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onometric	 equations	 and	 inequalities	 in	 the
school	mathematics	course,	to	show	the	ro
the	 equation	 family,	 and	 to	 determine	 the	
solution.	 At	 the	 same	 time,	 in	 the	 process	 of	 teach

OPTIMAL	WAYS	OF	TEACHING	THE	TOPIC	«TRIGONOMETRIC	EQUATIONS»	
IN	THE	SCHOOL	MATHEMATICS	COURSE	

	Abstract.	 The	 article	 selected	 for	 research	 is	 dedicated	 to the	 optimal	
methods	 of	 teaching	 trigonometric	 equations	 in	 the	 high	 school	

	 In 	 i
t gi 	 conclusion	

mathematics	 course	 based	 on the	 curriculum.	 	 the	 article, t	 is	 also	
confirmed	 that	 the	 studied	 material	 is	 he	 lo cal of	 the	
trigonometry	course,	the	final	result	of	the	passed	theoretical	knowledge.	
The	 topic	 of	 trigonometric	 equations	 and	 inequalities	 provides	 excellent	

ra,	 geometry	 and	examples	 and	 problems	 of	 integration	 between	 algeb
.other	 disciplines 	 Trigonometry	 is	 closely	 related	 to	 both	 geometry	 and	

algebra	in	its	characteristics,	and	this	connection	is	reflected	in	the	content	
o c

	
of	the	sch ol	mathemati s	course.	Thus,	trigonometry	is	used	in	geometry	
in	 metric	 relationships	 in	 right	 triangles,	 in	 the	 definition of	 the	 sine,	
cosine,	 tangent	 and	 cotangent	 of	 an	 acute	 angle,	 in	 the	 theorem	of	 sines	
and	 cosines,	 in	 the	 relationship	 formulas	 between	 sides	 and	 radii	 when	
circles	are	drawn	inside	and	outside	regular	polygons,	in	area	formulas	of	
many	 geometric	 figures,	 etc.,	 in	 algebra	 and	 in	 the	 course,	 the	 main	
formulas	 of	 trigonometry,	 trigonometric	 equations	 and	 inequalities,	 etc.	
are	given	in	the	sections.	Our	main	goal	in	the	dissertation	is	to	explain	the	
place	 and	 importance	 of	 trig 	

	
cal	 features	 of	 its	
ing	 trigonometric	

le	of	trigonometric	equations	in
methodi
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eate	 a positive	 basis	 for	 understanding	 and	 understanding	 the	
ds	 for	 solving	 trigonometric	 equations.	 The	 article	 also	 shows	 more	
nt	 and	 optimal	 methods	 for	 solving	 each	 equation	 and	 gives	 various	
mendations.	 Integration,	 which	 is	 one	 of	 the	 basic	 principles	 of	 the	
tional	 program	 of	 the	 curriculum,	 and	 its	 application	 has	 been	 given	
h	space	in	the	topic,	and	the	application	of	trigonometry	in	various	fields	
en	shown	as	an	interesting	issue.	
For	many	years,	various	subjects,	including	mathematics,	have	been	taught	
eral	education	schools	on	the	basis	of	the	curriculum.	The	main	goal	of	the	
urriculum	 for	 the	 secondary	 school	 mathematics	 course	 is	 to	 prepare	
nts	who	are	educated,	versatile,	with	a	broad	worldview,	with	high	mental	
es,	 logical	 thinking,	 determination,	 judgment	 and	 the	 ability	 to	 draw	
sions.	 In	 the	 subject	 curricula	 in	 mathematics,	 each	 subject	 received	 a	
complete	content,	 taking	 into	account	 the	positive	 indicators	of	previous	
,	and	enough	space	was	allocated	for	classes	with	practical	content,	which	
be	solved	logically.	
Analysis	of	major	research	and	publications.	The	role	and	significance	
blem	 solving	 in	 the	 school	 course	 of	 mathematics	 has	 always	 been	 the	
t	 of	 research	 by	 leading	 teachers,	mathematicians‐methodologists.	 Since	
wentieth	 century,	 M.	Abdulkarimov	 [1],	 M.	Ashurov	 [2],	 B.	Aliev	 [3],	
idov	[5]	and	others	attached	great	 importance	to	problem	solving	in	the	
pment	 of	 secondary	 mathematical	 education	 and	 always	 kept	 it	 in	 the	
r	 of	 attention	 in	 the	 training	 of	 young	mathematicians.	 At	 the	 end	 of	 the	

equations	and	inequalities,	the	solution	of	algebr
ily	 of	 equations	 is	 also	 considered,	 an

t	 to	 teach	 and	 learn	 the	 h
the	 fam
teacher	 and	 the	 studen
course	in	a	complete,	integral	way
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Вісник	післядипломної	освіти.	Випуск	23(52)		Серія	«Педагогічні	науки»	(Категорія	«Б»)	
Bulletin	of	Postgraduate	education.	Issue	23(52)		Educational	Sciences	Series		(Category	«B»)	

https://doi.org/10.58442/2218‐7650‐2023‐23(52)	

	

20th	
mathe
[17],	
the	fo

	 67

ns,	students	 learn	how	to	
transform	these	functions	into	one	another	in	a	right	triangle	and	their	meanings	
at	certain	angles.	

