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Annotatsiva. Ushbu kurs ishi differensial geometriya fanining markaziy

tushunchalaridan bir1i — sirtning ikkinchi kvadratik formasi va uning geometrik

xususiyatlarini_o‘rganishga bag‘ishlangan. Tadqigotning asosiy magsadi sirtning
fazodagi egilish darajasini va uning shaklini migdoriy jihatdan tavsiflovchi ushbu
formaning matematik tabiatini ochib berishdan iborat. Ishning nazariy qismida sirtga
o‘tkazilgan normal vektor va sirt nuqtasining differensiali tushunchalari orgali ikkinchi
kvadratik formaning koeffitsiyentlari (L, M, N) keltirib chigarilgan. Shuningdek,

birinchi va ikkinchi kvadratik formalar o‘rtasidagi bog‘liglik, ularning sirtning to‘la

egriligi (Gauss egriligi) va o‘rtacha egriligini aniglashdagi o‘rni atroflicha tahlil
gilingan. Kurs ishida sirt nuqtalarining tasnifi (elliptik, giperbolik, parabolik va tekis
nuqtalar) aynan ikkinchi kvadratik forma yordamida ganday aniqlanishi matematik
isbotlar bilan ko‘rsatib o‘tilgan. Tadgiqotning amaliy ahamiyati shundaki, ikkinchi
kvadratik forma sirt ustidagi chiziglarning (geodezik va normal kesimlar) xossalarini

o‘reganishda, sirtlarni vizuallashtirishda va muhandislik konstruktsiyalarining egilish

mustahkamligini hisoblashda poydevor vazifasini o‘taydi. Kurs ishi vakunida nazariy
xulosalar aniq misollar va sirt turlari (sferik, silindrik va egarli sirtlar) tahlili bilan

mustahkamlanadi. Ushbu ish differensial geometriva yo‘nalishida tahsil olayotgan

talabalar uchun sirtlar nazariyasini chuqurroq anglashda muhim manba bo‘lib xizmat
Kalit sozlar. Sirt nazariyasi , ikkinchi kvadratik forma , normal egrilik , Gauss egriligi
, 0'rtacha egrilik , elliptik nuqta , giperbolik nuqta.

Abstract. This coursework is devoted to the study of one of the central concepts of
differential geometry - the second quadratic form of a surface and its geometric
properties. The main goal of the research is to reveal the mathematical nature of this
form, which quantitatively characterizes the degree of curvature of the surface in space
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and its shape. In the theoretical part of the work, the coefficients of the second quagat‘lrc
form (L, M, N) are derived through the differential concepts of the normal vector
transferred to the surface and the surface point. Also, the relationship between the first
and second quadratic forms, their role in determining the total curvature (Gaussian
curvature) and average curvature of the surface are analyzed in detail. The coursework
shows with mathematical proofs how the classification of surface points (elliptic,
hyperbolic, parabolic and flat points) is determined using the second quadratic form.
The practical significance of the research is that the second quadratic form serves as a
basis for studying the properties of lines on surfaces (geodesic and normal sections),
for visualizing surfaces, and for calculating the bending strength of engineering
structures. At the end of the course work, theoretical conclusions are reinforced by the
analysis of specific examples and types of surfaces (spherical, cylindrical, and saddle
surfaces). This work serves as an important source for students studying differential
geometry to gain a deeper understanding of the theory of surfaces.

Keywords. Surface theory, second quadratic form, normal curvature, Gaussian
curvature, mean curvature, elliptic point, hyperbolic point.

