik va 

yoóloótkazgichlarida yigóma elementlardan iborat 
armaturalangan tirkama devorlarni qoóllashning iqtisodiy 
samaradorligini hisoblash uchun quyidagi maôlumotlar talab 

qilinadi: 
- talab qilingan qurilish materiallari xarajatlari, shu 

jumladan, ularni saqlash va tashish xarajatlari; 
-  qurilish materiallarini montaj qilish 

texnologiyasiga koóra talab qilingan mashina-mexanizmlar 
xarajatlari; 

-  ishchi kadrlarga boólgan ehtiyoj. 
Yigóma elementlardan iborat armaturalangan tirkama 

devorlarni qoóllashning iqtisodiy samaradorligini baholash 
uchun anôanaviy foydalanishdagi tirgak devorlarni 
tayyorlash va montaj qilish bilan bogóliq xarajatlar 
oórtasidagi farq hamda foydalanish bilan bogóliq mumkin 
boólgan kamchiliklar va muammolarni bartaraf etish 
xarajatlar taqqoslanadi. 

Yuqorida keltirilgan maôlumotlar asosida qurilishi 
loyihalanayotgan avtoyoól temirbeton kʦôpriklarida yigóma 

elementlardan iborat armaturalangan tirkama devorlarni 
qoóllashning iqtisodiy samaradorligini ularni barpo etish 
xarajatlarini taqqoslash orqali aniqlaymiz. Dastlab xar ikki 
variant uchun (1-variant: anôanaviy tirgak devor, 2-variant : 
yigóma elementlardan iborat armaturalangan tirkama devor) 
tayyorlash xarajatlarini loyihaviy kalkulyatsiya (4.1-jadval) 
orqali aniqlaymiz va oózaro taqqoslaymiz (4.1-rasm). Ushbu 
jarayon 3 bosqichda amalga oshiriladi (beton qorishmasi va 

armakarkaslarni tayyorlash va umumlashtirish). 
1-bosqich: Tirgak devor konstruksiyasini tayyorlashda 

1m3 beton qorishmasining narxi materiallar, ishchi kuchi va 
mashina-mexanizmlar uchun sarflangan miqdorlarning 
umumiy narxlari yigóindisiga bogóliq holda quyidagicha 
hisoblanadi: 

Ὁ Ὁ Ὁ Ὁ   (1) 

bu yerda:  

Ὁ  ï tirgak devor konstruksiyasini tayyorlash uchun 

kerakli beton qorishmasining tayyorlanish miqdori (1m3 
uchun mln. soómda); 

Ὁ  ï beton qorishmasini tayyorlash uchun sarflangan 
material miqdori (1m3 uchun mln. soómda); 

Ὁ  ï beton qorishmasini tayyorlash uchun sarflangan 
ishchi kuchi miqdori (1m3 uchun mln. soómda); 

Ὁ  ï beton qorishmasini tayyorlash uchun sarflangan 
mashina-mexanizmlar miqdori (1m3 uchun mln. soómda). 

Beton qorishmasining material narxi uni tayyorlashda 
foydalanilgan qurilish materiallar narxlari (sement, sheben, 
qum, suv va kimyoviy komponentlar) yigóindisiga bogóliq 
holda quyidagicha hisoblanadi: 

Ὁ Ὁẗὗ Ὁ ẗὗ Ὁẗὗ Ὁ ẗὗ Ὁẗ

ὗ    (2) 
bu yerda:  

ὉȟὉ ȟὉȟὉȟὉ  ï beton qorishmasini tayyorlash 

uchun sarflangan material miqdori, mos ravishda sement, 
sheben, qum, suv va kimyoviy komponentlar (bir birligi 
uchun mln. soómda); 

ὗ ȟὗ ȟὗ ȟὗ ȟὗ  ï 1m3 beton qorishmasini 

tayyorlash uchun qurilish materiallariga boólgan ehtiyoj, 
mos ravishda sement, sheben, qum, suv va kimyoviy 

komponentlar. 
Quyidagi formulalar orqali beton qorishmasini 

tayyorlash uchun sarflangan ishchi kuchi (mehnat sarfi) va 
mashina-mexanizm xarajatlari aniqlanadi: 

Ὁ Ὁ ẗὗ   (3) 

bu yerda:  

Ὁ  ï mehnatga xaq toólashning 1 soatlik meôyori, mln. 
soómda (Bandlikga koómaklashish va Qurilish Varizligi 
qarorlari bilan tartibga solinadi); 

ὗ  ï 1m3 beton qorishmasini tayyorlash uchun ishchi 
kuchiga boólgan ehtiyoj, ishchi-soat. 

Ὁ Ὁ ẗὗ Ὁ ẗὗ  (4) 

bu yerda: Ὁ ȟὉ  ï old yuklagich va beton zavodining 

1 soatlik vaqt meôyori sarfi, mln. soómda; 

ὗ ȟὗ  ï1m3 beton qorishmasini tayyorlash uchun 

old yuklagich va beton zavodiga boólgan ehtiyoj, mash-soat. 
[3]. 

1-jadval 

Tirgak devorlar uchun loyihaviy kalkulyatsiya (beton qorishmasi) 

Nomlanishi Birligi  
1 birlik uchun 

narx, sum 

1-variant 2-variant 

ɺ25 F-200 W-6 ɺ35 F-200 W-6 

Meôyoriy sarf Summa Meôyoriy sarf Summa 

Sement kg 730.0 360 262800.0 422 308060.0 

Qum m3 97600.0 0.822 80227.2 0.765 74664.0 

Sheben m3 89450.0 0.511 45708.9 0.560 50092.0 

Suv m3 10080.0 0.162 1632.9 0.166 1673.3 

Kimyoviy 
komponent 

kg 10000.0 3.42 34200.0 4.64 46400.0 

JAMI: 424569,00 480889,30 

Ish xaqqi ish-soat 28783.10 3,017 86838.61 3,017 86838.61 

Yuklagich mash-soat 143063.0 0,173 24749.9 0,173 24749.9 

Statsionar BSU mash-soat 76850.0 0,236 18136.6 0,236 18136.6 

JAMI: 554294,11 610614,41 

 



Journal Engineer           ISSN: 3030-3893 Special Issue| 2026 

 

 
 16-fevral, 2026 100 

                 “Transport inshootlari: zamonaviy texnologiyalar, seysmik barqarorlik” 

 
1-rasm. Tirgak devor variantlari uchun material sarfi: 

qizil rangda an’anaviy tirgak devorlar, ko‘k rangda 

yig‘ma elementlardan iborat armaturalangan tirkama 

devor ko‘rsatilgan 

1-rasmdan koórishimiz mumkinki anôanaviy tirgak devor 
uchun loyihaviy beton qorishmasini tayyorlash xarajatlati 
0.55 mln. soómni (1m3 uchun) va yigóma elementlardan 
iborat armaturalangan tirkama devor uchun loyihaviy beton 
qorishmasini tayyorlash xarajatlati 0.61 mln. soómni (1m3 
uchun) tashkil qildi. 

2-bosqich: Oóz navbatida ushbu ikki turdagi (mavjud va 
taklif qilinayotgan) tirgak devor armakarkaslarini 

tayyorlashdan tortib ushbu konstruksiyalarni saqlash 
omboriga yetkazishgacha muddatda ishchilarning mehnat 
sarflarini xam hisobga olish lozim boóladi. 

Buning uchun xar ikkala variantning metal sarfi miqdori 
aniqlanadi hamda oózgaruvchilar oórtasidagi bogóliqlikni 
aniqlash orqali hisoblanadi. Euklid yoki Pifagor 
taôkidlaganidek bu bogóliqlik oózgarmas munosabatni 
bildirib bir oózgaruvchi oózgarganda boshqa oózgaruvchi 

qanday oózgarishini aniqlash imkonini beradi (2 va 3-
jadvallar). 

ὗ ὗ ẗὗ   (5) 

bu yerda: ὗ  ï tirgak devor konstruksiayasini 
tayyorlashdagi umumiy ish hajmi uchun vaqt sarfi, ishchi-
soat; 

ὗ  ï belgilangan ish turini bajarish uchun standartlarda 
belgilangan vaqt meôyori, bir birlik uchun ishchi-soat; 

ὗ ï tirgak devor konstruksiayasini tayyorlash uchun ish 
hajmi (xar bir ish turi uchun alohida hisoblanadi). 

2-jadval 

Ana’naviy foydalanishdagi tirgak devor uchun 

Ish turlarining 

nomlanishi 
Birlik  

Ish 

hajmi 

Birlik 

uchun 

ishchi-

soat 

Ish hajmi 

uchun 

ishchi-

soat 

Armaturani 

mashinadan kran 

yordamida 

omborga 

tushurish 

t 0,8990 0,72 0,64728 

Armaturalarni 

omborga tashish, 

L=50ʤ 

t 0,8990 2,76 2,48124 

Armaturalarni kesish 

Armatura ɸI t 0,0723 1,68 0,121464 

Armatura ɸIII t 0,8267 2,68 2,215556 

Armaturalarni 

ombordan beton 

sexiga tashish, 

L=20ʤ 

t 0,8990 1,59 1,42941 

Armatura karkas sterjenlarini yigóish 

Armatura t 0,8990 31 27,869 

Bogólochi 

(zakladnoy) 
1  0,0087  

qismni karkazga 

oórnatish 

Opalubka 

yuzalarini 

tozalash 

10m2 3,1 0,57 1,78752 

Metal opalubkani 

yigóish 
m2 31,0 0,22 6,82 

Metal opalubkani 

yechish 
m2 31,0 0,16 4,96 

Armatura 

karkazini 

opalubkaga 

oórnatish 

1 

karkas 
1,0 0,44 0,44 

Opalubkani beton 

olishga 

tayyorlash 

10 m2 3,1 0,46 1,426 

Vibratorni 

tayyorlash 
1 vib. 1,0 0,16 0,16 

Beton qorishmasini kubloga tushirish 

Vibrator 

yordamida beton 

qorishmasiga 

ishlov berish 

m3 6,9 1,8 12,42 

Konstruksiyalarni 

markirovka qilish 

100 

harf 
0,12 0,47 0,0564 

Konstruksiyalarni 

omborga 

joylashtirish 

10 

konst. 
0,1 1,2 0,12 

Jami:     62,95387 

2-jadvalda temirbeton konstruksiyalarni tayyorlash 
uchun zarur boólgan ish turlari va ularning bajarilishi uchun 
kerakli ishchi-soatlar meôyori koórsatilgan. Bunda har bir ish 

turi uchun kerakli materiallar, uskunalar va ishchi kuchining 
sarfi, shu jumladan armatura, opalubka yigóish va beton olish 
jarayonlari uchun vaqt meôyorlari keltirilgan boólib 
anaônaviy foydalanishdagi tirgak devor uchun umumiy 
mehnat sarfi 62.95 soatni tashkil qildi. [3]. 

3-jadval 

Yig‘ma elementlardan iborat armaturalangan tirkama 

devor uchun 

Ish turlarining 

nomlanishi 
Birlik  

Ish 

hajmi 

Birlik 

uchun 

ishchi-

soat 

Ish hajmi 

uchun 

ishchi-

soat 

Armaturani 

mashinadan kran 

yordamida 

omborga 

tushurish 

t 0,0107 0,72 0,007704 

Armaturalarni 

omborga tashish, 

L=50ʤ 

t 0,0107 2,76 0,029532 

Armaturalarni kesish 

Armatura ɸI t  1,68  

Armatura ɸIII t 0,0107 2,68 0,028676 

Armaturalarni 

ombordan beton 

sexiga tashish, 

L=20ʤ 

t 0,0107 1,59 0,017013 

Armatura karkas sterjenlarini yigóish 

Armatura t 0,0107 31 0,3317 

Bogólochi 

(zakladnoy) 

qismni karkazga 

oórnatish 

1  0,0087 0 
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Opalubka 

yuzalarini 

tozalash 

10m2 0,5 0,57 0,2907 

Metal opalubkani 

yigóish 
m2 5,1 0,22 1,122 

Metal opalubkani 

yechish 
m2 5,1 0,16 0,816 

Armatura 

karkazini 

opalubkaga 

oórnatish 

1 

karkas 
1,0 0,44 0,44 

Opalubkani beton 

olishga 

tayyorlash 

10 m2 0,5 0,46 0,2346 

Vibratorni 

tayyorlash 
1 vib. 1,0 0,16 0,16 

Beton qorishmasini kubloga tushirish 

Vibrator 

yordamida beton 

qorishmasiga 

ishlov berish 

m3 0,45 1,8 0,81 

Konstruksiyalarni 

markirovka qilish 

100 

harf 
0,12 0,47 0,0564 

Konstruksiyalarni 

omborga 

joylashtirish 

10 

konst. 
0,1 1,2 0,12 

Jami:     4,464325 

Yigóma elementlardan iborat armaturalangan tirkama 
devor konstruksiyasini tayyorlash uchun umumiy mehnat 
sarfi 4.3-jadval boóyicha 4.46 soatni tashkil qildi. Bunda 

anôanaviy foydalanishdagi tirgak devor konstruksiyasini 
tayyorlash uchun yigóma elementlardan iborat 
armaturalangan tirkama devor konstruksiyasini tayyorlash 
uchun sarflangan vaqt meôyoriga nisbatan 58.44 (yoki 13.1 
barobarga) soatga koóp vaqt sarflandi. Buni yigóma 
elementlardan iborat armaturalangan tirkama devor 
konstruksiyasini tayyorlash anôanaviy tirgak devor 
konstruksiyasini tayyorlashga nisbatan kam mehnatliligi 
bilan izohlash mumkin. 

3-bosqich: Shotland iqtisodchisi, doktor hamda ñklassik 
iqtisodiyotòning asoschilaridan biri hisoblangan Adam 
Smith tabiri bilan aytganda loyihaviy kalkulyatsiya bu 
qurilish yoki boshqa turdagi loyihalarni amalga oshirishdan 
oldin, narx, vaqt, resurs va boshqa shu kabi muhim 
parametrlarni hisoblash jarayonidir. U loyiha uchun zarur 
boólgan materiallar, ishchi kuchi, mashina-mexanizmlar va 
boshqa xarajatlar asosida tuziladi. Loyihaviy kalkulyatsiya 

loyiha boshqaruvchilariga qarorlar qabul qilishga yordam 
berishi bilan birgalikda, resurslarni samarali taqsimlash va 
qurilish jarayonining moliyaviy jihatdan samarali boólishini 
nazorat qiladi. Kalkulyatsiya davomida hisoblangan 
miqdorlar, ish haqi, materiallar va mashina-mexanizm 
narxlari loyiha byudjeti va moliyaviy rejalariga asos boóladi.  

Aynan shuning uchun transport inshootlari qurilishida 
foydalanish taklif qilinayotgan yigóma elementlardan iborat 

armaturalangan va anôanaviy foydalanishdagi tirgak devor 
konstruksiyalari uchun loyihaviy kalkulyatsiyani tayyorlash 
uchun proaktiv yondashuv zaruriyatini keltirib chiqaradi (4 
va 5-jadvallar). 

4-jadval 

Ana’naviy foydalanishdagi tirgak devor uchun 

loyihaviy kalkulyatsiya 

ˉ Nomlanishi Birligi  Miqdori Narxi Summa 

1 
Beton B25 

(ʄ-350) 
ʤ3 6,9 554294,11 3824629,0 

2 
Armatura ɸ 

I d=28 ʤʤ 
kg 41,8 8826,089 368930,5 

3 
Armatura ɸ 

I d=32 ʤʤ 
kg 30,5 8826,089 269195,7 

4 
Armatura ɸ 

III d=12 ʤʤ 
kg 325,1 8826,089 2869362,0 

5 
Armatura ɸ 

III d=16 ʤʤ 
kg 94,5 8826,089 834065,4 

6 
Armatura ɸ 

III d=32 ʤʤ 
kg 407,1 8826,089 3593101,0 

7 
Armatura 

ɺʨ I d=5 
kg 4,5 10500,00 47250,0 

8 
Emulsion 

smazka 
litr  0,89 4100,00 3649,0 

 JAMI:    11810182,6 
 Ish xaqqi Ish-soat 62,95 28783,10 1811896,15 
 JAMI:    13622078,75 

 
Boshqa 

turdagi 

xarajatlar 

17,27%   2352533,00 

 JAMI:    15974611,75 

4-jadvalda tirgak devor uchun loyihaviy kalkulyatsiya 

uning anôanaviy foydalanishdagi namunasi asosida 
tayyorlangan boólib, materiallar va xarajatlar hisobini 
koórsatadi. Yaôni, har bir materialning miqdori, narxi va 
umumiy summasi keltirilgan. Shuningdek, ish haqi va 
soatlari, boshqa turdagi xarajatlar ham hisobga olingan 
boólib, anaônaviy foydalanishdagi tirgak devor 
konstruksiyasi uchun loyihaviy narx 15.97 mln. soómni (1 
dona konstruksiya uchun) tashkil qildi. 

