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Annotatsiya. Ushbu magolada differensial geometriya fanining muhim
yo‘nalishlaridan biri bo‘lgan sirtlar nazariyasining fundamental ko‘rsatkichlari — Gauss
egriligi (K) va o‘rtacha egrilik (H) tushunchalari atroflicha tahlil qilinadi. Tadqiqot
davomida sirtning nuqgtadagi egrilik holatini xarakterlovchi asosiy kvadratik formalar va
bosh egriliklar o‘rtasidagi bog‘ligliklar yoritilgan. Magolaning asosiy mazmuni
quyidagilardan iborat: Gauss egriligi: Sirtning ichki geometriyasini belgilovchi invariant
sifatida qaraladi. Maqolada Gaussning "Theorema Egregium" (Ajoyib teorema) tasdig‘iga
tayanib, bu egrilikning sirtni egish (izometriya) natijasida o‘zgarmasligi isbotlangan va
geometrik interpretatsiyasi berilgan. O‘rtacha egrilik: Sirtning tashqi (atrof-muhitga
nisbatan) joylashishini ifodalovchi kattalik sifatida o‘rganiladi. Maqolada o‘rtacha egriligi
nolga teng bo‘lgan minimal sirtlarning xossalari va ularning fizika hamda variatsion

hisobdagi ahamiyati ko‘rsatilgan.

Kalit so'zlar. sirtlar nazariyasi, egrilik, gauss egriligi, o'rtacha egrilik, bosh

egriliklar, ichki geometriya, kvadratik formalar ,riman metrikasi, minimal sirtlar

Abstract. This article provides a detailed analysis of the fundamental indices of the
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theory of surfaces, one of the important areas of differential geometry, namely the
concepts of Gaussian curvature (K) and mean curvature (H). During the study, the
relationships between the main quadratic forms and principal curvatures characterizing
the curvature of a surface at a point are highlighted. The main content of the article is as
follows: Gaussian curvature: It is considered as an invariant that determines the internal
geometry of a surface. The article proves that this curvature does not change as a result
of bending the surface (isometry), based on the assertion of Gauss's "Theorema
Egregium™ (Excellent Theorem), and gives a geometric interpretation. Mean curvature:
It is studied as a quantity that expresses the external (relative to the environment)
location of the surface. The article shows the properties of minimal surfaces with a mean

curvature of zero and their significance in physics and variational calculus.

Keywords. surface theory, curvature, Gaussian curvature, mean curvature,
principal curvatures, interior geometry, quadratic forms, Riemannian metric, minimal
surfaces

AHHoTaums. B 1anHoii crathe npeacraBiieH NoAPOOHbIN aHanu3 GyHIaMEHTAIbHBIX
HMHJICKCOB TCOPUM ITOBEPXHOCTEH, OJIHOM M3 BaXXHBIX objacreh mauddepeHImaaibHon
reOMETpPUHU, & UMEHHO NMOHATHI rayccoBoil kpuBu3Hbl (K) n cpeaneit kpususnsl (H). B
XOJ€ MCCIEIOBAHUS OCBEIIAIOTCSA B3aMMOCBA3M MEXKIY OCHOBHBIMU KBaJIpaTUYHBIMU
dbopMamMu U TJIABHBIMU KPUBU3HAMH, XapaKTEPU3YIOIIMMU KPHUBU3HY IOBEPXHOCTH B
Touke. OCHOBHOE COJEpKaHUE CTaTbu  cledywomee: layccoBa  KpuBHU3HA:
paccMaTpuBaeTCcsl KaK  HMHBAPUAHT, OMNPEHCISIOIINM  BHYTPEHHIOK  I€OMETPHUIO
MOBEPXHOCTU. B cTarhe TOKa3bIBA€TCs, YTO 3Ta KPUBU3HA HE U3MEHSETCA B PE3YyJIbTATE
n3ruba MOBEPXHOCTU (M30METPHUM), HAa OCHOBE YTBEpkIeHUs «Teopembl Orperunym»
I'aycca (IlpeBocxoHOM Te€OpeMbl), U 1a€TCsl reoMeTpruueckas uareprnperanus. Cpeanss
KpUBH3HA: M3y4aeTCs KaKk BeJIMYMHA, BBIpaXKawllas BHEIIHEE (OTHOCUTEIHHO
OKpY>Kalollled Cpeapl) TMOJ0KEHUE MOBEPXHOCTH. B crTarbe mMoOKazaHbl CBOMCTBa
MHMHUMAaJIbHBIX ITOBEPXHOCTEN CO CPEAHEN KPUBU3HOM, PABHOM HYJIO, U UX 3HAYECHUE B

