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PE3IOME. bunap HaHOKOMIUIEKCIIApHH ¥3 MUUTa OJTaH KPEMHUHHUHT 3JICKTP XOCCallapy aHbaHABUIl ApUM YTKasTHWIapAaH, Iy
KyMJIaZaH TypiH XWJI KHPUIIMa aTOMJIapH OWJIaH JICTHpJIaHTaH KpEeMHHHZAH ONTHK Ba DJIEKTP XYyCYCHSATIApH OwiaH (apK KUIIHIIH
kypcatungu. FOkopu xapopatnapaa MapraHeTc Ba HHUKENl KUPHUTWITAHJA KPEMHHH XOCWJI KWJIyBYM HAHOKOMIUIEKCIAp ONTHK (aoi
Kucjopoara TabCUp KUJIWIIN XaKuJa KeﬂTepI/I6 g’TPIJ'Il"aH. OnuHran HaTWXXajap OIyHU K?pcaTaﬂI/IKI/I, Maprale€TC Ba HUKEI JICTUPJIAHTaH
HaMyHajapja ONTHK (aoi KUCIOPO KOHTCEHTPATCHSCHHUHT KaMaluIIuTa OIu0 Kelam.

PE3IOME. Bbiio moka3aHo, YTO AJICKTPUYECKHE CBOICTBA KPEMHUS, COJEpKANMIET0 OWHAPHBIC HAHOKOMILICKCHI, OTIHYAIOTCS OT
CBOMCTB OOBIYHBIX TIOJTYTIPOBOAHUKOB, B TOM YMCJIC KPEMHUSA, JIETUPOBAHHOIO PA3JIMYHBIMU IIPUMECHBIX aTOMaMH, C ONTUYCCKUMU U
QJICKTPUICCKUMU CBOMCTBaMHU. C006H13.J'IOCI), YTO HAHOKOMIIJICKCEI, KOTOPBIC o6pa3y10T erMHHﬁ, Korjaa MapraHel 1 HUKEJIb BBOAATCS
IIpU BBICOKHUX TEMIIEpATypax, BIUAKT Ha ONTUYECCKU AKTHBHBIN KHUCIIOpOA. HOJ’IY‘-ISHHBIS PE3YNbTAThl MMOKA3bIBAKOT, YTO JICTUPOBAHUEC
MapraHia 1 HUKEJs CHOCO6CTByIOT YMEHBIICHHUIO KOHICHTPpalUs ONTUYCCKU aKTUBHOI'O KUCJIOpOAa.

SUMMARY. It was shown that the electrical properties of silicon containing binary nanocomplexes differ from the properties of
conventional semiconductors, including silicon doped with various impurity atoms, with optical and electrical properties. It has been
reported that nanocomplexes, which form silicon when manganese and nickel are introduced at high temperatures, affect optically active
oxygen. The results obtained show that doping of manganese and nickel contributes to a decrease in the concentration of optically active
oxygen.

TRIGONOMETRIYALIQ TENLEM ELER DUZIWDE QATNASATUGIN
ANLATPALAR HAM OLARDI TURLENDIRIW USILLARI
G.lzetaeva — pedagogika ilimleri boyinsha filosofiya doktor
N.Djanxodjaev — stajor og:tuwsh:
V.Erejepova — erkin izleniwshi
F.Kewnimjaeva — student
Berdaq atindag: Qaragalpaq mamleketlik universiteti

Tayanch soézlar: trigonometriya, trigonometrik tenglamalar, trigonometrik funksiyalar, trigonometrik  funksiyalarning
ko paytmalarini qoshish formulalari, irratsional, radianlar.

KiioueBble cj10Ba: TPUTOHOMETpPUS, TPUTOHOMETPUYECKHE YpPAaBHEHUs, TPUTOHOMETpHYECKHE (YHKIUH, TPUTOHOMETPHYECKHE
ypaBHEHUs, (POPMYITBI CIIOKEHHUS TPOU3BEACHNS TPUTOHOMETPUIECKUX (QYHKIMHA, NppalOHATIBHBIH, paJuaH.

