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257 004.8
Tuwuwlwb kpktwjuljuwt ntumgdw hwdwp inp hnthnjpwjuuubtph
dowlymd junpp nrunigdw thgngny
Unwipkyul Qunihl
DOIL: https://doi.org/10.58726/27382923-2025.1-8

Zubgniguyhl punkp. GEjpnauyhl gubgkp, inghuwnpl nkgplupw, bijpniinyin-

Jrwlpuabkp, upnphbhquyhl unnly, ROC Inp, PR §np, npululpul gniguihoalp
LVwjuwpura

Utpktugulwi ntunigdwt wpuquntdy wép hwugkgpty L upwb, np tkplu-
mulu wyn nkjuininghwt wiwnhy Yhpwunynd b wwppkp nnpuiubkpnd wwuppkp
Jutinhpltph nisdwi hudwp, ophiwly phiwp yuuwlupguwi anhpbkph nus-
dwb hwdwp: Uuljuyh dowljdws Unnbjutph npulip wuydwbwynpdws k jhunwd ny
dhuyt £hpn pnipdwd wignpphpdny, wy] bwb nunigdwt hwdwp ponpubpnod
ubkpunyws hnthnpwlwbitpny: Ujg hul] gqundweny dngbhjuynpdut dudwbuy
wnlju nyjuubph phnpuipnid hwdwp puguljuynid Eu juptnp thnthnpuwlut-
ubp, npnup Yuwpnn G Wupugpl] ufjuyitpnud wnjuw qununih ophtiwswthne -
pinLuubkpn:

Unyt hbnwgnunipjut pppwttmynid ntumdtwuhpyty b ubjpntughtt gut-
gtiph Uhongny unp thnthnjuwfwbbph ghubpugnidp, npnip Yupnn ki puguhug-
k] wjjuubpnd weljw qununih opptiwywthmpiniuttpp b Yhpundt] quuwlui
dbpkiwjuljut ntunigdw dnpkjubph Jupnigdwt dudwbwly: Upyniupnid Yhpw-
nhny pugwhwpnws hnjuljuyulgjusmpmnibibpp hwpuynp b dpwlby pupy
uunhpubph nsdwt hwdwp npuljuybu wnwyk) (wy nuuulwb wwunpq dnpbukp:

Onpdwpynudutpp hpwuwtwgyl] bt pultpnud Jupluyhtt phuljh quudwi
tywwnwlny upnphiiqujht Unpkh pwldwt oppwbiwlnud: Uy juunhpp Enipjundp
hpkithg tkpluwjuginid EUkpbiwjulwi niumguiwi phiup puuwljupguub paghp
hwfwhnphubphtt wthpwdbon b quuwlupgl] quy» b «Juu» judpbph: ugph
msdwt hwdwp ppwluit qupyuyhtt phnwpynudubph hhiwt Jpu dowlyly k
wupq Whpnuwghtt guig: Ujunthbnb unwugjus guugh twhwdtpoht okipunhg hw-
Juwpwgnpyk] Eu tnp thnthnpwljuibpp: @npdwupydwi sppwtiwlnud, npubu npuuw-
Jut dbpkiwjuljwt ntunigdw dnnky, plinpky | inghuwnhly nkqpiuhwgh wignphpe-
up, nph dhongny Uswlyty k kplynt unnl) wpwlbg uinugyws tnp thnhnuwlwitkph
Yhpundwdp b tnp thnthnpupwjwubph Yhpundwdp: Unwgqué bplyne dnpkjukpp
hwdbdwwnyt] b dhudjubg htwn:

‘Unp unwugquwd thnthnjuwlwttkph donbnud tkpundwb wonkgnipniup qguw-
hwwnyl) & Yhpwokng wwppbp npujulwi dknphubtp (Accuracy, Precision,
Recall, F1, ROC AUC, PR AUC), htsytiu il guwhwwnbiny npuig Jhdwjugpujui
Jupbnpnipinibip t-phunh hengni:

Zhnmwqnuinipjul wpyniipubpp Yhpunkih o gnpstwjuinid wowyt) npu-
Juybu (uy guuwlut dhpktuyuljut ntunigdwt dnpbjutph dowldwt dudwiwl:



2nnubh poubnuympntin

Unyt htnwgnunipjut oppwtwlnid thopdwplnidubpp unwpyty Eu qup-
Juynpdwt hpwlwb nfjuukp hhdwb Jpw, 22 wwpwspnid gnpdnn 8niuhpwlh
PPL-h ophtiwlny: Unljw ptnputipp punlugus k pyny 4603 nhnwpynidutpphg b
pyny 13 hinihnjuwljwiitttphg Jupywenth wwphp Juplp Jpgutint wwhhb (20-hg
dhtisk 65 mwpklwl), Jupyuenth uke (hquljub, wpulwi), Jupjuenth wintubw-
Juwi Yupquypdwl] (Uhuytwly, wunubtwugws, puwdwbqws, wyph), Juplunnih
Yppnipjut wunhfw (ghnwlu wunhdwi, pwpdpwgnyi Yppoipnit, dheht
dwutmghnwlub Yppnipmnil, nypnguljut Yppeoipnil), ubthujuimpjut wolw-
nipjnil (mbipwnd gqniyph wnijuynipinil, pupdwljut gniyph wnlwnipenil, whpwpd
b pwpdwlu gnypbph woiuwmnipnil, ukthwjwinipub pugulunipnil), wuy-
dwbwgpuyhtt gnidwp (30,000-hg dhtsk 2,300,000 22 gpud), Yhpoht 12 wlhuubph
pupwugpnid dwdltnwig optiph pwhwly (0-hg dhusk 1600), nipwgnidubph putwy
(0-hg dhuglh 67), nhuljh nuubph thnthnpnipmnibibph pubwly (0-hg dhtsh 28), Jup-
Yuyhtt pkin (0-hg dhtslh 2,984,303 22 npwi), pwuljuyhtt quplughtt wuwwndnipjul
Epjupmipinit (0-hg dhigh 488 op), wnwybjugnyu dwpws Jupl (0-hg dhigh
25,131,048 22 npud), nidnjn (0 - ny, 1 — wyn):

Unnruwly 1-nid b 2-nud tkpuyugdus bt weolw ppuljut mdjujubph adpw-
Ynpnudubpp b jnupupwignip judpnid nhdnjnp dwutiwpwdhip:

Ugymiuw]y 1
Unljw ppwlpuln ingjuy blph pugijudp
Qnuufuy, Qapnpn
Peauidp (hug. qpit[) Ifmuzfu,ﬁm{;ﬁb
Utn
hquiljuh 612,678 41,2%
Unpwljut 557,540 49,9%
Yppnypinil
nupnguljut Ypenipinil 1,339 29,4%
ghinuljwh wunhgu 155,561 43,6%
pupdpuqnyl ppnipnti 291,127 44,0%
Uhohti dwubtimughinwlw 722.190 46.2%
Yppmpni
Udmubwlpul jupquujhdml
pudwiijud 13,085 23,5%
wuniubiugud 913,540 43,0%
Whuyurly 17,931 48,8%
wynh 225,660 55,6%
LMipwgnillikph pulnuly
0 540,573 40,6%
1+ 629,644 49,4%




Qnuifup epnjinp
Peauidp (hwgq. gpund) vwulupwdhl
YJupjuyhl pkn
0 317,685 28,6%
1-300,000 207,519 45,3%
300,001+ 645,013 53,6%
Nuyplwlugpuhl gnidwp
0-200,000 520,209 40,9%
200,001-400,000 418,168 42,2%
400,001+ 231,840 60,8%
Ungyniuwly 2
Unljw ppuljpuly ingfjuyliph prugijmdp (owpniinulnipini i)
Qmuuwp (hugq. 2Epnjin
Fomdp @iu) ! qub‘fu;wﬁﬁzz
Ykpohl 12 mdphulikph phpugpnid dunlfbunubg opkph pulnuly
0-30 1,155 316 44,7%
31+ 14,902 91,1%
Ubkthwlwbmpyub wnluynipme i
Uliguipd b puipduuit gnuph 59,682 41,8%
wnljuynipnil
Cuipduljut gnijph wnljuwynipnih 280,834 44,0%
Ulipwuinpd gnyph wnjuynipinii 70,760 44,1%
Ubthwuitintput 758,940 46,2%
puguljuynipni
Swphp
20-25 210,717 53,7%
26-35 350,813 47,6%
36-50 370,738 41,3%
51+ 237,949 40,8%
Opulh quiutph nnfunyemblph pubuy
0 910,921 47,9%
1+ 259,297 36,2%
LPubljuyhl Juplughl quundmpui Eplwpnipndl
0-270 1,156,563 45,4%
271-365 10,143 41,2%
366+ 3,512 39,1%
UnunjEjmgnyh dwpwé jJuply
0-350,000 810,315 45,1%
350,001+ 359,903 45,7%
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Unphjuynplwt tyqunwlng wnlw ndjujibkpp dpwldl) G, dwubwgnpu-
whku

1. Unlu pluwnpubpp pudwin]ty k kplnt udph’ niumgdwb b phunwynpiwui
80 % U 20 % hwpwpkpwlgnipjudp:

2. Pnnp Juwnbkgnphw) hnthnjuwwbibkph hwdwp unbnsyty Bu Yhnsd tinthn-
Jnwlubtbkp Yhpunkn Python spugpuunpuwb (kqUh Pandas gpuupwuih
get_dummies gnpShpp: Quwthnpunipjut wpyniupnid punpuwipmd wbkjugl; B
wniibp hwugibyny phnhwini wnibkph pubwlp 22 wewbg Juuyuy hntphnhow-
Juih:

3. Ppulwlugyl)  wjjujikph vnwbnyupunugnd’ Yhpunking Python spwg-
puwynpdwi 1kqyh Sklearn gpunupwih StandardScaler gnpshpp: Niunigdwt b phu-
nwynpiwt pinpwiiptiinh dholt mjujukph wpnwhnupp pugunkint tywnwlynyg
upyws qnpshpp Yhpwnyl) b wowtdht 1-ht Jhnnd tpdws nipupwisnip phwn-
pwiph hwdwn:

SYjuubpnud dbwthnpunipiniuibpp hpwljuwtugibinig htwnn dowljyt) E yupgq
Ulypniughtt gulig' Yhpunbkim] Python spugpuu]npuwb (kqup PyTorch gpunupu-
tn: Thunwplkup unbndyws guugh Junnigyuspp.

1. 8wugp punugusd k Untnpuyh opunhg, npunbn wnfw b 22 ljpn, npp
hudwywnwupwinid | hnthnjowljutbph pghi:

2. 8wlgp punugus t 2 puplfws skpuntphg 1-ht ohpunid wnlw kb pyny
64 Ukypnt, hull 2-pn skpumd” 32 tlypnt: Zwoyh wnbikyny, np Uks pulwlh tkjpnb-
ubpp Jupnn i hwigkgul) dnpbih ghpniunigdwip b ny tyuwnwlughtt hwdw-
Jupgswjht nbunipuibph Swpudwp, JEpnuoyuy ukjpnuubph pubwulp ghwhwnyty
E EdyhphY qubwlng:

3. Pwpijws phpnbpnid npyjtu wjnhjugdwt $niujghw Yhpundt) & ReLU
$miulghwly, hulj kipwjhl skpunnud’ Sigmoid $miyghwb:

4. Npubu §npniunp $niughw Yhpunyt) k Binary Cross-Entropy Loss:

5. Unpbnud hohnukph b obndwi oyyinhuhqughwjh hwdwp Yhpwundty £ Adam
Ubpnnn:

Lhwp 1-nud ukphuyugdws b ukjpniwght gugh Yupnigduspp:

Uhjpnuuyhtt guigh jnipupwisnip puptdus skpnh hwdwp npytu wlnp-
Jugdwt $niljghw puwnpygl) & ReLU (Rectified Linear Unit) [1] $niuljghwb, npp
hwinhuwinud t wdktwhwynth b wppymbwybn wljnhqugdut $niulghwtnhg
dbkyp: Uy hp punypny ny gduyhb |, puduljuitht wupg kb EElunpy: Unnpl tbkp-
Jujugdws k ReLU dniuljghuyh hwoqupldwt pwtwdlp, hull tup 2-nud ubkplw-
Jugqusd tuyn dnilyghuyh gpuupplyp:

—-11 -



ReLU whunhjugdwb
Pmubilghu

ReLU whinhjugdwb

Sigmoid wljnhugdwh
Pmulghw

X801

N7
W

LR

) W "\
AR

Gipuyht obipin

Ununpujhb gkipun
(22 ukjpni)

2-pn puipinjwd 2kipun
(32 hlijpnh)

1-pl puwpinjwd plipn
(64 ukjpnt)

Uljwp 1. Ukpniuyhl gubgh Junmgjuép

ReLU(x) = max (0, x)

U 2. ReLU pmublghuay gpusdl

—-12 -



Ukjpnuughtt guwtgh Epuyht okpnh hwdwp npytu wijnhjugdw $niualjghwm
puwnpyty E Sigmoid $miuiljghwtt [2], npp gqopstwlwinid hwdwh Jhpunymd k
Epughtt obkpunud, pwth np wytt Untnpwyhtt phyp dhwthnjunid £ 0-hg dhush 1
Uhowljuyph wpdtph, npp dEjuwpwiynid E npytu npuljut nuuht qunlukng
hwjuwbwljwinipni: Uju dniulghwi hp punypny ns gduyght k: Unnpl ukpjuywg-
Jwsd k Sigmoid $niuljghuyh hwoqupluwt puwbwdlip, hul tjup 3-nud ukpjuywg-
Yus Euyn pnitiyghuyh gpuaphlyp:

o(x) =

1+e™*

0.5

fa)
U

Ljuip 3. Sigmoid $m hljghuyh gpusBhl

\ 4
—~

Zwpyh wntbny, np ulpnbuwghtt guiugp mdmd t phtwp guuujupgiui
lutnhp npybu Ynpunh $mulghw, phupyl; E wowyk] hwjnih Binary Cross-
Entropy Loss dniuljghwt, putth np wjb jmjwgnyyu hwdpuljund E dnnbih Ynndhg
wnpdusd Eph htn b wywhnynud E wpynibwgbn ntunignid, wpnwunpoqujuime -
pmit b Juymunmpymb: Ugppinpubpwihl §npunh $niblyghwikpp skt Yhpundby
hwoyh wntbn] npuig puguunpbjhnipyut wuliwup: Unnpl tkplujugqus b
punpdus Ynpuinh $nralghuyp pubiwdlip:

N

1
Loss = _NZ[ytrue * lOg(ypred) + (1 - ytrue) * lOg(l - ypred)]:
i=1

Nputn N plunpuitiph pubwlji b, Yqe ipupwibignip phuwpdwh hwdwp
thwunugh ywhuwlb b (phup quuwfupgdui bigph hwdwp 0 Yud 1), ypred‘
Unnkih Ynnuhg 1-ht quuht unluibnt juthwnbujws hwjwiwljuinipniie