AHHoTanusi. JlaHHas KypcoBas paboTa TOCBSILEHA M3YYEHUIO OJHOTO U3
LEHTPAIbHBIX MOHATHH AuddepeHnaIbHO TeOMEeTpU — BTOPOM KBaJApPaTUYHOU
(OopMBI TOBEPXHOCTH U €€ TeOMETPUIECKIX CBOMCTB. | TaBHAs 11e7h HCCIEA0BAHUS —
PacKphITh MaTEeMaTHYECKYI0 TPUPOLY OTOH (OpMBI, KOTOpas KOJHMYECTBEHHO
XapaKTepU3yeT CTENeHb KPHUBHU3HBI MOBEPXHOCTH B MpOCTpaHcTBe M e dopmy. B
TEOPEeTUYECKON YacTu padboThl Ko PuIeHTs BTOPOil kBaapaTudHoii ¢popmbl (L, M,
N) BeiBozsATCS uepe3 nuddepeHInanbHble MOHATHS BEKTOpa HOPMaJTH, TEPEHECEHHOTO
Ha TIOBEPXHOCTh, M TOYKM MOBEpXHOCTU. Takxke MOAPOOHO aHaIU3UpYyeTCs
B3aMIMOCBSI3b MEXKIy TEpBOM W BTOPOW KBaJpaTWYHBIMU (OpMaMH, UX pOJIb B
ONpENETIeHUN TMOJHOM KPUBU3HBI (FayCCOBOW KPUBU3HBI) M CpPEIHEW KPUBU3HBI
noBepxHOocTH. B paboTe MareMaTHYeCKHMMH JOKa3aTelbCTBAMU TIOKAa3aHO, Kak
OTIpe/IeTIsAeTCS KIJIacCU(pUKAIUS TOYEK MOBEPXHOCTHU (ATUIMTITHYECKHE,
runepooInuecKre, napadoJuyeckiue U IUIOCKWE TOYKH) C MCIOJB30BAaHUEM BTOPOMH
KBaapaTHuHOM (opmbl. [IpakTHUeckoe 3HaUEHNE UCCIIEIOBAaHUS 3aKII0YAEeTCA B TOM,
YTO BTOpas KBaJpaTU4Hasi opMa CIIyKUT OCHOBOMU ISl U3yU€HHUsI CBOMCTB JIMHHUM Ha
MOBEPXHOCTAX (TE€OAE3MUECKHX W HOPMAIbHBIX CEUYCHMIA), IS BU3yaIH3alUU
MOBEPXHOCTEH M ISl pacyéra MPOYHOCTH Ha M3rMO MHKEHEPHBIX KOHCTpYKUUW. B
KOHIIE Kypca TEOPETUYECKHE BBIBOJABI MOJKPEIUISIOTCS aHAIM30M KOHKPETHBIX
MPUMEPOB U TUIIOB MOBEPXHOCTEH (CPepruIecKuX, MUITUHAPUISCKUX U CEATOBUIHBIX
noBepxHocTei). JlanHas paboTa CIyXUT BaKHBIM HCTOYHMKOM IS CTYICHTOB,
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u3yyaromux aupdepeHIrualbHy0 TeOMeTpuio, A Oosiee TIyOOKOTO MOHMMAaHUS
TEOPHH MTOBEPXHOCTEH.

KioueBble cioBa: Teopus TOBEpPXHOCTEH, BTOpas KBaapaTuyHas ¢opma,
HOpMaJjbHasl KPHUBH3HA, rayccoBa KPUBU3HA, CPEOHSS KPUBU3HA, JIUIUITHYECKAs
TOYKa, TUIEepOOINIEcKas TOUKa.