Key words: trigonometry, trigonometric equations, trigonometric functions, trigonometric equations, formulas for adding the product of
trigonometric functions, irrational, radian.

Hézirgi waqitta mekteplerde trigonometriya 6z aldina  sonday M tochkasin tabiw kerek. Onda OM vektor:
pan retinde uyretilmeydi. Biraqta mektep matematika ~OX késherinin on bagiti boyinsha, saat tiline garama qarsi
kursmin geometriya, algebra ham elementar funkciyalarga — olshenetugin O radianli miyesh jasaw1 (= 578) kerek.
arnalgan bolimlerinde trigonometriyalig, funkciyalarga  Sol waqitta M  tochkasima ordinatast O radianh
ayrigsha kewil bolinedi. muyeshtin sinus1 boladi, yagny ol sin10 ga ten.

Biz tomende trigonometriyamn birneshe ayirim Solay etip, trigonometriyaliq funkciyalardan aniglap
ahmiyetli sorawlarina toqtap 6temiz. Usinin menen birge- aniglamasinda hesh ganday muyesh qatnaspaydi - sanlar
likte mektep oqiwlig1 kélemindegi programmaliq material,  arasindagi saykeslikler ornatiladi. Muyeshlerdi paydalaniw

belgili dep esaplanadi. tek gosimsha, araliq etaplar boladi. Bul tek metodikaliq koz
Biz berilgen muyeshtin trigonometriyaliq funkciyasimn  qgarastan gana majburiy kiritiledi.
aniglamasin jags: bilemiz. Biraqta algebrada tyreniletugin Trigonometriyada formulalardin kopligi, ont uyreniwdi

barlig elementar funkciyalart siyagli trigonometriyahq  juda qiyinlastiradi. En ahmiyetlisi mektep programmasinda
funkciyada aqirinda sanh argumenttin funkciyasi turinde  korsetilgen barliq trigonometriyaliq gatnaslardi bilip aliw,
garaladi. Kopshilik waqitlarda ogiwshilarda «aytayiq beril-  talqilaw ham olard: dalillewge pikir jargiziw zartr. Sol
gan sannin sinusi degenimiz ne?» degende tGsinbewshili- narseni este saqlaw kerek, kerekli formulani keltirip

kler payda bolad:. shigariw formulalardi apiwayi yadtan biliwge qaraganda
. Adette SIN7T degenimiz ne degen sorawga birden  ulken jetiskenlik bolad.
sinz =0 degen juwap beriledi. Biragta séz SIN 7 sha- Egerde sin x, cos x,#gx, ctgx fun[(cizyalarmn’l Eiykargl

masi nege ten ekenligi haqqinda emes, al bul simvol neni  gasiyetlerin ham aniqlamalarin, SIn” x+cos” x =
bildiredi, SIN 7 jazilhwin qalay tisiniw kerekligi hagqinda  gatnasin ham qosiw formulalarin aniq tGrde bilsek, onda
baradi. Atap ayitqanda 77 sanin sinusi, yagmy SIN 7, trigonometriyaliq formulalardin ishinen galegenin jeterli
77 radianh mayeshtin sinus1 boladi, yagniy 0”-muyeshtin  dérejede tez aliwga boladi. Usi tiykarda (bazada) keltiriw
sinusi. formullarin, trigonometriyaliq funkciyalarimn kobeymesin

Biz sanli argumenttin trigonometriyaliq funkciyalarimin  qosindiga turlendiriw formulalarin ham kerisinshe h.t.b.
aniqlamalarma astelik penen kelemiz. Daslep bul funkciya-  Jenil tirde keltirip shigariwga boladu.