A	comprehensive	and	in‐depth	study	of	the	trigonometry	course	in	grade	
10	 «Angle	 of	 rotation,	 arc	 length,	 trigonometric	 functions,	 formulas	 for	 their	
transformation,	 summation	 theorems,	 results	 from	 them»,	 etc.	 begins	with	 the	
teaching	 of	 subjects.	 The	 properties	 of	 trigonometric	 functions,	 their	 graphs,	
determining	 the	 ranges	 of	 increment	 and	 decrease,	 calculating	 values	 on	 the	
coordinate	 plane	 and	 on	 the	 unit	 circle,	 the	 ability	 to	 describe	 functions	 are	

and	 the	beginning	of	 the	21st	 century,	 the	 school	of	methods	of	 teaching	
matics	 became	 widespread	 in	 Azerbaijan.	 S.	Gamidov	 [5],	 I.	Rustamov	
S.	Huseynova	 n a e[9],	M.	Marda ov	[15]	 nd	others	in	th ir	classes	brought	to	
re	the	problem	of	the	connection	between	learning	and	life.	

AIM	AND	TASKS	/	МЕТА	ТА	ЗАВДАННЯ		

The	purpose	of	the	study	is	to	develop	a	methodological	system	based	on	
a	 system	 of	 tasks	 taken	 from	 life	 to	 ensure	 the	 mathematical	 preparation	 of	
students.	

In	this	regard,	the	main	objectives	of	the	study	are	as	follows:	
 reveal	the	role	and	significance	of	the	problem	in	mathematical	education;	
 to	reveal	didactic	functions	of	questions;	
 to	determine	the	possibilities	of	mathematics	textbooks	for	grades	V‐VI;	
 discover	the	use	of	mental	operations	in	solving	problems;	
 to	 determine	 the	ways	 of	 choosing	 questions,	 the	 content	 of	which	 is	

taken	from	life;	
 to	 determine	 the	 stages	 of	 solving	 the	 problem,	methods	 of	 choosing	

modeling	tools;	
 identify	the	difficulties	that	students	face	in	solving	problems	and	ways	

to	overcome	them;	
 in	accordance	with	the	purpose	of	the	problem	under	study,	taking	into	

account	the	psychological,	pedagogical	and	scientific	requirements,	to	prepare	a	
system	of	tasks	and	a	methodology	for	teaching	their	solution.	

THE	 THEORETICAL	 BACKGROUNDS	 /	 ТЕОРЕТИЧНІ	 ОСНОВИ	
ДОСЛІДЖЕННЯ	

It	should	be	noted	that	before	moving	on	to	trigonometric	equations,	 the	
«concept	of	trigonometry»	begins	with	the	concepts	of	sinα,	cosα,	tgα	and	ctgα,	
which	 appear	 in	 grades	 8–9	 of	 high	 school	 as	 relationships	 between	 the	 sides	
and	angles	of	a	right	triangle.	Later	 in	the	same	lesso
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studied	before	the	topic	«trigonometric	equations»,	the	relevant	knowledge	and	
skills	have	already	been	formed	among	students.	

Effective	and	efficient	teaching	of	trigonometric	equations	primarily	depends	
on	 the	 correct	 organization	 of	 teaching	 the	 simplest	 trigonometric	 equations.	 At	
this	 st of	 trainin

	 68

he	 expression	 f	 (x)	 u003d	 a	 is	 quadratic	 to	 the	 interval	 from	 the	 point	
req irements	view,	should	be	able	 to	do	so.	After	 this	explanation,	new	concepts	
are	 introduced,	 such	 as	 arcsine,	 arccosine,	 etc.,	which	 are	of	 great	 importance	 in	
solving	trigonometric	equations	they	must	be	very	careful	in	their	understanding,	
they	must	be	based	on	the	knowledge	they	have	acquired	before.	

One	 of	 the	 biggest	 difficulties	 in	 solving	 trigonometric	 equations	 is	 the	
question	of	how	to	solve	a	given	trigonometric	equation.	 In	order	to	overcome	

age	 g,	 the	 teacher	 should	 try	 to	 reasonably	 understand	 both	 the	
theory	 of	 eq ation ,	 the	 properties	 of	 trigonometric	 functions,	 especially	 those	
properties	that	will	be	used	in	solving	trigonometric	equations,	and	the	features	of	
solvin uations	 that	 dif uations,	 the	
princip ts	
trigon st	
be	cor

u s

g	 trigonometric	 eq fer	 from	 other	 types	 of	 eq
le	
om
c
d

of	 proportionality	 of	 trigonometric	 equations,	 the	 number	 of	 uni
e	trigonometric	equations	mu

re t
	o

etric	equations.	The	classification	of	simpl

conveye
tly	given,	the	rule	for	writing	the	found	cubes	as	a	whole	must	be	correc

in	content
the	 cube	

	to	students.	This	stage	of	learning	is	the	discovery	of	the	ma
theorem,	 the	 connection	 of	 the	 theorem	 with	 the	 monotonicity	 of	 the	

function	 and	 the	 existence	 of	 this	 property	 of	 trigonometric	 functions,	 the	
explanation	 of	 simple	 trigonometric	 equations	 in	 the	 form	 of	 a	 cube,	 arcsine,	
arccosine,	arctanensis,	arccotangent	and	their	many‐valued	nature.	 It	 is	also	very	
important	 to	 give	 a	 geometric	 explanation	 for	 the	 fact	 that	 simple	 trigonometric	
equations	have	no	solution.	