Ukjpnuuyhtt guigh dnpbkjp Yuenighjhu Yohnubph b okinnudubph oyyunpuhqu-
ghwjh hwuwp pnpyt) £ Adam (Adaptive Moment Estimation) dkpnnn [3], npp hpk-
uhg ukpjuyugunid k huynih gpuphbiinnughtt hobguwt unnpuwunhly dkpnn, npp
hn dbe ukpwnnmd k hisybu Momentum (qpunhbiinnughtt hokgdwt Unnhdhljughu,
npp wpuqugind £ b juynibugunid £ wndjuy dkpanp), wjtiytu £ RMSProp (ow-
wnhdhqughuyh Udkpnn, npp oy E wwihu juynit dnnbwg $nitulghuyh dhhune-
uh):

Uwnnpl tup 4-nd ubpluyugus b ulpnbwh guigh dwpinwupuybinn-
piniup, npp dowljws k Python dpwqpuynpdwi (kqyh PyTorch gpunupuwip hh-
dwb Ypu

~ 13-



Ukjpnuuyhtt gmugh dpwlnidhg htinn wihpwdtown L nphwnwpll) npu npuljw-
Jwl gmguiihstpp hwuwium hwdwp' dngbip hs-np pub unynpty b, ph ns: Yw
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COB,II;QHHC HOBBIX IIEpPEMEHHBIX C IIOMOILIBIO I‘Jl'y60K01‘0 OGY‘ICHHSI
A 06Y‘ICHPISI KJIAaCCHYE€CKHUX MO,T.[eJIef;I MaIIWHHOI'O 06Y‘ICHHSI

Aparenar Iapaux
Pesiome
KrroveBsre croBa: HeHpOHHSBIE CeTH, JIOTHCTHIECKasA PerpecCHA, HEHpOIIEpEMeH-
HbIe, ckopaHTroBasg Mogers, ROC kpupas, PR kpHBasd, Ka4eCTBeHHbIe IIOKA3aTeJTH
B mamHoOIf cTaThe paccMaTpuBaeTCsA MCIIONB30BAHIE HEHPOHHBIX CeTell IJIA reHepa-
I[N HOBBIX IIlePEMEHHBIX — TaK Ha3bIBAeMbIX HeHpOIlepeMeHHbIX, KOTOpble II03BOJISIOT
BBIABUTD CKPBITHIE 3aBUCHMOCTH B JAHHBIX. DTH IIepeMeHHbIe 3aTeM MOTYT GBITh UCIIOIb-
30BaHBI B KJIACCHYECKUX AITOPUTMAX MALIMHHOTO 00yYeHUs /I MOBBIIIeHMS UX dbdek-
THUBHOCTH. B KauecTBe mpuMepa pacCMaTpUBaeTCs IpUMeHeHNe HelpollepeMeHHBIX B JIO-
THCTUYECKO# perpeccuu. [l OLleHKH BIMAHUS HeipollepeMeHHBIX OBLIM IOCTPOEHSHI
[Be MOZENIN JIOTHCTUYECKON perpeccHu: ofHa — 0e3 AOIOTHUTEIbHBIX IepeMeHHBIX,
Ipyragd — C KCIIOJIb30BaHMEM HelpolepeMeHHBIX. /IJI1 CcpaBHEHHSA KadecTBa Mozesei
PacCYUTHIBAINCH Clefyiomue Merpuku: Accuracy, Precision, Recall, F1 Score, ROC
AUC u PR AUC. Kpome Toro, 65UIa TIpOBeJieHa t-CTaTUCTUYeCKas ITPOBEPKA PasIMdHil
MeXZy MoJeniMu. PesynbraThl IIOKasanu, 4dYTO [Jo0aBleHHe HeHpOIepeMeHHbIX
3HAYUTEIBHO YJIy4LIaeT KayeCTBO MOJENH, fenaeT eé Goyee YCTOMYMBON U TOYHOI.
ITpakTrueckoe 3HaueHMe MOTyYeHHBIX Pe3Y/IbTATOB 3aK/II0YAETCA B TOM, YTO HEHPOHHEIE
CeTH MOTYT OBITh MCIIOIb30BAHBI [jAXKe IIPU OTPAaHUYEHHOM KOJIMYEeCTBe JAHHBIX. B Takux
ClydagX MOXHO CO3JaBaTh HOBble IIepeMEHHBIe, KOTOpbleé MOTYT IIOBBICHUTB
5p(eKTUBHOCTh IPYIMX MOZeJIel MalIMHHOTO OOyYeHHd, 4TO JaeT BO3MOXKHOCTB
IIpPUMEHEHHUs TEXHOJOTUH MAUIMHHOTO O0yYeHHs JaKe B yCIOBUAX JedUIlnTa JAaHHBIX,
IJie TPaJUIIIOHHBIE METOBI MOTYT OBITh Hed(P(PEKTUBHBIMU.
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Creating New Variables Using Deep Learning
for Training Classical Machine Learning Models
Arakelyan Garnik
Summary
Key words: neural networks, logistic regression, neural variables, scoring model,
ROC curve, PR curve, qualitative indicators
This study explores the use of neural networks to generate new variables — referred
to as neuro-features — that help reveal hidden relationships in the data. These features
can then be used in classical machine learning algorithms to improve their performance.
As a case study, the use of neuro-features in logistic regression is examined. To assess the
impact of these features, two logistic regression models were built: one without neuro-
features and one with them. The following performance metrics were calculated for
each model: Accuracy, Precision, Recall, F1 Score, ROC AUC, and PR AUC. A t-test was
also conducted to evaluate the statistical significance of the performance difference. The
results of the study show that incorporating neuro-variables into existing datasets during
model development can significantly improve model performance metrics and
contribute to the model’s stability. The practical significance of the findings lies in the
fact that neural networks can be utilized even with limited data availability. In such
cases, new variables can be generated to enhance the effectiveness of other machine
learning models. This opens the door for applying machine learning technologies even
in data-scarce environments, where traditional methods may be less effective.
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Abstract

Artificial intelligence (AI) has transformed the way consumers interact with
products and services. From customized recommendations to personalized marketing, Al
has created a new environment in which buying behavior is predicted and shaped. This
article investigates the "domino effect" of AI in consumer behavior, or how an
individual's Al-influenced purchase can generate broader trends via social
reinforcement. We use a mixed-methods approach, using survey data (N=987 people)
and focus groups, to investigate the psychological and social mechanisms that transform
private consumption choices to viral trends. We analyze apps like TikTok and Instagram,
where algorithms convert user preferences into group behaviors, encouraging others to
replicate purchases for social recognition. According to the research, 73% of consumers
completed at least one Al-influenced purchase in the last six months, with 61%
discussing their experience online. The domino effect happens when peers mimic these
habits, typically unconsciously. While Al provides personalization and convenience, it
also raises ethical problems about autonomy, manipulation, and unrestricted
consumption. This article argues for greater openness and ethical standards in Al-
powered marketing techniques.

Introduction

The age of Artificial Intelligence (AI) has brought unparalleled customization to
marketing. Whether you're browsing through Instagram, surfing Google, or watching
videos on YouTube or TikTok, the content you view is handpicked by algorithms that
are meant to anticipate and influence your next move—particularly your next purchase.
For many customers, this results in what feels like serendipity: you consider purchasing
something, and then it arrives in your feed. However, this "coincidence" is not an
accident; it is the consequence of Al-driven systems meant to influence your behavior
[1].

Furthermore, once you complete the purchase, the effect does not end with you.
You may leave a review, share a photo, or casually mention it to friends. Then they
research it and decide to purchase it. This is known as the AI-driven domino effect: the
phenomena in which Al impacts one user's behavior, which is subsequently replicated
and magnified within social circles, particularly in digital communities.
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This article seeks to unpack that effect. We investigate the two engines that power
it — AT algorithms and social reinforcement — and how they influence current purchasing
behaviors. Through real-world case studies, original research, and critical analysis, we
hope to give a thorough picture of how consumer autonomy is being redefined in the
digital era.

Literature Review

The Evolution of Al in Consumer Environments

Artificial Intelligence has been thoroughly established in consumer society, not as
a futuristic technology, but as a major influence dictating daily decisions. Al was
originally created to improve customer service and operational efficiency, but it is now
central to consumer decision-making, controlling everything from content suggestions
to product display [11].

Recommendation engines, such as those behind Amazon's "Customers Also
Bought" or Spotify's curated playlists, employ machine learning algorithms to adapt user
experiences based on preferences, search histories, and even browsing patterns [9]. What
distinguishes these technologies is their predictive capabilities; they influence customer
demand rather than just responding to it.

From Algorithms to Influence: How Personalization Drives Behavior

A tailored experience may appear benign or even beneficial. Who doesn't enjoy
recommendations that fit their preferences? But this is where things become difficult.
Personalization gradually influences behavior by restricting exposure to other options.
When you only see what is expected to satisfy you, your options become limited,
confirming rather than extending your preferences [2].

This is especially true in social commerce environments. TikTok, for example, has
used product suggestions to create viral moments. Consider the now famous "TikTok
leggings" a rather unknown brand of leggings that sold out globe after a few renowned
producers promoted them. None of this happened by chance. TikTok's algorithm
amplified content depending on user interactions, transforming a small product into a
global phenomenon [3; 17].

The Domino Effect: When One Choice Becomes Many

The domino effect in consumer behavior is a psychological and sociological
phenomena in which one person's actions set off a chain of similar behaviors in others.
Algorithms speed up and amplify this process in the digital world. A single purchase
posted on Instagram, Pinterest, or Snapchat is algorithmically pushed into feeds,
increasing visibility and social approval.

Cialdini's concept of social proof explains this well: individuals turn to others,
particularly in unclear situations, to identify right action [6]. If others are purchasing
and enjoying it, it must be good, right? Al systems take use of this idea by identifying
trends early and spreading them to additional users, resulting in a feedback loop of
impact and acceptance [15]. Identity signaling theories also support this tendency,
according to which consumers follow or reject trends to reflect their uniqueness or sense
of belonging in addition to using them for practical purposes [4].
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Marketers can leverage this domino effect by using Al-driven advertising
strategies. According to Kietzmann, Paschen, and Treen [14], artificial intelligence has
transformed advertising by allowing for targeted, personalized messaging that not only
captures individual attention but also amplifies the ripple effect within social networks.
These Al systems can help advertisers predict and create trends, encouraging consumers
to adopt behaviors and purchases based on the influence of peers or influencers within
their networks.

Digital Nudges and Psychological Design

Digital nudges are small design changes intended to steer user behavior — are
frequently imperceptible but extremely powerful. Consider the way "limited stock"
alerts and countdown timers show next to products on e-commerce websites. These are
not merely design features; they are behaviorally crafted triggers based on psychological
findings.

These nudges can also be personalized using Al. A user who is prone to impulsive
purchases may receive urgency-based messages, but another may earn tailored discounts
for departing a basket. According to research, such nudges, when driven by AI and
behavioral data, may raise conversion rates by more than 40% [19].

Kaplan and Haenlein explore how Al technologies, such as virtual assistants, can
serve as digital nudges by personalizing interactions to suit the user’s habits, preferences,
and emotional states. They argue that such Al systems can subtly guide individuals’
decisions, further enhancing the effectiveness of behavioral nudges by making them feel
more intuitive and tailored. In this sense, AI becomes not just a tool for recommending
products but also for creating a seamless, persuasive environment that encourages
specific purchasing actions [13].

Social Reinforcement and Virality

Once Al has affected an individual's decision, the social dynamics of digital
platforms take precedence. People share their purchases, evaluate them, post unboxing
videos, and demonstrate them in use. This serves as both an endorsement and
advertising. Platforms then promote such material, especially if it generates early
interaction. Chen, Wang, and Xie demonstrate that both direct word-of-mouth and
passive online behavior monitoring have a considerable impact on customer decision-
making, frequently enhancing the impact of first purchases [7].

The social feedback loop is effective. According to a Deloitte survey from 2022,
64% of Gen Z customers are more inclined to purchase something if they see their peers
utilizing it on social media. This is particularly true for fashion, technology, and wellness
items [10]. Here, Al isn't only generating early interaction; it's also curating the social
evidence that helps that engagement spread.

Ethical Concerns: Convenience or Manipulation?

There is a delicate line between customization and manipulation. On the surface,
Al-enhanced shopping looks to be beneficial-more relevance, better service, and time
savings. However, when users' autonomy erodes, ethical concerns arise.

Critics claim that the distinction between nudging and coercion is becoming
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blurred. Are customers actually deciding, or are they being gently guided? In 2023, the
Norwegian Consumer Council released a paper detailing how Al algorithms duped
people into providing personal information and making purchases they subsequently
regretted [18].

On the other hand, proponents of AI in business believe that customers have
ultimate power and that customization is a net gain. "We live in an attention economy,"
argues Katina Michael, a digital ethicist. “Consumers appreciate relevance but there must
be transparency and the ability to opt out” [16].

Existing Research Gaps

While many studies focus on Al's involvement in affecting buying behavior, few
investigate the larger societal implications-the domino effect we're concentrating on.
What happens after the initial Al-driven purchase? How does this habit spread over
networks and communities? This is the primary gap our research fills.

By integrating consumer surveys and social media monitoring, we want to identify
the collective, community-wide implications of AI. We think that comprehending this
second-order effect is critical for developing ethical and socially responsible Al systems.

Research Methodology

To research the Al-driven domino effect on consumer behavior, this study used a
mixed-methods approach that combined quantitative data collecting with qualitative
insights. The goal was to examine not just how AI impacts individual purchase decisions,
but also how such decisions are socially reinforced, transforming isolated actions into
trends.

Research Design

The study was conducted in two integrated phases to provide both quantitative
breadth and qualitative depth. First, we circulated an online poll across a variety of
platforms, including email lists, Reddit forums, LinkedIn groups, and Instagram stories.
We focused on individuals aged 18 to 45 since they are more likely to interact with Al-
powered recommendation engines and demonstrate social reinforcement tendencies in
digital contexts. Following the survey, we conducted 18 semi-structured interviews with
chosen respondents to investigate the emotional and cognitive processes that underpin
Al-influenced purchasing behavior. These interviews provided more information about
how customers understand algorithmic cues and how social media interactions (such as
likes, shares, and peer validation) influence their post-purchase reflections. Together,
these phases provided a holistic view of how AI and social influence combine to shape
modern consumer behavior.

Sampling and Participants

The online poll had a total of 1,057 respondents. We reviewed 987 valid responses
after filtering them for completeness and quality (for example, deleting responses that
were inconsistent).

Demographics

The survey participants ranged in age from 18 to 45 years, with a gender
distribution of 52% female, 46% male, and 2% identifying as non-binary or preferring
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not to disclose their gender. Geographically, the majority of respondents were based in
Europe (62%), followed by the United Kingdom (14%), Armenia (11%), Canada (7%),
and other regions accounting for the remaining 6%.

Participants were asked to self-report their digital habits, recent purchases, use of
Al-enabled platforms (such as Amazon, TikTok, and Spotify), and how frequently their
decisions were impacted by algorithms or peer behavior online.

We picked a broad sample of interviewees based on age, gender, career, and
amount of digital participation. These 18 individuals took part in Zoom interviews
lasting 30-45 minutes, which were recorded, transcribed, and coded for thematic
analysis.