5-jadval 

Yig‘ma elementlardan iborat armaturalangan tirkama 

devor uchun 

ˉ 
Nomlanis

hi 
Birligi  

Miqdo

ri 
Narxi Summa 

1 
Beton ʄ-

350 
ʤ3 0,51 

554294,1

1 
282689,99 

2 ZD dona 4 
65900,00

0 
263600,00 

3 

Armatura 

ɸ III d=5 

ʤʤ 

kg 2,76 8826,089 24360,01 

4 

Armatura 

ɸ III d=6 

ʤʤ  

kg 2,83 8826,089 24977,83 

5 

Armatura 

ɸ III d=8 

ʤʤ  

kg 4,48 8826,089 39540,88 

6 
Armatura 

ɺʨ I d=5 
kg 0,31 10500,00 3255,00 

7 
Emulsion 

smazka 
litr  0,42 4100,00 1722,00 

  JAMI:    640145,71 

  Ish xaqqi 
Ish-

soat 
4,47 28783,10 128660,46 

  JAMI:    768806,17 

  

Boshqa 

turdagi 

xarajatlar  

17,27

% 
  

132772,82

56 

  JAMI:    
901578,99

56 

Yuqorida keltirilgan 5-jadvalga muvofiq yigóma 
elementlardan iborat armaturalangan tirkama devor 
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konstruksiyasining narxi 0.906 mln. soómni (1 dona 
konstruksiya uchun) va anôanaviy foydalanishdagi tirgak 
devor konstruksiyasi bilan oózaro tafovut esa 0.901 mln. 
soómni (anôanaviy tirgak devor konstruksiyasining oólchami 
7.7x1.48m (11.40m2) ni tashkil qiladi, yigóma elementlardan 
iborat armaturalangan tirkama devor konstruksiyasining 
oólchami 1.5x1.5m (2.25m2) ni tashkil qiladi. Shuning 
uchun ushbu konstruksiyalarni oózaro taqqoslashda yuzalar 
oórtasidagi tafovutni yoóqotish uchun taklif qilinayotgan 

konstruksiya yuzasini kerakli miqdorga oshiramiz) tashkil 
qildi. Bunda esa narxlar oórtasidagi tafovut 11.47 mln. 
soómni tashkil qildi. 

Ushbu 4, 5-jadvallardan koórishimiz mumkinki yigóma 
elementlardan foydalanishning anôanaviy metodlarga 
nisbatan arzonroq ekanligini koórsatadi. 

Agar yigóma elementlarning ishlab chiqarish va montaj 
qilish jarayonidagi yuqori samaradorligi (material va 
mehnat resurslarning kam sarfliligi) ham eôtiborga olinsa 
ushbu turdagi konstruksiyalardan keng koólamda 
foydalanish yanada dolzarb ahamiyat kasb etadi. Buning 
uchun avtomobil temirbeton koóprik yaqinlashuv 
koótarmasini barpo etishda xar ikki turdagi tirgak devor 
konstruksiyalarini qoóllash va ularning iqtisodiy 
samaradorligini aniqlash lozim. Quyida ABC4 dasturiy 

taôminoti yordamida 152.55m uzunlikdagi avtomobil 
temirbeton koóprik yaqinlashuv koótarmasi (2-rasm) uchun 
loyihaviy smeta tuzamiz (6-jadval). 

 

2-rasm. Qurilishi loyihalashtirilgan ko‘prik yaqinlashuv ko‘tarmasi 
 

Ushbu yaqinlashuv koótarmasining uzunligi 152.55m, 
balandliklari mos ravishda h1=1.36 va h2=11.61 va tashish 
masofasi 1.0km, grunt guruhi II ni tashkil qiladi. 

6-jadval 

Ikki usulini o‘zaro iqtisodiy taqqoslanishi 

Ishlarning 

nomlanishi 

Moddiy resurslarning sarf 

miqdori, mln. soóm 

Resurs 

sarfi 

orasidagi 

farq, mln 

soóm 

1-variant 2-variant 

1 2 3 4 

Avtomobil temirbeton ko‘prik yaqinlashuv ko‘tarmasini 

barpo etish 

Jami bajarilgan 

ishlar boóyicha 
6 242,997 3 402,927 2 840,070 

Ishchilarning mehnat 

sarfi 
986,044 242,910 743,134 

Mashina-mexanizm 538,731 142,251 396,480 

Material (transport 

va omborxona 

xarajatlari bilan) 

4 718,221 3 017,766 1 700,455 

Sugóurta xarajatlar 23,428 12,770 10,658 

Boshqa turdagi 

xarajatlar 
1 078,166 587,686 490,480 

Jami xarajatlar 7 344,590 4 003,383 3 341,207 

Jami xarajatlar (QQS 

bilan) 
8 225,941 4 483,788 3 742,152 

Jadvalda agar 1 va 2 ï variant resurslari sarfi orasidagi 

farq musbat boólsa, ikkinchi variant arzonroq yoki 
samaraliroq ekanligini anglatadi. Aksincha, agar farq manfiy 
boólsa, birinchi variant samaraliroq yoki arzonroq boólishi 
mumkin. 

ὅ Вὅ Вὅ      (5) 

bu yerda: ὅ ï iqtisod qilinadigan mablagó; 

ὅ  ï anôanaviy tirgak devordan foydalanigan xolda 
koótarmani barpo etish sarf xarajatlari; 

ὅ  ï yigóma elementlardan iborat armaturalangan tirkama 
devordan foydalanigan xolda koótarmani barpo etish sarf 
xarajatlari. 

Вὅ ὅ ẗὯ                                 (6) 

ὅ ὅ ὅ ὅ ẗὯ      (7)
 Вὅ ὅ ẗὯ      (8)
 

ὅ ὅ ὅ ὅ ẗὯ             (9) 

bu yerda: Ὧ  ï sarf xarajatlarning umumiy qiymatiga 
nisbatan olinadigan koeffitsient; 

Ὧ ï materiallarni saqlash va tashish xarajatlarini inobatga 
oluvchi koeffitsient; 

ὅ  ï mavjud usuldagi jami toógóridan toógóri xarajatlar; 

ὅ  ï taklif etilayotgan usuldagi jami toógóridan toógóri 
xarajatlar; 

ὅ ȟὅ  ï ishchilarning mexnat sarfi xarajatlari; 

ὅ ȟὅ  ï mashina mexanizm sarf xarajatlari; 

ὅ ȟὅ  ï materiallar sarf xarajatlari. 
Yuk koótarish qobilyatini oshirishning mavjud va taklif 

etilayotgan usullarini iqtisodiy jixatdan samaradorligini 
oᾷzaro solishtirib baholash uchun biz ɸBC4 dasturiy 
taᾷminotidan foydalangan holda har ikki usul uchun ham 
loyiha-smeta hujjatlarini ishlab chiqildi (Ilovalar). Bunda 
jami bajarilgan ishlarni hisoblashda ishchilarning mehnat 
sarfi, mashina-mexanizm va material sarflari inobatga 

olingan. Shuningdek, taômirlash ishlarida ichki tashishlarni 
amalga oshirish uchun transport xarajatlari, qurilish 
materiallarni saqlash uchun omborxona va boshqa turdagi 
xarajatlar ham hisoblangan (4.6-jadval). Ushbu jadvallarda 
respublikada loyihalanib qurilayotgan II-toifali avtomobil 
yoóllaridagi koóprik inshootlari misolida hisoblangan. [4] 
Quyida keltirilgan 4.3-4.5-rasmlarda loyihalanayotgan 
avtoyoól temirbeton koóprik va yoóloótkazgichlarining 
yaqinlashuv koótarmasini barpo etishda, amaliyotda mavjud 

va taklif etilayotgan usullarning moddiy kapital 
boyliklarning sarf miqdorlari va erishilishi 
prognozlashtirilayotgan iqtisodiy samaradorliklar natijalari, 
jumladan ishchilarning mehnat sarf xarajatlari, materiallar 
va mashina mexanizmlar sarf xarajatlarining oósish 
dinamikasi koórsatilgan. 
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3-rasm. Avtoyo‘l temirbeton ko‘prik yaqinlashuv 

ko‘tarmasini barpo etishda ishchilarning mehnat sarf 

xarajatlarining o‘sish dinamikasi; 1-variant: an’anaviy 

tirgak devorlar uchun, 2-variant: yig‘ma elementlardan 

iborat armaturalangan tirkam a devorlar uchun 

 
Yuqoridagi grafikdan koórishimiz mumkinki, muallif 

tomonidan taklif etilayotgan usul yordamida yaqinlashuv 
koótarmalarida yigóma elementlardan iborat armaturalangan 

tirkama devor konstruksiyalarini qoóllash orqali 
erishiladigan iqtisodiy samaradorlik ï koótarma uchun 
ishchilarning mehnat sarfi hisobidan 743.13 mln. soómni 
tashkil qilmoqda. 

 
4-rasm. Avtoyo‘l temirbeton ko‘prik yaqinlashuv 

ko‘tarmasini barpo etishda materiallar sarf 

xarajatlarining o‘sish dinamikasi; 1-variant: an’anaviy 

tirgak devorlar uchun, 2-variant: yig‘ma elementlardan 

iborat armaturalangan tirkama devorlar uchun  

 
5-rasm. Avtoyo‘l temirbeton ko‘prik yaqinlashuv 

ko‘tarmasini barpo etishda mashina mexanizmlar sarf 

xarajatlarining o‘sish dinamikasi; 1-variant: an’anaviy 

tirgak devorlar uchun, 2-variant: yig‘ma elementlardan 

iborat armaturalangan tirkama devorlar uchun  

Materiallar va mashina - mexanizmlarning sarfi miqdori 
hisobidan erishiladigan iqtisodiy samaradorlik, koótarma 
uchun mos ravishda 1700,46 va 396,48 mln. soómni tashkil 
qildi. Bunda koótarmani yigóma elementlardan iborat 

armaturalangan tirkama devorlar yordamida barpo etilgani 
hisobiga material va mashina-mexanizmlar uchun sarf 
xarajatlarni ish turlariga mos ravishda 1.56 barobardan 3.79 
barobargacha iqtisod qilishga erishish mumkin. 

Quyidagi 6-rasmda esa koóprik inshooti yaqinlashuv 
koótarmasini barpo etishdagi (taqqoslanayotgan xar ikki 
usuldagi) moddiy resurslarning umumiy sarf miqdori 
oózgarishi dinamikasi keltirilgan.  
Avtoyoól temirbeton koóprik inshooti yaqinlashuv 

koótarmasini barpo etishdagi qurilish tashkilotining boshqa 
turdagi xarajatlar taqqoslanayotgan usullar uchun mos 
ravishda 1078,2 va 587,7 mln. soómni, jami umumiy 
xarajatlar 7 344,6 va 4 003,4 mln. soómni tashkil qildi. 
Ushbu jami umumiy xarajatlar esa oóz navbatida qoóshilgan 
qiymat soliq hisobiga 8 225,9 va 4 483,8 mln. soómgacha 
oósmoqda. 

 
6-rasm. Avtoyo‘l temirbeton ko‘prik yaqinlashuv 

ko‘tarmasini barpo etishda umumiy sarf xarajatlarning 

o‘sish dinamikasi 

7-rasmda avtoyoól temirbeton koóprik yaqinlashuv 
koótarmasini yigóma elementlardan iborat armaturalangan 
tirkama devorlar yordamida barpo etishda iqtisod 
qilinadigan moddiy resurslarning ish turlariga nisbatan 
taqsimlanishi koórsatilgan. 

 
7-rasm. Ko‘prik yaqinlashuv ko‘tarmasini yig‘ma 

elementlardan iborat armaturalangan tirkama devorlar 

yordamida barpo etishda iqtisod qilinadigan moddiy 

resurslarning taqsimlanishi 

3. Xulosa  

Yuqorida keltirilgan jadval va rasmlardan koórishimiz 
mumkinki, qurilishi loyihalanayotgan avtoyoól koóprik va 
yoóloótkazgichlarning yaqinlashuv koótarmalarini ularda 

yigóma elementlardan iborat armaturalangan tirkama devor 
konstruksiyalarini qoóllash orqali quyidagicha iqtisodiy 
samaradorlikga erishishimiz mumkin: 

ishchilarning mexnat sarfi hisobidan 743134470.0 
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soómgacha; 
mashina mexanizmlar sarfi hisobidan 396480160.0 

soómgacha; 
qurilish materiallari (transport va omborxona xarajatlari 

bilan) sarf xarajatlar hisobidan 1700454680.0 soómgacha; 
sugóurta xarajatlari hisobidan 10657760.0 soómgacha; 
qurilish tashkilotining boshqa xarajatlari hisobidan 

490480020.0 soómgacha; 
qoóshilgan qiymat soliq hisobidan 400944890.0 

soómgacha. 
Shuningdek, avtoyoól koópriklarining yaqinlashuv 

koótarmalarini barpo etish uchun sarflanadigan qurilish 
montaj ishlarining muddatlari ham sezilarli darajada 
qisqarishi mumkin. 
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Assessment of the block strength of dispersely-armonized basalt fiber, 

complex-modified small-grain fiber concrete 
 

Makhamataliyev I.M.1, Soy V.M. 1, Mukhammadiev N.R.1 a Malikov  G.B.1 b 
1Tashkent state transport university, Tashkent, Uzbekistan 

 
Abstract: The article presents the results of a study on the impact strength of fibroconcrete with basalt fiber obtained 

on the basis of a complexally modified ash aggregate and "POLIMIX" superplasticizer cement binder. 

Based on the conducted experimental studies, it was established that during the volumetric hardening of 
fine-grained concrete with basalt fiber, as well as the complex modification of the cement matrix of basalt 
fiber concrete with ash filler and "POLIMIX" superplasticizer, an ultra-strong surface layer is formed in 
the composite, which creates a monolithic mineral enclosure, significantly improving all the physical and 
mechanical properties of the material. 

Keywords: concrete, strength, stability, corrosion, elasticity modulus, fine-grained concrete, alkali resistance and 
acid resistance 

 

Оценка ударной прочности дисперсно-армированного базальтовым 

волокном комплексно-модифицированного мелкозернистого 

фибробетона 
 

Махаматалиев И.М.1, Цой В.М.1, Мухаммадиев Н.Р.1 a, Маликов Г.Б.1 b 
1ʊʘʰʢʝʥʪʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʨʘʥʩʧʦʨʪʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʊʘʰʢʝʥʪ, ʋʟʙʝʢʠʩʪʘʥ 

 
ɸʥʥʦʪaʮʠʷ: ɺ ʩʪʘʪʴʝ ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʫʜʘʨʥʦʡ ʧʨʦʯʥʦʩʪʠ ʬʠʙʨʦʙʝʪʦʥʘ ʩ ʙʘʟʘʣʴʪʦʚʦʡ 

ʬʠʙʨʦʡ, ʧʦʣʫʯʝʥʥʦʛʦ ʥʘ ʦʩʥʦʚʝ ʢʦʤʧʣʝʢʩʥʦ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʟʦʣʴʥʳʤ ʥʘʧʦʣʥʠʪʝʣʝʤ ʠ 
ʩʫʧʝʨʧʣʘʩʪʠʬʠʢʘʪʦʨʦʤ çPOLIMIXè ʮʝʤʝʥʪʥʦʛʦ ʚʷʞʫʱʝʛʦ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʨʦʚʝʜʝʥʠʷ 
ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠ ʦʙʲʸʤʥʦʤ ʫʧʨʦʯʥʝʥʠʠ ʤʝʣʢʦʟʝʨʥʠʩʪʦʛʦ 
ʙʝʪʦʥʘ ʙʘʟʘʣʴʪʦʚʳʤ ʬʠʙʨʦʚʦʣʦʢʥʦʤ, ʘ ʪʘʢʞʝ ʢʦʤʧʣʝʢʩʥʦʡ ʤʦʜʠʬʠʢʘʮʠʠ ʮʝʤʝʥʪʥʦʡ ʤʘʪʨʠʮʳ 
ʙʘʟʘʣʴʪʦʬʠʙʨʦʙʝʪʦʥʘ ʟʦʣʴʥʳʤ ʥʘʧʦʣʥʠʪʝʣʝʤ ʠ ʩʫʧʝʨʧʣʘʩʪʠʬʠʢʘʪʦʨʦʤ çPOLIMIXè ʚ ʢʦʤʧʦʟʠʪʝ 

ʦʙʨʘʟʫʝʪʩʷ ʩʚʝʨʭʧʨʦʯʥʳʡ ʧʦʚʝʨʭʥʦʩʪʥʳʡ ʩʣʦʡ, ʢʦʪʦʨʳʡ ʩʦʟʜʘʝʪ ʤʦʥʦʣʠʪʥʫʶ ʤʠʥʝʨʘʣʴʥʫʶ 
ʦʙʦʡʤʫ, ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʰʘʶʱʫʶ ʚʩʝ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʤʘʪʝʨʠʘʣʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʙʝʪʦʥ, ʧʨʦʯʥʦʩʪʴ, ʫʩʪʦʡʯʠʚʦʩʪʴ, ʢʦʨʨʦʟʠʷ, ʤʦʜʫʣʴ ʫʧʨʫʛʦʩʪʠ, ʤʝʣʢʦʟʝʨʥʠʩʪʳʡ ʙʝʪʦʥ, 
ʱʝʣʦʯʝʩʪʦʡʢʦʩʪʴ ʠ ʢʠʩʣʦʪʦʩʪʦʡʢʦʩʪʴ 

1. Введение 

ɺ ʩʦʚʨʝʤʝʥʥʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝ ʮʝʤʝʥʪʥʳʭ ʙʝʪʦʥʦʚ 
ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʠʭ ʢʘʯʝʩʪʚʘ, ʘ ʪʘʢʞʝ ʫʣʫʯʰʝʥʠʷ ʨʷʜʘ 
ʚʘʞʥʳʭ ʠʭ ʩʚʦʡʩʪʚ ʘʢʪʠʚʥʦ ʧʨʠʤʝʥʷʝʪʩʷ ʜʠʩʧʝʨʩʥʦʝ 
ʘʨʤʠʨʦʚʘʥʠʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʬʠʙʨʦʚʦʣʦʢʦʥ ʠʟ 
ʨʘʟʣʠʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ [1,7,9,10]. ɺʚʝʜʝʥʠʝ ʬʠʙʨʳ ʚ 
ʩʦʩʪʘʚ ʙʝʪʦʥʘ ʧʦʣʦʞʠʪʝʣʴʥʦ ʚʣʠʷʝʪ ʥʘ ʧʦʢʘʟʘʪʝʣʠ 
ʧʨʝʜʝʣʘ ʧʨʦʯʥʦʩʪʠ ʧʨʠ ʨʘʩʪʷʞʝʥʠʠ, ʫʜʘʨʥʦʡ ʚʷʟʢʦʩʪʠ, ʘ 