In	all	stable	textbooks	and	tutorials,	the	simplest	trigonometric	equations	are	
treated	 as	 equations,	 and	 the	 teaching	 of	 these	 topics	 in	 textbooks	 begins	 with	
solving	the	equation.	The	main	methodological	features	of	teaching	the	subject	are	
that,	 unlike	previously	 taught	 equations,	 the	 solution	of	 this	 type	of	 equations	 is	
associated	with	great	difficulties.	Thus,	the	use	of	self‐help	methods	by	students	is	
reduced,	 students	 for	 the	 first	 time	 get	 acquainted	 with	 the	 concept	 of	 serial	
solutio ee 	 e d g	 pns,	 s 	 a	 real‐inductive xplanation	 for	 fin in cubes,	 face	 the	 roblem	of	
choosing	 the	 desired	 cubes	 from	 the	 set,	 serial	 cubes	were	 found,	 therefore,	 the	
subject	of	trigonometric	equations	from	the	first	lessons,	the	teacher	requires	high	
professionalism	 and	methodological	 skills.	 In	 the	 first	 lesson,	 the	 teacher	 should	
very	meaningfully	explain	 to	students	 the	square	theorem,	 the	 importance	of	 the	
condition	 for	 increasing	 or	 decreasing	 a	 function	 on	 an	 interval,	 decreasing	 an	
arbitrary	value	of	the	function	f	(x)	in	the	interval	under	consideration,	and	the	fact	
that	 t

u
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this	 difficulty,	 the	 teacher	 should	 first	 of	 all	 classify	 equations,	 convey	 this	
classification	 to	 students	 in	 a	mnemonic	way,	 require	 them	 to	 correctly	 know	
the	 names	 of	 the	 equations	 included	 in	 the	 classification,	 and	 it	 should	 be	
explained	that	each	type	of	trigonometric	equation	has	its	own	solution	method.	
At	 this	 stage	of	 learning,	you	should	consider	 the	problem	of	 solving	 the	same	
trigonometric	equation	in	several	ways.	

In	 our	 opinion,	 at	 this	 stage,	 the	 teacher	 should	 prepare	 cards	 for	 each	
student	and	write	on	these	cards	trigonometric	equations	covering	all	types,	and	
ask	 students	 to	 determine	 their	 types,	 since	 experiments	 show	 that	 if	 the	
student	does	not	know	what	type	of	trigonometric	equation	the	solution	consists	
of	 in	 that	 the	student	must	be	able	 to	solve	 the	equation,	 faces	a	dilemma,	but	
when	the	student	knows	what	type	of	trigonometric	equation	this	trigonometric	
equation	 belongs	 to.	 Therefore,	 it	 is	 necessary	 to	 pay	 special	 attention	 to	 the	
definition	 of	 types	 of	 trigonometric	 equations.	 Completing	 the	 solution	 of	
trigonometric	 equations	 is	 also	 very	 important.	 The	 checks	 carried	 out	 show	
that	often	the	solution	of	 trigonometric	equations	 is	not	completed,	 that	 is,	 the	
phase	of	 connecting	 the	 roots	 remains	 incomplete.	Ultimately,	 this	means	 that	
the	equation	remains	unsolved.	

The	 results	 of	 experiments	 and	 studies	 show	 that	 students	 face	 great	
difficulties	in	solving	trigonometric	equations	and	find	it	difficult	to	choose	ways	
to	 simplify	 the	 given	 trigonometric	 equations	 using	 trigonometric	
transformations.	One	of	the	main	reasons	for	this	is	due	to	the	poor	knowledge	
of	 trigonometric	 formulas	 in	 the	 textbook,	 and	 the	 other	 reason	 and	 the	most	
important	 reason	 is	 that	 trigonometric	 equations	 are	 not	 classified	 and	
researched	 before	 solving	 trigonometric	 equations.	 In	 our	 opinion,	 both	
trigonometric	 formulas	 should	 be	 very	 clearly	 grouped	 and	 repeatedly	 and	
meaningfully	explained	to	these	students.	In	our	opinion,	it	is	very	important	to	
divide	 the	 trigonometric	 formulas	 into	 9	 large	 groups	 based	 on	 the	
trigonometric	 material	 included	 in	 the	 school	 curriculum,	 and	 determine	 the	
importance	 and	 scope	 of	 each	 group.	 It	 also	 simplifies	 the	 classification	 and	
solution	of	trigonometric	equations.	

In	our	opinion,	it	is	methodically	incorrect	to	carry	out	the	educational	process	
by	 solving	mixed‐type	 trigonometric	 equations.	 Therefore,	we	 suggest	 that	 in	 the	
first	 lesson,	 i.e.,	 in	 the	 next	 lesson	 after	 the	 ability	 to	 solve	 simple	 trigonometric	
equations,	the	teacher	should	give	the	meaning	of	the	classification	of	trigonometric	
equations	 in	 the	 form	of	a	 lecturer,	 the	basis	 for	 this	classification	and,	 finally,	 the	
classification	 table,	 then	 move	 on	 to	 solving	 specific	 examples	 and	 each	 time	 to	
investigate	what	type	of	trigonometric	equation	needs	to	be	solved.	In	our	opinion,	
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the	 following	 classification	 of	 trigonometric	 equations	 has	 a	 positive	 effect	 on	
improving	the	quality	of	education.	