Tools and Techniques

For the quantitative portion of our study, we utilized Google Forms to distribute
the survey. Data cleaning and descriptive statistical analysis were conducted using
Microsoft Excel and SPSS. To explore potential associations between AI usage and
unplanned purchase behavior, Chi-square tests were applied.

In the qualitative phase, NVivo software was used to code and analyze the
interview transcripts. Thematic analysis was conducted following the framework
developed by [5], allowing us to identify recurring patterns, behaviors, and emotional
responses related to Al-driven consumer decisions.

We also examined Al-related user behavior on social media via public Instagram
and TikTok posts. Hashtags such as #TikTokMadeMeBuylt, #AmazonFinds, and #FYP
were monitored to discover postings in which Al algorithms affected customer behavior
and prompted social reinforcement.

Research Ethics

Prior to participating in the survey or interviews, all participants provided
informed consent. We maintained anonymity during both rounds of the research and
followed GDPR and institutional ethics norms. Participants might withdraw at any
moment and were told of the study's aim prior to participation.

Limitations

As with any self-reported data, there is always the possibility of recall bias or social
desirability bias—particularly when participants are asked to consider whether an Al
system 'influenced" them. Some individuals may underestimate or exaggerate the
importance of algorithms in their decisions. However, triangulating survey results with
social media trend analysis and interview data helped to overcome this constraint.

Findings, Analysis & Discussion

Overview

As artificial intelligence develops, its influence on consumer behavior becomes
more complex. Throughout this study, we investigated how Al-driven suggestions,
targeted marketing, and behavioral nudges impact not just individual purchase decisions
but also how they propagate over social networks. According to the findings, the
consumer environment is now formed not just by human choice or traditional
advertising, but also by a domino effect powered by machine learning algorithms and
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social reinforcement. This part analyzes the obtained data, investigates how and why
customers are impacted, and discovers the cascading nature of Al's reach.

Key Findings

Al-Powered Recommendations First Contact

One of the most intriguing findings from the study was that 71% of respondents
acknowledged clicking on Al-generated product suggestions, such as those offered by e-
commerce recommendation engines. Even more remarkable, 58% of individuals who
followed these instructions made unanticipated purchases. This demonstrates a
significant shift in consumer perception: Al-generated recommendations are no longer
viewed as background noise or digital clutter. Instead, many users see them as extremely
relevant, trustworthy hints that are frequently more tailored and valuable than standard
search approaches. In other situations, they are even favored, demonstrating Al's rising
impact in quietly directing purchase behavior.

The Function of Social Proof and Reinforcement.

Beyond individual engagement with Al-powered suggestions, the data indicated a
significant layer of social amplification. Among those who made purchases based on Al
recommendations, 62% shared their experiences on platforms like Instagram, TikTok,
Facebook, and Reddit. Of those, 74% received reactions-likes, comments, or messages—
and 44% said that friends or followers asked them directly about the product. This
demonstrates how one person's decision may become a larger trend thanks to social
media. This is corroborated by research by Choi and Sung [8], which demonstrates that
individuals are more inclined to believe and react to social media marketing when they
compare themselves to others online. In other words, people frequently feel compelled
to purchase or enjoy something after witnessing others do so.

Even more interesting, 36% reported that friends, followers, or peers purchased
the identical goods after seeing their post. This demonstrates a clear pattern: AI may
begin the purchase, but social media converts that private decision into a public, viral
habit. What starts as a data-driven proposal becomes digitally authorized and quickly
shared—essentially, a modern version of word-of-mouth boosted by algorithms.

One participant summed it up perfectly: "I purchased a mini projector after seeing
it on TikTok." I posted it on my account, and two of my friends purchased the identical
item within a week." In this case, Al starts the fire, but social acceptance transforms it
into a wildfire. The advice does not stop with one person; it travels, multiplies, and
reinforces itself through the networks we use every day.

Behavioral Triggers & Digital Nudges

Rather than just recommending products, Al systems are increasingly using
behavioral nudges based on behavioral economics to influence customer purchases.
These nudges include strategies like countdown timers with "Only 2 left!" messages,
price comparison pop-ups, limited-time tailored specials, and "Frequently bought
together" package suggestions. During our qualitative interviews (n = 18), 18 individuals
admitted that Al-driven nudges had a direct impact on their purchase behavior. Many
people reported feeling rushed and fearful of missing out (FOMO), which frequently led
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to hasty purchases and, in some cases, purchase remorse. One member stated, "Amazon
provided a 30% discount for purchasing three things together. I originally wanted one
thing, but I ended up purchasing three." This highlights how even subtle nudges, when
combined with algorithmic personalization, can create a powerful compulsion to buy—
even when the initial intent was minimal.

The TikTok Effect: A Real-World Domino

TikTok is a particularly vivid example of the Al-powered domino effect in
consumer behavior. Unlike traditional advertising, viral product success on TikTok is
typically driven by algorithmic surfacing and quick peer-to-peer sharing. A notable
example is the "Stanley Cup" craze in 2023, in which a seemingly regular water bottle
unexpectedly became a global best-seller. The product gained popularity as influencers
and regular users commented about it, prompting TikTok's Al to push it further based
on high engagement metrics such as likes, comments, and watch time. The end result
was extraordinary: the product sold out in numerous countries, entire online
communities arose around it (e.g., "Hydro girls" and "Stanley Cup moms"), and the
linked hashtags had over 500 million views in only one month.This scenario highlights
the Al-powered domino effect, which begins with individual exposure and progresses to
viral amplification and, eventually, mainstream cultural adoption.

Purchase Regret and Consumer Reflection

Interestingly, 33% of respondents said they regretted at least one purchase
influenced by Al-driven suggestions. This discovery raises serious ethical concerns
regarding the persuasive potential of Al in changing consumer behavior. Several
individuals reported feeling gently misled into making emotional purchases based on
mood-targeted material, such as advertising that appeared after a breakup or during a
difficult period. Some acknowledged purchasing items they didn't need merely because
the AI caught them at a vulnerable moment. Some even uninstalled shopping
applications to prevent reckless purchasing. This increased self-awareness among
customers reveals a deeper ambivalence: although Al-enhanced platforms provide
convenience and personalization, they also blur the distinction between helpful
suggestion and intentional exploitation.

Age and Gender Patterns

Age and gender trends indicated intriguing disparities in vulnerability to Al
impact. Younger respondents, particularly those aged 18 to 34, were substantially more
sensitive to Al-generated recommendations, with 81% saying that such ideas affected
their purchasing decisions. Furthermore, 70% of them went on to publicize their
purchases on social media sites, demonstrating a substantial correlation between Al-
driven decisions and social reinforcement among younger generations. In contrast, older
individuals aged 45 and above were more skeptical of Al recommendations, with just
39% acting on them and less than 20% openly disclosing their purchases online. Gender
disparities were also discovered: female respondents were 1.4 times more likely than
males to seek social validation—such as likes, comments, or feedback from peers—to
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explain their purchase decisions, emphasizing the social aspect of Al-driven consumer
behavior.

The Emotional Component

Despite its scientific underpinnings, artificial intelligence has a profoundly
emotional effect on customers. More than just making recommendations, modern
algorithms react and change in response to users' emotional states and online activity. By
examining variables like browser history, scrolling patterns, emotional indicators from
search queries, and environmental aspects like time of day or season, these algorithms
provide a highly customized feedback loop. Emotional attachment can therefore
influence decisions to buy just as much as reason or practicality. In addition to making
purchases, many customers are looking for identification, approval, and a sense of social
status. According to a Freedom to Ascend [12] analysis, purchasing behavior is strongly
influenced by one's sense of self-worth and perceived status, particularly in online
settings where likes, shares, and comments are used to convey acceptance from others.
This expanding trend demonstrates how emotional impulses are reflected and influenced
by artificial intelligence technologies more and more throughout the customer journey.

Conclusion

This study demonstrates a definite domino effect in consumer behavior, with Al-
powered suggestions leading to individual purchases that are then reinforced via social
media and peer influence. This influence, driven by machine learning algorithms, is
transforming consumer behaviors, creating possibilities and difficulties for firms,
policymakers, and consumers alike. It also poses significant ethical issues about
marketing techniques, consumer autonomy, and responsible Al creation.

Leveraging the Domino Effect for Companies

Businesses may leverage the domino effect by fine-tuning their AI-powered
recommendation systems to encourage pleasant user experiences. According to the
report, many customers view Al-generated ideas as very relevant and trustworthy.
Companies may use this by tailoring product suggestions, increasing consumer
happiness, and promoting brand loyalty. When Al-powered ideas result in social
sharing, businesses may encourage consumers to spread the news by providing
incentives like discounts or exclusive deals. This might set off a loop in which individual
purchases are shared, transforming isolated decisions into viral trends.

Ethical Considerations for Policymakers

‘While businesses can profit from AI-powered marketing, the ethical considerations
raised in this study must not be overlooked. Issues like purchase remorse and emotional
manipulation show that Al-powered marketing may readily devolve into abuse.
Policymakers must implement legislation to guarantee that Al marketing methods do
not exploit customers' emotional weaknesses. Transparency regulations, which oblige
corporations to reveal how artificial intelligence impacts consumer behavior, might help
safeguard customers from being deceived or pressured into making hasty purchases.
Furthermore, Al systems should avoid targeting customers at sensitive times in their life,
such as after a personal loss or financial hardship.
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Ethical AI Design and Consumer Responsibility

For Al to have a beneficial impact on customer behavior, organizations must
emphasize ethical design. This involves providing customers more control over their
data and allowing them to make educated choices about which suggestions they get.
Artificial intelligence systems should be transparent, telling people how their data is
used and judgments are made. This would reduce misleading marketing and allow
people to make more informed decisions.

At the same time, customers should accept responsibility by becoming more
conscious of the impact AI has on their purchasing decisions. Public awareness efforts
and digital literacy initiatives can help customers recognize when they are being
impacted by Al, promoting more conscious purchase. This would help fight the impulse-
buying behaviors caused by algorithmic nudges and peer influence.

Call for Transparency and Responsible Marketing.

The Al-driven domino effect is transforming current consumer behavior. While
viral marketing creates opportunity for firms, it also poses serious ethical problems. To
guarantee that Al is utilized ethically, corporations, policymakers, and consumers must
collaborate. By increasing transparency in Al systems, enforcing ethical marketing
principles, and improving consumer awareness, we can guarantee that Al continues to
serve customers favorably while respecting autonomy and ethical standards. This
balanced approach will allow Al to improve customer experiences while also preserving
their rights and well-being.

DOIL: https://doi.org/10.58726/27382923-2025.1-21
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Uphbunwlwb ppbwywimpjui §nnlhg mgnnpyynn «<xqnuhingh tpElup».
hisyytu t wphbunwljwi putwlwimpmiip wqynmy
wihwnuljui qdwh npngmdutph b vywenujwi Juppugdnid
unghunulwb ppwitdub Jpw

Uwhwlyjmb (ninnund,
Zmfhwmbbhuyml Spm gk
Unithnthnu
Zubgmguypll punkp. wphbunwlwh pululwinigemniop vywenpulwi Jup-
pwgdnii, pyuyhll ghnilbkp, phphniu hwdwlwpgln, phpupiuynpjus gniyjugn,
nunoppnidibph hudwmlupglbp, Ephiulub dwuppkphig, Juppugsh thniinfun:-
Jpynchp B Eunpniuypl wnlinpnod

Uphtunwljut pwtwujuinmpniut wjuop towtwluh wqnkgnipnit niuh
dwpnjuwig wdktopyu qunidubph Juppugsh Jpui: Znnjudp niunidbwuppnid b, ph
hswtu E wphtunwlut pubwlwinipmniup (UR) wgnmd uyywnnnubph qudwi
npnonudubinh Jpw, hwnjuwbu pyuyhtt pwibph b unghwjulwh wqnkgnipnii-
utph dhongny: UL hwdwlwpghpp quuyny wykjh o hunkqpynud wnguig qunud-
ubph hwppwlubpnud, unghwjwlwh dbnhwjh b wnbwnpughtt hwykJusubpnud,
npubn npuitp juijwnbund b dbwynpoid kb uyywennh Juppughsp’ wnwgwp-
JEnY withwnwluwigfus wwypwipbbp nt Swowynipnibibp: Uju hbwnwgnund-
pintup wupqupwind E, np UR-h §nnuhg wpjws wpwownpynipjniuukpn ny dllul]h
niqnnppmid b wthwwnh gunudubpp, wyh weweowgunud B ampnuhiingh EpElun» bpp
Ukl oqunnuinhpng quniup qunbmd E hwbpuyghtl nkinktg wwpusyng unghwiw-
Jut hwuppwlubpnud: TikTok-h b Instagram-h whu hwppwlutpnid oquuwnkptpp
Yhuynud L ppkg unp qunudubipny, hul wignphedutpp tywunnid Eu gputg jugt
nwpwstwip widtwul twpbnpmpmniop Jkpusting ppklnh: Zknwgnum -
Pl pungpynud k hmpgmd, npp Yhpnisnud £ uyunnnubph wpdwquiipttipp
UR-h wqpkgnipjut tnul] pugwhwjnbiny unghwjulwb dkpwihquubpp, npnup
niqnnppmd ki npnonudubph juyugdwt gnpéplipugn: Unghwjwljut dknhwbpp
nupdimd kb wyy tkpgpudqusnipniip wykih wqnkghy U nhnkh wjughuny
Atwynpbiny  uyt  Juppwgduyhtt  thnthnpumpiniutbp: Ujuniwdbbwgthy, wyu
Ubpnnubpp Jupnn bu nibibbu) bwb puguuwlwi hbnbwiptbp: Zupgdwt dwu-
twlhgutph dnwn kY Gppopgp oy & np whunund o hpkitg junwpws qunid-
ubkpp, pwlh np npuip tnky Eu huwnyuhy: Uju hbnwgnunipjub wpyniupubpp
hwpgbp ki wowgwgnid wpnynp wyuuhuh qinidibpp wqun Judph gpubinpoid
El, pk UL-h §nnuhg munnnppjws wqnpbgnipjut hknbwp: Uju nnuhungh tbElunn,
nnpt ujuynid £ Ukl yupq qunidhg b wénud unghwjulju guugkph dhengny, wnw-
owgunid k ny vhuyl unp nt wpniiwdbn dwpplphiquyhtt htwpuwynpnipniuubp,
wy] twb dh owpp Ephlwlwt hwpgtp, npnup Ytpwpbpnid i uwwywpnnubph

hpwyniupltiphtt b whdbwlub njubph yuonywinipjubt wwhwheubpht:
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Dddexr gomuHO, 06ycaoBreHHsit MU kak HCKYCCTBEHHEIH HHTEIEKT BIMIET
Ha MHAMBHyaJbHEIE IIOKYTIaTeIbCKHE PelleHHUA M COIMAIbHOE NOOIPeHHe
B ITOTPeGUTEIECKOM IIOBEAEHUH
Caaxax Pycram,
Oraunucaa Ppynse
Pesiome
Kirfovepsre croBa: HCKycCTBEHHBIN HHTENIEKT B IOTPEOHTEIBCKOM IIOBEAEHHH,
LH@pOBbIE IOKYIKH, MALIHHHOE OOyYeHHe, TapreTHPOBAHHAA PEKIaMa, CHCTEMBI
PEeKOMeHZaIHH, 3THYeCKHH MapKeTHHI, IIOBEJE€HYEeCKOe BO3JEHCTBHE B 3JIEKTPOHHOH
KOMMEDI[HH