lar erikli (o yamasa teris) muyeshtin funkciyalar tirinde Shininda da, meyli, bizge misalga yarim argumenttin si-
aniqlanadi. Onnan keyin muyeshlerdi radianlarda o6lshew  nusigin formuylasi kerek bolsm. Qosiw formulasi ham
kiritilgen son harbir haqiqiy @ sanina, @ radianh bazi bir  sin” x+cos” x =1 gatnasi boyinsha birden

muyeshtin shamasin saykeslendiriwge mumkinshilik ber-  tomendegilerdi jaziwga boladi.
iledi ham kerisinshe, harbir miyeshke bir manili aniglangan
haqiyqiy san, radiandagi onin shamasi saykeslendiriledi.
Endi biz sanli argumenttin trigonometriyaliq funkciyasin

anglawimiz  mumkin. @  sammn  trigonometriyaliq =cos? % —sin? % = (1-sin? g) —sin? € =1-2sin <
funkciyasi @ radian shamasi menen berilgen muyeshtin usi 2

trigonometriyaliq funkciyas: boladi. Solay etip, berilgen san

a a a_ a .o . «a
cosa = cos(—+—) = cos —cos — —sin —sin— =
2 2 2 2 2 2

boymnsha ogan saykes muyeshti tabamiz, al harbir mayesh Bunnan .o _l-cosa, yagmy g o _, [I-cosa (1)
ushin trigonometriyaliq funkciyalar aniglangan. 2 2 2 2
Demek, misalga SIN0”-bul O radianli muyeshtin si-

nusi. Basqasha aytqanda biz OXYy koordinata sistemasin Tap usigan ugsas yanm argumenttifi kosinusinda

alip, onnan oray: koordinata basinda jatqan birlik shefiberge  keltirip shigariwga boladi.
10



https://link.springer.com/article/10.1134/S0020168521070013
https://link.springer.com/article/10.1134/S0020168521070013
https://scholar.google.com/scholar?oi=bibs&cluster=16190745818672044977&btnI=1&hl=ru
https://scholar.google.com/scholar?oi=bibs&cluster=16190745818672044977&btnI=1&hl=ru

Ilim hdm jdamiyet. Ne4.2022

a «a a a . a. «a
cosa = cos(—+ —) = oS —cos — —sin —sin — =
2 2 2 2 2 2

a ..,«a a
=cos’ = —sin®> = =cos’ — —
2 2

(1—-cos? g) =2c0s2 % 1
2 2 2

a l+cosa
2

2
=1+cosa’ cos

yagmy cosg ==, I+cosa (2)
2 2

Formulalarina iye bolamiz. Bul jerlerdegi radikal
aldindag: belgiler & argumentinini qay sherekte jatqanina
2

Bunnan 20052%

baylanish alinadi.

Mektep kurst matematikasindagi trigonometriyaliq
anlatpalarda turlendiriwge berilgen maseleler, mektep kursi
programmasinda  korsetilgen formulalarin  paydalanip
sheshiliwi mumkin. Ayirnm jagdaylarda apiwayilastinwga
berilgen anlatpa jida «qorqinishli» kérinse de, olard: api-
wayilastiriw adette prinsipial qiyinshihiglar tuwdirmayd.

Biraqta, bunin ushin oqiwshilar saykes kerekli formu-
lalardi jags: biliw, olardi tek gana «shepten onga» emes, al
«onnan shepke» «oqiy» biliwi, bul formulalardin har kiyh
jazihwinda da  «kére»  biliwi  kerek.  Misaliga

sinxsin30” —cos30° cos x jaziwin sin(x—30°) emes, al
—cos(x +30°) ekenligin «Tamwi» kerek.

2sin® x—1 jaziwi —cos2x ekenligin birden biliwi
kerek.

Oqiwshilar bunday ugiplihqt, tiykargt
trigonometriyaliq formulalar menen islesiwdin bekkem
konlikpelerin aliwir menen, kop sanli misallardi sheshiwde
shinigiwlar menen iyeley aladi.

Oqiwshilar  trigonometriyaliq tarlendirgende qatan
tirde, algebraliq amellerdin barliq qagiydalarin saglawi
kerek. Turlendiriw waqtinda har qiyli algebraliq birdeyli-
klerden paydalaniwga tuwra keledi.