1)	Trigonometric	equations	are	introduced	into	the	algebraic	equation.	
2)	Homogeneous	trigonometric	equations.	
3)	Trigonometric	equations	solved	by	the	factorization	method.	
4)	Solution	 of	 trigonometric	 equations	 using	 the	 condition	 of	 equality	 of	

the	trigonometric	equations	of	the	same	name.	
5)	The	 solution	 of	 trigonometric	 equations	 using	 the	 formulas	 for	 the	

transformation	of	the	sum	and	difference.	
6)	Solving	 trigonometric	 equations	 using	 addition	 formulas	 and	

summation	formulas.	
7)	Trigonometric	equations	are	solved	using	reduction	formulas.	
8)	Trigonometric	equations	of	the	form	asinx	+	bcosx	=	c.	
After	this	classification,	 the	method	of	solving	each	type	of	 trigonometric	

equation	 and	 the	 differential	 choice	 of	 the	 corresponding	 type	 of	 research	
system	is	suitable	for	the	purpose.	

d a rTrigonometric	equations	are	intro uced	into	the	 lgeb aic	equation.	
Students	should	understand	that	a	 large	class	of	 trigonometric	equations	

are	 solved	 by	 reducing	 them	 to	 an	 algebraic	 equation,	 and	 at	 the	 same	 time,	
students	should	know	what	trigonometric	equations	look	like	in	algebraic	form,	
equations	such	as	the	following:	

asin2x	+	bsinx	+	c	=	0	
acos3x	+	bcosx	+	c	=	0	
atg43x	+	btg23x	+	c	=	0	 and	 so	on,	 including	equations	 such	as	 Indeed,	 in	

equations	of	this	type	
sinx	=	t	
cosx	=	y	
The	replacement	tg3x=z	gives	the	following	algebraic	equations.	
at2	+	bt+c	=	0	
ay3	+	by	+	c	=	0	
at4	+	bt2	+	c	=	0	
By	solving	each	of	 these	equations,	we	 find	sinx=t,	 cosx=y,	and	 tg3x,	and	

then	we	 find	 the	variable	by	solving	 these	equations.	 It	 should	be	explained	 to	
students	that	 there	are	trigonometric	equations	that	at	 first	glance	do	not	 look	
like	 algebraic	 equations,	 but	 after	 a	 simple	 trigonometric	 transformation	 they	
become	algebraic	equations.	

asin2x	+	bcosx	+	c	=	0	
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use	
each	 e are	
conve

atgx	+	bctgx	=	0	
	 an	 algebraic	 equation	beca

ations	
The	 form	acos2x	+	bsinx	+	c	=	0	 is	not	 like
quation	 involves	 two	 functions	 instead	 of	 one,	 but	 these	 equ

b 	rted	to	an	algebraic	equation	 y	a	simple	transformation.	Really
sinx	=	1‐cos2x,	
cos2x	=	1‐sin2x,	
Using	 the	 identities	 ctgx	=	1/tgx,	 the	 required	 equations	 are	 obtained.	 In	

our	 o 	 	 e	 n	
	 	

o

pinion,	 the teacher	 should write	 som trigonometric	 equations	 o the	
board	and	ask	 the	 students	which	one	 is	 the equation	 reduced to	an	algebraic	
equati ove	 n	to	
solvin

on	and	ask	them	to	justify	their	opinion.	After	that,	he	should	m
g	specific	examples	and	solve	very	simple	examples	first.	
Example	1.	 Solve	 the	 equation	 cos2x	+	3sinx	=	2.	 This	 example	 at	 first	

glance	 does	 not	 look	 like	 an	 algebraic	 equation,	 why?	 Because	 there	 are	 two	
functions	and	the	arguments	are	different.	

to	an	
algebr

However,	after	simple	 transformations,	 this	equation	easily	 turns	 in
aic	equation.	we	know	it.	
cos2x	=	1‐2sin2x	Then	
1‐2sin2x	+	3sinx	=	2	

here	sinx	=	t	after	substitution	
t2	‐	3t	+	1	=	0	is	obtained,	which	is	easily	solved	

2sin2x	‐	3sinx	+	1	=	0	w
A	quadratic	equation	2
We	get	t1	=	1/2	and	t2	=	1,	and	then	
sinx	=	1/2	x	=	(‐1)nπ/4,	n∈Z	

inx	=	1	x	=	π/2+2πn,	n∈Z.	
inion,	in	order	to	solve	these	types	of	equations,	students	should	

maste sin2x	+	cos2x	=	1	
	

we	get	s
In	our	op
r	the	following	formulas.	

?cosx??	1)	tgx	=	??sinx?

2)	ctgx	=	 	

3)	ctgx	=	 	

4)	1	+tg2x	=	??	1	????	cos	??2??х??	

5)	1	+	ctg2x	=	 	

6)	1	+	cos2x	=	2cos2x	

	??	tg??	2??	х	??	
7)	1	‐	cos2x	=	2sin2x	
8)	tg2x	=	??2	t	g	x	??	1	–
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9)	sin2x	=	 	

cos2x	=	?? –	??	tg	??	2	??	х	??	+	??	tg	??	2	??	х	??	
cosx	

2

10)	 1	
11)	sin2x	=	2sinx

212)	cos2x	=	2cos x	–	1	=	1	–	2sin x	
	

In	addition,	they	must	know	the	transformation	formulas	and	formulas	for	
the	roots	of	the	simplest	trigonometric	equations.	

To	 master	 the	 solution	 of	 these	 types	 of	 equations,	 the	 teacher	 must	
prepa g mre	a	learnin 	syste .	

Homogeneous	 trigonometric	 equations	 include	 the	 following	 types	 of	
equations.	