CraTpa ucciemyer, Kak HCKyccrBeHHbIN uHTesiekT (VM) Bimsder Ha peureHus
morpebuTenell O IIOKYIIKe, OCOOEHHO dYepe3 IuGPOBbIE CTUMYJbl U COIHAIBHOE
BoszeiictBue. Cucremsr MM Bcé Gosblile MHTETPUPYIOTCS B OHJIANH-TIATGOPMBI s
IIOKYIIOK, COIMajJbHbIe MeZHa M TOPrOBble IIPHJIOXKEHHS, IZe OHHU IIPOTHOZUPYIOT U
dbopMupyIoT IOBefieHHe IOTpeGuTeNel, Ipesaras MepPCOHAIU3NPOBAHHbBIE TOBAPHL U
ycayru. JlaHHOe HMCcleZoBaHMe ITOKa3bIBA€T, YTO peKOMeHJanuu, cuenaHHsle MU, ne
TOJIBKO HAIIPaBJIAT HHIWBUIYaIbHBIE IIOKYIKU, HO M CO3ZAIOT «d(PdeKT IOMHHO»,
KOTZa TIOKYIIKa OZHOTO II0JIh30BATEsA CTAHOBUTCA OOILIECTBEHHBIM TPEHZAOM, PacIpoCT-
paHAACh B COIMANBHBIX ceTsx. Ha rakux miardopmax, kak TikTok u Instagram, moms3o-
BAaTENU IEJIATCS CBOMMH HOBBIMM IIOKYIIKaMM, @ aJTOPUTMbI CIIOCOOCTBYIOT LIMPOKOMY
PacCIIpOCTpaHEHUIO STHUX IIOKYIIOK, IIpeBpalias JIMYHbIe IPeJIIOYTeHUS B TPEHJBI.
VccnenoBaHue BKIJIIOYaeT OINPOC, KOTOPBIH aHAIM3UPYeT PeakIuu IIOTpeGuTeseil IOf,
BausHueM VIV, BBIABIAA colMasbHble MEXaHW3MBI, HAIIPaBIAOIIUE IIPOLEeCC MPUHATHI
pemenuii. Tem He MeHee, 5TH MeTOABI MOTYT UMETh M HeraTHBHbIe mocaeAcTBuA. OK0JIO
TPeTH YYaCTHUKOB OIIPOCA IIPU3HAJIKCh, YTO COXKAJIEIOT O CBOMX IIOKYIIKaX, TaK KaK OHH
ObUIM HMITYJIbCUBHBIMHU. Pe3yIbTaTsl JaHHOTO MCCIELOBAHMS ITOAHUMAIOT BOIIPOCHL O
TOM, SABJIAIOTCA JH TaKHe IOKYNIKM BBIPQ)KEHHEM CBOOOZHOH BOJIH WM CJIEACTBHUEM
HampasieHHOTo Boazeicreua M. Dddexr oMrHO, HaUMHAIOMUKCA C OJHOM IIPOCTOI
IOKYIIKA M PacIPOCTPAHAIONUICA 4Yepe3 COLMAJbHBIE CETH, MOPOXKZAET HEe TOJBKO
HOBBIe U d(deKTHBHbIE MapKETHHIOBblE BOSMOXKHOCTH, HO U PAJ, STUYECKUX BOIPOCOB,

KacaloluXcs IIpaB oTpebuTesieil 1 TpeGOBaHMUI 110 3alIKUTe IEPCOHATBHBIX JaHHBIX.

Ukpuyugdt) £ 13. 04. 2025 p.
SGpujunudly k- 23. 04. 2025p.
Cunmii]ty E vnyugpnipyui  05. 06. 2025 p.
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Zwbpwhwoymd hpwljwut pytpht gniquhtn phuwplynud £ pdtph wybh
1uyb nui, npp Ynsyoud Eyndwyitpu ptph quu (2]

z = a + ib nkuph pYht wduunud i Yndutpu phy: Ujuntn a,be R b i-u Ytns
Uhwynpl £, nph hudwp i2 = -1 jud i = vV—=1: a-htt wijuinid k z Yndyjkpu pyh
hpulwi dwu b ywhwymd kb Re-ny a = Rez, hulj b-htt’ s dwu b tpwbwlnid
Ll b = Imz: Ujuhtiph guilugws Yndwibpu phy Yupbih E qply z=Rez+i*Imz
wnbupny: Zwpwhwoyhg Jtphhotup Uvh putth vwhdwunidubp:

Uwhdwimd 1. 1. Q puqunipnilit hp Uk uwhudwinjws gnidwp b wpunwnpyuy
gnpénnnipnibtph htn dkljnkn nygnid t onul:

Uwhdwimd 1. 2. Q(+,") onuljp Ynsynid k nupwn, tpk Q\{0} puqunipniup
Juqumu £ wphjui unudp wpnwngpyug gnpsngmpyul djwndwdp (wyuhipt' A*x =
B u x*A = B hwjwuwpnidubphg jnipupwigniptt odndws E dhwpdtp inisnidng):
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wunh&with hwipuhwoywlub puquuinud’ Pi(z) = ao+ai1z +...+ anz® (an#0) nilth n-
hwwn wpdwnibp husgws hpklg wwnhlmpyudp):

2. Uy mkuwljh puquuuyunlnmd §ndyyEpu pytph quownh Jpm
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wjuhlipl niiktw p+qi nkupp' 2=i*i=p+qi:
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Uwhdwtbny p-u b g-, Jipptmjut wkupny dktp Junwtwbp wn pdtph
puquuyunynulp.

(a+ib)(c+id)=ac+ ad*i + bc*i+bd*i?=ac+ad*i+bc*i+bd(p+qi)=(ac+bdp)+(ad+bc+bdq)T (2. 3)
iZ-n1 htwpwynp nhwpbpp vnwgynud Eu i2=p+qihwjuwuwpnipiniihg:
2
P2-qi=p ful (i — )2 =p + L= (2.4)
Ujuntin htmpuynp B bpkp nbwpbp.
2 R 2
I nkuypp, btpp (p + qT) o puguuwlwb phd E p+ qT = —k? k-u qpnjhg
wwppbp nplk ppujub pho E:
Uy nbiygpmd

2
(i-2p =k => (]1(1 —Zq—k) =1 @5
(2.5)-p dwju dwunmd Yubquwé thwljugdstph tbkpuh wpunwhwjnnipmniip

(31— 2) o tpwinalyyny J-ny, Ymibbwbp =1

Uy nphwypnid guijugus a+ib Ynuuy tpu phy Juptkh k ubplujugut) hbnlyug
mhupnq‘a +ib=a+b (%+ k]) = (a +§q) + bkJ:

Gud wy] YEpy wuws a+ib Yndutpu phyp Yupbkih b ukpluyugut) a+b]
wnkupny, npml‘:q J2=-1:

Ujuhptt Uklp thwunwgh qnps niukup hnduykpu pykph htan:

2 . 2
II qbwpp, bpp p + - phip gpuljwb phy b wuhpl' p + % = k2, (k # 0): Ujy

nhupnid
1 2
(—i - i) =1:
k™ 2k

Gpt hwjuuwpnipjut dwp dwuh thwljugstph tkpuh wpnwhwjnnipmniip
tpwlbwlklp E-ny, nibktwbp E2=1: Uju nhypmd gubljugwus a+ib Yndwtipu phip
yupkih b Ubplupugil; a+bE wbupn] (a+ib=a+b(2+kE)=(a+2q)+
bkE)), npwutn E>=<1, & wyp hwdwlwupgh pdtph puqduyuwunlynudp Jupbkh b
tbplwjugity hnbyuy nkupny

(@+bE)(c+dE) = (a'c+b'd) + (a'd"+b ¢ )E:

III ntwpp, bppp + qu = 0: Uy phypnid wywbwlbnd =i —% Yniubiwtp
2=0: "}hmulpanq hwdwlwpgh guijugws a+ib wnkuph phy unpkih & hhpllul]ulg'uh]_
a+b’ mhupm{ u wyn Ial.[hpb pulqt[mu.lmmllnuf]} Lukpuyugyh htnlyw) nkupm]

(@+b)c+d)=a'c +@d+b'c):

Ujuyhuny, a+ib wkuph gwilwugws phy Jupbjh b phpkp htnbjuw) Epkp
wnbupbkphg Ukyht.

1) Undubipu ptph a+bJ, 2= -1,

2) Upluwlhh pytph a+bE, E2=1,

3) Gphulh pytph’ a+b, 2=0:

Uphuwlh b bplulh pdbph wkh phy htwnwppphp Bb, pwith np wyn wkuph
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pUERh puqUnipjut Jpu skup jupnnuinid vwhdwik] pudwinud (ophtwl, Epk z1
= 1+ 0'E pmdwiktp z2 = 1+E, wjuhlipti ginukup vh x phy wyuwtu, np (1+E)*x = 1+0°E
hwjwuwpnid niuktw jnusnud, skip Yupnn, pwth np (1-E?)*x = 1-E Yhtwnlp, np 0
=1-E: Yw, tpk z1 =1+ 0* pudwlkip z2 = 0 + 1* wyuhlipt' thnpdkbp sk x* = 1
hwjuwuwpnuip’ x = a + b* nghwypmu §mukbwip x* =a* 1:

3. &Juunbpihnbubp (punuwipudutp)

Unuuytipu, Ypltwhh U bphulh pbph Gkpdmsnidp stmd b unp dhinp
owpnthuljl) tdwtwnhy pytph tkpdnidnid nt nuunidbwuhpnipyniip:

Zwgnnnhy nhwnwpynd kup z = a + bi + ¢j whkuph pybtpp, npuntin a, b, c-t hpw-
Qi pykp kb, huly i- b j-u npnp uhdynjubp Eu [1]:

Uju mhwh pyuwyhtt hwdwlwpgnud gnidwpnudp vwhdwignid | puuib dung.

(@a+bi+c)+@+bi+cj)=@+a)+(b+b)i+(c+c)

Upnunpup whwnp b vwhdwil] wytwbu, np quhwwitu pytkph wpw-
npuih whnuihnjwlub' zi*z = 2221, quignpulub’ (zi°22)z3 = z1%(z223), pupfuw-
Ywl' z1%(z2+23) = z1*z2+ z1*z3 ubintlikpp:

Ldwbwwnpy wpnwgpjuih vwhdwind htwpuygnp b Gpk wyt vwhdwigh
htnlywy Yhpy'

(a+bi+ cj)(al+ bi+ c’j) =aa'+ (ab'+ ba))i+(ac + ca')j:

Uwluytt wyy ghwypnid wyy pYuyhtt hwdwupgnud puguljumd t pwdw-
tunudp: Ophtiwly, zi=1-p sh pudwigh z2= i-he

NMupqynud k, np wyy pduyhtt hwdwlwpgnid niqnuih sjw pytph pudwik-
(hnipnit:

Uwluyt bpp wyn bnwbnudp qupdibtp pupwinud wybkjugilng bu by
uhdn k' z = a+ bi + ¢j + dk, wuyw wju wyuygbu Ynyws punwbngudbbph (pduntp-
thntubkph) pyuyht hwlwlupgnid junpkih £ unwbw) pudwbbjhnipniie

Uju pwnwinudtbph pduyhtt hwdwlwpgmd gnidwpp vwhdwbbiup JEpbnid
vwhdwinjws gnulupht hwdwyuinuupwb’

(@a+bi+cj+dk)+(@+bT+cj+dk)=(a+a)+(b+b)+(c+c)j+(d+d)k,

hul wpunuypu) vwhdwiknt hwdwp dbkq withpwdtown t i, j, k uhdynjutphg
mipuwpwignip qnugh wpwngpuih wpyniipp: U Jupbih B ouwy) hbubyuyg
wnniuwlh vheongni.

Unyniuwly 1.
3, J, k updijnjbliph qnyqlph wpuugpyuybliph wpyn bphkpp
i j k
i -1 k E
j & -1 i
k j -i -1
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Ujuwnktn i2=j2=k?=-1, hul] dbmugwé qnijq wn qnyq wpwnputhph wppniup-
ubpp yuwwnlkpuynp ubpluyugibnt hwdwp Jupkh k oquyty hkwnbyw) oppwbiwdl
nhugpuiihg (bup 1).

i
Uwp 1. 1, j, k upnlifnjakph qnyglph wpumunppuy bkph
unuglwl ppowlnudl ghwgpudp

Snipwpwiyinip tpynt uhdynjubph wpwnwnpuip mwhu £ Eppnpn uhdyngp,
bphl owpdynid kup dwdujwph nipnnipjudp b wyg ninpnipniut wdktwlupgu k b
wyt mmwhu b Eppnpn uhdynip dhtintu pwing, Epk owpdynud bup dwdujwph
hwljwnwl] mynnipjudp, b wyn nipnnipmnibt wdktiwlupga t:
Ujn niypnid htipunnipjudp Jupnn kup puqluyunll) Epynt «punwnnn»-kp
hpwn htwn.
p:a+bi+cj+dk,p'=a'+b'i+c'j+d'k,
p*p' =(aa-bb-cc’-dd) + (ab’+ ba'+ cd -dc ) +
+(ac’+ ca'+ db’- bd")*j + (ad '+ da'+ be - cb')*k:
(3. 1) putwdlny vwhdwijus wpnugpup pudupupnid b wpuwnpuh
qmgnpyuljul opkiphti’ (p1p2)ps=pi(p2ps), uwuyyl wyy wpnwnpyup nknwhnjuw-
Quin sk:
Puyg wju pYyuyhtt hwdwlupgnid ju puwdwibhnipnil, ningqujh whwp L
wnwpphpuyty we b dwiju putinpnubpp. pi=p2xw b pi=xap2:
Uju hwjuuwpnidubphg hbpunnipjudp Yquugh.