Differensial geometriya fanining shakllanishi va rivojlanishi bevosita egri chiziglar va
sirtlarning lokal xossalarini o‘rganish bilan bog‘liqdir. Sirtlar nazariyasida sirtning
o‘ziga xos geometrik xarakteristikalari, uning fazoda joylashishi va shaklining
o‘zgarishi (egilishi) matematik jihatdan ikki asosiy forma orqali ifodalanadi. Agar
sirtning birinchi kvadratik formasi uning ichki geometriyasini (masofalar, burchaklar
va yuzalar) belgilab bersa, sirtning ikkinchi kvadratik formasi uning tashqi
geometriyasini, ya’ni sirtning o‘zining urinma tekisligidan qanchalik chetga chiqishini,
boshqacha aytganda, uning fazodagi egilish darajasini tavsiflaydi.Sirtning ikkinchi
kvadratik formasi tushunchasi sirt ustidagi nuqtalarning geometrik tabiatini aniglashda
hal qiluvchi rol o‘ynaydi. Aynan ushbu forma yordamida sirt nuqtalarini elliptik,
giperbolik, parabolik yoki tekis nuqtalarga ajratish imkoniyati tug‘iladi. Bu esa o‘z
navbatida ~me’morchilik, mashinasozlik va fizika sohalarida murakkab
konstruksiyalarning sirt shakllarini loyihalashda juda muhimdir. Masalan, sirtning
Gauss egriligi va o‘rtacha egriligi kabi fundamental kattaliklar aynan birinchi va
ikkinchi kvadratik formalar koeffitsiyentlari orqali aniglanadi.Ushbu kurs ishining
dolzarbligi shundaki, sirtning ikkinchi kvadratik formasi faqatgina nazariy geometriya
bilan cheklanib qolmay, zamonaviy kompyuter grafikasi (3D modellashtirish),
vizuallashtirish algoritmlari va qobiqlar nazariyasida keng qo‘llaniladi. Sirtning
qavariqgligi yoki botigligini tahlil gilish, uning egilish chiziglarini aniqlashda ushbu
forma asosiy matematik apparat bo‘lib xizmat qiladi.Kurs ishining kirish qismida biz
sirtning 1kkinchi kvadratik formasining ta’rifini, uning koeffitsiyentlarini keltirib
chiqarish usullarini va uning sirt egriligi bilan bog‘ligligini o‘rganishni magsad qildik.
Shuningdek, mavzu doirasida Veyngarten akslantirishi va sirtning normal egriligi kabi
muhim tushunchalarning matematik asoslari ko‘rib chiqiladi.

Nazariy asoslarni shakllantirish: Sirtning ikkinchi kvadratik formasi ta’rifini
o‘rganish va uning koeffitsiyentlarini (L, M, N) sirtning radius-vektori hamda birlik
normal vektori orqali hisoblash algoritmlarini bayon etish. Egriliklar bilan bog‘liglikni
tahlil qilish: Sirtning normal egriligi tushunchasini ikkinchi kvadratik forma orqali
ifodalash hamda Meusnier (Menye) teoremasining geometrik talqinini o‘rganish.

Sirt nugqtalarini tasniflash: Ikkinchi kvadratik formaning diskriminanti va
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koeffitsiyentlariga tayanib, sirt nuqtalarini elliptik, giperbolik, parabolik va tekis

(yassi) turlarga ajratish mezonlarini asoslab berish. Sirt ikki marta uzluksiz
differentsiallanuvchi bo’lib, ¥ = 7(u,v) , (u,v) € ¢
vektor ko’rinishida berilgan bo’lsin. Sirtning P(u, v) nuqtasidagi normalning birlik
Lol L [0 7))
[r\u r\v] \/ﬁ u v
Radius vektorni ikki marta differentsiallasak

d*7 =Ty, du® + 21, Vdudv + 1, dv? + 71, “d*u+T, d v
Misol. 7(u, v) = (u, v, u? + v?)

f‘u =(1,02u) , 1r,=(01,2v)

vektori n=

l
Lo 2u |0 2”|+( 1)1+2; é §Z|+k|1
0 1 2v
n=(-2u,—2v,1)
7. = (0,0,2)
Ty = (0,0,2)
7. = (0,0,0)

L=(002)(—2u,—2v,1) =2

M =(0,0,0)(—2u,—2v,1) =0

N =(0,0,2)(—2u,—2v,1) =2

II = Ldu? + 2Mdudv + Ndv? = 2du? + 2dv?

Xulosa qilib aytganda Sirtning ikkinchi kvadratik formasi differensial geometriyada
fundamental tushuncha bo'lib, u sirtning 0'z urinma tekisligidan ganchalik og'ishini,
ya'ni uning uch o'lchamli Evklid fazosidagi egrilik darajasini xarakterlaydi. Agar
birinchi kvadratik forma sirtning "ichki" metrikasini, ya'ni masofalar va burchaklarni
o'lchashga xizmat qilsa, ikkinchi kvadratik forma sirtning "tashqi" geometriyasini,
uning fazodagi shakli va bukilishini belgilab beradi. Ushbu formaning asosiy ahamiyati
sirtning nuqtadagi normal egriligini aniglashda namoyon bo'ladi, chunki u sirt ustidagi
ixtiyoriy yo'nalish bo'yicha egri chizigning qanday qisilishini ko'rsatadi.
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