Misallar keltiremiz.

b—a .
S x
N
b— _
? ([P sin vy
a

anlatpant apiwayilastirn. Bunda b>0, a>0 quyin emes
tarlendiriwden keyin galgan anlatpant N dep belgilep,
berilgen anlatpan1 mina tarde jaziwga boladu.
sin x\/a + btg’x B sinx+/a +btg’x
\/a+(b+a)sin2 X - Jacos? x+bsin® x
Bir gansha oqiwshilar keyingi turlendiriwde
minanday qatelikke jol goyiwi mamkin.

5 sin2x  acos® x+bsin x
va+btg'x = la+b—— =

Cos X COS X

-Ja+btg’x

N =

dep ahp

sinx Ja? cos? x+bsin’x _sinx _

COS X COS X

N =

tgx

Ja? cos? x+bsin? x
juwap N =1gx gatelike jol goyadi. Bul gatelik minadan
ibarat +/cos? x anlatpasin apiwayilastirganda, ol sinx ke
ten dep aldiq. Birag ol hagiygatinda |sin x| ke ten boliwi

kerek. Sonda juwap  _ SINX bolad:.
|cos x|

Endi biz asin x + bcos x tarindegi trigonometriyaliq
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anlatpasinda gqosimsha muyesh jargiziw joli menen
tarlendiriwge toqtaymiz. Mektep kursi matematikasinan
bizge belgili, (0 mayeshin, mina shartlerden

(1) (2 ham b lar bir

. b
SNQY =———= CO0SQ =
Va® +b’ a’+b’
wagitta O ge ten emes)
aniqlap atirip asinx+bcosx anlatpasin

Va® +b* sin(x +¢) tarine keltire alamiz. Sonin menen
birge tek @ ham D min belgileri gana (D muyeshinifi qaysi

sherekte ekenligin aniqlaydi.

Bul qosimsha muyesh kirgiziw metodi hdmme waqt
maselege alip keledi. Biraqta amelde konkret maselelerdi
sheshkende gosimsha muyeshti kirgiziwdi basqasha usillar
paydal boladh.

Jiyi, qosimsha muyeshtin 0 dep 7 araliginda jatgan:

2
golayl bolads.

Birde (1) formulamn ornina gosimsha muyesh 2-ni
aniglawga mina tenliklerdi paydalansan.

= = = 2
Niye4 > > cosa > > ( )

Onda 2 muyeshin birinshi sherekte saylap aliwga boladi.
Bunnan basgada ¢ -n1 amiglawga (2) bir formulan1 payda-
lansagta boladi, sebebi birinshi sherekte sinustanda
(kosinustanda) manisleri bir manili aniqlanadi.

Somin menen birge asinx+bcosx anlatpani
va® +b? sin(x + @) tirine keltiriliwi shart emes, al ol a

ham D sanlanmn  belgisine baylamish
anlatpalardin birewi keltiriliwi mamkin.
Va® +b*sin(x—a), a® +b*sin(-x+a), Va®+b*sin(-x—a)
Biraqta asin x + bcos x anlatpas: konkret jagdayinda (2)
formulasin eske tasiriwdin keregi joq, al ol jerde galegen
esaplawlardi jurgizgen jenilrek.

Ayinm jagdaylarda asinx + bcos x anlatpasin X ham
gosimsha mayesh gosindisinin (ayirmasinin) kosinusi tarine

keltiriw paydali bolad: eken. Bunda g<, <% . Bul tar-
2

tomendegi

lendiriwde forma paydalanbastan esaplanadi.
Misalt R = sin 2x —~/3 cos 2x anlatpasin tarlendirin.
Bul anlatpani mina tarde jazaw mamkin.

R =2 lsin2x—£0052x
2 2

Bunda 1

di gandayda bir 0 menen 7 arasinda

2
ozgeretugin g muayeshinin sinusi, al ¥3 sol muyeshtif
2

kosinusi dep alsag, ham 8= ekenin eske alsaq onda

oy

R=Z(Singsin2x—cos§0052xj:—2cos(2x+£j
6 6 6
iye bolamiz.