1 _
[xuz = _|P2|2 PPy
1 = (3.2)

(3.1)

npubnp = a + bi + ¢j + dk-h hllllful]_anE‘ p=a-bi—cj—dk L |p|’=p=*xp=
=a?+b%+ct+d%
Ywd punwinudh dnnnup |pl = va? + b2 + ¢ + d? (4nuykpu pykph wlwby):

_37-



4. Zhybpynuytpu pytp

Ujdd punhwipugubip Yipp nuundtwuhpwé  pyughtt  hwdwlwpgbpp:
Shpukp nplik n phwljwl phy b ghunnwpytip htnlyuw) wpnwhuwjnnipmniip.

ag + aqiq +aziz + -+ ayiy,

npunkn ap,ay,...,a, -Eipp wpyws hpwlwub pytp G, hul i, i,..., 0-Epp
uhuynjubp Lu:

UopJwd wpnwhwjnnipjuith widukup hhwykpyndutpu phy.

p =ag+agi; +azi; + -+ ayiy:
Bpt wyy hwdwywpgnid npdws Uty wy hhybpyndykpu phy
q = by + byiy + byiy + -+ byip,

www p = q wju b vhuyt wyb nhwpnud, kpp ag = by, a; = by, ...,a, = by,

(ap +a;0 + a0 + -+ a, 0 hhuykpynuuptipu  phyp  hwuwpkup nipnulh
hwjwuwn ag-h):

Bnynt hhybpynuwkpu pytph gnidwpnidt o hwbnudp vwhdwikup phwlju
aliny.

p+q=(ap+bo) + (ar +by)ix + (az + by)iy + -+ + (an + by)in
p —q = (ag — by) + (ay — by)iy + (az — bp)iz + -+ (ay — bp)in:

Ujdd uwhdwukup hhytpyndytpu pYtph wpnwnpyugp:

Upununpup vwhdwbint hwdwp dbq wihpwdtown b uvwhdwil) ponp iy i,
wnbuph wpunugpuikpp, nputn k-t b m—p hpwphg wwju pugniinod B 1-hg
dhtish n phwljub wpdbtputpp:

‘Lwu pupmukbp, np i = i = = i2 = —1:

Ujunthbtwnliy i, upunungpjuhuwhdwtdwithwdwpogquiykupppowtiuhn
wnniuwljhg b judwyulwb i i, wpnunpuh hudwup ghnwpytup Epyne nliyp.
bppk<m b k>m:

Yhwp 1, bpp i iy, wpunpuih hwdwp b < m:

U phwypnwd iy, ip,..., ipuhiynjubpp  oppwtiwdl nuuwynpdus  Yihuku
wjiybu, hsyhu ukpiuyugqus b uup 2-nwdb i, -hg Yupnn Gup quwy i,
dudupwph  mnnnipjunlp’  wbgbng iea=hy lerz= by bpoa-h Upuyny, - Guad
dudujmph hwlwpwly nmpnmipyudp wbgubny  ig—1-h ik—2-h...,i1-h, in-h,
in-1—-P - Im+1—h Ypuyny b pnplny wyn Swbwwwphtbphg wdkbwlupdp
uwnwbiwy] i i, wpnwunpuih wpdtpp hbwnbyug Yhepy.

im+1, GpEm—k<n—(m-—k)im=#n
igim =1 i1, tpkm—k<n—(m—-k)im=n

—ipm_y, EpEm—k>n—(m-—k): (4.1)
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iﬂ

Im

Nt

Vjwp 2. 1i,...,1 uptliJnjhEph qnyglph wpununpuy biph wnwglwi
opowlnudh phugpundp k<m pkupmd

k

Yhawp 2, kpp i iy, wpunppuh hudwp k> m:

Ujunbwypnid iy, iy,..., i uhdynjubpp opowiwdl nuuwynpjus Yihukh wyb-
whu, hyybu ubpuyugyws t uup 3-nud b ig-hg Jupny Eup quwy i, dwdujwph
nnnnipjudp’  whgubny igy1-h, i,f+2—b,...,in— b tns1-D im—1-h Ypuyny, Yud
dudujuph hwjwpwl ninnmipjudp wagubny iy_1-h, ig—2-h .., in1~ R Ypuynyg b
punpbny wyy {wtwwwphibphg wdktwupdp’ vnwbwg i, wpnwugpuh
wpdbpp htwnlyuy Ypy.

—im—1, Gpik—m<n—(k—-m)im=+1
ikim—{ —iy, fphk-m<n—-(k-m)im=1 (4.2)
im+1, Gk k—m>n—(k—m):

1-ht b 2-pn nhwpkph wpyniipnd pun 4. 1 b 4. 2 pwbwdbbph junwbwip
i1,lz, ..., ln uptynjtiph  qnuygliph  wpuwgpuybpp - tkpljujuging - wynuwlp
(wlwbwwnhyy wnniuwy juqul) Eup punwinudubph hwdwnp):

m
Vjwp 3. 1i,...,5 uplijnyhkph gnyqlph wmnwnpyuy bph winwgudwa
opowlnudl ghwgpundp k>m pkuypmd
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Onptwly, p = ag + ayiy + azi; + aziz + aziy + asis + agig
q = bg + byiy + biy + b3iz + byiy + bsis + big kg wlnud (n=6) wwpnibwlng
hhuytpyndwytpu pYtph hwdwp i, wpuwugpup, npubn k,m=1,2,3,4,5,6,
Juwhdwigh htnlyu YEpy (unmniuwl 2).

Unyniuwly 2.
11,12,13,14 15, Is upuli/ny bEph qniyqlph wpumuwnpuybkph wpynibphkpp

I 2 3 It Is Is
I -1 13 It Is -I4 -I5
2 -I6 -1 It Is Is -I5
3 -16 -I1 -1 Is Is 1
It 2 -11 -2 -1 Is 1
s 2 3 -2 -I3 -1 1
Is b4 13 It -I3 -14 =1

is ,
iz

YdJup sk unnigh], np uwyu hhybpyndyykpu pyYtph hwdwlwupgnud wknh
niukl puqUuyunldw hbnlyju) hwinlmpniuttpp.

U) I'p=p'l=p

£) @@p)(b'q) = (a'b)(p'q)

@) p(qi+q2) =p'qi+p'q

1) (p1+Pp2)°q=pr'q + p2'q:

Uwljuyt hhwykpynuytipu ptph wpununpyugp nkquihnpouywb st

Ujuhtpl, dhow sk, np &odwphun k p*q=q*p hwjuwuwpnipniup: 64 wyn wpnw-
npyuin sh pudupupnid twb gnignpuljwi jubntht' (p*q)*u p*(q*u):
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“pw hwdwp junubnyg wyu hhybpyndyykpu pykpp pudwibjhnipjut vwuht
whwnp E wnwhdtiugul) dwp b we pudwtmpuputpn hwujwugnipniuubpp:

p'x = @ hwjuwuwpdwi nsdwbp jubduibip dwpn pwunpn, hul x*p = q
hwjuwuwpdwi (nisdwbp’ we pwinpn:

Uy dwju b we pwunpnubpp, phwpyl, jupng & b shudpulyuby] (huswybu
dwwnphgutiph nhypnud. ns Uhpn &, np A*B = B*A):

Zwynth k, np wpnunpuih nknudnhebhnupniip odwphun  Epyne (Yndy-
1Epu pytp), snpu b nip swihwuh hhybkpyndwipu pyuyhtt hwdwlwpghpnid:

Uyuyhuny (n+1) swihwth hhwytpyndwpu pijwiht hudwlupgl hpkthg bbp-
Juwjugunidtay + aqiy + aziz + - + api, whuph wpnwhwpnmpmnibibph hwdw-
Judpmpymip gnuiwplwb unynpuljwl dung (phwlwi) b puquuyunidudp (dbp
nhuupljué nhypmud wpnk hul Jepp gupunpyws):

Phuiplt, pk hhykpyndwtpu pduyhtt hwdwlwupgnid pug pnnukup wjuybu
Unyjws wqun whnuup' -t b nphnwplkip thuyh ayiy + ayiy + -+ + ayi, nkuph
wpunuwhwpinnpnitibpp, wyw fhwiqbip n-swhwih JEjnnpuljut nwpwsni-
prub’ hpkl jnipuhwinnly hwipwhwpjwlub gnpsnympynitikpng:

5. iyiy wprunpugbkiph vnuwgdwh Spugpuyhtt ppuwugmup
Onpwgpuynpuiwit C++ (kqyny qpjws t dpwghp, npp judwyului n = 3 -h
hwdwp wpunwsnid E iy i, wpnwunpjuubph wnniuwln:
#include <iostream>
#include <iomanip>
using namespace std;
void main()
{
int n, i, j;
cout<<"n="; cin>>n;
int *a=new int*[n];
for(i=0;i<n;i++)ali]=new int[n];
int r,1,i1,i2,p=1;
for (i=0;i<n;i++)
for(j=0;j<n;j++)
{ if(i=—5) ali][j]-0;
else
{ il=i+1;i2=j+1;
if(i1<=i2) { r=i2-i1; l=n-1;} else { 1=11-i2; r=n-L}
if(r<=]) a[i][j]=(i2==n ? 1:12+1);
else
if(r>1) a[i][j]=(i2==1? -n:-(i2-1));

}

for(i=0;i<n;i++){
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for(j=0;j<n;j++)cout<<setw(3)<<a[i][j];
cout<<endl}
}
Uju épwugnh juunwpdwi wpyniipnid n=6 b n=5-h hwdwp wji upwnwsh
htwnlyjw) wpyniupubpp (Wup 5).

A
1

A

=

L
1

[}
]

@
@ s
[ax]

[

LA

[an]

LA
1

= PR R

1
1 -

Rhd Ba LA
L e e
Pd P

=

O Ccontinueg

AL
ok

TO Ccontinue,

Uljwp 5. n=6 i n=5 plkujpmidf ixin qnuyglph wpnwnpyuy bkph wpyn: iphkpp

Ujuntin 0-ubpp hwdwwywunwupiwind u igi, = —1-hl, hul pdtpp tbpluw-
jugunmd B hwdwywwnwuppwb hwdwph i, uvhuynp:

Lwlih nn i i, wpnugpujibpnd vinwbinud Bup hiywbu nppujut, wiybu b
puguuwlui wpdbpubp, wyw hwoyh wntknyg wyn wpnwnpyu)tkph vwhdwind-
ubpn (4.1 b 4.2) Jupnn up jnipupwiyinip n-h hwdwp hwpybty npubg pwtwljubpnp:

Cuwn 4.1-h b 4.2-hjudwywljub k-h Zm-h hwdwp npuljut wpdbp vnwbnid
bup, tipp Im—k| <n—|m—k|, yud np tnyu £ jm - k| < EJ, npubinhg htnbnud
E np wpunungpujubph wnyniuwyh jpipupwignip mnnnud ju EJ hwwn ppuljub
Phy, npintnhg htwnbtnwd E, np.

1) Ephkn-p qnuq b (n=2k, k€N), wmyw npuljuh mwppbph puwbwlp (dr) hwuw-
uup k' dr = 2 * n,ophtwly, kpp n=6, wwyw dr=6*6/2=18 (uy. 3),

2) btpk n-p Ykt k (n=2k+1, k€EN), wyyu npuljub mwppkph pwtwyp hwduw-
uwp k' dr = ==+ n, ophluwy, kpp n=5, dr=(5"5-5)/2=10(uy. 4):

Uhpmskyny wyy wpnunpuybbph wnugdub npudwpuimpmmip’ jupng
Eup wnwgwplt wpinunpjujubph wnniuwyh wpwg jpugdwi hknbyjuy wignphpe-
Up, npp plumd E, bpk wpmuwlp ghinwpup npybu nnp, wjuhipt' hwdwpkip,
np wnnuwlh hwinhywlwg ququpttpp b hwinhywlwg Ynntpp dkyp dniup
owpnitiwlnipnibt kt b wnpniuwlp ujunud Bup jpwguby ii; = i3-hg whlpnibw-
qdtpny’ opowtiwdll (wnyniuwly 3), wyuhlipt Yhpunkiny «quun Unnm) n-h» gnpén-
NP (i7¢moa ny) = i1): Ujn nhwpnid, kpp hkppuljut mwppp (pugitint hwudwp
pupwughy Juinult wpnku pugdus b, whginid kup wehg qniquhbn wlpnitw-
gdhl, huy ppuljwubph pwbwlp jpubuynig htnn wiginud Gup puguuwlu
wnwppkpp unwbwnib:
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Unyniuwly 3.
Itim qnygEph wpumugmuy bkph wpym bpakph wyymuwh jpugdwl ujubdwh

Ir Iz I3 Is Is Is Ir
I -1 s i s i4 -is
Iz -is -1 Ix s s 5 -i6
I3 -is it -1 Is is y 3 ~Is
It 12 - iz -1 Is b3 12
Is Iz 3 Y iz -1 by 2
Is I Is 7 i3 s -1 y)
I 13 14 Is 14 -15
Bqpuljugnipjnih

«hytpyndyy kpu pytp» hnnusdp tdhpywsd b Yndubpu ptph punhwipug-
dwb niunidbwuhpnipjuiin: Lwju punhwipugyl) k §ndwytpu pytpp punwwnnnb-
pn’ plunbpipnbibpny, wjinthbnb wji pighwipugl] b guijugus (n+l) bp-
Jupnipjudp hhwykpynuwtpu pytpny: Ujuinkn ks Yupbnpnipmniy niih wyn pyt-
ph wpununpuh vwhdwbnudp, nph hwdwp wuhpwdton £ vwhdwl) pninp iy i,
wnbkuph wpwnwunpuiukpp, npnbn k-t Zm-n hpuphg wiwp pgmibmd Ea 1-hg
dhish n phwluwb wpdbpubpp b wyy wpunwugputiph wpdbpubpp jujudus ku
k <m & k > m nluplphg, npnup wpuwnwpnid dwbpudwut ghunwplqus B

zhwpynuybpu pYtph hwdwp vwhdwiws wyn wpnwnpup pudupu-
poud E gnignppujui b pupfuwut opkipttipnhly, stwyws uyl sh pudupupnid nk-
nuthnpwlut opkupht: Fpw hwdwp mwppbpulyl) i we b dwpu pwunpnukp
hwuljugnipyniuttpp:

UowlJws L punhwunip wignphpd guijugws tpjupnipjudp hhwykpyndw-
1Epu pytinh tdwbwnhy wpnwnpuih vwhdwidwt hwdwnp: Ujn wignphpdh hpu-
Jubwgdwt hwdwp gqpdwd b dpwghp spwgpuynpiwui C++ (kqyny, npp n =3
Enjupnipjudp hhybpyndybpu pytph hwdwp vnwbnd i i, wpnwugpuukph
wnniuwlp:

U wpunugpyu)ikph vnugdwd npudwpwtnipiniihg bukng wewewpltp
E wpinunpuyubph wnniuwljh wpwg jpugdwt wygnphped, npp hhdtgws £ wnni-
uwlp npybu nnp Hhunwplne b wpgnuulp wilnwgstpn] spewbwdl «pun
Unnni) n-h» gnpénnnipjut jhpundwh uqpniuph Jpus:

Zhybpynuykpu pytpp Jupng kb hpktg Yhpwempyoibikpp quoik) Ynnw-
Ynpdw hwdwlwpgbpnud: dpwtp Yhpwndnud B Eppuswhnipjut Uk, dhqhlju-
nud, dhtuubpnyjut mwpwsnipniuubpod, dpuljnwtbpnid b wyh [3]:
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I'inepxoMmrexcHsIe YKCIa
S3axapar Maxzerr,
ZDxarapaa Maprnera
Pesiome
Kirfovepsre croBa: KOMIIEKCHBIE YHCIIA, TPHAHTYIALHH, KBATEDHHOHFI, VMHOMXE-
HHE 0000L[eHHBIX KOMIIVIEKCHBIX YHCE, TOP, a/ITOPHTM