(bu3MKe U BapuaIlMOHHOM HCUUCIICHUH.
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KiroueBrnle c10Ba. TeOpUs MOBEPXHOCTEN, KPUBU3HA, rayCCOBA KPUBU3HA, CPEIHSS
KPUBU3HA, TJABHbIE KPUBU3HBI, BHYTPEHHSSI TE€OMETPHUS, KBaJApaTUUHBIC (POPMBI,

puMaHOBa METpPpUKA, MUHHUMAJIbHBIC IIOBCPXHOCTH

Sirtlar nazariyasi differensial geometriyaning markaziy qismlaridan biri bo‘lib, uning
fundamentini sirtlarning egriliklari tashkil etadi. Asosan, Gauss egriligi va o‘rtacha egrilik
tushunchalari sirtning geometrik tabiatini, uning fazodagi shaklini va ichki xossalarini
tavsiflovchi asosiy tushunchalardir. Ushbu mavzuning dolzarbligi bir necha muhim omillar
bilan belgilashimiz mumkin: K.F. Gauss tomonidan isbotlangan "Ajoyib teorema"
(Theorema Egregium) sirtning to‘liq egriligi uning metrikasiga bog'ligligini, ya'ni sirtni
buzmasdan egish orqali Gauss egriligini o‘zgartirib bo‘lmasligini ko‘rsatdi. Bu kashfiyot
zamonaviy Riman geometriyasi va umumiy nisbiylik nazariyasining rivojlanishiga tamal
toshi bo‘lib xizmat qildi. O‘rtacha egrilik tushunchasi fizikada, aynigsa minimal sirtlar
nazariyasida (masalan, sovun pufakchalari yoki kapillyar hodisalar) juda muhim rol

o‘ynaydi.

Gauss va o‘rtacha egriliklar. O sirtning p nugtasidagi bosh egriliklar k; , k,

bo‘lsa, H = SY% va K = k, * k, ifodalar mos ravishda O sirtning p nuqtadagi o‘rta va
2

to‘liq(yoki Gauss)egriliklari deb ataladi.Bosh egriliklar det | B — AA | = 0 tenglamaning

yechimi ekanligini hisobga olsak

_ LN-M?

1 EN-2FM+GL
K= =

vaH =
EG-F?2 2 EG—F?2

formulalarni hosil gilamiz. Birinchi kvadratik forma musbat aniglangani uchun Gauss
egriligining ishorasi LN — M? ifodaning ishorasiga bog’liqdir. Agar p° nugtada K > 0
bo‘lsa, uni elliptik nuqta, K < 0 bo‘lsa, giperbolik nuqta, agar K = 0 bo‘lsa, p ni

parabolik nuqta deb ataymiz.
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Birort @ yo‘nalish bo‘yicha k,(a) = 0 bo‘lsa, bunday yo‘nalishni asimptotik
yo‘nalish deb ataymiz. d = {x,y} vektor aniglovchi yo‘nalish asimptotik yo‘nalish bo‘lishi

uchun Lx? + 2Mxy + Ny? = 0 bo‘lishi zarur va yetarlidir.

Elliptik nugtada asimptotik yo‘nalishlar yo‘q, giperbolik nuqtada ikkita asimptotik
yo‘nalish mavjud, parabolik nuqtada bitta asimptotik yo‘nalish mavjud va nihoyat
yassilanish nuqtasida (ya’ni k; = 0, k, = Obo‘lganda) hamma yo‘nalishlar asimptotik

yo‘nalishdir.