Trigonometriyaliqg anlatpalar 6zinin argumentlerinin
barliqg manislerinde manige iye bola bermeytuginhig: belgili.
Sonhgtan, anaw yamasa minaw trigonometriyaliq
anlatpalard: tarlendiriw maseleleri hagginda sé6z bolganda
berilgen anlatpan: tarlendiriw, omn amglamw oblastinda
boliw1 kerek dep esaplanadi.

Qanday da bir trigonometriyahq  gatnaslard:
(birdeyliklerdi) tiykarlaw (dalillew) talap etiletugin
maselelerde har bir qatnasti (birdeylikti) onin ushin



hagiygat bolatugin argumentlerdin kopliginin bayanlamasi
menen birge garawimiz kerek.

Egerde dalillew kerek bolatugin birdeylik haqiyqgat
bolatugin koplik maselenin shartinde korsetilmese, onda
birdeylikti 6zinin amiglaniw oblastina qgaraw kerek
ekenligin bildiredi. Bul jagdayda bul amiglamiw oblastin
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tabiw ham argumenttin barliq mumkin bolgan manisleri
ushin keltirilgen dalillerdin haqiyqatligin timiynlewi kerek.

Trigonometriyaliq anlatpalar, olardin birewin ekinishisi
argali anlatiw, anlatpalard:r apiwayilastinw trigonome-
triyaliq birdeyliklerdi dalillewdegi geypara tarlendiriw-
lerdin usillari misallar menen korsetildi.
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REZYUME. Ushbu magolada trigonometrik tenglamalarni qurlshda go'llaniladigan kengroq o'rganilgan ifodalar va ularni izohlash

usullari ko'rib chigiladi.

PE3IOME. B craThe MUPOKO U3y4arOTCs BBIPAKEHMS, Y4aCTBYIOIIUE B IIOCTPOCHUH TPUTOHOMETPUUECKUX YPaBHEHUIL, 1 METOMBI

UX MHTEPIIPETaIHN.

SUMMARY. This article discusses, more widely studied expressions involved in the construction of trigonometric equations, and methods for their

interpretation.
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Karra maxapjaapHUHT SHr D0oa3ap0 MvaMMoianuaaH
Oupu OV TDAHCIODT BOCHTAJapDH XapaKaTHMHU TaIIKHII
STHIIL MVaMMOCHIIND. Toancoont OKHUMIJIADUHUA
Oomkapumna cBeTOMODHH TapTHOra COJIMII aJIOXHIIA
axamusaTra ora. KVoruna 3aMoHaBuii cBeTOMoODIIADHHA
OOIIKADUII TU3UMIIADYA ONOWHIAH OEJIrUIaHraH BaKT Oha-
JINFUIIA WILIAWIR Ba WVIIga JOMMUN Y3rapyBuaH Ba3HATIra
nout 6epa onmaiinu [11.

MvaMMOHM XaJl KHWJIHMII VIVH Yoppaxa HVHAIMIIIapH
Ba KVIIHHM dYoppaxajaplIaH KejaaéTraH HVIUIAaDHUHT TUD-
OAaHIJIUIMHM AaKC OJTTUDVBYM MabJIVMOTJIAD acoCHIa
TDAHCIIODT OKMMJIADHHU OOIIKADHUII MMKOHHUHHM OEDVBYH
cBeTOODHM OOIIKADUIIIHUHT HMHTEIUICKTyal TH3WMHHH
nnnIad YuKui Basubacu KVHAHIIIN.