Crares «['MIepKOMIIIEKCHBIE YHCIa» IIOCBALIEHA KCCIeOBAHUIO 0000meHns
KOMILTeKCHBIX yrces. CHavyaa KOMIUIEKCHBIE YKcia ObIIH 06001eHbl Ha KBAaTEPHUOHSHI,
3aTeM Ha THIIEPKOMILIEKCHbIe 4yucia Jo6oi (n+l) gnuuel. Bonpumoe sHavenue specsh
HMeeT OIIpesieleHue IIPOU3Be eI STUX YHCe, A1 9ero HeOOXOMMO OIpeeIuTh BCe
IIpOU3BEIEHUS BUJA ki, IZie k 1 M He3aBUCHMO IPUHUMAIOT HAaTypajbHble 3HAYEHUS
or 1 70 n u 3HAYEHUs 3TUX IIPOU3BEAEHUII 3aBHCAT OT caydaeB k<m u k>m, mozgpo6ro
paccCMOTpeHHBIX B paboTe. BbLIu BbIeI€HbI IOHATHS IIPABOTO U JIEBOTO YaCTHOTO U GBLI
pa3paboTaH OOWIMIT AITOPUTM OIPeLeIeHUs aHAJTOTHYHOTO [IPOU3BE/IEHNUS TUIIEPKOMII-
JIEKCHBIX 4Mces 000 mauusl. Jng peasusauyuy 5TOr0 ajiropur™Ma Ha S3bIKE IIPOT-
pammupoBanus C++ HamucaHa IIporpaMma, KOTopas Iosydaer Tabuily Ipou3BeleHUH
iip U TUIEPKOMIUIEKCHBIX 4MCes JIMHBL N>3. Ha ocHOBe JIOTMKM IOTydeHUs STHX
IIpOU3Be/IeHUI GBLI IIPe/IOKEH QJITOPUTM OBICTPOTO 3aIl0JHEHUA TaGIUIBI IIPOU3BEe-
HUW, OCHOBAHHBIM HAa NPUHLWIIE PACCMOTPEHMs TAaOIHUIBI KAK TOpPAa U IIPUMEHEHUs
OIlepaliyl «II0 MOAYJIIO N» K AUATOHAIAM TaGauIbl. ['MIIepKOMIIIEKCHbIE YHCIA MOTYT
HaiTH CBOe IpUMeHeHHUe B CHCTeMaX KoxupoBaHus. OHM HCIONB3YIOTCS B T€OMETPHH,

¢usuke, GHHCIEPOBBIX IPOCTPAHCTBAX, dpakTanax u T. 4. [3].
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Hypercomplex Numbers
Zakaryan Manvel,
Tchagharyan Marieta
Summary
Key words: complex numbers, triples, quaternions, multiplication of generalized
complex numbers, torus, algorithm
The article "Hypercomplex Numbers" is devoted to the study of the generalization
of complex numbers. First, complex numbers are generalized to quaternions, and then
they are generalized to hypercomplex numbers of any length (n+1). Here, the definition
of the product of these numbers is of great importance, for which it is necessary to
define all products of the form iy i,,, where k and m independently take natural values
from 1 to n, and the values of those products depend on the cases k<m and k>m, which
are thoroughly considered in the work. The concepts of right and left quotients are
distinguished. A general algorithm has been developed for defining a similar product of
hypercomplex numbers of any length. To implement this algorithm, a program has been
written in the C++ programming language, which obtains a table of products iyi,, for
hypercomplex numbers of length n>3. An algorithm for quickly filling the table of
products has been proposed, which is based on the principle of considering the table as a
grid and applying the circular "modulo n" operation along the diagonals of the table.
Hypercomplex numbers can find applications in coding systems. They are used in
geometry, physics, Finsler spaces, fractals, etc. [3].

Ubkpuyugyb £ 20. 03. 2025 p.
Qpujnudl k. 07. 04. 2025 p.
Cunm il E nnywugpmpyut  05. 06. 2025p.
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YK 57.03
MOHHUTOPHHT HEKOTOPHIX EPCIIEKTUBHEIX JIEKAPCTBEHHEIX PaCTeHUA
B puronenosax Jlopuiickoro Mapsa Apmennu
badipaman Jlnis,
Jloxar ApeBHK,
Acarpan Haserxn
DOIL: https://doi.org/10.58726/27382923-2025.1-47

KoroveBsre croBa: @opa, 6ropasHoOOpa3sHe,9acTOTa BCTPEYAEMOCTH, HHEEKC
Illenrona, urxkaza oomang /Jpyge-Xy/isTa, BHAOBOH COCTaB

Jlopuiickuil Map3 BBIAEIAETCA CBOMMH yHHKAaJIbHBIMU IPHUPOJHBIMHU yCIOBUAMHU.
Vccnenyemas TeppuTOpHA pAacCIONIOXKEeHa B CEeBEpPO-BOCTOYHON dwacTu Pecmy6iuku
Apwmenns. IInmomaze 3750 kB.kM. Teppuropmsa pernoHa NpaKTHYeCKH COBIIAJAeT C
¢dusuko-reorpadpuyeckum paitonom Jlopu-Ilambak u sjexur B mpezenax 41°15° mo
40°41" ceBeproii mupotst u 43°56° mo 44°57" BocTOuHOI HoaroTHL. CpenHss BBICOTA HAZ,
yposHeM Mops 1353 m. [1; 3]. IIpupozHsie yCIOBUS PerHOHA CIOXKHBL M PAa3HOOOPA3HHL,
YTO OOYCJIOBJIEHO II€CTPHIM M BO3PACTHBIM COCTaBOM TOPHBIX IIOPOJ, ZaHHOTO y4acTKa
3eMHO} KOpBI, CJIOXXHOCTBIO CTPYKTYPHBIX 3JIEMEHTOB, DasIHYHBIM IIOJIOXKEHHEM K
opueHTanueil GopM IIOBEPXHOCTH, HAarpeBaHHeM M yBiaxHeHHeM. Posp Jlopuiickoro
peruoHa Ha COBPeMEHHOM STalle PasBUTHSA PeCIyGIMKM CYIIeCTBEHHO BO3pACTaeT, UTO
06YCIOBIEHO er0 pasHOOGPA3HbIM M GOTaThIM IPUPOLHBIM ChIpheM U pecypcami [1; 2].

Jlopuiickuit Map3 Gorar JeKapCTBeHHBIMU PAaCTeHUSIMHU, HO GOJIBIIAS MX YacCTh He
3HAKOMa MeCTHOMY HacejleHMI0O u He ucnonsdyercsa. M3 3500-3600 Buzmos pacreHwmii,
M3BECTHBIX Ha TeppuTopuu ApMmeHuu, okoyno 2500 MMeIoT JeKapcTBeHHOe 3HaueHue, U3
HUX 0K0JI0 250 MCIIOIB3YIOTCA B peciry6IuKe He TOJBKO B KauecTBe JIeKAPCTBEHHEIX, HO
u B mumy [1;10;12]. M3BecTHO, 4YTO IEpCIIEKTHUBHbIE JIEKAPCTBEHHBIE pPACTEHUS,
uMelolye OOIIMII apeaJ PacIpOCTpaHEHMA, OTIMUYAIOTCA IPAKTHYECKH OJUHAKOBBIMU
GHMO09KOJIOTMYECKUMU XapakTepuctukamu [7; 115 13; 14; 19].

AKTyanbHOCTB paGOTEL

YacTp JIeKapCTBEHHBIX PaCTeHUIl, KOTOpbIe 13-3a He3aBepLUIEHHOCTH HUCCJIe[OBaHUIH
MaJjIo MCIIOIB3YIOTCA B MeJUIMHE, apoMadUTOTePaltH, JeKOPAaTUBHOM CeeKIIUU pacTe-
HUI U O3eJIeHeHUH, OTHECEHA K CTaTyCy IIepCIeKTHBHBIX PaCTeHUH U UX IIy6OKOe H3y-
JeHUe ABJIAETCA OFHOM M3 aKTyalbHBIX 33Ja4. DOIBIIMHCTBO JleKaPCTBEHHBIX PaCTeHUIM
ABJIAIOTCA CHIPbeM I (apMaleBTHIeCKUX IPeNapaToB U UX PeCyPChI ¢ KaKABIM TOZOM
HCTOIIAIOTCA, IIOCKOJIBKY HCIIONIB3yIOTCA CBEpX JOIYCTHMOTO IIpefieia U BO3HUKAeT
po6sIeMa BEIMUPaHUS BIOB. IMEHHO II09TOMY BO3pacTaeT HEOOXOZMMOCTh U3y UeHHI U
KCIIOJIb30BaHUA apeajioB HOBBIX BH/IOB JIEKapCTBEHHBIX pacTeHuil. Biaromapsa ucciezo-
BAHMAM MOXHO pPAacCIIO3HaTh U HEKOTOpble JIeKapCTBEHHBIE pPACTeHUs, IIOIYIALUU
KOTODBIX He SKCILTyaTHpyiorcs [5; 8].

IJers paborsr — msydeHue BHOBOTO COCTaBa II€PCIEKTHBHBIX JI€KAPCTBEHHBIX
pacTeHui HEKOTOPHIX HuTOLEeH030B JlopHiicKoro Mapsa.
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3azaya paboTsI COCTOHT B CIEAYIOmEM:

* MOHHUTODHHT apeajioB IEPCIEKTUBHBIX JIOKAJIBHBIX TIPYINHUPOBOK I[€HHBIX
JIeKapCTBeHHBIX pacTeHUH,

* OIpejesieHNe BUZOBOTO COCTaBa HEKOTOPHIX IIEPCIIEKTUBHBIX BUOB JIEKAPCTBEH-
HBIX PaCTeHUH,

* OIpejie/IleHME YaCTOThI BCTPEYaeMOCTH U OOUIHS BUOB.

Meropz ompefeneHUs YaCTOThI BCTPEYaeMOCTH BH/IOB OTHOCHUTCS K MapIIpPyTHOMY
Merony. CyIIHOCTh MeTOZa 3aKJII0YaeTCa B ONpeJie/IeHUH PaclpOCTPaHeHUA JIOKaIbHBIX
TPYILI JIEKAPCTBEHHBIX pacTeHHUI M 4acToTsl BerpevyaemocTu. Koaddunmenr mosropse-
MOCTH JIOKQJIBHBIX TPYIII BUJOB B HCCIeLyeMbIX GHUTOLEHO3aX OIpPeAEessICS MEeTOZOM
OIlpeJiesieHusl IIOBTOPSIEMOCTH BUJOB, IIPUHATHIM B reoboranuke [5;6;22]. ViccnenoBanst
HEKOTOpble IUKOPAcTylue IIeHHble JeKapCTBEHHBIE PACTEHHUs, KOTOpble HEe3HaKOMBI
HACeJICHUIO PerroHa. BrIOpaHbI TP 5KCIIePUMEHTAIbHBIX Y4acTKa, Kaxaslil mo 100 m2:
OKpecTHbIe yeca Banaznzopa, TpaBsaHble CKIOHBI coBxo3a IllaymsH, TyroBsie GUTOLEHO35I
cena ['yrapk.

O6BexT uccieoBaHM.

OO6BeKTOM HCCIeIOBaHUI SBIILIOTCS IpUJIeTaolue K roposy BaHazsop okpecTHble
Jeca, JTyTOBEIe, crenHble ¢puToneno3s! cen lllayman u 'yrapk.

ITpeamer uccnae0BaHUA — IEPCIIEKTUBHO LI€HHBIE JIEKAPCTBEHHBIE PACTEHUA.

HWccnenosanus nposoguucek ¢ 2023 mo 2024 rr.

IIpoBemer MoOHUTOpPUHT Haubojee paCIPOCTPAaHEHHBIX pacTeHUH-Me30(pHTOB
Jlopuiickoro Map3a; pacCYMTaHO WX CpeJHee KOJWYECTBO HA OIBITHBIX IIIOLIAZKAX
(100M?), n3y4yeHO UX MpUMeHeHUs MeCTHBIM HacenleHueM [14-20] (Tab.1).

Tabruna 1
BrzoBO# cocraB JleKapCTBeHHBIX PaCTEHHE B OKPECTHEIX (HTOLEHO03aX H
CTerneHs MPHMEeHEeHHA HeKOTOPBIX H3 HHX

Ilpumenenne Yucro

CemericTBo Bug MECTHEIM pacTeHu#

HacerenweM | Ha 1006
Lamiaceae Melissa officinalis L ZIIOBOJIBHO YacCTO 50
Mentha arvensisL. IIOBOJIBHO 4aCTO 40
Marrubium vulgare L. He HCIIOJIb3yeTCs 35
Leonorus cardiaca L He UCIIOJIb3yeTCs 40
Thymus serpyllum L. TOBOIBHO YaCTO 100
Origanum vulgare L. pesnKo 30
Cuscutaceae Cuscuta epithymum(L) L. He HCIIOJIb3YeTCs 100
Urticaceae Urtica dioica L. IIOBOJIBHO 4aCTO 100
Asteraceae Cichorium intybus L. HEH3BEeCTHO 40
Centaurea jacea L. HeN3BECTHO 60
Achillea millefolium L. pesnxo 60
Arctiumlappa L. HEU3BECTHO 25
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Ilpumenenme Yucro
CemericTBo Bug MECTHEIM pacTeHH#
HacenenneM | Ha 100»?
Senecio rhombifolius L. HEU3BECTHO 20
Artemisia absinthium L. penko 50
Bidens tripartitus L. HeN3BEeCTHO 40
Inula helénium L. HEU3BECTHO 10
Onopordum acanthium L. HEU3BECTHO 45
Cirsium ciliatum Mill HEM3BeCTHO 30
Cirsium vulgare (Savi)Ten. penko 40
Tussildgo farfara L. HEM3BECTHO 50-60
Echinops sphaerocephalus L. HEU3BECTHO 15
Taraxacum officinale L. penKo 100
Elytrigia repens (L.) Desv. Ex Nevski | Hen3BecTHO 120
Polygonaceae Fallopia hydropiper L. HEU3BECTHO 60
Rumex acetosa L. He HCIIOIb3yeTcs 50
Apiaceae Falcaria vulgaris Bernh He HUCIOJIb3yeTCsa 60
Astrodaucusorientalis (I.) Drude ZIOBOJIBHO 4aCTO 50
Heracleus Sosnowskyi JOBOJIBHO 4aCTO 50
Brassicaceae Sisymbrium officinale L. He HCIIOIb3yeTcs 60
Alliaceae Allium ursinum L. JIOBOJIBHO YaCTO 50
FEquisetaceae Equisetum arvense L. He UCIIOIb3yeTcs 15
Boraginaceae Symphytym officinale L. He HCIOJIb3YeTCs 30
Ranunculaceae | Ranunculus acris L. He ucnone3yerca | 60-70
Caryophyllaceae | Saponaria officinalis L. He HCIOJIb3yeTCs 50
Malvaceae Althaea officinalis L. He ucnons3yercs | 50-60
Fabaceae Lathyrus pratensis L. JOBOJIBHO 9aCTO 30-40
Araceae Arum orientaleM. Bieb He HCIIOIB3yeTcs 40
Papaveraceae Chelidonium majus L. 4acTo 50

MouuTopuHT HauboIee pacCIpOCTPaHEHHBIX JIEKAPCTBEHHBIX PACTEHUI OKPECTHBIX
GbuTOIEeHO30B BRIABILI 38 BUZOB JIEKAPCTBEHHBIX pacTeHuil u3 16 cemeiicts (Tab.1). Ilpu-
BeJleHBI CpeJJHVe JaHHBIe II0 PAaCIPOCTPAaHEHUIO PACTeHHU Ha MCCIeyeMbIX IIOIa Kax:
OKpecTHBIe Jeca ropoja Bamamsop, ropueie ckmonsr cen Ilaymasm u I'yrapk.
DopIIMHCTBO pacTeHMit HaceJeHUIO U3BECTHEI KaK cheobHbIe. OgHaKo, MHOTHE U3 HUX
He HCIIOJIB3YIOTCSA B HAPOSHOM MeJUIIMHe JaHHOTO PeTHOHA.