ʪʘʢʞʝ ʧʦʚʳʰʘʝʪ ʪʨʝʱʠʥʦʩʪʦʡʢʦʩʪʴ ʠ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴ 
ʤʘʪʝʨʠʘʣʘ. ʇʨʠʤʝʥʝʥʠʝ ʪʘʢʦʛʦ ʚʠʜʘ ʘʨʤʠʨʦʚʘʥʠʷ 
ʦʙʣʘʜʘʝʪ ʚʳʩʦʢʦʡ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴʶ, 
ʧʦʩʢʦʣʴʢʫ ʩʪʦʠʤʦʩʪʴ ʚʦʣʦʢʦʥ ʟʥʘʯʠʪʝʣʴʥʦ ʥʠʞʝ, ʯʝʤ 
ʩʪʦʠʤʦʩʪʴ ʪʨʘʜʠʮʠʦʥʥʦʡ ʩʪʝʨʞʥʝʚʦʡ ʩʪʘʣʴʥʦʡ 
ʘʨʤʘʪʫʨʳ [2,9,10]. ʇʨʠʤʝʥʝʥʠʝ ʜʠʩʧʝʨʩʥʦʛʦ 
ʘʨʤʠʨʦʚʘʥʠʷ ʜʣʷ ʚʳʩʦʢʦʧʨʦʯʥʳʭ ʙʝʪʦʥʦʚ ʧʨʝʜʩʪʘʚʣʷʝʪ 
ʠʥʪʝʨʝʩ ʧʨʠ ʫʩʣʦʚʠʠ ʥʝʠʟʤʝʥʥʦʩʪʠ ʠʣʠ ʫʣʫʯʰʝʥʠʷ ʠʭ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ. ʀʟʚʝʩʪʥʦ ʦʪʨʠʮʘʪʝʣʴʥʦʝ 
ʚʣʠʷʥʠʝ ʜʠʩʧʝʨʩʥʦʛʦ ʘʨʤʠʨʦʚʘʥʠʷ ʙʝʪʦʥʦʚ ʥʘ 
ʨʝʦʣʦʛʠʯʝʩʢʠʝ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʙʝʪʦʥʦʚ. 
ʇʨʠ ʵʪʦʤ ʩʣʝʜʫʝʪ ʠʤʝʪʴ ʚʚʠʜʫ, ʯʪʦ ʜʠʩʧʝʨʩʥʦʝ 
ʘʨʤʠʨʦʚʘʥʠʝ ʧʨʦʠʟʚʦʜʠʪʴʩʷ ʠʤʝʥʥʦ ʥʘ ʫʨʦʚʥʝ 

                                                             
a  https://orcid.org/0009-0004-2390-6961 
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ʮʝʤʝʥʪʥʦʛʦ ʪʝʩʪʘ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚʩʝ ʙʦʣʝʝ ʰʠʨʦʢʦʝ 
ʧʨʠʤʝʥʝʥʠʝ ʥʘʭʦʜʷʪ ʤʝʪʦʜʳ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʧʦʚʳʰʝʥʠʷ 
ʨʘʙʦʯʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʛʦ ʨʝʩʫʨʩʘ 
ʙʝʪʦʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʟʘ ʩʯʝʪ ʧʨʠʤʝʥʝʥʠʷ 
ʙʘʟʘʣʴʪʦʬʠʙʨʦʙʝʪʦʥʘ ï ʙʝʪʦʥʘ ʩ ʜʦʙʘʚʣʝʥʠʝʤ 
ʙʘʟʘʣʴʪʦʚʳʭ ʚʦʣʦʢʦʥ (ʬʠʙʨʳ) [5-7,12,13].  
ɸʥʘʣʠʟ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʚʣʠʷʥʠʷ ʙʘʟʘʣʴʪʦʚʦʛʦ 

ʬʠʙʨʦʚʦʣʦʢʥʘ ʥʘ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ 
ʤʝʣʢʦʟʝʨʥʠʩʪʦʛʦ ʙʝʪʦʥʘ ʧʨʝʜʩʪʘʚʣʷʶʪ ʙʦʣʴʰʦʡ ʠʥʪʝʨʝʩ 
ʧʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ ʢʦʥʩʪʨʫʢʮʠʡ ʠʟ ʥʝʛʦ. ɺʘʞʥʳʤʠ 
ʧʦʢʘʟʘʪʝʣʷʤʠ ʟʜʝʩʴ ʷʚʣʷʶʪʩʷ ʪʘʢʠʝ ʧʨʦʯʥʦʩʪʥʳʝ 
ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʢʘʢ ʧʨʦʯʥʦʩʪʴ ʥʘ ʩʞʘʪʠʝ ʠ ʨʘʩʪʷʞʝʥʠʝ 
ʧʨʠ ʠʟʛʠʙʝ. ʆʜʥʘʢʦ ʥʝ ʤʝʥʝʝ ʚʘʞʥʳʤ ʧʦʢʘʟʘʪʝʣʝʤ 
ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʙʝʪʦʥʦʚ, 
ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʩʪʨʦʠʪʝʣʴʥʳʭ 

ʢʦʥʩʪʨʫʢʮʠʡ ʷʚʣʷʝʪʩʷ ʠ ʫʜʘʨʥʘʷ ʧʨʦʯʥʦʩʪʴ. ʇʨʠʤʝʨʘʤʠ 
ʢʦʥʩʪʨʫʢʮʠʡ, ʧʦʜʚʝʨʛʘʶʱʠʭʩʷ ʫʜʘʨʘʤ, ʤʦʛʫʪ ʩʣʫʞʠʪʴ 
ʙʝʪʦʥʥʳʝ ʩʚʘʠ, ʧʦʣʳ ʧʨʦʤʳʰʣʝʥʥʳʭ ʟʜʘʥʠʡ ʠʟ ʙʝʪʦʥʘ, 
ʥʘ ʢʦʪʦʨʳʝ ʤʦʩʪʦʚʳʤ ʢʨʘʥʦʤ ʨʝʛʫʣʷʨʥʦ ʩʙʨʘʩʳʚʘʶʪʩʷ 
ʪʷʞʝʣʳʝ ʛʨʫʟʳ, ʙʝʪʦʥʥʳʝ ʜʘʤʙʳ, ʧʦʜʚʝʨʛʘʶʱʠʝʩʷ 
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ʫʜʘʨʘʤ ʤʦʨʩʢʠʭ ʚʦʣʥ ʩ ʢʘʤʥʷʤʠ ʠ ʛʘʣʴʢʦʡ, ʬʫʥʜʘʤʝʥʪʳ, 
ʠʩʧʳʪʳʚʘʶʱʠʝ ʚʠʙʨʘʮʠʠ, ʢʦʪʦʨʳʝ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ 
ʧʦ ʩʫʪʠ ʜʝʣʘ ʩʝʨʠʠ ʢʨʘʪʢʠʭ ʫʜʘʨʦʚ, ʙʝʪʦʥʥʳʝ ʧʠʨʩʳ, ʧʦ 
ʢʦʪʦʨʳʤ ʫʜʘʨʷʶʪ ʧʨʠʩʪʘʶʱʠʝ ʩʫʜʘ [5-7,9,10]. 
ʋʜʘʨʥʘʷ ʧʨʦʯʥʦʩʪʴ (ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʫʜʘʨʫ) ï ʵʪʦ 

ʩʚʦʡʩʪʚʦ ʤʘʪʝʨʠʘʣʘ ʩʦʧʨʦʪʠʚʣʷʪʴʩʷ ʨʘʟʨʫʰʝʥʠʶ ʧʨʠ 
ʫʜʘʨʥʳʭ ʥʘʛʨʫʟʢʘʭ. ʆʥʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʢʦʣʠʯʝʩʪʚʦʤ 

ʨʘʙʦʪʳ, ʟʘʪʨʘʯʝʥʥʦʡ ʥʘ ʨʘʟʨʫʰʝʥʠʝ ʩʪʘʥʜʘʨʪʥʦʛʦ 
ʦʙʨʘʟʮʘ, ʦʪʥʝʩʝʥʥʦʡ ʢ ʝʜʠʥʠʮʝ ʦʙʲʝʤʘ ʠʣʠ ʧʣʦʱʘʜʠ 
ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ. ɼʨʫʛʠʤʠ ʩʣʦʚʘʤʠ, ʫʜʘʨʥʘʷ 
ʥʘʛʨʫʟʢʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʫʜʝʣʴʥʦʡ ʨʘʙʦʪʦʡ, 
ʟʘʪʨʘʯʠʚʘʝʤʦʡ ʥʘ ʨʘʟʨʫʰʝʥʠʝ ʙʝʪʦʥʘ, ʪʦ ʝʩʪʴ ʨʘʙʦʪʦʡ, 
ʦʪʥʝʩʝʥʥʦʡ ʢ ʝʜʠʥʠʮʝ ʦʙʲʝʤʘ. ɹʝʨʝʤ ʦʙʲʝʤ, ʘ ʥʝ 
ʧʣʦʘɦʜʴ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʠʟ-ʟʘ ʪʦʛʦ, ʯʪʦ ʥʘ 
ʧʨʘʢʪʠʢʝ ʠʤʝʝʤ ʜʝʣʦ ʩ ʦʙʲʝʤʥʳʤʠ ʞʝʣʝʟʦʙʝʪʦʥʥʳʤʠ 

ʢʦʥʩʪʨʫʢʮʠʷʤʠ. 
ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʦʚʝʜʝʥʥʳʡ ʘʥʘʣʠʟ 

ʩʫʱʝʩʪʚʫʶʱʠʭ ʤʝʪʦʜʦʚ ʦʮʝʥʢʠ ʫʜʘʨʥʦʡ ʧʨʦʯʥʦʩʪʠ 
ʚʳʩʦʢʦʧʨʦʯʥʳʭ ʙʝʪʦʥʦʚ ʧʦʢʘʟʘʣ ʧʦʣʥʦʝ ʦʪʩʫʪʩʪʚʠʝ 
ʥʝʦʙʭʦʜʠʤʳʭ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʥʦʨʤʘʪʠʚʥʳʭ 
ʜʦʢʫʤʝʥʪʦʚ. ɺʳʧʦʣʥʝʥʥʳʡ ʘʥʘʣʠʟ ʣʠʪʝʨʘʪʫʨʥʳʭ 
ʠʩʪʦʯʥʠʢʦʚ ʧʦʢʘʟʘʣ, ʯʪʦ ʩʫʱʝʩʪʚʫʝʪ ʥʝ 
ʩʪʘʥʜʘʨʪʠʟʠʨʦʚʘʥʥʘʷ ʤʝʪʦʜʠʢʘ ʠʩʧʳʪʘʥʠʷ ʥʘ ʫʜʘʨ 

ʙʝʪʦʥʘ, ʧʨʠʚʝʜʝʥʥʘʷ ʚ [11]. ʕʪʦ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ ʤʦʞʥʦ 
ʦʙʲʷʩʥʠʪʴ ʪʝʤ, ʯʪʦ ʨʘʥʝʝ ʦʮʝʥʢʝ ʫʜʘʨʥʦʡ ʧʨʦʯʥʦʩʪʠ 
ʙʝʪʦʥʦʚ ʥʝ ʫʜʝʣʷʣʘʩʴ ʜʦʩʪʘʪʦʯʥʦ ʩʝʨʴʸʟʥʦʛʦ ʚʥʠʤʘʥʠʷ, 
ʦʛʨʘʥʠʯʠʚʘʷʩʴ ʦʮʝʥʢʦʡ ʜʨʫʛʠʭ ʧʨʦʯʥʦʩʪʥʳʭ ʩʚʦʡʩʪʚ 
ʢʦʤʧʦʟʠʪʘ. ʉ ʫʞʝʩʪʦʯʝʥʠʝʤ ʪʨʝʙʦʚʘʥʠʡ ʢ ʥʘʢʦʥʝʯʥʠʢʘʤ 
ʩʚʘʡʥʳʭ ʬʫʥʜʘʤʝʥʪʦʚ, ʘʢʪʫʘʣʴʥʳʤ ʩʪʘʣ ʚʦʧʨʦʩ ʦʮʝʥʢʠ 
ʩʦʧʨʦʪʠʚʣʷʝʤʦʩʪʠ ʙʝʪʦʥʦʚ ʠ ʫʜʘʨʥʳʤ ʚʦʟʜʝʡʩʪʚʠʷʤ. 
ʋʯʠʪʳʚʘʷ ʚʳʰʝʠʟʣʦʞʝʥʥʦʝ ʢʦʣʣʝʢʪʠʚʦʤ ʫʯʸʥʳʭ-
ʤʘʪʝʨʠʘʣʦʚʝʜʦʚ ʊʘʰʢʝʥʪʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ 

ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ 
ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʦʮʝʥʢʝ ʫʜʘʨʥʦʡ 
ʧʨʦʯʥʦʩʪʠ ʬʠʙʨʦʙʝʪʦʥʘ ʩ ʙʘʟʘʣʴʪʦʚʦʡ ʬʠʙʨʦʡ, 
ʧʦʣʫʯʝʥʥʦʛʦ ʥʘ ʦʩʥʦʚʝ ʢʦʤʧʣʝʢʩʥʦ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ 
ʟʦʣʴʥʳʤ ʥʘʧʦʣʥʠʪʝʣʝʤ ʠ ʩʫʧʝʨʧʣʘʩʪʠʬʠʢʘʪʦʨʦʤ 
çPOLIMIXè ʮʝʤʝʥʪʥʦʛʦ ʚʷʞʫʱʝʛʦ. 

2. Методология исследования 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʟʘʜʘʯʝʡ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ 
ʧʨʦʚʝʜʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʧʳʪʘʥʠʷ ʫʜʘʨʥʦʡ 
ʧʨʦʯʥʦʩʪʠ (âʩʦʧʨʦʪʠʚʣʝʥʠʷ ʫʜʘʨʫ) ʦʙʳʯʥʦʛʦ 
(ʢʦʥʪʨʦʣʴʥʳʡ ʩʦʩʪʘʚ), ʢʦʤʧʣʝʢʩʥʦ-ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ 
(ʩʦʩʪʘʚ ʧʦ ʘʥʘʣʦʛʫ) ʤʝʣʢʦʟʝʨʥʠʩʪʦʛʦ ʙʝʪʦʥʦʚ, ʘ ʪʘʢʞʝ 
ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʢʦʤʧʣʝʢʩʥʦ-ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ 

ʤʝʣʢʦʟʝʨʥʠʩʪʦʛʦ ʙʘʟʘʣʴʪʦʬʠʙʨʦʙʝʪʦʥʘ 
(ʟʘʧʘʪʝʥʪʦʚʘʥʥʳʡ ʩʦʩʪʘʚ). ʂʘʢ ʠʟʚʝʩʪʥʦ, ʵʪʦʪ ʧʦʢʘʟʘʪʝʣʴ 
ʠʛʨʘʝʪ ʟʥʘʯʠʪʝʣʴʥʫʶ ʨʦʣʴ ʠ ʚ ʧʨʦʮʝʩʩʝ ʵʢʩʧʣʫʘʪʘʮʠʠ 
ʤʘʪʝʨʠʘʣʦʚ ʚ ʢʦʥʩʪʨʫʢʮʠʷʭ, ʧʦʜʚʝʨʛʘʶʱʠʤʩʷ 
ʜʠʥʘʤʠʯʝʩʢʠʤ ʚʦʟʜʝʡʩʪʚʠʷʤ, ʥʘʧʨʠʤʝʨ, ʧʨʠ ʨʘʩʯʝʪʝ ʥʘ 
ʜʝʡʩʪʚʠʝ ʫʜʘʨʥʦʡ ʮʠʢʣʠʯʝʩʢʦʡ ʥʘʛʨʫʟʢʠ ʦʪ ʪʨʘʥʩʧʦʨʪʘ.  
ʀʩʧʳʪʘʥʠʷ ʫʜʘʨʥʦʡ ʧʨʦʯʥʦʩʪʠ ʙʝʪʦʥʦʚ ʧʨʦʠʟʚʦʜʠʣʠʩʴ 
ʧʦ ʤʝʪʦʜʠʢʝ, ʠʟʣʦʞʝʥʥʦʡ ʚ [11]. ʀʩʧʳʪʘʥʠʝ ʥʘ ʫʜʘʨ 

ʚʳʧʦʣʥʷʣʦʩʴ ʥʘ ʢʦʧʨʝ ʇʝʜʞʘ, ʢʦʪʦʨʳʡ ʷʚʣʷʝʪʩʷ 
ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʩʨʝʜʠ ʩʫʱʝʩʪʚʫʶʱʠʭ 
ʢʦʧʨʦʚ ʜʣʷ ʚʳʩʦʢʦʧʨʦʯʥʳʭ ʙʝʪʦʥʦʚ (ʨʠʩ. 1). 