F sirtda sillig y chiziq u = u(t),v = v(t) tenglama bilan berilib, uning har bir
nuqtasida urinma vektori asimptotik yo‘nalishni aniglasa, bunday chiziq asimptotik chiziq
deyiladi. Tabiiyki, sirtda to‘g’ri chiziq yotsa, u asimptotik chiziq bo‘ladi. Analitik
geometriya kursidan bilamizki, bir pallali giperboloidning har bir nuqgtasida ikkita
asimptotik yo‘nalish mavjud. y asimptotik chiziq bo‘lishi uchun u(t), v(t) funksiyalar
Ldu? + 2Mdudv + Ndv? = 0 differensial tenglamaning yechimlari bo‘lishi zarur va
yetarlidir. Fsirtdau = constvav = consttenglama bilan aniglanadigan chiziqlar (ya’ni
koordinata chiziqglari) asimptotik chiziglar bo‘lishi uchun L. = N = 0 bo‘lishi zarur va

yetarlidir.

Normal egrilik. O sirtni uning d nugtasidan o‘tuvchi tekislik bilan kessak, kesimda
R nuqgtadan o‘tuvchi silliq egri chiziq hosil bo‘ladi. Bunday egri chizigni tekis kesim deb
ataymiz. Agar y tekis kesim bo‘lsa, albatta uning buralishi nolga teng bo‘ladi. Endi O
sirtning d nuqta atrofidagi ¥ = 7(u, v) parametrlash usulini garaylik. Aniglik uchun 8 ning
ichki koordinatalari uy = u(ty), vy = u(ty) bo‘lsin. Tekis kesim y tenglamasini tabiiy
parametr (ya’ni yoy uzunligi) yordamida p = F(u(s), v(s)) ko‘rinishda yozib, uning uchun

Frane formulalarini yozaylik (buralish nolga tengligini hisobga olib)

{é:kv
V= —kt
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Bu yerda T = f)’,\‘/’ -birlik normal vektor, k esa y chizigning 6 nuqtadagi egriligi.
Shunda

(%7 = (1) = (kv,n) = kcos 0

ni hosil gilamiz.Bu yerda 6 — 1 va v vektorlar orasidagi burchak. Endi y ni p = p(t)
tenglama bilan aniglasak (bu yerda t -ixtiyoriy parametr), unda t - ni s ning funksiyasi

ekanligidan va

tengliklarni hisobga olib
— = —1 = dS ? = — dS 2
N5 = 1 = (3) G = () keoso
ni hosil gilamiz. Bundan

_UE,5) _UE5)
(E)Z 15,5
dt

kcos O

tenglikni hosil gilamiz. Bu tenglikning o‘ng tomoni fagat p’ vektorga bog’ligligi
ko‘rinib turibdi. Agar y dan boshqga tekis kesim y’ ni olsak, va ular umumiy urinmaga ega
(ya’ni bir xil yo‘nalishga ega bo‘lsa), ular uchun yuqoridagi tenglikning o‘ng tomoni bir

xildir. Bu formulani teorema shaklida yozamiz.

Xulosa qilib aytganda, sirtlar nazariyasi differensial geometriyaning muhim
yo‘nalishlaridan biri bo‘lib, u nafaqat nazariy, balki ko‘plab amaliy sohalarda ham keng
go‘llaniladi. Sirtlarning egriligi, metrik xossalari va lokal-geometrik tuzilishini o‘rganish
real obyektlarning shaklini tahlil gilish va modellashtirishda muhim ahamiyat kasb
etadi.Birinchidan, sirtlar nazariyasi muhandislik va arxitektura sohasida keng qo‘llaniladi.

Masalan, gumbazlar, ko‘priklar, tom konstruksiyalari va turli egri shakldagi inshootlarni
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loyihalashda sirtlarning egriligi va mustahkamlik xossalari hisobga olinadi. Sferik va
parabolik sirtlar yukni bir tekis tagsimlash xususiyatiga ega bo‘lgani uchun qurilishda
samarali ishlatiladi. Ikkinchidan, mashinasozlik va aviatsiya sohasida murakkab egri
sirtlarni loyihalashda differensial geometriya usullari qo‘llaniladi. Samolyot qanoti,
avtomobil kuzovi yoki kema korpusi shaklini aniglashda sirtning aerodinamik va
gidrodinamik xossalari, ya’ni egriligi muhim rol o‘ynaydi. Bu jarayonda kompyuter
grafikasi va matematik modellashtirish vositalari bilan birgalikda sirtlar nazariyasidan

foydalaniladi.
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