Kax u3BecTHO, BUJOBasg CTPYKTypa OHOII€HO3a XapaKT€PU3yeTCs He TOJIBKO BHJO-
BBIM Pa3sHOOOpasueM PacTeHUii, HO ¥ MX KOJIHMYeCTBeHHBIMH IoKasaTesnamu [4-5]. Berpe-
9aeMOCTh (IacTOTa BCTPEeIaeMOCTH, KOIh(HUIMEHT BCTPeIaeMOCTH) — 9TO OTHOCUTEIBHOE
9HCI0 BBIGOPOK, B KOTOPBIX BCTpedaercss Buf [4-5]. KommdecrBeHHOe cooTHOLIEHME
BUJOB B GHOIl€HO3e, WIM MHZAEKC pasHooGpasus (H) uame Bcero ompepensgerca Io

dopmyie [llenHoHa:

—49 —



S
—Z p; - log, p;
i=1

rze p — JOJA KaXAOTO BUJA B COOOIIECTBe.
Omnpegenen nHAeKC 61MOPa3sHOOGPA3UA.

Ha OIILITHLIX nnom;a,uKax I/ICCJIe,I[OBaHa OIS Kax(,z:oro u3 38 BumoB pi (pi= x;/ Xx):
100

pl=@ 0,026 p }335 =0,02 ps=— _(3 (?18 pir _Oo 02 P’—lgss—i’%

p6=E=0 016 p7:E—O 05  ps= yree 0,05 po= 1935_0 02 pio= 1935_0 031

pu:——O 031 pr= —0 013 pis= —0 01 pra=r---=0,026 p1s= —0 02

pus:E 0,005 p1 1935_0 023 plo_ms_o 016 p17—1935 —0,02p20= 1935_0 028

pio=r32-=0,005 pir= 935_0 023 pis= 935_0 016 p17—1935 —0,02p20= e 0,028

p21=E—O 007 pe _1935_0 05 ps= 1935_0 06 pu=—2-=0,031 pas=—2-=0,031

pro=- _0 031 pr7=—2-20,026 prs=—=--=0,031 pao= 1935_o 026

pso= —>-=0,007 psi= —-=0, 026 p= —-=0,016 pss=———=0,034 ps=—2--0,026
Pp3s= 1935—0 028 p36—1935—0 018 ps —1935—0 02

pss—::O 026

1935
Janee paccuutaHo 0blee KOJIUIECTBO PAaCTeHU XX:

2x=50 + 40+ 35+ 40+ 100+ 30 + 100 + 100 + 40 + 60 + 60 + 25 + 20 +
+50+40+10+45+30+40+55+15+ 100+ 120+ 60+ 60 + 60 + 50 + 60 +
+50+ 15+ 50+ 30+ 65+ 50+ 55+35+40+50=1935

Taxum o6pasoM, Ha HcCIeflyeMbIX IUIOMALKaX Bcero mpouspacraer 1935 pacrenuii.
Hamu ompezeneno obunue ocoGeil Bupa Ha epuHuue wiomazu. Jnas 3Toro
HCITOIb30Bay WwKary oounus Jpyzne u Xyisra (Tab.2).

Tabnuna 2
IlIxana ob6mana BHAOB Ha MPOOGHEIX IVIOMaZKaxX OKPECTHEIX QHTOLEH030B Banagsopa
0N KAXKIOTO Yucmo IlIxana o6umus
Bup BUZA B o0meil | pacTreHwmii Ha Jpyne-Xynsra
nonyaauuu (pi) 100 m2 (6asurpHAaN)
Melissa officinalis L. 0,26 50 He o6uabHO (3 6asia)
Mentha arvensis L. 0,02 40 He 06MIBHO (3 )
Marrubium vulgare L. 0,018 35 ZIIOBOJIBHO 4acTo (3 )
Leonorus cardiaca L 0,02 40 He 06uIBHO (3)
Thymus serpyllum L. 0,05 100 06uIBHO (4)
Origanum vulgare L. 0,016 30 He 06uIbHO ( 3)
Cuscuta epithymum L. 0.05 100 06uIbHO (4)
Urtica dioica L. 0.05 100 06unbHO (4)
Cichorium intybus L. 0,02 40 He 06mIbHO ( 3)
Centaurea jacea L. 0,031 60 06unbHO (4)
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ZIOJIS KQXKIOTO Yucro IIxana o6unus
Bugp BUJa B oOmeit | pacTeHui Ha Jpyzae-Xyasra
nonynauyu (pi) 100 m2 (6asurbHAaT)
Achillea millefolium L. 0,031 60 06unbHO (4)
Arctiumlappa L. 0,013 25 He 00uIBHO ( 3)
Senecio rhombifolius I. 0,01 20 JIOBOJIBHO YaCTO
Artemisia absinthium L. 0,026 50 He 06mIBHO (3)
Bidens tripartitusL. 0,02 40 He 06mIbHO ( 3)
Inula helénium I. 0,005 10 penko (2)
Onopordum acanthium L. 0,023 45 He 06mIbHO ( 3)
Cirsium ciliatum Mill 0,016 30 He 00uIBHO (3)
Cirsium vulgare (Savi)Ten. 0,02 40 He 06mBHO ( 3)
Tussildgo farfara L. 0,028 50-60 06ubHO (4)
Echinops sphaerocephalus L. 0,007 15 JOBOJIBHO 4acTo (2)
Taraxacum officinale L. 0,05 100 06unbHO (4)
Zy]t\’;fv’:;” ens (L) Desv. 0,06 120 o6mBHO (4)
Fallopia hydropiper L. 0,031 60 MHOTO (3)
Rumex acetosa L. 0,026 50 mHoOro (3)
Allium ursinum L. 0,031 60 mHOrO (3)
Falcaria vulgaris Bernhukrop 0,031 60 MHoro (3)
Heracleus Sosnowskyi 0,026 50 mHoro (3)
Sisymbrium officinale L. 0,031 60 mHoOro (3)
Equisetum arvense L. 0,007 15 [IOBOJIBHO 9acTO(2)
Astrodaucusorientalis (L) Drude 0,026 50 mHoro (3)
Symphytym officinale L. 0,016 30 MHOTO (3)
Ranunculus acris L. 0,034 60-70 mHOro (3)
Saponaria officinalisL. 0,026 50 mHoOro (3)
Althaea officinalis L. 0,028 50-60 mHoro (3)
Lathyrus pratensis L. 0,018 30-40 MHoro (3)
Arum orientale M. Bieb 0,02 40 mHoro (3)
Chelidonium majus L 0,026 50 mHoro (3)

H'=—(0.26-1n(0.26)+0.02-In(0.02)+(0.018-In(0.018)+(0.26-In(0.26)+(0.02-1n(0.02)
+(0.05-1n(0.05)+(0.016-In(0.016)+(0.05-In(0.05)+(0.05-In(0.05)+(0.002-1n(0.02)+
+(0.031-1n(0.031)+(0.031-1n(0.031)+(0.013-1n(0.013)+(0.01-In(0.01)+(0.026-In(0.026)+
+(0.02-1n(0.02)+(0.05-1n(0.05)+(0.023-1n(0.023)+(0.016-In(0.016)+(0.02-In(0.02)+
+(0.028-1n(0.028)+(0.007-1n(0.007)++(0.05-1n(0.05)+(0.06-1n(0.06)+(0.031-1n(0.031 )+
+(0.031-1n(0.031)+(0.031-1n(0.031)+(0.026-1n(0.026)++(0.031-In(0.031)+(0.026-In(0.026)+
+(0.07-1n(0.07)+(0.026In(0.026)+(0.016-1n(0.016)+(0.034-1n(0.034)+(0.026-1n(0.026)+
+(0.028-1n(0.028)+(0.018-1n(0.018)+(0.02-1n(0.02)+(0.026-In(0.026)=3.5
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Wupexc llenHoHa cocraBui 3,5, 4TO CBUAETENIBCTBYET O GoraTroM 6ropasHOOGpa-

3uu uccuaenyemoi reppuropun. OcHoBHaA Giopa peruoHa, B YaCTHOCTH, IIPeZiCTaBIeHa

MeSO(l)I/ITaMI/I. Wx uucmeHHOCTD ornpeznendaerca He TOJBKO aHTPOIIOT€HHBIM BOB,I[eIL/'ICT—

BHeM, HO U 0COGEHHOCTBI0 MecTooOuTaHMi pacTeHuit. Hamu usydeno oxono 38 BumoB

JIEKAapCTBEHHBIX TPAB, CTEII€HDb yHOTpe6JIeHI/I}I KOTOPBIX pa3jIn4vHa.

—_

3axmoyeHue:

1. mpoBe/leH MOHUTOPHUHT JIEKaPCTBEHHBIX pacTeHuil B dpuroueHo3ax Jlopuiickoro
peruoHa.

2. U3y4YeHO pacIpOCTpaHeHHe, YaCTOTa BCTPeYaeMOCTH, obuine 38 BUIOB pacTe-
HU, GOJIBITMHCTBO KOTOPBIX -Me30(UTHI.

3. Haubosee 4acTo BcTpeuyaeTcs 28 BHOB JIEKapPCTBEHHBIX PACTEHUH, U3 KOTOPHIX
HaceJIeHHEM HCIIOIb3yeTca 16 BUOB, 4TO cocTaBiaeT 57%

4. n3 28 BUI0B peKO UCIOIB3yeTcsa 5 BUAOB, uTO cocrasiugeT 17,8%

5. mOBONBHO YacTO BcTpedaercs 25-35 BUAOB pacTeHuil, KOTOpble B Map3e BOOOLIe
He U3BECTHBHI, KaK JIeKapCTBeHHbIe PAaCTeHUA

6. 13 4 peZKO BCTPEYAIONIMXCSA BUIOB PACTEHUI, HU OFUH U3 HUX He UCIIOIb3YeTCs
KaK JIeKapCTBEHHOe

7. MOHUTOPHHT HEKOTOPHIX BHUJOB JIEKAPCTBEHHBIX PAaCTEHHMH ITOKa3a, 4To u3 38
BUJOB PaCTeHHI TOBOJIBHO YacTo ucnonssyercs 18, 4 % pacrenwii.

DOIL: https://doi.org/10.58726/27382923-2025.1-47
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Monitoring of Some Prospective Medicinal Plants
in Phytocenoses of Lori Region of Armenia
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Asatryan Nazeli
Summary

Key words: flora, biodiversity, frequency of occurrence, Shannon index, Drude-

Hullt abundance scale, species composition
The study area is located in the northeastern part of the Republic of Armenia. Lori
region is notable for its unique natural conditions. The resources of the majority of
medicinal plants are depleted every year, as they are used beyond permissible limits and
the problem of species extinction arises. A study was conducted to monitor several
medicinal plants that are rarely used in medicine, aromatherapy, ornamental plant
breeding, and landscaping due to incomplete research. These regional medicinal plants
are considered promising, and conducting an in-depth study of them is a pressing issue.
Consequently, there is a growing need to investigate the habitats of various medicinal
plant species. The distribution, frequency, and abundance of 38 medicinal plant species
were studied in the phytocenoses of the Lori region. Of these, 28 species (57%) are
commonly found, and 16 are actively used by the local population. Quite often there are
25-35 species of plants that are not known as medicinal plants in the region at all.
Monitoring of some species of medicinal plants showed that 18.4% of the 38 plant

species are used quite often.
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Introduction

Soil is an independent natural object that constitutes the upper layer of the Earth's
crust. It is the primary habitat of numerous plants and living organisms. Furthermore, it
is a nexus between the atmosphere and water cycle, the terrestrial ecosystem, and the
biosphere. The composition of soil constantly changes over time and space, resulting
from the interaction of natural factors. These factors encompass climate, relief, flora,
fauna, and soil-forming rocks [1; 14].

The chemical and mechanical composition of the soil, as well as its structural
features, are pivotal in determining the pore system, size, shape and volume. The
distribution of water within the soil, as well as the properties of the water itself, is
determined by these factors [5]. In considering the physical and chemical properties of
water, four distinct mobile forms are typically distinguished: bound, capillary,
gravitational, and evaporating [10]. Additionally, immobile hard water is observed in
soil-ice [22]. Water provides chemical elements and compounds in the structure of the
soil cover, which results in differences in the ability of the soil itself to absorb and retain
water [3]. The capacity of soil to absorb and retain water varies among different types.
Some types of soil quickly absorb water but struggle to retain it for long periods, while
other soil types have poor absorption rates and swiftly lose the water they do absorb.
The key water properties regulate the soil's ability to permit its passage, regulating the
humidity level and evaporation potential. The soil's absorption properties are
determined by its capacity to hold dissolved and suspended substances in water, as well
as air and water vapor [11]. The retention of nutrients in the soil can be attributed to
these absorption properties, thereby preventing their washout. The adsorption capacity
of soil is influenced by a range of physical, chemical, physicochemical, mechanical, and
biological processes [4]. Among these properties, physical and physicochemical
absorption directly relate to the soil's absorbing composition [15]. The total charge of
most soil-adsorption complexes is known to be negative [6]; thus, in the absorbed state,
it is understood to primarily retain positively charged ions (cations) on its surface [2].
Irrespective of the variables in ecosystems, irrigation gives rise to considerable
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alterations in the chemical characteristics of soils. Concurrently, surface water quality is
influenced by both the operational capacity of natural ecological systems and
anthropogenic load from various sources. Of particular concern are heavy metals (HMs),
as despite being present in only trace amounts, exert a detrimental effect on soil cover,
aquatic ecosystems and human health [17]. However, it is important to note that many
HMs are essential for the proper functioning of living organisms, as they play a crucial
role in various biological processes and are components of several enzymes [20; 21].

The pernicious effects of excessive concentrations of HMs on aquatic ecosystems
are attributable to three main factors: their high toxicity, their lack of biodegradability,
and their propensity to accumulate within ecosystems [7,19]. This poses a significant risk
of secondary pollution as environmental conditions change [12]. It is recognized that
some HMs are potentially hazardous to the soil environment; this assertion is supported
by the classification of these materials into three distinct classes [16]: class I — zinc, lead,
arsenic and cadmium; class IT — copper, chromium, nickel, cobalt and chromium; class III
— manganese and vanadium.

However, several factors influence the contamination levels of HMs in ecosystems,
including the maximum concentration permitted, biochemical and geochemical cycles,
and their distribution throughout the environment. The work aims to study the seasonal
behavior of some heavy metals in the soil-irrigation water system using modern machine
learning approaches.