 
Рис. 1. Копер Педжа 

ʂʦʧʨ ʩʦʩʪʦʠʪ ʠʟ ʤʘʩʩʠʚʥʦʡ ʦʧʦʨʳ ʤʘʩʩʦʡ ʦʢʦʣʦ 50 
ʢʛ, ʩʣʫʞʘʱʝʡ ʪʘʢʞʝ ʥʘʢʦʚʘʣʴʥʝʡ, ʠ ʜʚʫʭ ʥʘʧʨʘʚʣʷʶʱʠʭ 
ʩʪʝʨʞʥʝʡ. ʅʘ ʥʝʤ ʠʩʧʳʪʳʚʘʣʠʩʴ ʦʙʨʘʟʮʳ ʚ ʚʠʜʝ 
ʮʠʣʠʥʜʨʦʚ ʩ ʜʠʘʤʝʪʨʦʤ ʠ ʚʳʩʦʪʦʡ ʨʘʚʥʳʤʠ 25 ʤʤ. ʅʘ 
ʥʘʢʦʚʘʣʴʥʝ ʫʩʪʘʥʘʚʣʠʚʘʣʩʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʡ 
ʦʙʨʘʟʝʮ. ʇʦ ʥʘʧʨʘʚʣʷʶʱʠʤ ʩʪʝʨʞʥʷʤ ʧʝʨʝʜʚʠʛʘʣʩʷ 
ʩʪʘʣʴʥʦʡ ʤʦʣʦʪ ʤʘʩʩʦʡ 2 ʢʛ. ʋʜʘʨ ʤʦʣʦʪʘ ʧʦ ʦʙʨʘʟʮʫ 

ʧʨʦʠʟʚʦʜʠʣʩʷ ʯʝʨʝʟ ʧʦʜʙʘʙʦʢ ʩʦ ʩʬʝʨʠʯʝʩʢʦʡ 
ʧʦʚʝʨʭʥʦʩʪʴʶ, ʯʪʦʙʳ ʫʜʘʨ ʧʝʨʝʜʘʚʘʣʩʷ ʩʪʨʦʛʦ ʚ ʮʝʥʪʨ 
ʚʝʨʭʥʝʡ ʛʨʘʥʠ ʦʙʨʘʟʮʘ. ʇʝʨʚʳʡ ʫʜʘʨ ʥʘʥʦʩʠʣʩʷ 
ʤʦʣʦʪʢʦʤ, ʧʘʜʘʶʱʠʤ ʩ ʚʳʩʦʪʳ 1 ʩʤ, ʚʪʦʨʦʡ ï ʩ ʚʳʩʦʪʳ 
2 ʩʤ, ʪʨʝʪʠʡ ï ʩ ʚʳʩʦʪʳ 3 ʩʤ ʠ ʪʘʢ ʜʘʣʝʝ ʜʦ ʨʘʟʨʫʰʝʥʠʷ 
ʦʙʨʘʟʮʘ, ʪʦ ʝʩʪʴ ʜʦ ʧʦʷʚʣʝʥʠʷ ʧʝʨʚʦʡ ʪʨʝʱʠʥʳ. 
ʇʦʢʘʟʘʪʝʣʝʤ ʩʦʧʨʦʪʠʚʣʷʝʤʦʩʪʠ ʙʝʪʦʥʥʦʛʦ ʦʙʨʘʟʮʘ 

ʫʜʘʨʫ ʩʣʫʞʠʪ ʧʦʨʷʜʢʦʚʳʡ ʥʦʤʝʨ ʫʜʘʨʘ, 

ʧʨʝʜʰʝʩʪʚʫʶʱʠʡ ʨʘʟʨʫʰʝʥʠʶ ʦʙʨʘʟʮʘ. ʋʜʘʨʥʘʷ 
ʧʨʦʯʥʦʩʪʴ ʙʝʪʦʥʘ ʚʳʯʠʩʣʷʝʪʩʷ ʢʘʢ ʩʨʝʜʥʝʝ 
ʘʨʠʬʤʝʪʠʯʝʩʢʦʝ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʧʳʪʘʥʠʡ ʪʨʝʭ ʦʙʨʘʟʮʦʚ 
ʧʦ ʩʣʝʜʫʶʱʝʡ ʬʦʨʤʫʣʝ: 

 

ʛʜʝ n ï ʧʦʨʷʜʢʦʚʳʡ ʥʦʤʝʨ ʫʜʘʨʘ, 

ʨʘʟʨʫʰʠʚʰʝʛʦ ʦʙʨʘʟʝʮ, ʪ.ʝ. ʚʳʩʦʪʘ ʧʘʜʝʥʠʷ ʛʨʫʟʘ, 

ʩʤ; (n-1) ï ʧʦʨʷʜʢʦʚʳʡ ʥʦʤʝʨ ʫʜʘʨʘ, 

ʧʨʝʜʰʝʩʪʚʫʶʱʠʡ ʨʘʟʨʫʰʝʥʠʶ; A ï ʢʦʣʠʯʝʩʪʚʦ 
ʨʘʙʦʪʳ, ʟʘʪʨʘʯʝʥʥʦʡ ʥʘ ʨʘʟʨʫʰʝʥʠʝ ʩʪʘʥʜʘʨʪʥʦʛʦ 

ʦʙʨʘʟʮʘ, ɼʞ; m ï ʤʘʩʩʘ ʩʪʘʣʴʥʦʛʦ ʤʦʣʦʪʘ, ʢʛ; V ï 

ʦʙʲʝʤ ʦʙʨʘʟʮʘ, ʩʤ3. 

ɿʘ ʨʝʟʫʣʴʪʘʪ ʠʩʧʳʪʘʥʠʡ ʧʨʠʥʠʤʘʶʪ ʩʨʝʜʥʝʝ 

ʘʨʠʬʤʝʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ ʫʜʘʨʥʦʡ ʧʨʦʯʥʦʩʪʠ ʪʨʝʭ 

ʦʙʨʘʟʮʦʚ. 

3. Результаты исследования 
ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʫʜʘʨʥʦʡ ʧʨʦʯʥʦʩʪʠ ʙʝʪʦʥʦʚ 

ʠʩʧʳʪʘʥʠʶ ʧʦʜʚʝʨʛʘʣʠʩʴ ʦʙʨʘʟʮʳ-ʮʠʣʠʥʜʨʳ ʨʘʟʤʝʨʦʤ 
d=2,5 ʩʤ ʠ h=2,5 ʩʤ, ʚ ʚʦʟʨʘʩʪʝ 28 ʩʫʪʦʢ ʥʦʨʤʘʣʴʥʦʛʦ 
ʪʚʝʨʜʝʥʠʷ, ʧʦʣʫʯʝʥʥʳʭ ʠʟ ʙʝʪʦʥʥʳʭ ʩʤʝʩʝʡ ʨʘʟʣʠʯʥʦʛʦ 
ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʠ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʩʦʩʪʘʚʦʚ ʧʦ 
ʢʦʥʪʨʦʣʴʥʦʤʫ ʩʦʩʪʘʚʫ, ʩʦʩʪʘʚʘʤ ʧʦ ʧʨʦʪʦʪʠʧʫ ʠ ʧʘʪʝʥʪʫ 
ʥʘ ʠʟʦʙʨʝʪʝʥʠʝ. ɺ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ 
ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ: ʧʦʨʪʣʘʥʜʮʝʤʝʥʪ ʤʘʨʢʠ ʎɽʄ0 

32.5ʅ ʧʨʦʠʟʚʦʜʩʪʚʘ ʆɸʆ çɸʭʘʥʛʘʨʘʥʮʝʤʝʥʪè (ɻʆʉʊ 
31108-2020), ʤʝʣʢʠʡ ʟʘʧʦʣʥʠʪʝʣʴ -  ʨʝʯʥʦʡ ʢʚʘʨʮʝʚʳʡ 
ʧʝʩʦʢ ʄʘʡʩʢʦʛʦ ʢʘʨʴʝʨʘ ʩ ʤʦʜʫʣʝʤ ʢʨʫʧʥʦʩʪʠ ʄʢʨ=0,68 

ʠ ʩʨʝʜʥʝʡ ʧʣʦʪʥʦʩʪʴʶ ~2000 ʢʛ/ʤ3 (ɻʆʉʊ 26633-2012), 
ʙʘʟʘʣʴʪʦʚʘʷ ʬʠʙʨʘ ʜʠʘʤʝʪʨʦʤ 13-17 ʤʢʤ ʠ ʜʣʠʥʦʡ 6-12 
ʤʤ ʧʨʦʠʟʚʦʜʩʪʚʘ ʉʇ ʆʆʆ ñMEGA INVEST 
INDUSTRIALò (ɼʞʠʟʘʢʩʢʘʷ ʦʙʣ.), ʟʦʣʘ-ʫʥʦʩʘ 
ɸʥʛʨʝʥʩʢʦʡ ʊʕʉ ʩ ʫʜʝʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ Sʫʜ=4000 
ʩʤ2/ʛ, ʧʦʣʠʢʘʨʙʦʢʩʠʣʘʪʥʳʡ ʩʫʧʝʨʧʣʘʩʪʠʬʠʢʘʪʦʨ 
«POLIMIX» ʧʨʦʠʟʚʦʜʩʪʚʘ ʢʦʤʧʘʥʠʠ «ARMENT 

CONSTRUCTION CHEMICALè (ʊʘʰʢʝʥʪʩʢʘʷ ʦʙʣ.), 
ʧʨʝʜʩʪʘʚʣʷʶʱʠʡ ʩʦʙʦʡ ʞʠʜʢʦʩʪʴ ʢʦʨʠʯʥʝʚʦʛʦ ʮʚʝʪʘ 
ʧʣʦʪʥʦʩʪʴʶ 1,06Ñ0,02 ʛ/cʤ3. ʆʙʨʘʟʮʳ ʠʩʧʳʪʳʚʘʣʠʩʴ ʥʘ 
ʫʜʘʨʥʫʶ ʧʨʦʯʥʦʩʪʴ ʧʨʠ ʩʞʘʪʠʠ ʚ 28-ʩʫʪʦʯʥʦʤ ʚʦʟʨʘʩʪʝ 
ʧʦʩʣʝ ʥʦʨʤʘʣʴʥʦʛʦ ʪʚʝʨʜʝʥʠʷ ʩʦʛʣʘʩʥʦ ʚʳʰʝʫʢʘʟʘʥʥʦʡ 
ʤʝʪʦʜʠʢʝ.  
ʉʦʩʪʘʚʳ ʙʝʪʦʥʥʳʭ ʩʤʝʩʝʡ ʧʦ ʧʨʦʪʦʪʠʧʫ ʠ ʟʘʷʚʢʝ 

ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 1. 
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Таблица 1 

Составы бетонных смесей по прототипу и заявке 

ʉʦʩʪʘʚʳ ʙʝʪʦʥʥʦʡ ʩʤʝʩʠ 

ʉʦʦʪʥʦʰʝʥʠʝ 
ʢʦʤʧʦʥʝʥʪʦʚ ʩʤʝʩʠ, 

ʤʘʩʩ, % 

1 2 3 

ʇʦ ʧʨʦʪʦʪʠʧʫ [12] 

ʇʦʨʪʣʘʥʜʮʝʤʝʥʪ 28 29 30 

ʂʚʘʨʮʝʚʳʡ ʧʝʩʦʢ 56 58 60 

ɹʘʟʘʣʴʪʦʚʘʷ ʬʠʙʨʘ 
ʜʠʘʤʝʪʨʦʤ 13-17 ʤʢʤ ʠ 

ʜʣʠʥʦʡ 6-12 ʤʤ 

0.05 0,09 0,18 

ʉʫʣʴʬʦʥʘʬʪʘʣʠʥʬʦʨʤʘʣʴʜʝ
ʛʠʜʥʳʡ 

ʩʫʧʝʨʧʣʘʩʪʠʬʠʢʘʪʦʨ 
çʇʦʣʠʧʣʘʩʪ ʉʇ-4» 

0,12 0,15 0,18 

ɺʦʜʘ 15,83 12,76 9,64 

ʇʦ ʧʘʪʝʥʪʫ ʥʘ ʠʟʦʙʨʝʪʝʥʠʝ [13] 

ʉʦʩʪʘʚʳ ʙʝʪʦʥʥʦʡ ʩʤʝʩʠ 4 5 6 

ʇʦʨʪʣʘʥʜʮʝʤʝʥʪ 25,2 26,1 27 

ʂʚʘʨʮʝʚʳʡ ʧʝʩʦʢ 57,59 61,90 
60,8

9 

ɹʘʟʘʣʴʪʦʚʘʷ ʬʠʙʨʘ 

ʜʠʘʤʝʪʨʦʤ 13-17 ʤʢʤ ʠ 
ʜʣʠʥʦʡ 6-12 ʤʤ 

0.05 0,09 0,18 

ɿʦʣʘ-ʫʥʦʩʘ ɸʥʛʨʝʥʩʢʦʡ 
ʊʕʉ 

2,8 2,9 3,0 

ʇʦʣʠʢʘʨʙʦʢʩʠʣʘʪʥʳʡ 
ʩʫʧʝʨʧʣʘʩʪʠʬʠʢʘʪʦʨ 

«POLIMIX» 

0,12 0,15 0,18 

ɺʦʜʘ 14,24 11,47 8,75 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʫʜʘʨʥʦʡ 

ʧʨʦʯʥʦʩʪʠ ʤʝʣʢʦʟʝʨʥʠʩʪʳʭ ʙʝʪʦʥʦʚ ʨʘʟʣʠʯʥʳʭ 

ʩʦʩʪʘʚʦʚ, ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣ. 2. 
Таблица 2 

Результаты испытаний ударной прочности 

мелкозернистых бетонов различного состава 

 

ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʧʳʪʘʥʠʡ 
ʧʦʢʘʟʘʣʠ, ʯʪʦ ʬʘʢʪʠʯʝʩʢʘʷ ʫʜʘʨʥʘʷ ʧʨʦʯʥʦʩʪʴ 

ʜʠʩʧʝʨʩʥʦ-ʘʨʤʠʨʦʚʘʥʥʦʛʦ  ʙʘʟʘʣʴʪʦʚʦʡ ʬʠʙʨʦʡ 
ʢʦʤʧʣʝʢʩʥʦ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʤʝʣʢʦʟʝʨʥʠʩʪʦʛʦ 
ʙʘʟʘʣʴʪʦʬʠʙʨʦʙʝʪʦʥʘ ʧʦ ʧʨʦʪʦʪʠʧʫ ʚ ʚʦʟʨʘʩʪʝ 28 ʩʫʪʦʢ 
ʥʦʨʤʘʣʴʥʦʛʦ ʪʚʝʨʜʝʥʠʷ ʩʦʩʪʘʚʣʷʝʪ 1,65 ɼʞ/ʩʤ3, ʯʪʦ 
ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʬʘʢʪʠʯʝʩʢʦʤʫ ʧʦʚʳʰʝʥʠʶ ʚ 4,8 ʨʘʟʘ ʧʦ 
ʩʨʘʚʥʝʥʠʶ ʩ ʦʙʳʯʥʳʤ ʤʝʣʢʦʟʝʨʥʠʩʪʳʤ ʙʝʪʦʥʦʤ ʢʣʘʩʩʘ 
ɺ30. ɺʪʦʨʦʡ ʮʠʢʣ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʧʳʪʘʥʠʡ 
ʧʦʢʘʟʘʣ, ʯʪʦ ʬʘʢʪʠʯʝʩʢʘʷ ʫʜʘʨʥʘʷ ʧʨʦʯʥʦʩʪʴ ʜʠʩʧʝʨʩʥʦ-
ʘʨʤʠʨʦʚʘʥʥʦʛʦ  ʙʘʟʘʣʴʪʦʚʦʡ ʬʠʙʨʦʡ ʢʦʤʧʣʝʢʩʥʦ 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʤʝʣʢʦʟʝʨʥʠʩʪʦʛʦ 

ʙʘʟʘʣʴʪʦʬʠʙʨʦʙʝʪʦʥʘ ʧʦ ʧʘʪʝʥʪʫ ʥʘ ʠʟʦʙʨʝʪʝʥʠʝ ʚ 
ʚʦʟʨʘʩʪʝ 28 ʩʫʪʦʢ ʥʦʨʤʘʣʴʥʦʛʦ ʪʚʝʨʜʝʥʠʷ ʩʦʩʪʘʚʣʷʝʪ 
1,98 ɼʞ/ʩʤ3, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʬʘʢʪʠʯʝʩʢʦʤʫ 
ʧʦʚʳʰʝʥʠʶ ʚ 5,8 ʨʘʟʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʙʳʯʥʳʤ 
ʤʝʣʢʦʟʝʨʥʠʩʪʳʤ ʙʝʪʦʥʦʤ ʢʣʘʩʩʘ ɺ30 ʠ ʥʘ 21% ʧʦ 
ʩʨʘʚʥʝʥʠʶ ʩ ʤʝʣʢʦʟʝʨʥʠʩʪʳʤ ʙʘʟʘʣʴʪʦʬʠʙʨʦʙʝʪʦʥʦʤ 
ʧʦʣʫʯʝʥʥʦʤʫ ʧʦ ʧʨʦʪʦʪʠʧʫ. ʊʘʢʦʝ ʚʳʩʦʢʦʝ ʧʦʚʳʰʝʥʠʝ 

ʫʜʘʨʥʦʡ ʧʨʦʯʥʦʩʪʠ ʙʘʟʘʣʴʪʦʬʠʙʨʦʙʝʪʦʥʘ ʧʦʜʪʚʝʨʞʜʘʝʪ 
ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʧʨʦʛʥʦʟʳ ʦ ʧʦʚʳʰʝʥʠʠ ʫʜʘʨʦʧʨʦʯʥʳʭ 
ʩʚʦʡʩʪʚ ʙʝʪʦʥʘ ʟʘ ʩʯʝʪ ʤʦʜʠʬʠʮʠʨʦʚʘʥʠʷ ʜʠʩʧʝʨʩʥʦ-
ʚʦʣʦʢʥʠʩʪʳʤʠ ʥʘʧʦʣʥʠʪʝʣʷʤʠ. 