аsync	+	bcosx	=	0	
asin2x	+	bsinxcosx	+	ccos2x	=	0	

os2xsinx	+	dcos3x	=	0	
homogeneous	 with	 respect	 to	 sinx	 and	 cosx,	

respec d	 a	 homogeneous	
trigon

asin3x	+	bsin2cosx	+	cc
e	These	 equations	 ar

tively.	 In	 other	 words,	 such	 equations	 are	 calle
ometric	equation,	the	sum	of	the	degrees	of	the	functions	included	in	

his	 sum	 is	 called	 the	 degree	 o
The	 powers	 of	 the	 homogene
ion	 are	 equal	 to	 one,	 two,	 and	 th
uations	by	coskx	(the	power	of	the

the	
equat f	 a	
homo ous	
trigon ree,	
respe 	k‐
equat

t	 to	 explain	 the	 situation	 to	 the	 students.	 Since	
osx	≠ 	d ide	by	c s2x.	If	cosx	=	0,	then	sinx	=	0,	as	the	equations	show.	
It's	 impossible.	 If	 h were the the	 identity	 sin2x	+	cos2x	=	1	would	
lose	it .	I 	 r	opinion his	 se	should	be	specially	explained.	That	is,	
stude inx	and	cosx	cannot	be	zero	for	the	same	
argum

from	 the	 equation	 atg2x	+	btgx	+	c	=	0,	we	 get	 the	
equat hich	is	e ily	solved.	When	explaining	the	solution	of	
these	 s	necessary	to	clarify	that	at	first	glance	the	equation	
may	 be	 reduced	 to	 a	 homogeneous	
trigonometric	 equation	 sing	 sim trigonometric	 transformations.	 For	

ion	 is	 the	 same	 in	 all	 of	 them.	 T
geneous	 trigonometric	 equation.	

siderat
eq

ometric	 equations	under	 con
ctively.	By	dividing	these	types	of	
ion),	 the	 homogeneous	 trigonometric	 equation	 is	 converted	 into	 an	

algebraic	equation.	For	example.	
Let's	 look	 at	 the	 equation	 asin2x	+	bsinxcosx	+	ccos2x	=	0.	 Divide	 the	

quati 	by	cos2x:	
2x	+	btgx	+	c	=	0	

an

e

c

on

re	 it	 i 	 very	 import
o
	

atg
He s

we	can	0,	 iv
t

eaning n
is	 	 case,	 then	

s	m ou ,	t ca
	should	fully	understand	that	s

g	 tgx	=	y	

nts
t	value.	
substitutin

en

	ay2	+	by 	c	=	0,
By	

	
es	of	equations,	i

ion 	+ w as
typ t	i
not	 look	 homogeneous,	 but	 it	 can	 still	

u ple	
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examp 	+	b cosx	+ os2x	=	d	 is	not homogeneous	equation,	but	 it	
can	be :	d	=	d∙1	=	d(〖cos〗^2	
x	+	〖

qu on:	

le:	a sinx 	cc 	a	
ily	re uced	to	a	homogeneous	equation.	Indeed
^2	x)	

ati

sin2x
d	eas

ce	the	following	e
sin〗
Hen
asin2x	+	bsinxcosx	+	ccos2x	=	d(〖cos〗^2	 x	+	〖sin〗^2	 x)	 with	 simple	

transformations	and	dividing	each	side	by	cos2x.	
	

o
The	 algebraic	 equation (a‐d)tg2x	+	btgx	+	c	=	0	 is	 obtained	 and	 the	

students	 already	 know	 its	 solution.	 After	 that,	 it	 is	 necessary	 t 	 move	 on	 to	
solvin a o sg	 examples,	 th t	 is,	 to	master	 the	 soluti n	 of	 thi 	 type	 of	 equations,	 the	
teacher	must	prepare	a	system	of	classes.	

ations	solved	by	the	factorization	method.	
	 equations	 requires	 students	 to	 be	 well	

aware ssions,	 that	 is,	 each	 student	
must	b

Trigonometric	equ
The	 solution	 of	 these	 types	 of
	 of	 all	 methods	 of	 factoring	 algebraic	 expre

	 	 me	well aware	of	the	methods	of	taking the	co mon	factor	out	of	brackets,	
groupings,	 abbreviated	 multiplication	 formulas	 and	 artificial	 methods	 for	
obtaining	 their	 results,	 and	 in	 addition,	 he	 must	 know	 the	 formulas	 that	 we	
wrote	 at	 the	 beginning	 of	 the	 paragraph	 and	 additionally	 the	 following	
formulas/	
	

1)	tg(

	 73

)	=	 	

2)	sin3	=	3sin	–	4	??	sin	??	3	??		
3 	33)	cos3	=	4cos 	– cos	

	
xplanation	 by	 the	 teacher,	 several	 trigonometric	

equati
After	 a	 detailed	 e
ons	are	written	on	 the	blackboard,	 including	 the	 types	of	 equations	 that	

the	 students	 already	 know,	 and	 the	 students	 must	 explain	 what	 type	 these	
equations	 are	or	 say	 that	 they	do	not	 know.	After	 this	work	will	 help	 to	 solve	
examples.	It	is	better	to	choose	a	learning	system	that	uses	methods	for	dividing	
possible	 algebraic	 expressions	 into	 points,	 it	 is	 known	 that	 this	 requires	 both	
professionalism	and	skill	from	teachers.	