Yoy MvaMMOHH XaJd KWIHIIHUHT HMCTHKOOJIIH
WVHAJIMIIK CVHBUH HEWpOH TVpiapuaad bolinajaHraln
XOJIIa TU3MMHH MOIEJJIAINTADUII OViIMO XucoOJaHamu.
MonennamTHpHII HAaTHKACHIa WVIIIapaard TUDOaHI-
JIMKJIAD. aBTOMAIIMHAJIADHUHT Yopbaxamaru OV BakTja-
DM TVFDHUCHIArd MabIVMOTJIADHH., IIVHUHIIEK. MabIVM
Oup BakTHa WV THUDOAHIUIMIM TVFDHUCHUIATA CTATHCTHK
MabIVMOTIIADHHA TVIUIAIIMMH3 MVMKHH OViamu. Mabiv-
MOTHH TaxJIuj KWIHMII acoCHIa TH3MM aBTOMATHK Da-
BMILIZIA 4YoDbaxada MabIvM Oup cBerobopHH Exul (EKu
Vuupuin) TVFDHUCHIA Kapop KaOvil KHIWIIH —KEDak.
Heiipon tVvpinapnan (HT) doiinanaHuIHUHT 1013aD0IUTH
WIMHH TaIKUKOTJIADHMHT TVDJIM coXajapuina MyBad-
(baxkusTIM KVIUIaHWIMIIY Omnan Tacaukianany [31.

IITaxap 4yoppaxajapd XUiIMa-Xwi1 OVIMO. VDHATHITAH
ceerodopaap COHM Ba XoOjaTiaapu OViimuya OMD-OMDHIAH
dbapk KwmMImKM MVMKUH. AJOXMIA IIaxap 4Yopbpaxachia
cBeTOMODHM OOIIKADUIIIHUHT HMHTEIJICKTyal TH3UMHHH
sIpaTHIIHK KYypuO ymKaiinuk (1-pacm).

1-pacm. llaxap woppaxacuea mucon
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l-pacmma 1.2....8 pakamiaapu cBeTobODHH O€IrHU-
JIafiau, cTpenkaigap OVPHIMIN MUMKOHUATHHH OMIIIMDAIN.
TaxMuHmaapra kVpa, HHTEJUIEKTVAI TH3UM VIIOV KVDHII-
MaH{ EKUII KM VIUDPHIN VAVH CHrHAN fobopanu (Moc pa-
pumga 1 éku 0) Ba VTuIn Vpracumaru KEYUKHILI CBETO-
(hopHUHT V3uaa Xuco01a0 YNKUITAIH.

Yoppaxaga 6up Heura cBeTodoDpIap VPHATWITaHINTH
ca0abiny, WVIHUHT VTKAa3VBYAHIWTMHYA OLIMPUIN Bazudba-
CHUIaH Tamkapd, (haBKVJIOdIa BasHATIAPHU 03ara Kel-
THPMACIUK VUVH aBTOMOOWUIaD OKHMHHH Ha3zopaT
KWINII MacajJaCuHU XaM XaJl KHWIMIIHMH3 KEPaK.

EVHI/IHF YUVH 6I/I3 qoppaxa XO0JaTu TYIIYHYAaCUHU KH-
putamu3. Yoppaxa XojaTH IeraHga OW3 KaThbuil OeNru-
JaHraH ¢HUK (smui) Ba Vaupwirad (Ku3mi) cBetodopiap
TYIUIAMUHU Ha3apJa TYTaMU3.

2-pacMlla YODDAaXaHUHT XOJAaTH KYpcaTHIraH. VHIa 2
Ba 4-ceetohopiap Amua OViIMO, aBTOMAIIMHAIADHHHT
yanra VrTuammra uWMKoH Oepamm. Iy Ounan  Gupra,
daBkyionna  BasugTIap  sgparMaciaHn 5 Ba 7-
ceerodopmapaa yHra OypwiMira SIIuil paHrja EHUIIN
MYMKUH.

z
9

2-pacm. Bowka uvnanuwnapoa asapusicus
XAPaAKAMAAHUUL UMKOHUAMU OULAH MDAHCNODM
OKUMU Yanaa ymeanoazu mpancnopm Xonanmu.

Yoppaxagaru cBeTohOpPHUHT Oapya MYMKHH OViraH
xoiariapu 1-xamBanna 6epwirad. JXKanBamHUHT HCTalNTaH
9JIEMEHTH. arap cBeTohOoD YODDaxXaHWHI  TETHIILIH
xoJatuma ¢Hunm Kepak O0yica 1 ra, cBerodop yampuiaran
6ynca 0 ra TeHT.