4. Заключение 

1) ʇʨʠʚʝʜʝʥʳ ʤʝʪʦʜʠʢʘ ʠ ʨʝʟʫʣʴʪʘʪʳ 
ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʧʳʪʘʥʠʡ ʫʜʘʨʥʦʡ ʧʨʦʯʥʦʩʪʠ 
ʤʝʣʢʦʟʝʨʥʠʩʪʦʛʦ ʙʘʟʘʣʴʪʦʬʠʙʨʦʙʝʪʦʥʘ, ʢʦʤʧʣʝʢʩʥʦ 
ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʟʦʣʴʥʳʤ ʥʘʧʦʣʥʠʪʝʣʝʤ ʠ 
ʩʫʧʝʨʧʣʘʩʪʠʬʠʢʘʪʦʨʦʤ çPOLIMIXè. 2) ʋʜʘʨʥʘʷ 
ʧʨʦʯʥʦʩʪʴ ʜʠʩʧʝʨʩʥʦ-ʘʨʤʠʨʦʚʘʥʥʦʛʦ ʙʘʟʘʣʴʪʦʚʦʡ 
ʬʠʙʨʦʡ ʢʦʤʧʣʝʢʩʥʦ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ 
ʤʝʣʢʦʟʝʨʥʠʩʪʦʛʦ ʙʘʟʘʣʴʪʦʬʠʙʨʦʙʝʪʦʥʘ ʧʦ ʧʨʦʪʦʪʠʧʫ ʚ 

ʚʦʟʨʘʩʪʝ 28 ʩʫʪʦʢ ʥʦʨʤʘʣʴʥʦʛʦ ʪʚʝʨʜʝʥʠʷ ʩʦʩʪʘʚʣʷʝʪ 
1,65 ɼʞ/ʩʤ3, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʬʘʢʪʠʯʝʩʢʦʤʫ 
ʧʦʚʳʰʝʥʠʶ ʚ 4,8 ʨʘʟʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʙʳʯʥʳʤ 
ʤʝʣʢʦʟʝʨʥʠʩʪʳʤ ʙʝʪʦʥʦʤ ʢʣʘʩʩʘ ɺ30. 3) ʋʜʘʨʥʘʷ 
ʧʨʦʯʥʦʩʪʴ ʜʠʩʧʝʨʩʥʦ-ʘʨʤʠʨʦʚʘʥʥʦʛʦ ʙʘʟʘʣʴʪʦʚʦʡ 
ʬʠʙʨʦʡ ʢʦʤʧʣʝʢʩʥʦ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ 
ʤʝʣʢʦʟʝʨʥʠʩʪʦʛʦ ʙʘʟʘʣʴʪʦʬʠʙʨʦʙʝʪʦʥʘ ʧʦ ʧʘʪʝʥʪʫ ʥʘ 
ʠʟʦʙʨʝʪʝʥʠʝ ʚ ʚʦʟʨʘʩʪʝ 28 ʩʫʪʦʢ ʥʦʨʤʘʣʴʥʦʛʦ ʪʚʝʨʜʝʥʠʷ 

ʩʦʩʪʘʚʣʷʝʪ 1,98 ɼʞ/ʩʤ3, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 
ʬʘʢʪʠʯʝʩʢʦʤʫ ʧʦʚʳʰʝʥʠʶ ʚ 5,8 ʨʘʟʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 
ʦʙʳʯʥʳʤ ʤʝʣʢʦʟʝʨʥʠʩʪʳʤ ʙʝʪʦʥʦʤ ʢʣʘʩʩʘ ɺ30. 4) ʇʨʠ 
ʫʧʨʦʯʝʥʠʠ ʤʝʣʢʦʟʝʨʥʠʩʪʦʛʦ ʙʝʪʦʥʘ ʧʫʪʝʤ ʦʙʲʸʤʥʦʛʦ 
ʜʠʩʧʝʨʩʥʦʛʦ ʘʨʤʠʨʦʚʘʥʠʷ ʙʘʟʘʣʴʪʦʚʳʤ ʬʠʙʨʦʚʦʣʦʢʥʦʤ 
ʠ ʢʦʤʧʣʝʢʩʥʦʡ ʤʦʜʠʬʠʮʠʢʘʮʠʠ  ʮʝʤʝʥʪʥʦʡ ʤʘʪʨʠʮʳ 
ʟʦʣʴʥʳʤ ʥʘʧʦʣʥʠʪʝʣʝʤ (ʟʦʣʘ-ʫʥʦʩʘ ʊʕʉ) ʠ 
ʩʫʧʝʨʧʣʘʩʪʠʬʠʢʘʪʦʨʦʤ çPOLIMIXè ʚ ʢʦʤʧʦʟʠʪʝ 
ʦʙʨʘʟʫʝʪʩʷ ʩʚʝʨʭʧʨʦʯʥʳʡ ʧʦʚʝʨʭʥʦʩʪʥʳʡ ʩʣʦʡ, ʢʦʪʦʨʳʡ 

ʩʦʟʜʘʝʪ ʤʦʥʦʣʠʪʥʫʶ ʤʠʥʝʨʘʣʴʥʫʶ ʦʙʦʡʤʫ, ʟʥʘʯʠʪʝʣʴʥʦ 
ʧʦʚʳʰʘʶʱʫʶ ʚʩʝ ʦʩʪʘʣʴʥʳʝ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ 
ʩʚʦʡʩʪʚʘ ʙʘʟʘʣʴʪʦʬʠʙʨʦʙʝʪʦʥʘ. 

Использованная литература / 
References 

[1]  ɸʜʳʣʭʦʜʞʘʝʚʘ ɸ.ʀ.  ʄʘʭʘʤʘʪʘʣʠʝʚ ʀ.ʄ., 
ʊʫʨʛʫʥʙʘʝʚ ʋ.ɾ., ʎʦʡ ɺ.ʄ.; ʧʦʜ.ʦʙʱ. ʨʝʜ. 
ɸʜʳʣʭʦʜʞʘʝʚʘ ɸ.ʀ.  ʀʥʪʝʥʩʠʚʥʳʝ ʪʝʭʥʦʣʦʛʠʠ 
ʩʪʨʦʠʪʝʣʴʩʪʚʘ. (ʄʦʥʦʛʨʘʬʠʷ). ïʊʘʰʢʝʥʪ, ʀʟʜ- ʚʦ çʌʘʥ 
ʚʘ ʪʝʭʥʦʣʦʛʠʷè, 2016. -228 ʩ. 

[2] ɸʜʳʣʭʦʜʞʘʝʚ ɸ.ʀ., ʄʘʭʘʤʘʪʘʣʠʝʚ ʀ.ʄ., ʎʦʡ 
ɺ.ʄ. ʇʦʜ. ʦʙʱ. ʨʝʜ. ɸʜʳʣʭʦʜʞʘʝʚʘ ɸ.ʀ. 
ʂʦʤʧʦʟʠʮʠʦʥʥʳʝ ʩʪʨʦʠʪʝʣʴʥʳʝ ʤʘʪʝʨʠʘʣʳ 
(ʄʦʥʦʛʨʘʬʠʷ). - «LAMBERT» 
ACADEMICPUBLISHING, 2018 -176 ʩ. 

[3] ɸʜʳʣʭʦʜʞʘʝʚ ɸ.ʀ., ʄʘʭʘʤʘʪʘʣʠʝʚ ʀ.ʄ., ʎʦʡ 
ɺ.ʄ.,ʂʝʩʘʨʠʡʩʢʠʡ ɸ.ɻ.  ʄʝʪʦʜʦʣʦʛʠʯʝʩʢʠʝ ʦʩʥʦʚʳ 
ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʭ 

ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʳʭ ʙʝʪʦʥʦʚ ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ 
(ʄʦʥʦʛʨʘʬʠʷ). - çʌʘʥ ʚʘ ʪʝʭʥʦʣʦʛʠʷè, 2018. -196 ʩ. 

[4] ɸʜʳʣʭʦʜʞʘʝʚ ɸ.ʀ., ʄʘʭʘʤʘʪʘʣʠʝʚ ʀ.ʄ., ʎʦʡ 
ɺ.ʄ., ʋʤʘʨʦʚ ʂ.ʉ.  ʂʦʤʧʣʝʢʩʥʦ-ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʝ 
ʙʝʪʦʥʳ ʩ ʦʨʛʘʥʦʤʠʥʝʨʘʣʴʥʳʤʠ ʜʦʙʘʚʢʘʤʠ 

ˉ  

ʦʙʨʘ

ʟʮʘ 

ʄʘʩʩʘ 

ʦʙʨʘʟ

ʮʘ,ʛ 

ʈʘʟʤʝʨʳ, ʩʤ ʇʣʦʱ

ʘʜʴ, 

ʩʤ2 

ʆʙʲʝ

ʤ 

ʦʙʨʘʟ

ʮʘ, 

ʩʤ3 

ʇʣʦʪʥʦ

ʩʪʴ, 

ʛ/ʩʤ3 

ʇʦʨʷʜʢʦʚ

ʳʡ ʥʦʤʝʨ 

ʫʜʘʨʘ, 

ʨʘʟʨʫʰʠʚ

ʰʝʛʦ 

ʦʙʨʘʟʝʮ 

ʋʜʘʨʥʘʷ ʧʨʦʯ-

ʥʦʩʪʴ, ɼʞ/ʩʤ3 

ʜʠʘʤ

ʝʪʨ 

ʚʳʩ

ʦʪʘ 

ʆʪʜʝʣʴ

ʥʳʭ 

ʦʙʨʘʟʮ

ʦʚ  

ʉʨʝʜ

ʥʝʝ 

ʂʦʥʪʨʦʣʴʥʳʡ ʩʦʩʪʘʚ 

1 29,60 2,50  2,51 4,91  12,32  2,403 6 0,33 0,34 

2 29,81 2,51  2,50 4,95  12,38  2,408 6 0,34 

3 29,39 2,49  2,51 4,87  12,22  2,405 6 0,35 

ʉʦʩʪʘʚ ʧʦ ʧʨʦʪʦʪʠʧʫ 

4 29,59 2,49  2,50 4,87  12,18  2,429 12 1,66 1,65 

5 29,73 2,50  2,50 4,91  12,28  2,421 12 1,64 

6 29,82 2,50  2,50  4,91  12,28  2,428 12 1,65 

ʉʦʩʪʘʚ ʧʦ ʧʘʪʝʥʪʫ ʥʘ ʠʟʦʙʨʝʪʝʥʠʝ 

7 29,59 2,49  2,50 4,87  12,18  2,429 13 1,97 1,98 

8 29,73 2,50  2,50 4,91  12,28  2,421 13 1,98 

9 29,82 2,50  2,50  4,91  12,28  2,428 13 1,99 
 



Journal Engineer           ISSN: 3030-3893 Special Issue| 2026 
 

 
 16-fevral, 2026 108 

                 “Transport inshootlari: zamonaviy texnologiyalar, seysmik barqarorlik” 

(ʄʦʥʦʛʨʘʬʠʷ). - çʀʥʥʦʚʘʮʠʦʥ ʨʠʚʦʞʣʘʥʠʰ ʥʘʰʨʠʸʪ-
ʤʘʥʙʘʘ ʫʡʠè, 2020. -235 ʩ. 

[5]  ʄʘʭʘʤʘʪʘʣʠʝʚ ʀ.ʄ. ɺʳʩʦʢʦʧʨʦʯʥʳʝ ʙʝʪʦʥʳ: 
ʧʨʦʙʣʝʤʳ ʠ ʠʭ ʨʝʰʝʥʠʷ // ɺʝʩʪʥʠʢ ʊʘʰʀʀʊʘ. ïʊʘʰʢʝʥʪ. 
2011,- ˉ1.- ʉ.2-5. (05.00.00.ˉ 11) 

[6]  ʄʘʭʘʤʘʪʘʣʠʝʚ ʀ.ʄ. ʉʦʚʨʝʤʝʥʥʳʝ ʪʝʥʜʝʥʮʠʠ 
ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʞʝʣʝʟʦʙʝʪʦʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ // 

ɺʝʩʪʥʠʢ ʊʘʰʀʀʊʘ. ïʊʘʰʢʝʥʪ. 2012,- ˉ2.- ʉ.16-18. 
(05.00.00. ˉ11) 

[7]  ʄʘʭʘʤʘʪʘʣʠʝʚ ʀ.ʄ. ʆ ʙʝʪʦʥʘʭ ʥʦʚʦʛʦ 
ʧʦʢʦʣʝʥʠʷ ʥʘ ʦʩʥʦʚʝ ʵʬʬʝʢʪʠʚʥʳʭ ʤʠʥʝʨʘʣʴʥʳʭ 
ʜʦʙʘʚʦʢ, ʪʦʥʢʦʟʝʨʥʠʩʪʳʭ ʧʝʩʢʦʚ ʠ 
ʛʠʧʝʨʧʣʘʩʪʠʬʠʢʘʪʦʨʦʚ // ɺʝʩʪʥʠʢ ʊʘʰʀʀʊʘ. ïʊʘʰʢʝʥʪ. 
2013,- ˉ1/2.- ʉ.24-27. (05.00.00. ˉ11) 

[8] ʄʘʭʘʤʘʪʘʣʠʝʚ ʀ.ʄ. ʆ ʪʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʦʡ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʳʩʦʢʦʧʨʦʯʥʳʭ 
ʙʝʪʦʥʦʚ//ɸʨʭʠʪʝʢʪʫʨʘ. ɻʨʘʜʦʩʪʨʦʠʪʝʣʴʩʪʚʦ. ɼʠʟʘʡʥ. ï
ʊʘʰʢʝʥʪ.  2013,- ˉ2. - ʉ.17-21. (05.00.00. ˉ4) 

[9]  ʈʘʙʠʥʦʚʠʯ ʌ.ʅ. ɼʠʩʧʝʨʩʥʦʘʨʤʠʨʦʚʘʥʥʳʝ 
ʙʝʪʦʥʳ. ʄ.: ʉʪʨʦʡʠʟʜʘʪ, 1989. 177 ʩ.  

[10]  ʈʘʙʠʥʦʚʠʯ ʌ.ʅ. ʂʦʤʧʦʟʠʪʳ ʥʘ ʦʩʥʦʚʝ 
ʜʠʩʧʝʨʩʥʦ ï ʘʨʤʠʨʦʚʘʥʥʳʭ ʙʝʪʦʥʦʚ. ɺʦʧʨʦʩʳ ʪʝʦʨʠʠ ʠ 
ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʪʝʭʥʦʣʦʛʠʷ, ʢʦʥʩʪʨʫʢʮʠʠ: 

ʄʦʥʦʛʨʘʬʠʷ. ʄ.: ʀʟʜʘʪʝʣʴʩʪʚʦ ɸʉɺ, 2004. - 560 ʩ.  
[11] ʂʦʚʘʣʝʚ ʗ.ʅ. ʉʪʨʦʠʪʝʣʴʥʳʝ ʤʘʪʝʨʠʘʣʳ. 

ʃʘʙʦʨʘʪʦʨʥʳʡ ʧʨʘʢʪʠʢʫʤ: ʫʯʝʙ. -ʤʝʪʦʜ. ʧʦʩʦʙʠʝ / ʗ.ʅ. 
ʂʦʚʘʣʝʚ [ʠ ʜʨ.] / ʧʦʜ ʨʝʜ. ʜ.ʪ.ʥ. ʗ.ʅ. ʂʦʚʘʣʝʚʘ. ï ʄʠʥʩʢ: 
ʅʦʚʦʝ ʟʥʘʥʠʝ; ʄ.: ʀʅʌʈɸ-ʄ, 2013, ï 633 ʩ. 

[12]  ʇʘʪʝʥʪ ʈʌ ˉ2420472 ʉ1, ʜʘʪʘ ʧʨʠʦʨʠʪʝʪʘ 
10.06.2011, ʜʘʪʘ ʧʫʙʣʠʢʘʮʠʠ 27.06.1998, ʘʚʪʦʨʳ 
ʇʝʨʬʠʣʦʚ ɼ.ɽ. ʠ ʜʨ. 

[13]  ʇʘʪʝʥʪ ʥʘ ʠʟʦʙʨʝʪʝʥʪʝ UZ IAP 07518 

ñɹʝʪʦʥʥʘʷ ʩʤʝʩʴò, ʜʘʪʘ ʧʨʠʦʨʠʪʝʪʘ 26.01.2023, 
ʦʧʫʙʣʠʢʦʚʘʥʦ 18.10.2023, ʘʚʪʦʨʳ: ɸʜʳʣʭʦʜʞʘʝʚ ɸ.ʀ., 
ʄʘʭʘʤʘʪʘʣʠʝʚ ʀ.ʄ., ʎʦʡ ɺ.ʄ., ʀʣʴʷʩʦʚ ɸ.ʊ., ʍʫʜʦʸʨʦʚ 
ɸ.ɸ. 

Информация об авторах/ 

Information about the authors 

Makhamataliev 

Irkin Muminovich  

/ Махаматалиева 

Иркина 

Муминовича 

ʊʘʰʢʝʥʪʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ 
ʪʨʘʥʩʧʦʨʪʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, 
ʢʘʬʝʜʨʘ çʉʪʨʦʠʪʝʣʴʩʪʚʦ ʟʜʘʥʠʡ ʠ 

ʧʨʦʤʳʱʣʝʥʥʳʭ ʩʦʦʨʫʞʝʥʠʡè, 
ʜʦʢʪʦʨ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, 
ʧʨʦʬʝʩʩʦʨ  

Soy Vladimir 

Mikhaylovich / 

Цой Владимир 

Михайлович 

ʊʘʰʢʝʥʪʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ 

ʪʨʘʥʩʧʦʨʪʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, 

ʢʘʬʝʜʨʘ çʉʪʨʦʠʪʝʣʴʩʪʚʦ ʟʜʘʥʠʡ ʠ 

ʧʨʦʤʳʱʣʝʥʥʳʭ ʩʦʦʨʫʞʝʥʠʡè, 

ʜʦʢʪʦʨ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, 

ʧʨʦʬʝʩʩʦʨ. 