	Trigonometric	equations	are solved	using	 trigonometric	equations	of	 the	
same	name	with	the	condition	of	equality	of	functions.	It	is	necessary	to	explain	
to	students	that	the	solution	of	many	trigonometric	equations	is	reduced	to	the	
equality	of	trigonometric	functions	of	the	same	name.	These	types	of	equations	
are	solved	based	on	 the	condition	of	equality	of	 trigonometric	 functions	of	 the	
same	name.	That	 is,	based	on	 such	conditions	 that	both	angles	α	and	β	 satisfy	
this	condition.	
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= inβ	=	sin(π	‐	α)〗	in	other	words	

	

The	 fulfillment	of	 these	conditions,	 i.e.	 sinα	=	sinβ;	 cosα	=	cosβ;	 tgα	=	tgβ,	
is	pro nd	there	are	three	theorems	in	total.	Let	us	
prove

fo e	 y

	

	
After	 that,	 with	 the	 help	 of	 the	 proved	 theorems,	 equations	 with	 the	

condition	 of	 equality	 of	 trigonometric	 functions	 or	 conditions	 of	 equality	
brought	 to	 this	 point	 are	 solved.	 In	 our	 opinion,	 the	 simplest	 trigonometric	
equations	should	be	solved	here.	For	example	

Along	 with	 equations	 of	 the	 form	 sin3x	=	sinx,	 cos4x	=	cos2x,	 tg5x	=	tgx	
sin5x	=	‐sinx;	cos3x	=	sinx	

tg3x∙tg(5x	+	π/3)	=	1	 solve	 in	 equations,	 and	 then	 again	 propose	 a	

ved	in	the	form	of	a	theorem,	a
	one	of	these	theorems.	
Theorem	1.	A	necessary	and	sufficient	condition	 r	th equalit 	of	the	sines	

of	two e 	 	o g	angl s	is	one	of the	following	conditions:	the	difference f	these	an les	must	
be	equal	to	π	times	an	even	number,	or	the	sum	of	the	angles	must	be	equal	to	π	
times	an	even	number.	odd	number.	Proof	of	the	necessary	condition:	

Given:	sinα	=	sinβ	
Prove:	α‐β	=	2πn	or	α	+	β	=	π	+	2πn;	n∈Z	
Proof:	taken	from	the	condition	that	sin	‐	sinβ	=	0,	in	other	words	
2sin	 (α	‐	β)/2	 cos	 (α	+	β)/2	=	0	 πn	 or	 (α	+	β)/2	=	π/2,	 i.e.	 α	‐	β	=	2πn	 or	

α	+	β	=	π	+	2πn	
Sufficiency	proof:	
Given:	α	–	β	=	2πn	or	α	+	β	=	π	+	2πn;	n∈Z	
To	prove:	sinα	=	sinβ	
Proof:	taken	from	the	condition	that	α	=	β	+	2πn,	then	

	sin	 	2πn),		
	sinβ	

sinα	= (β	+
sinα	= or	
β	=	π(2n	+	1),	then	

β	=	sin	 π(2n	+	 ‐α)	or	
≫s

sin ( 1)
inβ	=	sin	 〖(2πn	+(π	‐	α))
sinβ	=	sinα.	Theorem	proven	
The	students	understand	????	cos	=	cosβ??	–	β	=	2πn??	+	β	=	2πn????	
Unproven	 by	 the	 same	 rule	 (proof	 must	 be	 provided	 by	 students).	 It	 is	

given	 in	 Theorems	2	 and	 Theorems	3.	 I	 mean	 (sinα	=	sinβ@α	–
	β	=	2πn@α+β=π+2πn)]	

and	[	(tgβ=tgα	@α‐β=πn	)┤	



Вісник	післядипломної	освіти.	Випуск	23(52)		Серія	«Педагогічні	науки»	(Категорія	«Б»)	
Bulletin	of	Postgraduate	education.	Issue	23(52)		Educational	Sciences	Series		(Category	«B»)	

https://doi.org/10.58442/2218‐7650‐2023‐23(52)	

	

	

h	directly	related	to	
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	experience;	
lem	under	study	 in	

grade
l	 experiment	 in	 urban,	 township	 and	 rural	

schoo sults	 and	
applic

sessment	
were	

n n ai
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edge	in	life;	
 application	of	mathematical	knowledge,	mathematical	methods	in	life –	
ctice:	various	measurements,	cal ulations,	problem	solving;	

research	system.	
After	 explaining	 all	 types	 of	 equations,	 the	 presence	 of	 mixed	 types	 of	

equations	should	also	be	explained,	and	at	the	end	it	should	be	drawn	up	as	an	
independent	work	covering	all	types,	and	when	the	text	of	the	test	is	prepared,	it	
is	necessary	to	reflect	more	types	of	equations	as	fully	as	possible.	

ODS	/	МЕТОДИ	ДОСЛІДЖЕННЯ		RESEARCH	METH

To	solve	the	tasks,	the	following	research	methods	were	used:	
	 analysis	 of	 scientific	 and	methodological,	 psychological, psychological	

and	pedagogical	literature;	
 the	 program	 of	 the	 high	 school	 mathematics	 course,	 analysis	 of	

curric
ds	 for	 teaching	 mathematics	 at	

schoo

ula	by	class;	
 analysis	 of	 textbooks	 and	 teaching	 ai
l;	
 analysis	of	pedagogical	and	methodological	researc

e
	higher	mathematics	and	school
nd	written	survey	on	the	prob

em‐based	l arning;	
chers	of

ral	a
 study	of	tea
 conducting	an	o
s	V‐XI;	
 conducting	 a	 pedagogica

	 rels	 of	 the public	 and	 achieving	 a	 generalization	 of	 its	 re

es	of	students,	mod n	forms	of	
ation	in	public	schools.	

comTo	check	the	learning	out er as
used:	diagnostic	(initial),	formative	(current)	and	summative	(final).	