E-mail: Volodya_tsoy@inbox.ru 

Tel.: +998909521576 

Mukhammadiyev 

Nematjon 

Rakhmatovich / 

Мухаммадиев 

Нематжон 

Рахматович 

ʊʘʰʢʝʥʪʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ 

ʪʨʘʥʩʧʦʨʪʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, 

ʢʘʬʝʜʨʘ çʉʪʨʦʠʪʝʣʴʩʪʚʦ ʟʜʘʥʠʡ ʠ 

ʧʨʦʤʳʱʣʝʥʥʳʭ ʩʦʦʨʫʞʝʥʠʡè, 

ʜʦʢʪʦʨ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ. 

E-mail: nemat.9108@mail.ru, 

Tel.: +998909111106 

https://orcid.org/0009-0004-2390-
6961 

Malikov  Ganisher 

Bahromkulovich / 

Маликов 

Ганишер 

Бахромкулович 

ʊʘʰʢʝʥʪʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ 
ʪʨʘʥʩʧʦʨʪʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, 
ʢʘʬʝʜʨʘ ñʄʦʩʪʳ ʠ ʪʦʥʥʝʣʠò PhD, 
E-mail: ganisherm@inbox.ru 
Tel.: +998901893094 
https://orcid.org/0000-0003-3691-

1079  

 

  

mailto:nemat.9108@mail.ru
https://orcid.org/0009-0004-2390-6961
https://orcid.org/0009-0004-2390-6961
mailto:ganisherm@inbox.ru
https://orcid.org/0000-0003-3691-1079
https://orcid.org/0000-0003-3691-1079


Journal Engineer           ISSN: 3030-3893 Special Issue| 2026 
 

 
                                                                 109                                     16-fevral, 2026 

“Transport inshootlari: zamonaviy texnologiyalar, seysmik barqarorlik” 

Identification and Assessment of Critical Spatial Deformations and Internal 

Force States of Continuous Monolithic Reinforced Concrete Bridges under 

Strong Seismic Actions Using MiDAS Civil 
 

A. Abdullaev1 a 
1Tashkent state transport university, Tashkent, Uzbekistan 

 
Abstract: The article presents the results of spatial seismic calculations for a continuous monolithic reinforced 

concrete bridge structure using the spectral method implemented in the MiDAS Civil software package. 

In the study, a spatial computational model of the structure was developed, taking into account the 
combined spatial behavior of the bridge span structure, intermediate and end supports, as well as the 
prestressed reinforcement system. The computational model is based on the finite element method, 
considering the stiffness properties of the structure and the interaction of bending, torsional, and 
transverse shear deformations. Through spectral analysis, the internal forces and displacements induced 
by standard seismic loads on the bridge's structural elements were evaluated. The obtained results allow 
for the determination of seismic stability in continuous monolithic bridges, refinement of calculation 
schemes, and optimization of design and technological solutions for seismically active regions. 

Keywords: transportation structures, bridge, earthquake-resistant design, Midas Civil, linear spectral analysis, post-
tension 

 

MiDAS Civil dasturida kuchli seysmik yuklamalar ta’sirida uzluksiz monolit 

temirbeton ko‘priklarning fazoviy deformatsiyalanishi va ichki kuchlarining 

kritik holatlarini aniqlash va baholash  
 

A. Abdullayev1 a 

1Toshkent davlat transport universiteti, Toshkent, Oózbekiston 

 
Annotatsiya: Maqolada MiDAS Civil dasturiy majmuasi yordamida spektral usul asosida uzluksiz monolit temirbeton 

koóprik inshootining fazoviy seysmik hisoblari natijalari bayon etiladi. Tadqiqotda koóprikning oraliq 

qurilmasi, oraliq va chekka tayanchlari, shuningdek oldindan zoóriqtirilgan armatura tizimining 
birgalikdagi fazoviy ishlashi hisobga olingan holda inshootning fazoviy hisoblash modeli ishlab 
chiqilgan. Hisoblash modeli chekli elementlar usuli asosida shakllantirilib, unda konstruktsiyaning 
bikrlik xususiyatlari, egilish, buralish va koóndalang siljish deformatsiyalarining oózaro taôsiri inobatga 
olingan. Spektral tahlil jarayonida meôyoriy seysmik taôsirlarning koóprik konstruktiv elementlarida hosil 
qiladigan ichki kuchlar va koóchishlar baholangan. Olingan hisob natijalari uzluksiz monolit 
koópriklarning seysmik barqarorligini aniqlash, hisoblash sxemalarini aniqlashtirish hamda seysmik faol 
hududlar uchun konstruktiv-texnologik yechimlarni optimallashtirish imkonini beradi. 

Kalit soózlar: transport inshootlari, koóprik, zilzilabardosh loyihalash, Midas Civil, chiziqli spektral tahlil, post-tension 

1. Kirish  

Hozirgi kunda dunyoning Yaponiya, Turkiya, Eron, 
Xitoy, AQSH, Chili, Rossiya, Koreya Respublikasi va 

Yevropa Ittifoqining bir qator davlatlari, xususan, 
Germaniya, Italiya, Fransiya, Ispaniya, Shvetsiya kabi 
rivojlangan va rivojlanayotgan mamlakatlarida avtomobil 
yoᾶllaridagi koᾶprik inshootlarining zilzilabardoshligi 
zamonaviy seysmik himoyalash usullarini qʦóllash hamda 
koᾶprik inshootlarining konstruktiv parametrlarini tanlash 
orqali taôminlanmoqda. Shu jihatdan avtomobil yoᾶllaridagi 
uzluksiz monolit koᾶprik inshootlarining loyihalash, qurish 
va ekspluatatsiya bosqichlarida harakat xavfsizligini 

taôminlashga alohida eôtibor qaratilmoqda.  
Respublikamizning avtomobil yoᾶllaridagi uzluksiz 

monolit koᾶprik inshootlarining loyihalash, qurish va 
ekspluatatsiya bosqichlarida seysmik taᾷsirlarni hisobga 
olgan holda ularni zilzilabardoshligini taôminlashga 
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qaratilgan yirik miqyosdagi chora-tadbirlar amalga 
oshirilmoqda. Jumladan, Oózbekiston Respublikasi 

Prezidentining 2023 yil 11 sentabrdagi ñOózbekiston ï 
2030ò strategiyasi toógórisidaògi PF-158-son Farmoniga [1] 
muvofiq 53-maqsadda ñOózbekiston Respublikasining 
global transport-logistika tarmoqlariga integratsiyasini 
chuqurlashtirish va milliy transport tizimining salohiyatini 
oshirish, 56 ming kilometr yoóllarni qurish va taômirlash, 
Toshkent ï Samarqand va Toshkent ï Fargóona vodiysi 
yoónalishlarida davlat-xususiy sheriklik asosida avtomobil 
yoóllarini qurishò boóyicha vazifalar belgilangan. Ushbu 

vazifalarni amalga oshirishda, avtomobil yoᾶllaridagi 
uzluksiz monolit koᾶprik inshootlarini loyihalash, qurish va 
ekspluatatsiya bosqichlarida seysmik taᾷsirlarni hisobga 
olish orqali ularning konstruktiv parametrlarini tanlash, har 
xil kuchga ega seysmik taôsirlarda monolit koᾶprik 

https://orcid.org/0009-0009-7560-2691
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inshootlarining kuchlanish-deformatsiyalanish holatini 
baholash, real zilzila yozuvlari asosidagi seysmik kuchlar 
taôsirida uzluksiz monolit koᾶprik inshootlari fazoviy 
konstruksiyalarining seysmodinamikasi masalalarini sonli 
hisoblash usullarini takomillashtirish dolzarb va muhim 
ahamiyat kasb etadi. 

Transport inshootlarning zilzilaga chidamliligining 
zamonaviy muammolari bʦóyicha ilmiy nazariy va 
eksperimental tadqiqotlar, jumladan, inshootlarning 

zilzilabardoshligini taôminlash masalalari bilan 
shugóullanuvchi xorijiy davlatlarning zabardast olimlari: 
Sh. Okamoto [1], X. Iemura [2], G.N. Karsivadze [3],  
S.V. Kuznetsov [4], A.M. Uzdin [5],  G.S. Shestoperov [6], 
Z.G. Xuchbarov [7], L.N. Dmitrovskaya [8] va boshqa 
olimlar tomonidan tadqiq qilish ishlari amalga oshirilgan. 

2. Tadqiqot metodikasi 

Tadqiqot doirasida Jizzax shahri hududida barpo 
etilayotgan 4K-253a toifali avtomobil yoóli yoónalishida, 
Islom Karimov koóchasidan M39 ToshkentïTermiz 
magistral avtomobil yoóligacha boólgan uchastkada 
joylashgan uzluksiz temirbeton konstruksiyali 
yoóloótkazgichning tahlil obyekti sifatida tanlab olindi [9]. 

Mazkur tadqiqotda Jizzax shahri hududida joylashgan, 
umumiy uzunligi 120 m va koóndalang oólchami 21 m ni 
tashkil etuvchi uch oraliqli monolit temirbeton yoól 

oótkazgich konstruksiyasi tadqiqot obyekti sifatida tanlab 
olinadi. Inshootning oraliq qurilmasi butun uzunligi boóylab 
oózgaruvchan qalinlikka ega boólib, u individual loyihaviy 
yechim asosida ishlab chiqilgan 35 + 50 + 35 m oraliqlarni 
qamrab oluvchi uzluksiz monolit temirbeton hisoblash 
sxemasiga muvofiq bajarilgan (1-rasm). 

 
1-rasm. Monolit yo‘l o‘tkazgich sxemasi 

 
Yoól oótkazgichning fasad qismi boóylab oraliq qurilma 

oózgaruvchan balandlikdagi plita koórinishida 
loyihalashtirilgan boólib, plita balandligi oraliqning 
markaziy qismida 1,35 m, tayanchlar ustida esa 2,0 m ni 
tashkil etadi. 
Oraliq tayanchlar konstruktiv yechimiga koóra ikki 

ustunli temirbeton tayanchlar koórinishida bajarilgan boólib, 
ularning asosiy geometrik oólchamlari quyidagicha: 
ustunlarning umumiy balandligi 12 m, fasad tekisligi 

boóyicha eni 2,0 m, koóndalang yoónalishdagi oólchami esa 
3,0 m dan 5,0 m gacha oózgaruvchan qiymatlarga ega (2-
rasm). 

 
2-rasm. Oraliq tayanchning umumiy ko‘rinishi 

Uzluksiz monolit koóprik inshootining seysmik taôsirlar 
ostidagi hisob-kitoblari chiziqli spektral tahlil tamoyillariga 
asoslangan chekli elementlar usulini qoóllovchi Midas Civil 
dasturiy majmuasi yordamida amalga oshirildi. 

Midas Civil ð transport inshootlari va turli qurilish 

obyektlarini modellashtirish, hisobiy tahlil qilish hamda 

konstruktiv elementlarni loyihalash uchun moóljallangan 

dasturiy majmuadir. U kʦópriklar va fuqaro inshootlarini 
loyihalashda zamonaviy standartni belgilovchi qulay 
interfeysli muhandislik platformasi boólib, maôlumotlar 
bazasini shakllantirishdan tortib nochiziqli masalalarni 
yechishgacha boólgan funksiyalarni oóz ichiga oladi. Uning 
rivojlangan modellashtirish va tahlil vositalari ChEU asosida 
konstruksiyalarni hisoblashda uchraydigan asosiy 
muammolarni samarali hal etishga yordam beradi. 

Yoól oótkazgichning asosiy konstruktiv elementlari: 
oraliq qurilma hamda taranglikdan keyingi armatura trosslari 
fazoviy ishlashini toóliq aks ettirish maqsadida choózilishï
siqilish, ikkala yoónalishda siljish deformatsiyalari, 
shuningdek egilish va buralish taôsirlarini hisobga olgan 
holda chekli elementlar usuli asosida modellashtiriladi. 
Grunt Vinkler modeli yordamida modellashtirilgan. 

Modellashtirish usuli sifatida karkasli tahlil tanlangan. 
Karkasli modellashtirish jarayonida ikkita turli xil kesim 

yaratiladi: boósh va toóldirilgan kesimlar. 3,50 metr 
uzunlikdagi burchaklarda toóldirilgan kesimli diafragma 
aniqlanadi. Oórta qismda esa boósh kesim belgilanadi. 
Chegaraviy shartlar elastomer tayanch qismlarining bikrligi  
orqali aniqlanadi. Tugunning mahalliy oóqi global oóq bilan 
mos keladi: X boóylama oóq boóylab, Y koóndalang oóq 
boóylab, Z vertikal boóylab. Barcha elementlar ularning 
yuqori markazidan belgilanadi. 

Oraliq qurilma armatura kanatlarini zoóriqtirish uchun 
ñpost-tensionò usuli qoóllaniladi. Oraliq qurilma plitasining 
koóndalang kesimida 19 ta kanal hosil qiluvchi mavjud 
boólib, ularda 150 mmĮ kesim yuzasiga ega 31 tola armatura 
kanatlari joylashtirilgan. Ular yoól oótkazgich boóylab 
uzluksiz tizimlardagi materiallar epyurasi boóyicha 
joylashgan. Umumiy maydon 4650 mm² deb hisoblanadi. 
Yoól oótkazgichning oraliq qurilmasini modellashtirish  

3-rasmda koórsatilgan. 
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ʘ) 

 
b) 

 
3-rasm.  Oraliq qurilmani modellashtirish: a  - b) uch o‘lchamli modelning ko‘rinishi 

 

Zoóriqtirilgan armatura troslariga bir tomonidan 1400 
N/mm2 kuch bilan yuklanma berilgan. 

4 va 5-rasmlarda yoól oótkazgich oraliq qurilmasining 
yuqori va pastki qismlaridagi normal kuchlanishning 
oózgarish grafiklari koórsatilgan. 

 
4-rasm. Yo‘l o‘tkazgich oraliq qurilmasining yuqori  
qismidagi normal kuchlanishning o‘zgarishi 

 
5-rasm. Yo‘l o‘tkazgich oraliq qurilmasining pastki 

qismidagi normal kuchlanishning o‘zgarishi 

4 va 5-rasmlardan koórinib turibdiki, yoól oótkazgichning 
oórta qismida oraliq qurilmaning yuqori qismidagi eng 

yuqori siqilish kuchlanishlari -10,10 MPa ni, pastki 
qismidagi eng yuqori choózilish kuchlanishlari esa 2,32 MPa 
ni tashkil etadi. Bu koórsatkichlar ShNQ 2.05.03-2022 
ñKoópriklar va quvurlarò boóyicha ruxsat etilgan 
kuchlanishlar chegarasida boólib, mos ravishda 50,4 MPa va 
3,22 MPa ni tashkil etadi. 

3. Xulosa  

Ishlab chiqilgan fazoviy hisoblash yondashuvi asosida 
uzluksiz monolit temirbeton yoól oótkazgich MiDAS Civil 
dasturida kuchli seysmik yuklamalar taôsirida seysmik 

barqarorlikka baholandi. Hisoblashlar jarayonida 
inshootning oraliq qurilmasida hosil boóladigan normal 
kuchlanishlar aniqlanib, ularning qiymatlari amaldagi 
meôyoriy hujjatlar talablari bilan taqqoslandi. 
Natijalar uzluksiz monolit temirbeton yoól oótkazgich 

oraliq qurilmasining kuchli seysmik taôsirlar sharoitida 

kuchlanganïdeformatsiyalangan holati meôyoriy talablarga 
muvofiq ekanligini, shuningdek qabul qilingan hisoblash 
modeli va konstruktiv yechimlar inshootning seysmik 
mustahkamligini taôminlashini tasdiqlaydi. 
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Optimization of the design of bridge intermediate supports 
 

Sh.Z. Nishonboev1 a, Z.M.  Mirzayeva1 b, Kh.U. Urazov1 c, A.A. Abdusattorov1 d 

1Tashkent State Transport University, Tashkent, Uzbekistan 

 
Abstract: This scientific article covers issues of improving the intermediate supports of bridges. The design features 

of existing monolithic supports were analyzed, and existing shortcomings in terms of their shape, 
dimensions, and material consumption were identified. Three design options based on monolithic 
reinforced concrete have been proposed, and their seismic resistance, load-bearing capacity, and 
economic efficiency have been parametrically compared. It has been proven that the second proposed 
structural variant is the most optimal solution in terms of material consumption, economic indicators, 
and seismic resistance. The research results provide scientifically based recommendations for practical 

application in improving bridge intermediate supports. 
Keywords: intermediate support, monolithic reinforced concrete, seismic stability, structural form, parametric 

analysis, load capacity, economic efficiency, optimization 

 

Ko‘priklarning oraliq tayanchlari konstruksiyasini optimallashtirish 
 

Sh.Z. Nishonboev1 a, Z.M.  Mirzayeva1 b, O‘.X. O‘razov1 c, A.A. Abdusattorov1 d 

1Toshkent davlat transport universiteti, Toshkent, Oózbekiston 

 
Annotatsiya: Ushbu ilmiy maqolada koópriklarning oraliq tayanchlarini takomillashtirish masalalari yoritilgan. 

Amaldagi monolit tayanchlarning konstruktiv xususiyatlari tahlil qilinib, ularning shakli, oólchamlari va 
material sarfi boóyicha mavjud kamchiliklar koórsatib berilgan. Monolit temirbeton asosidagi uchta 
konstruktiv variant taklif qilinib, ularning seysmik barqarorligi, yuk koótarish qobiliyati va iqtisodiy 
samaradorligi parametrik jihatdan solishtirilgan. Taklif etilgan ikkinchi konstruktiv variant material sarfi, 
iqtisodiy koórsatkichlari hamda seysmik barqarorlik boóyicha eng maqbul yechim ekanligi isbotlangan. 
Tadqiqot natijalari koópriklarning oraliq tayanchlarini takomillashtirishda amaliy qoóllash uchun ilmiy 
asoslangan tavsiyalar beradi. 

Kalit soózlar: oraliq tayanch, monolit temirbeton, seysmik barqarorlik, konstruktiv shakl, parametrik tahlil, yuk 
koótarish qobiliyati, iqtisodiy samaradorlik, optimallashtirish 

1. Kirish  

Hozirgi kunda transport infratuzilmasini modernizatsiya 
qilish, avtomobil yoóllari oótkazuvchanligini oshirish va 
shahar hamda mintaqalararo aloqalarni mustahkamlash 
davlat siyosatining ustuvor yoónalishlaridan biri hisoblanadi. 
Koópriklar va yoól oótkazgichlar transport tizimining muhim 
tarkibiy qismidir. Ularning konstruktiv ishonchliligi hamda 
foydalanish davridagi barqarorligi yoóllarning umumiy 

ekspluatatsion samaradorligiga bevosita taôsir koórsatadi. 
Oózbekistonning seysmik faol hududlarda joylashgani 

koóprik inshootlariga qoóyiladigan talablarni yanada 
oshiradi. Shu sababli koópriklarning oraliq tayanchlarini 
takomillashtirish, ularning shakli, konstruktiv yechimi va 
material sarfini optimallashtirish talab etiladi. Monolit 
temirbeton texnologiyalari rivojlanib borayotgani ushbu 
inshootlarda yangi konstruktiv imkoniyatlarni yaratmoqda. 

Monolit tayanchlar yuqori seysmik barqarorlik, 
konstruksiyaning yaxlitligi, mustahkamligi va iqtisodiyligi 
bilan ajralib turadi. 
Shu bilan birga, koóprik tayanchlarini shakllantirishda 

anôanaviy yondashuvlar har doim ham optimal natija 
bermaydi. Shuning uchun oraliq tayanchlarning zamonaviy, 
konstruktiv va iqtisodiy jihatdan maqsadga muvofiq 

                                                             
a  https://orcid.org/0000-0002-2021-946X  
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shakllarini izlash dolzarb ilmiy vazifa sifatida namoyon 
boólmoqda. 

2. Adabiyotlar tahlili va 

metodologiya 

Adabiyotlar tahlili shuni koórsatadiki, koóprik 
tayanchlari konstruksiyalarini takomillashtirish 
yoónalishidagi ilmiy izlanishlar asosan quyidagilarga 
qaratilgan: 

- tayanchlarning seysmik barqarorligini oshirish; 
- monolit temirbetonning afzalliklaridan maksimal 

foydalanish; 
- konstruktiv shaklni optimallashtirish orqali material 

sarfini kamaytirish; 
- tayanchlarning yuk koótarish qobiliyatini oshirish; 
- ekspluatatsion davomiylikni taôminlash. 
Shermuxamedov U.Z. va hamkorlarining ilmiy ishlari 

Oózbekiston sharoitida, xususan seysmik xavf yuqori 
boólgan hududlarda koóprik inshootlarini loyihalash 
masalalarining dolzarbligini asoslaydi. V.N. Smirnovning 
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tadqiqotlarida fazoviy temirbeton tayanchlarning yuklanish 
ostida deformatsiyalanishi, ularni hisoblash mezonlari va 
optimal konstruktiv shakllarni tanlash boóyicha ilmiy asoslar 
keltirilgan. 
Xalqaro adabiyotlar tahlili ham shuni koórsatadiki, oraliq 

tayanchlarni yangi shakl va oólchamlarda ishlab chiqish, 
seysmik taôsirlarga moslashgan konstruksiyalarni yaratish 

hamda qurilish muddatlarini qisqartiruvchi texnologiyalarni 
qoóllash zamonaviy koópriksozlikning asosiy 
yoónalishlaridan biridir. 
Ushbu tadqiqot avtoyoól koópriklarining oraliq 

tayanchlarini takomillashtirishga qaratilgan boólib, quyidagi 
metodik yondashuvlarga tayanadi: 

1. Analitik tahlil 
Mavjud koóprik tayanchlari konstruksiyalari, ularning 

afzallik va kamchiliklari, yuklanish sxemalari, deformatsiya 
holatlari va seysmik taôsir ostida ishlash prinsiplari 
oórganildi. 

2. Uchta konstruktiv tayanch yaratish 
Tadqiqotda monolit temirbetondan tayyorlangan uch xil 

oraliq tayanch varianti ishlab chiqildi. Har bir variant 
parametrik belgilari boóyicha baholandi: 

- konstruktiv murakkablik; 

- yuk koótarish qobiliyati; 
- ekspluatatsion ishonchlilik; 
- iqtisodiy koórsatkichlar. 
3. Kompyuter hisoblari 
Hisob-kitob optimal kesim oólchamlarini tanlash 

vazifasini qamrab oldi. 
4. Iqtisodiy tahlil 
Har bir konstruktiv variant boóyicha: 
- beton sarfi; 

- qurilish qiymati; 
- mehnat xarajatlari. 
5. Optimallashtirish mezonlari 
Variantlar oózaro solishtirilib, eng maqbul yechim 

sifatida 2-variant tanlandi. 

3. Muhokama va natijalar  

Tadqiqot natijasida ishlab chiqilgan yangi konstruktiv 
yechimlar quyidagi afzalliklarni namoyon etdi: 

- seysmik barqarorlikning oshishi; 
- yuk koótarish qobiliyatining yaxshilanishi; 
- material sarfining kamayishi; 

- qurilish jarayonining soddalashuvi; 
- mehnat xarajatlarining qisqarishi; 
- xizmat muddati va ishonchlilikning ortishi. 
Variantlar iqtisodiy solishtirilganda 3 variant ichidan 

eng tejamkori - 2-variant boólib, u 36,6 % iqtisodiy 
samaradorlikni taôminladi. 
Koóprikning koórib chiqilayotgan oraliq tayanchi 

temirbeton konstruksiyadan iborat (1-rasm). Hisoblash 

nuqtayi nazaridan, tizim murakkab ramali tizimdir. 
Tayyorlash usuliga koóra taklif etilayotgan tayanch 
konstruksiyasini monolit konstruksiyaga kiritish mumkin. 

 
1-rasm. Oraliq tayanchning birinchi varianti  

Koóprikning koórib chiqilayotgan oraliq tayanchi 
temirbeton konstruksiyadan iborat (2-rasm). Hisoblash 
nuqtayi nazaridan, tizim murakkab ramali tizimdir. 
Tayyorlash usuliga koóra tayanch konstruksiyasini monolit 
konstruksiyaga kiritish mumkin. 

 
2-rasm. Oraliq tayanchning ikkinchi varianti  

3-hisoblash modeli tavsifi. Koóprikning koórib 
chiqilayotgan oraliq tayanchi fazoviy temirbeton 
konstruksiyadan iborat (3-rasm). Hisoblash nuqtayi 
nazaridan, tizim murakkab ramka tizimidir [3]. 

 
3-rasm. Oraliq tayanchning uchinchi varianti 
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1-jadval 

Tayanch variantlarining solishtirma jadvali 

Bajariladigan 

ishlarning 

nomi 

 

Ish hajmi, m3 
Qiymati

, mln 

soóm 

Umumiy 
qiymat, mln 

soóm 

1 2 3 3 4 5 6 

Tayanch 
tanasi 

71 45 54 3,5 248 157 189 

4. Xulosa  

Uchta konstruktiv yechim boóyicha oótkazilgan iqtisodiy 
va texnik tahlillar natijasida 2-variantning eng maqbul opora 
konstruksiyasi ekanligi aniqlandi. Ushbu variant material 
sarfi boóyicha tejamkorligi, yakuniy qurilish qiymatining 
pastligi va individual loyihalangan konstruktiv shaklining 
samaradorligi bilan ajralib turadi. 

Taklif etilgan opora konstruktsiyasi koóprik va yoól 
oótkazgichlarini qurish jarayonini sezilarli darajada 
soddalashtiradi, qurilish muddatini qisqartiradi, 
materiallarning optimal sarflanishini taôminlaydi hamda 
mehnat xarajatlarini kamaytiradi. Shaklning konstruktiv 
ustunliklari oporaning seysmik barqarorligini oshirib, uzoq 
muddatli ekspluatatsion ishonchliligini taôminlaydi. 

Olingan natijalar asosida 2-variantli monolit oraliq 
tayanch texnik, iqtisodiy va ekspluatatsion koórsatkichlar 

boóyicha eng maqbul yechim sifatida tavsiya etiladi. 
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Subsidence of the railway track embankment at the boundaries of water 

pipelines 
 

S. Djabbarov1 a, E. Abdualiyev1 b 

1Tashkent State Transport University, Tashkent, Uzbekistan 

 
Abstract: The article investigates the impact of water pipeline malfunctions on railway embankment parameters, 

specifically examining the effect of soil moisture on the deformation (settlement) of both the 
embankment and the water pipeline itself. To solve this problem, the finite element method was 
employed, and multiple variant calculations were performed using Midas software. The study determined 
and compared the deformation (settlement) of the embankment and water pipeline for two types of soil 
moisture, embankment heights of 2, 3, 4, 5, and 6 meters, and a combination of three types of loads. 

Keywords: railway, water pipes, earthwork, moisture, settlement, deformation 

 

Suv o‘tkazuvchi quvurlar chegarasida temir yo‘l izi yer polotnosini cho‘kishi 
 

Djabbarov S.T.1 , Abdualiyev E.B.1  

1Toshkent davlat transport universiteti, Toshkent, Oózbekiston 

 
Annotatsiya: Maqolada temir yʦóllardagi suv ʦótkazuvchi quvurlar nosozliklarini temir yʦól yer polotnosining 

parametrlariga taôsiri, xususan grunt namlanishini yer polotnosi va bevosita suv ʦótkazuvchi quvur 

deformatsiyasiga(chʦókishiga) taôsiri tadqiq etilgan. Masalani yechishda chekli elementlar uvulidan 
foydalanilgan bʦólib kʦóp variantli hisob ishlari Midas dasturiy taôminotida amalga oshirilgan. Bunda 
gruntni ikki xil namligi, kʦótarma kʦórinishdagi yer polotnosinining 2, 3, 4, 5, 6 m balandliklari va uch 
turdagi yuklanishlar kombinatsiyasi uchun yer polotnosi va suv ʦótkazuvchi quvur 
deformatsiyasi(chʦókishi)aniqlangan va qiyoslangan. 

Kalit soózlar: Temir yʦól, suv ʦótkazuvchi quvurlar, yer polotnosi, namlik, chʦókish, deformatsiya 

1. Kirish  

Hozirgi vaqtda yoólovchi tashish hajmini oshirish, 
poyezdlar tezligini koótarish va harakat xavfsizligini 
taôminlash mamlakatimimiz transport infratuzilmasini, 

xususan yuqori tezlikdagi temir yoól magistrallarini 
rivojlantirishda ustuvor masalalardan hisoblanadi. Barcha 
toifadagi poyezdlarning ravon, tʦótovsiz va xavfsiz haraktini 
taôminlash sohaning doimiy vazifasi hisoblanadi hamda 
temir yʦól transporti infratuzilmasini bir maromda, 
buzilishlarsiz ishlashini talab qiladi [1, 2]. Bunda temir yʦól 
izining muhim elementi  bʦólgan suv ʦótkazuvchi 
quvurlarning ʦóz funksional vazifalarini  butun xayot sikli 

davomida tʦóliq bajarilishini taôminlash zarur. Suv 
ʦótkazuvchi quvurlardagi nosozliklarni yer polotnosining 
ekspluatatsion  ishonchliliga taôsirini tadqiq etish dolzarb 
hisoblanadi. Temir yoóllarda foydalaniladigan tosh, beton va 
temirbetonli suv oótkazuvchi quvurlarning eng keng 
tarqalgan shikastlanishlari va deformatsiyalariga 
yoriqlarning paydo boólishi, sinish, choklarning ochilishi, 
quvur boógóinlari va bosh qismlarining choókishi hamda 

qiyshayishi, gidroizolyatsiyaning buzilishi, bosh 
qismlarning yemirilishi, quvur atrofidagi gruntning yuvilishi 
kiradi [3, 4,5]. 
Suv ʦótkazuvchi quvurlarda yoriqlarning paydo boólishi 

va uning oqibatida gidroizolyatsiyaning buzilishi yer 
polotnosi gruntining namligini oshishiga, ʦóz navbatida 
ularning fizik-mexanik xususiyatlarini ʦózgarishiga hamda 

                                                             
a  https://orcid.org/0000-0002-3798-407ʍ 

b  https://orcid.org/0000-0001-6367-6305 

yer polotnomining kʦótaruvchanlik qobiliyatining 
pasayishiga olib keladi [6,7,8]. 

2. Adabiyotlar tahlili va 

metodologiya 

Temir yoôl izi va yer polotnosidagi choôkishlarni hosil 
qiluvchi asosiy omillarni (poyezddan tushayotgan yuk 
qiymati, yer osti (grunt) qatlamining namligi ortishi va 
boshqalar) taôsiri mamlakatimiz va chet el olimlari 
tomonidan koóp marotaba oórganib chiqilgan [9,10]. Lekin 
omillarning ahamiyatliligini solishtirish va aniqlash uchun, 
bir xil cheklovchi shartlar kiritilgan umumiy hisoblash 
modelida bir qator matematik eksperimentlarni amalga 

oshirish zarur. Umumiy koórinishda suv oôtkazuvchi 
quvurlar chegarasida yer polotnosini ustuvorligini aniqlash 
masalasini statik tarzda yechib boólmaydi. Bunday 
masalalarni yechishda quyidagi usullardan foydalaniladi: 

- chekli muvozanat usullari (CHMU); 
- chekli  elementlar usullari (CHEU). 
Mexanik masalalrni yechishga asoslangan chekli 

elementlar usuli alternativ yondashuv hisoblanadi. 

Kuchlangan-deformasiyalangan holatning haqiqiy tasviriga 
(koórinishiga) ega boólish imkoniyati ushbu usulning boshqa 
usullarga nisbatan ustunligini ko`rsatadi. Ammo CHEU dan 
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foydalanish, oóz navbatida, deformatsiyalar qiymatining 
cheklanishi, natijalarning bir-biriga toógóri kelmasligi  kabi  
muammolar va bir qator kamchiliklar bilan bogóliq. Shunday 
qilib, murakkab masalalarni hal qilish jarayonida turli xil 
yondashuv kombinatsiyalaridan foydalanish maqsadga 
muvofiq [11,12]. 

Keyingi vaqtda chekli muvozanat, hamda chekli 

elementlar usullaridan foydalangan holda turli geotexnik 
masalalarni yechish imkonini yaratuvchi koóplab sifatli 
dasturiy taôminotlar ishlab chiqildi. Mazkur tadqiqot ishida 
choókishlarni hosil qiluvchi omillarni baholash MIDAS GTS 
NX dasturiy kompleksida yaratilgan modelda amalga 
oshirildi. 
Boshlangóich maôlumotlar. Hisoblarni bajarish uchun 

boshlangóich maôlumotlar quyida keltirilgan texnik 

topshiriqqa muvofiq qabul qilingan: 
1. B - temir yol yer polotnosi asosiy maydonchasi 

kengligi(1-rasm), 7.6 m ga teng deb qabul qilingan;    
2. P0 ï relsga bir oóqdan tushadigan yuklama(2-rasm), 

25,5 t/oôq ga teng deb qabul qilingan; 
3. Hkoótarma -koótarma balandligi(1-rasm), 2,0m; 3,0 

m; 4,0 m; 5,0 m; 6,0 m ga teng deb qabul qilingan. 
Ishda koótarma balandligi bilan farq qiluvchi jami 5 ta 

model koórib chiqilgan. Har bir modelda yuklanish turi bilan 
farqlanuvchi 3 tadan hisoblash holati mavjud (oóz 
ogóirligidan, bitta iz boóyicha yuklanish va ikkita iz boóyicha 
yuklanish). 

 
1-rasm. Umumiy hisoblash sxemasi 

Hisob-kitoblarni amalga oshirish uchun gruntlarning 
meyoriy hujjatlarga muvofiq qabul qilingan xususiyatlaridan 
foydalanilgan, Grunt materiallarini belgilash uchun Mor-
Kulon va plastik masalalarini, beton quvur uchun esa elastik-

elastik modeldan foydalanilgan. Grunt materiallarining 3 
turi (asos, koótarma koórinishidagi yer polotnosi va ballast) 
va temir beton materialining bir turi (quvur) ajratilgan. 

 
2-rasm. Yuklamalarni taqsimlash sxemasi va topshirig‘i 

Koótarma suglenok gruntlardan, ballast shagóalli 
gruntdan, asos tabiiy holda yotuvchi suglenok gruntlardan 
tashkil topgan. Suvga toóyinganligiga bogóliq holda 
suglinkali koótarmaning bir nechta variantlari koórib 

chiqilgan: grunt namligining meyoriy qiymati - 18% va 
namlangan grunt - 28%. Quyidagi 1-jadvalda ushbu 
materiallarning xususiyatlari keltirilgan.  
Dastlabki maôlumotlar asosida hisobotida keltirilgan 

tipik muhandislik-geologik uchastkalar asosida 3D model 
qurildi. Modelni kalibrlash va hisoblash metodologiyasi 
temir yoól yer polotnosi suv oótkazish quvuri chegarasida 

choókish va asos bilan sinovlarning nazariy modelida amalga 
oshirildi. def qiymatlarni namlik oshishi bilan elastik modul 
kamayishi tamoyiliga bogólab, ilmiy koórinishda 
chiqaraman. Geotexnikada odatda namlik ortishi grunt 
yumshaydi va Edef, kamayadi. 

Quyida 18ï28% namlik diapazoni uchun mos taqsimlab 
olinadi va 1-jadvalda keltirilgan. 