RESEARCH	RESULTS	/	РЕЗУЛЬТАТИ	ДОСЛІДЖЕННЯ	

Based	on	our	research	and	study	of	pedagogical	experience,	we	can	draw	
the	fol

	of	the	Indepe de t	Azerb jan	Republic	and	
he	gr

lowing	conclusions:	
1.		he	new	Law	on	Education

	 	t adual transfer	of subjects	 to	 the	new	education	system,	along	with	other	
subjects,	was	an	important	stage	in	the	development	of	secondary	mathematical	
education	and	has	broad	prospects.	

The	 goals	 of	 mathematical	 education	 in	 the	 mathematics	 program	 for	
grades	V–XI:	

 theoretical	 goal	 –	 to	 give	 students	 the	 necessary	 mathematical	
knowl

	
in	pra c
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re	are	objective	and	subjective	reasons	why	mathematics	textbooks	in	
grades	V–XI	 have	 little	 access	 to	 the	 presented	 problem.	However,	 the	 task	 of	
activating	the	informativity	of	learning	directly	depends	on	the	business	acumen	
and	pedagogical	skills	of	the	teacher.	

 is	defined	as	the	education	of	spiritual	and	moral	qualities	in	students	by	
solving	 specially	 selected	 issues	 and	 thereby	 ensuring	 their	 comprehensive	
development.	These	goals	are	aimed	at	connecting	mathematics	education	with	life.	

2.	In	the	process	of	solving	the	problem,	the	student	encounters	a	problem.	
To	find	a	solution	to	this	problem,	the	student:	

dge;	 tries	to	determine	the	place	of	application	of	known	knowle
 

u t
tries	to	discover	new	knowledge,	referring	to	known	knowledge;	

 to	 put	 forward	 a	 j dgment,	 analyze,	 e c.	 trying	 to	 apply	 mental	
operation

,	 e 	 m
s.	

At	the	same	time the	student	d velops logical,	mathe atical	and	dynamic	
thinking. 	

T

	 It	 is	 in the	 process	 of	 solving	 problems	 that	 productive	 teaching	
methods	are	used.	

3.	 he	 connection	 of	 mathematical	 education	 with	 life	 through	 problem	
solving	–	in	addition	to	expanding	the	general	worldview	of	students,	allows	you	
to	implem urse	of	
V–XI	grad

ent	interdisciplinary	connections.	Because	the	mathematics	co
es,	being	an	integrative	course,	requires	the	use	of	developing	teaching	

methods.	 Since	 it	 is	 impossible	 to	 deepen	 the	 theoretical	 level	 of	 the	 course,	
preferenc t c 	e	 is	 given	 o	 classes	 of	 the	 theoreti al‐practical,	 practical and	
measuring‐calculation	type.	

4.	When	 solving	 the	 problem	 of	 the	 connection	 between	 teaching	
mathematics	 and	 life	 through	 solving	 problems	 in	 grades	 V‐XI,	 three	 factors	
must	be	taken	into	account:	

1)	practice	→	theory	→	practice;	
2)	mathematics	 as	 a	 science	 is	 used	 in	 solving	 new	 practical	 (as	well	 as	

theoretical)	problems;	
3)	preparation	of	a	system	of	tasks	taken	from	life,	forming	a	specific	plot,	

corresponding	 to	 the	 program	 topics,	 serving	 the	 mathematical	 and	 general	
development	of	students.	

5.	The	 connection	 of	 mathematical	 education	 with	 life	 through	 solving	
problems	in	grades	V–XI	depends	on	three	factors:	

 scientific	and	methodological	preparation	and	initiative	of	the	teacher;	
 in	the	development	of	existing	textbooks	in	mathematics;	
 	 oAvailability f	 additional	 educational	 (didactic)	materials	 for	 teachers	

and	students	in	the	mathematics	course	V–XI	grades.	
The
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,	 her	 teaching	 in	 grades	 V–XI	 is	 based	 mainly	 on	 pressing	 problems.	
Statistical	elements	were	used	in	school	practice.	However,	in	the	new	education	
system,	both	concepts	should	be	taught	in	an	interrelated	way	and	with	the	help	
of	appropriate	questions.	

It	is	necessary	to	improve	the	technology	for	solving	problems	in	statistics	
and	 probability	 in	 school	 mathematics.	 Since	 the	 possibilities	 for	 solving	

6.	In	 the	 course	 of	mathematics	 in	 grades	 V–XI,	 students	 get	 acquainted	
with	 arithmetic	 operations	 on	 the	 set	 of	 rational	 numbers,	 the	material	 of	 the	
preparatory	course	of	geometry	in	the	direction	of	«practice‐theory»	and	learn	
simple	 g ods	 for	
solving	v

t

eometric	 constructions.	 This	 knowledge	 allows	 teaching	 meth

Al
arious	types	of	problems	(including	geometric	ones).	
hough	 this	 is	 not	 the	 first	 attempt	 to	 connect	 the	 teaching	 of	

mathematics	 with	 life	 through	 problem	 solving,	 a	 methodological	 system	 for	
solving	this	problem	has	been	developed,	taking	into	account	the	peculiarities	of	
the	mathematics	 course	 in	 grades	V–XI,	 as	well	 as	 on	 local	materials,	 not	 only	
problems	have	been	identified,	but	in	general	a	methodological	system	has	been	
develo h n ,ped,	 t e	 content	 is	 i dicated	work 	methods	 of	 implementation,	means,	
based	 on	 the	 assessment	 of	 learning	 outcomes,	 theoretical	 and	 practical	
significance	and	methodological	research	were	confirmed.	