1-jadval 

Materiallarning asosiy geomexanik xarakteristikalari 

Yer 

polotnosi 

gruntlarining  

nomi 

Zichlik 

ɟ, 

kN/m3 

Ishqalanish 

burchagi ű,  

grad 

Yer  

polotnosining 

bosimi C, 

kN/m2 

Yer 

polotnosini 

deformatsiya  

moduli Edef, 

kN/m2 

Puasson 

 koef-ti. 

ɜ 

1 2 3 4 5 6 

Ballast 17 40 0 120000 0,27 

Koótarma 

(W=18 %) 
17 27 16 55000 0,33 

Koótarma 

(W=28 %) 
17,5 24 12 55000 0,33 

Asos 19,5 28 19 70000 0,32 

Quvur 25 - - 27500000 0,18 

3. Muhokama va natijalar  

Temir yoól yer polotnosidagi suv oôtkazuvchi quvur 
chegarasida choôkishlarni hosil qiluvchi omillarning taôsir 
darajasini baholash uchun, grunt massividan shartli ravishda 
ñkesib olinganò 3d modelning masalasi koórib chiqilgan (1-
rasm). 

a)  

b)  
3-rasm. Modelni hisoblash sxemasi: a-ko‘dalang 

qirqimi, b - 3D ko’rinishi 

Gruntli blokining gabarit oólchami (uzunligi, kengligi, 
balandligi) mos ravishda 70 x 30 x 24.8 m ni tashkil etadi. 
Ishlab chiqilgan model tetraed shaklining hajmiy (3D) chekli 
elementlari bilan approksimatsiyalangan. Balandligi 2 m 

boôlgan koôtarma koôrinishidagi yer polotnosining 
modeldagi chekli elementlarning umumiy soni - 378722, 
tugunlar soni - 70909 ta (3-rasm). Xuddi shunday sinov 
modellari balandligi 3.0, 4.0, 5.0 va 6.0 m boólgan yoól 
polotnosining boshqa konstruksiyalari uchun ham qurilgan. 
Bu modellarning har birida gruntli asosning oólchamlari, 
elementlar va uzellar soni 2-jadvalda keltirilgan. 

 

 



Journal Engineer           ISSN: 3030-3893 Special Issue| 2026 
 

 
                                                                 117                                     16-fevral, 2026 

“Transport inshootlari: zamonaviy texnologiyalar, seysmik barqarorlik” 

2-jadval 
Yo‘l polotnosi modellari tavsifi 

Tr/

r 

Koótar

ma 

balandli

gi, m 

Gruntli asos blokining 

oólchamlari, m 
Miqdori, dona 

uzunl

ik 

kengl

ik 

balandl

ik 

eleme

nt 

tugunl

ar 

1 2 70 30 23.8 
37872

2 
70909 

2 3 70 30 24.8 
41287

0 
76888 

3 4 70 30 25.8 
45380

6 
84130 

4 5 70 30 26.8 
49878

0 
92517 

5 6 70 30 27.8 
54602

5 

10052

3 

Kuchlanish-deformasiya holatining statik hisoblari 
chekli elementlar usuli yordamida amalga oshirilgan. Chekli 

elementlar usulini qo`llashda hisoblanayotgan sohaning 
kuchlanish-deformasiyalanish holatiga oid chegaraviy 
masala yechimi tenglamalar sistemasining raqamli 
yechimiga keltiriladi: 

  [K]{u} = {F}             (1) 
bunda [K]  - bikirlik matrisasi; 
{u} - tugun siljishlari vektori; 
{F}  - yuklanishlar vektori. 
MIDAS GTS NX dasturiy kompleksida quyidagi fizik 

koórsatkichlarni aniqlash uchun materiallarning turli xil 
chiziqli-elastik va nochiziqli-elastik modellari amalga 
oshirilgan: 

- koótarmaning X va Z oóqi boóylab siljishi; 
- quvurning X va Z oóqi boóylab siljishi. 
Balandligi 4,0 m boólgan koótarma koôrinishidagi yoól 

polotnosi uchun yuqorida keltirilgan fizik koórsatkichlarni 
aniqlash boóyicha hisoblash natijalari mos ravishda 4-7-

rasmlarda keltirilgan. 

 
4-rasm. Ko‘tarmaning X o‘qi bo‘ylab ko‘chishi 

 
5-rasm. Ko‘tarmaning Z o‘q bo‘ylab siljishi 

(Zmax=4.8163 sm) 

 
6-rasm. Quvurning X o‘q bo‘ylab siljishi 

 
7-rasm. Quvurning Z o‘q bo‘ylab siljishi  

(Z max= 2.41141 sm) 

Huddi shunday hisoblar yuqorida keltirilgan 

boshlangóich maôlumotlar uchun ham bajarilgan va grunt 
namligining 2 koórsatkichi boóyicha natijalari 3 va 4 -
jadvallarda keltirilgan. 

3-jadval 

Grunt namligi 18% bo‘lganda hisoblash 

ko‘rsatkichlari, sm 

Y
u

k
la

m
a

 

tu
ri
 

Koórsatkichlar 

Koótarma balandligi, m 

2 3 4 5 6 

K
o
n
s
t
r
u
k
s
i
y
a
n
i
n
g
 
o
ó
z
 
o
g
ó
i
r
l
i
g
i
d
a
n

 

Koótarmaning X oóqi 

boóylab koóchishi 

0,15

9 

0,

20

9 

0,

26

4 

0,

32

2 

0,

37

7 

Koótarmaning Z oóqi 

boóylab koóchishi 

1,23

9 

1,

62

1 

1,

62

1 

2,

49

8 

2,

92

8 

Quvurning X oóqi 

boóylab siljishi 

0,06

5 

0,

07

6 

0,

08

8 

0,

12

6 

0,

14

2 

Quvurning Z oóqi 

boóylab siljishi 

1,10

9 

1,

42

2 

1,

74

9 

1,

74

9 

2,

40

4 

Y
o
ó
l
l
a
r
d
a
n
 
b
i
r
i
d
a
g
i
 
p
o
y
e
z
d
 

y
u

k
la

m
a

s
in

i 
h

is
o
b

g
a

 o
lg

a
n

 h
o

ld
a

 

     

Koótarmaning X oóqi 

boóylab koóchishi 

0,25

6 

0,

30

4 

0,

35

3 

0,

40

9 

0,

46

7 

Koótarmaning Z oóqi 

boóylab koóchishi 

3,89

9 

4,

32

3 

4,

76

4 

5,

27 

5,

71 

      

Quvurning X oóqi 

boóylab siljishi 

0,10

4 

0,

10

6 

0,

14

1 

0,

18

2 

0,

19

2 

Quvurning Z oóqi 

boóylab siljishi 

1,88

1 

2,

13

6 

2,

41

4 

2,

84

3 

2,

98

9 

I
k
k
a
l
a
 
y
o
ó
l
d
a
g
i
 
p
o
y
e
z
d
 
y
u
k
i
n
i
 

h
is

o
b

g
a

 o
lg

a
n

 h
o

ld
a 

X oóqi boóylab 

koótarmaning koóchishi 

0,35

7 

0,

40

7 

0,

46 

0,

51

4 

0,

56

8 

Koótarmaning Z oóqi 

boóylab koóchishi 

4,42

8 

4,

87

8 

5,

34

9 

5,

98

6 

6,

34

8 

Quvurning X oóqi 

boóylab siljishi 

0,14

5 

0,

16

5 

0,

18

9 

0,

23

4 

0,

25

3 

Quvurning Z oóqi 

boóylab siljishi 

2,55 2,

79 

3,

04

4 

3,

04

6 

3,

56

6 

 
 

 

 

 

 

 

 

 

 

 

 



Journal Engineer           ISSN: 3030-3893 Special Issue| 2026 
 

 
 16-fevral, 2026 118 

                 “Transport inshootlari: zamonaviy texnologiyalar, seysmik barqarorlik” 

4-jadval 

Grunt namligi 28% bo‘lganda hisoblash 

ko‘rsatkichlari, sm 

Y
u

k
la

m
a

 

tu
ri
 

Koórsatkichlar 
Koótarma balandligi, m 

2 3 4 5 6 

K
o
n
s
t
r
u
k
s
i
y
a
n
i
n
g
 
o
ó
z
 
o
g
ó
i
r
l
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4. Xulosa  

Modellashtirish natijalarining tahlili shuni koórsatdiki, 

koótarma tanasidagi gruntning siljishi yuklar va gruntning 
namlanish miqdoriga qarab oózgaradi. Grunt namlanganda 
koótarmaning vertikal boóyicha siljishi 2,928 sm ni tashkil 
etishi mumkin. Agar poyezd yoóllarning biridan oótganda 
siljish 95% ga oshsa, qarama-qarshi yoónalishdagi poyezdlar 
oótganda u 1,17 marta ortadi. 
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Sanoat chiqindilari asosida tayyorlangan  buyumlarning issiqlik 

o‘tkazuvchanligini tadqiq qilish 
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Annotatsiya: Maqolada yurtimizda sanoat chiqindilari asosida ishlab chiqarilayotgan qurilish materiallarini xolati va 

materiallarinig turlari toôgôrisida maôlumotlar keltirilgan. 

Kalit soózlar: Sanoat chiqindilari asosida ishlab chiqarilayotgan qurilish materiallari, issiqlik  izolyatsiya, energiya 
tejash, koôpikli beton, gazabeton, asbestsemen 

1. Kirish  

Jahon boôyicha avtomobil yoóllari malakatning 
iqtisodiyotining rivojlanishida muhim rol oóynaydigan 
infratuzilma inshootlaridan biridir. Shu bilan birgalikda 
yoóllarni loyihalash, qurish va ekspluatatsiya jarayonlari 

Hozirda qurilish ashyolarini tayyorlashda  sanoat va 
qishloq xoójaligi ikkilamchi resurslarni ishlatish jarayoni 
katta miqdorda energiya va xom ashyo zaxiralarini tejashga 

olib keladi. Ikkilamchi resurslarni foydalanishga yoónaltirish 
uchun ekologik, iqtisodiy va texnik talablarga javob berish 
kerak. Shu sababli, ularning tarkibi, hosil boólish koólami, 
ekologik tozaligi boóyicha tasniflanish masalalari dolzarb 
hisoblanmoqda. 

Sanoat chiqindilaridan foydalanib qurilish materiallari 
ishlab chiqarish atrof-muhitning ifloslanishi muammosini 
hal yetishga koᾷmaklashadi va chiqindilar bilan band 

boᾷlgan foydali yer maydonlarini kengaytirilishga imkoniyat 
yaratiladi [1, 2, 3]. 

2. Tadqiqot metodikasi 

Hozirgi kunda keng ommalashib kelayotgan  qurilish 
materiallarini ishlab chiqarishni takomillashtirish maqsadida 
koᾷplab yangi loyihalar hayotga tatbiq etilib, ishlab 
chiqarishni modernizatsiyalash va rekonstruktsiya qilish 
tadbirlari amalga oshirilmoqda. Shu bilan bir qatorda, chet 
el texnologiyalarini va investorlarni jalb qilish orqali 
joylarda korxonalar faoliyati yoᾷlga qoᾷyildi. Buning 
natijada tizimda gazobeton va koᾷpikbeton, sendvich 
panellar, polistirol asosida bezaklovchi panelʴ va uning 

qismlari, tom yopma materiallari, plastik profilʴ, namga 
chidamli gipsokarton, quruq qurilish qorishmalari, klinker, 
portlandtsement va uning turlari, sopol plitkalar, zamonaviy 
yoᾷlak plitalari kabi import oᾷrnini bosuvchi mahsulotlar 
tayyorlash oᾷzlashtirildi. Ishlab chiqarilayotgan maxsulotlar 

                                                             
a  https://orcid.org/0000-0003-4738-7014 

qurilish obᾷektlarida keng qoᾷllanilib, import sifatida 
respublikamizga kirib kelayotgan qurilish materiallari 
import hajmini bir necha barobar kamaytirish imkonini 
berdi. Hozirgi kunda ham mazkur sohadagi islohotlar davom 
ettirilishi natijasida, Oᾷzbekiston Respublikasi 
Prezidentining 2019 yil 20 fevraldagi «Qurilish materiallari 
sanoatini tubdan takomillashtirish va kompleks rivojlantirish 

chora-tadbirlari toᾷgᾷrisidaègi PQ-4198-sonli qarori qabul 
qilinganida ham koᾷrish mumkin. Mazkur Qaror asosida 
çOᾷzqurilishmateriallariè aktsiyadorlik jamiyati faoliyati 
tugatilib, çOᾷzsanoatqurilishmateriallariè uyushmasi tashkil 
etildi va alohida vazifa-funktsiyalar belgilab berildi. [1]. 
Oᾷzbekiston respublikasi Prezidentining 2019 ï 2030 

yillar davrida Oᾷzbekiston respublikasining ñyashilò 
iqtisodiyotga oᾷtish strategiyasini tasdiqlash toᾷgᾷrisida PQ-

4477 qarorida qurilish materiallari ishlab chiqarish sohasida 
quyidagi masalalarga toᾷxtalib oᾷtilgan: 

-qurilish materiallari ishlab chiqarishda ikkilamchi 
resurslar va sanoat tarmoqlari (energetika, metallurgiya, 
kimyo sanoati)ning yirik tonnajli texnogen chiqindilaridan 
foydalanish hajmlarini oshirish; 

-quyidagi qurilish materiallari: sement, gᾷisht, ohak, 
avtoklav usulidan foydalangan holda gazobetondan 

tayyorlangan buyumlar ishlab chiqarish, issiq saqlovchi 
materiallar, tom yopish materiallari, yogᾷoch-qirindili 
plitalarni ishlab chiqarish boᾷyicha innovatsion energiya 
samarador texnologiyalarni joriy etish. 

Sanoat sohalaridan chiqayotgan  chiqindilaridan 
foydalanib materiallar olishda ishlab chiqarishga 
sarflanadigan energiya resurslarini kamaytirishning 
ekologik masalalari va iqtisodiy muammolarini hal qilish 
imkonini beradi, bu esa oóz navbatida zararli sanoat 

chiqindilari miqdorini kamaytiradi.  
Turli maqsadlar uchun qurilish obᾷektlarini loyihalash 

bosqichida, energiya resurslarini tejashga qaratilgan 
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meᾷmoriy, qurilish va muhandislik yechimlaridan 
foydalangan holda, binolarni isitish uchun energiya sarfini 
kamaytirish, shu bilan birga binolarda insonlarni yaxshi 
yashashi uchun qulay sharoitlarni yaratishdir. 

Hozirgi vaqtda qurilish va muhandislikda ekalogik toza, 
olovbardosh va issiqlik izolyasiya materiallariga ehtiyoj 
ortib bormoqda. Ushbu talablarga koópikli shisha, koópikli 

beton, gazbeton, koópikli silikat va góovakli shisha keramika 
kabi rivojlangan makrostrukturali silikat materiallari javob 
beradi . [2,3,4]. 

3. Muhokama va natijalar  

Maᾷlumki, bino qurilishida ishlatiladigan devor 
materiallarining issiqlik oótkazuvchanlik xossalari material 
turining tuzilishiga bogóliq. Taᾷkidlash joizki, 
materiallarning issiqlik oótkazuvchanlik koyeffitsiyenti past 
koórsatkichga ega ekanligini hisobga olib, uning siqilish 
kuchi ham kamayadi. Qurilish materiallarining fizik-
mexanik xossalarini oórganish bilan bir qatorda issiqlik 

oótkazuvchanlik xossalari boóyicha tajriba ishlarini olib 
borish zarur. Materiallarning termofizik xususiyatlarini 
aniqlash usullari issiqlik manbai taᾷsirida tana haroratining 
fazoviy oózgarishi oórtasidagi bogóliqlikni oórnatadigan 
issiqlik oótkazuvchanligi muammolarini hal qilishga 
asoslangan. Temperatura maydoni uning termofizik 
xarakteristikalariga bogóliq boólganligi uchun 
oórganilayotgan jismning bir yoki bir necha nuqtalarida 
maᾷlum harorat oózgarishidan uning issiqlik va issiqlik 

oótkazuvchanlik koeffitsiyentlarini hamda shu bilan 
birgalikda issiqlikga qarshiligini hisoblash mumkin.  

 
1-rasm. Namunalarning issiqlik o‘tkazuvchanligi va 

issiqlik qarshiligi koeffitsiyentini aniqlash laboratoriya  

uskunasi va sinov uchun tayyorlangan namunalar 

Koóprikning koórib chiqilayotgan oraliq tayanchi 
temirbeton konstruksiyadan iborat (2-rasm). Hisoblash 
nuqtayi nazaridan, tizim murakkab ramali tizimdir. 
Tayyorlash usuliga koóra tayanch konstruksiyasini monolit 
konstruksiyaga kiritish mumkin. 

4. Xulosa  

Laboratoriyada sharoitida sanoat chiqindilari asosida 
turli tarkibli gazobeton va qurilish góishtini issiqlik 
oótkazuvchanlik xossalarini oórganish boóyicha tajriba 
ishlari olib borildi. Tajriba davomida oólchami 300x300x50 
mm boólgan tarkibi mikrokremnezem, asbest sement 
chiqindilari qoóshilgan gazobeton va koópikli beton, 
shuningdek xoól asbestotsement chiqindilaridan toóliq 

foydalanilgan namunalardan tayyorlandi.  
Biz oôtkazgan tajriba natijalari asosida quyidagi 

xulosaga kelish mumkin. Asbestotsement chiqindilarining 
15-20 foizi qoóshilgan gazobeton namunalarining issiqlik 
oótkazuvchanlik koeffitsiyenti va issiqqa chidamlilik 
xususiyatlari boshqa sinalgan namunalarga nisbatan ijobiy 
koórsatkichlarga ega ekanligi aniqlandi. Jumladan, tajriba 
namunalarining issiqlik oótkazuvchanlik va termik qarshiligi 
koeffitsiyenti QMQ 2.01.04-97 meᾷyorlariga mos keladi 

[5,6,7,8]. 
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