7.	For	 each	 of	 the	 subjects	 related	 to	 the	 school	 mathematics	 course	
(including	the	interactive	course),	various	types	of	classes	are	used	to	assimilate	
theoretical	 material,	 consolidate	 it	 and	 implement	 its	 application	 in	 practice.	
This	is	the	minimum	position	for	teaching	this	subject.	However,	there	are	issues	
that	 a 	 	llow	 the implementation	 of	 several	 didactic	 functions.	 This includes	
standard	and	non‐standard	questions	 that	provide	 the	 student	with	additional	
(non‐math)	information.	Since	the	method	of	solving	a	problem	is	related	to	the	
conten e	memory	of	students.	

	

t	of	the	problem,	it	remains	in	th

CONCLUSIONS	 AND	 PROSPECTS FOR	 FURTHER	 RESEARCH	 /	
ВИСНОВКИ	ТА	ПЕРСПЕКТИВИ	ПОДАЛЬШИХ	ДОСЛІДЖЕНЬ	

To	improve	the	quality	of	mathematical	education	in	grades	V–XI,	it	is	not	
enough	 to	 improve	 the	 content	 and	 form	 of	 the	 methodological	 system	 of	
teachi 	 c nng	the	subject;	it	is ne essary	to	take	into	accou t	the	requirements	of	the	
new	 educational	 system	 (curriculum),	 the	 individual	 characteristics	 and	
capabiliti 	
problem	

o

es	of	 students,	 and	use	 interactive	 teaching	methods.	Because	a	math

Pr
is	a	means	of	attacking	the	student's	brain.	

thisspects	 for	 further	 research	 in	 	 direction.	 «Statistics	 and	
Probability»	 –	 being	 a	 new	 meaningful	 direction	 in	 the	 school	 mathematics	
course
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different	 types	 of	 problems	 in	 the	 school	mathematics	 course	 are	 available	 in	
grades	V–XI,	then	in	order	to	implement	its	didactic	functions,	it	is	necessary	to	
allocate	 enough	 space	 for	 solving	 problems	 in	 the	 classroom	 and	 after	 school	
hours i	cool	exerc ses.	

The	educational	performance	of	students	in	the	experimental	classes	was	
higher	than	in	other	subjects.	
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Анотація.	Обрану	для	досліджен я	статтю	присвяч но	оптимальній	
ння	 тригонометричних	 рівнянь	 у	 к рсі	 математики	методиці	 навча

середньої	 школи	 на	 основі	 навчальної	 програми.	 У	 статті	 також	
підтверджується,	 що	 вивчений	 матеріал	 є	 логічним	 завершенням	

ометрії,	 підсумковим	 результатом	 пройдених	курсу	 тригон
теоретичних	 знань.	 Тема	 тригонометричних	 рівнянь	 і	 нерівностей	
надає	 чудові	 приклади	 та	 проблеми	 інтеграції	 між	 алгеброю,	

і циплінами.	 Тргеометрією	 та	 ншими	 дис игонометрія	 за	 своїми	
характеристиками	тісно	пов'язана	як	з	геометрією,	так	і	з	алгеброю,	і	

сті	шкільного	цей	зв'язок	відображено	в	змі курсу	математики.	Таким	
чином,	 тригонометрія	 використовується	 у	 геометрії	 в	 метричних	

нях	 у	 прямокутних	 трикутниках,	 у	 в
н

співвідношен изначенні	 синуса,	
косинуса,	 та генса	 і	 котангенса	 гострого	 кута,	 у	 теоремі	 синусів	 і	
косинусів,	 у	 формулах	 співвідношення	 між	 сторонами	 і	 радіусами,	
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problem	 solving	 training	 in	 primary	 classes.	 Baku,	 Azerbaijan:	 ADNA,	
2008.	
S.	S.	Hamidov,	Methodology	of	teaching	problem	solving	in	primary	classes	
of	the	school.	Baku,	Azerbaijan:	Natural,	2003.		
S.	S.	Hamidov,	 Methodology	 of	 teaching	 mathematics	 at	 the	 Faculty	 of	
Pedagogy.	Baku,	Azerbaijan:	Baku	API,	1990.	
S.	R.	Huseynova,	 Providing	 and	 strengthening	 theoretical	 knowledge	
through	 summarizing	 and	 developing	 problems	 in	 mathematics	 (grades	

коли	 кола	 п 	 багатокутники,	 у	
тьох	геометр урсі	

р
формулах	площ	бага ичних	фігур	тощо,	в	алгебрі	і	в	к

роз новні	 формули	 тригоном
нерівності	 тощо.	 Наша	 головна

наведені	 в	 етрії,	
тригонометричні	 рівняння	 і	 	 мета	

п

п

дослідження	–	 ояснити	місце	і	значення	тригонометричних	рівнянь	
і	 нерівностей	 у	 шкільному	 курсі	 математики,	 показати	 роль	
тригонометричних	 рівнянь,	 визначити	 методичні	 особливості	 їх	
розв’язання.	 Водночас	 у	 роцесі	 навчання	 тригонометричним	
рівнянням	і	нерівностям	розглядається	і	розв’язування	алгебраїчних	
рівнянь,	що	входять	до	системи	рівнянь,	а	це	вимагає	як	від	учителя,	
так	 і	 від	 учня	 викладати	 та	 вивчати	 курс	 математики	 серед

	у	формі,	повний,	цілісний	спосіб.	
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