Materials and Research Methods

The experimental study ascertained the concentrations of iron (Fe), zinc (Zn),
vanadium (V) and copper (Cu) in soil and irrigation water samples collected during each
season over a year. Soil samples were collected from a depth of 20 cm using non-metallic
instruments in dry weather conditions. Subsequently, the samples were transferred into
opaque glass containers and maintained at a temperature of +4°C for a duration of 24
hours, during which instrumental measurements were conducted within the laboratory
setting accordingly [18]. The collection of irrigation water samples was conducted in
accordance with the ISO 5667-1:2006 international standard, which delineates the
methodology for the analysis of water samples during four distinct seasons [8]. The
elemental analysis of all irrigation water samples was conducted using a portable Termo
Scientific™ Niton™ X-ray analyzer, which utilised direct X-ray radiation [23]. The
geographic coordinates of each irrigation water and soil sampling location are shown in
Table 1.

Table 1
Geographical Coordinates of Sampling Locations
Samling Sites Nor}:hem Eastern Longitude
Latitude
I | The territory of the Hrazdan Cement Plant | 40.555918 44.744304
II Gavar, Noratus community 40.372297 45.201301
III Martuni, Yeranos community 40.154445 45.257190
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Results and Discussion

Distribution of HMs in soil and water sample. HMs occur in various oxidation
states in both water and soil, forming part of numerous inorganic and organometallic
compounds. The type of involved metal ions can influence different processes in water,
such as hydrolysis, oxidation-reduction reactions, complexation with various ligands,
and precipitation. These processes facilitate the movement of metal ions dissolved in
irrigation water into the soil. Moreover, metal ions can migrate from soil to water. This
movement establishes a dynamic equilibrium in the distribution of metals within the
soil-water system. The concentrations of vanadium, iron, copper and zinc in soil and
water samples from the sites selected for the study over each of the four seasons are
shown in Table 2.

Table 2
Concentrations of Heavy Metals in Soil and Water Samples
Sampling Chemical Elements
Information \ Fe Cu Zn

by |Water,| Soil, |Water,| Soil, |Water,| Soil, |Water,| Soil,

by site season | mg/l | mg/kg| mg/l | mgkg | mg/l |mgkg| mgl | mgkg

The I |0.003|124.87| 1.06 | 29633 | 0.07 |85.10| 0.07 | 99.27
territory of |y 0.02 |125.93| 3.63 | 29432 | 0.04 |5847| 0.05 |109.97
the Hrazdan

O | 0.04 |153.10| 1.391 | 29639 | 0.07 |67.30| 0.09 |118.13

Cement
Plant IV | 0.007 | 131.2 | 1.318 | 20903.4 | 0.019 | 71.58 | 0.023 | 116.9

I 0.03 |130.55| 0.65 | 38515.0 | 0.02 | 84.40 | 0.02 | 87.50
Gavar, I 0.02 [128.25| 091 | 36379.3 | 0.07 | 6995 | 0.12 |126.50
Noratus
. III 0.03 [121.85| 0.39 | 360279 | 0.02 |65.45| 0.02 | 89.50
community
v 0.02 | 1228 | 1.28 | 37116.6 | 0.01 69.8 | 0.012 | 90.1

I 0.001 |116.55| 0.14 |31548.45| 0.012 | 71.80 | 0.007 | 85.45
I\X/(Iartum, II 0.001 {104.55| 0.21 |29325.95| 0.018 | 58.65 | 0.009 | 98.60

eranos
community IIT | 0.004 |114.65| 0.24 [31199.50| 0.02 |53.60 | 0.01 | 85.40
IV | 0.001 |115.25| 0.284 | 30847.7 | 0.013 | 57.45 | 0.011 | 83.2

The analysis of obtained data showed that changes in the concentrations of
vanadium, iron, copper and zinc may be subject to seasonal variations. Based on these
data, the correlation of the concentration values of the studied HMs in water and soil
was calculated. The findings indicate a positive correlation between the concentrations
of V, Cu and Zn in water and soil samples. However, a sufficient correlation was
identified between V and Zn. Concentrations of Fe have been found to correlate
negatively, which may be due to iron ions in the soil being bound in soil colloids,
thereby hindering their transition from soil to water:

Vwater= (-0.09825 + 0.02905) + (0.00084 + 0.00023) - Vsoit, R =0.75152, N = 12,
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Fe water = (2.29540 + 2.01800) - (0.00004 + 0.00002) - Fe sit, R? = - 0.28942, N = 12,
Cu water= (-0.01290 + 0.0500) + (0.00084 + 0.00073) - Cu soil, R? = 0.29943, N = 12,
Zn warer = (-0.16190 + 0.04710) + (0.00200 + 0.000240 - Zn soil, R? = 0.803130, N = 12.

Then, to obtain models, to the input variables are indicated by the vector X, and
the output variables by the vector Y [9]. Having obtained that there is some dependence
between them, the generalized equation can be represented as follows:

Y=FfX)+e 1)
where X = (x1,x3,...,Xxp), € is a random error value that does not depend on the
variables X, and f is an unknown function that depends on X. The main task of machine
learning is to find an unknown function f(X). Since the error € does not depend on the
variables X and is a random variable, it becomes impossible to obtain a completely
accurate dependence on the variable Y. For this reason, we are considering an
approximate equation, which, in case of a small error, can be represented in the
following formula:

Y =£00) )
where f represents estimate for f, and ¥ represents the resulting prediction for Y.
Machine learning tries to select the parameters of the function f, at which the variables
Y and ¥ are as close to each other as possible. To do this, it becomes necessary to reduce

the error in forecasting, which can be represented as reducible and irreducible
components:

E(Y —?)" = E[f(0) + e — F0]" = [fO = FO]” + Var(e) (3)

where E(Y — 17)2 represents the average, or expected value, [f(X) — f(X)]? is the
reducible error component, and Var(e) is a variation of a random error, which is the
irreducible component. During machine learning, only the reducible error component
can be reduced.

To determine the function f(X) using machine learning is necessary to select its
type or model. One of the most common models is linear regression, which allows one to
represent the relationship between input and output variables in the form of linear
equations. For several input variables, it is necessary to take a multidimensional linear
regression model, which we can represent in the following formula:

Y(X) = Bo + B1x1 + Boxs + - Bpxp t+ € 4)
A predictive model is obtained from formulas (2) and (4):
Y = fo+ Puxy + Poxy + "'Bpxp (5)

The parameters Bo,ﬁl,...,ﬁp are determined by solving the sum of quadratic
residuals (RSS) differences optimization problem shown below:

N PO R A 2
RSS = i, (yi — yl)z = 2?:1(}11' = Po — P11 — Paxz — "',Bpxp) (6)
Polynomial regression is a type of regression analysis in which the relationship
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between the independent variable x and the dependent variable y is modeled as an n-
degree polynomial function. Unlike linear regression, which assumes a straight-line
relationship, polynomial regression allows for curvature, making it useful for capturing
more complex patterns in data [13].

For data exhibiting non-linearity, a polynomial regression model is defined as:

¥ =bg+ byx + byx? + bsx3 + -+ byx" + ¢ (7)

where higher-order terms x2, x53,..., x™ introduce curvature, allowing the model to

capture more complex relationships.

Analysis of Metal Concentration in Soil and Water Across Different Seasons and
Locations. The first step in developing machine learning models is analyzing the
collected data to determine its suitability for predictive modeling. One of the most
effective ways to assess data relationships is by computing the correlation matrix, which
measures the statistical dependency between variables. The data from Table 1 was
gathered in four distinct weather conditions—autumn (1), winter (2), spring (3), and
summer (4) - from three locations: Hrazdan (1), Gavar (2), and Martuni (3). The
correlation between metal concentrations in soil and water can be calculated using the

following formula:
LX-X)(r-7)

i Ep— )
[Ex-07JE-T)?

A Python script was used to compute the correlation between each variable. The
input features for the model include metal concentrations in soil, season, and location,
while the outputs are metal concentrations in water. The correlation results are
summarized in Table 3.

Table 3
Correlation matrix

Soil Water
Season | Place | V Fe Zn Cu v Fe Zn Cu
Season| 1,00 | 0,00 |0,07|-0,25| -0,50 | 0,03 |-0,02 | 0,01 | -0,32 | -0,22
Place | 0,00 | 1,00 |0,27| 0,28 | -0,15 | 0,06 | 0,35 |-0,03| 0,17 | 0,30
Vv 1,00 -0,06 | 0,38 | 0,58 | 0,83 | 0,41 0,60 0,62
—| Fe 1,00 | 0,20 |-0,35| 0,34 |-0,22 | -0,04 | 0,06
A Zn 1,00 | 0,08 | 0,25 | -0,04 | 0,30 | 0,25
Cu 1,00 | 0,44 | 0,51 | 0,71 0,80
A" 1,00 | 0,44 0,43 0,51
g Fe 1,00 | 034 | 0,36
2| Zn 1,00 | 0,95
Cu 1,00

Vanadium demonstrates the strongest correlation between its concentration in soil
and water, with an approximate correlation coefficient of 0.83. This fact suggests that
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vanadium exhibits high mobility, readily migrating from soil to water environments. It
is likely attributable to the element's solubility and the prevailing environmental
conditions that facilitate its movement. Consequently, the concentration of V in soil can
be used to predict its levels in water, thus making it a crucial variable in predictive
modelling approaches.

In contrast, iron demonstrates a comparatively weaker correlation of
approximately -0.22 between its soil and water concentrations. This weaker relationship
indicates that iron's behavior is influenced by additional environmental factors, such as
pH, redox conditions, and interactions with organic matter, which can cause it to
precipitate or remain dissolved under different circumstances. Consequently, the use of
concentration changes of Fe in soil as a predictor for its concentration in water may
result in increased uncertainty unless additional chemical and environmental factors are
taken into account.

Zinc exhibits a moderate correlation of approximately 0.30 between its soil and
water concentrations. Zn is more mobile in water compared to iron and copper but is
still influenced by factors like competing ions and sediment interactions. The relatively
high correlation suggests that zinc in soil has a noticeable influence on its concentration
in water, making it a useful predictor.

Conversely, copper exhibits the strongest correlation of around 0.80 between its
soil and water concentrations. While the concentration of Cu in soil does influence its
presence in water, its mobility is restricted by various factors, such as adsorption onto
organic matter, low solubility, and interactions with sediments. These characteristics
appear to limit its direct transfer from soil to water. Nevertheless, the presence of copper
in soil can be utilized as an indicator of its concentration in water.

About extraneous factors, the impact of geographical location on metal
concentrations in water is more substantial than that of season. The correlation between
geographical location and vanadium in water is approximately 0.20, indicating that
geographical location exerts an influence on the metal content of water bodies. This
phenomenon may be attributed to variations in soil composition, industrial activities, or
natural sources of these metals across different regions. The seasonal effect on metal
concentrations in water is relatively weak, with correlation values mostly below 0.14.
This finding suggests that seasonal changes alone do not significantly impact metal levels
in water. It implies that other factors, such as soil composition, geological properties, and
anthropogenic impact, may have a greater influence. Nevertheless, it is acknowledged
that seasonal variations may still exert an influence on secondary processes, such as
metal dissolution rates, precipitation, or biological uptake, and further investigation in
this area is recommended.

Regression Model for Predicting Metal Concentrations in Water. To develop a
predictive model for metal concentrations in water, a regression-based approach is
implemented. The model aims to determine how metal concentrations in soil, along
with seasonal and locational factors, influence the corresponding metal levels in water.
Since vanadium, copper, and zinc show moderate to strong correlations between their
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soil and water concentrations: these elements serve as key predictive variables. Iron,
despite its weaker correlation, is still included in the dataset to evaluate its potential
contribution. The dataset consists of independent variables, which include the
concentrations of metals in soil, the season, and the place where the sample was
collected. The dependent variables are the concentrations of these metals in water.
Before training the model, the categorical variables for season and place are converted
into numerical values using encoding techniques to ensure that the model can process
them effectively.

To predict the concentration of metals in water based on soil data, a polynomial
regression model of degree 2 is used. This model accounts for both individual
contributions of soil metal concentrations and their interactions, capturing nonlinear
relationships that a simple linear model might miss. The general form of the polynomial
regression equation is:

y= ,BO+Z 1,BL xl+2 12} 1,311 Xi* x] (9)
where: y is the predicted metal concentration in water, f3, is the intercept, x; represents
the independent variables (metal concentrations in soil, season, and place), f5; are the
coefficients for each independent variable, representing their individual impact on y, §;;
are the coefficients for interaction terms, capturing relationships between different
variables, n is the number of the independent variables (in our case n = 6).

Since we are applying this model to predict water concentrations for different
metals, we can write separate equations for each metal:

A prediction model for vanadium in water

n
Vwater = Boo + Zﬁoi "X+ Zﬁoij T Xt X (10)
i=1 i=1j
A prediction model for iron in water
Feyater = B1o + 2 =1 Prixi + 2 12 1.8111 Xi * Xj (11)
A prediction model for zinc in water

n n n
Znyager = Pzo + Z Bai - x; + ZZ ZLj TXit X (12)
i=1

=1 =1
A prediction model for copper in water

[cul water=30+Y (i=1)"n
D™n

[B3i-xi+Y (i=DnEY (= (13)
[p3Bijxi-xj )

The model’s learned coefficients and intercepts, which define the impact of soil
metal concentrations, season, and location on water concentrations, are summarized in
Table 4. When applying polynomial feature transformation of degree 2, the number of
features expands as follows:

6 original features remain; 6 squared terms (one for each original feature); 15
interaction terms; 1 bias term (intercept). The total number of functions becomes 28.
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Table 4

Model coefficients
N Features () \% Fe Cu Zn
1. V_Soil -2,93E-08 -6,57E-06 2,44F-08 4,30E-08
2. Fe_Soil -4,26E-06 -0,00018 -5,10E-06 -1,09E-05
3. Cu_Soil -1,07E-07 -1,98E-05 4,29E-08 6,48E-08
4. Zn_Soil 1,06E-07 1,92E-05 -3,83E-08 -5,60E-08
5. Season -5,65E-09 -1,95E-06 1,23E-08 2,35E-08
6. Place -3,21E-09 -5,71E-07 1,01E-09 1,39E-09
7. V_Soil*2 -1,95E-05 -0,00395 1,15E-05 1,92E-05
8. V_Soil Fe_Soil 2,20E-07 3,83E-05 -7,64E-08 -1,56E-07
9. V_Soil Cu_Soil -1,47E-05 -0,00305 9,62E-06 1,63E-05
10. V_Soil Zn_Soil -2,63E-06 -0,00072 3,71E-06 6,88E-06
11. V_Soil Season -1,35E-06 -0,00033 1,48E-06 2,69E-06
12. V_Soil Place -7,75E-07 -0,00014 2,45E-07 3,39E-07
13. Fe_Soil*2 -6,85E-10 -1,54E-07 6,36E-10 1,18E-09
14. Fe_Soil Cu_Soil 2,14E-07 4,57E-05 -2,13E-07 -3,55E-07
15. Fe_Soil Zn_Soil 2,17E-08 1,08E-05 -5,36E-08 -9,66E-08
16. Fe_Soil Season 4,38E-07 9,21E-05 -5,41E-07 -8,49E-07
17. Fe_Soil Place -3,46E-07 -9,51E-05 4,83E-07 9,20E-07
18. Cu_Soil 2 -6,75E-06 -0,00149 5,41E-06 9,47E-06
19. Cu_Soil Zn_Soil -1,40E-05 -0,00294 9,47E-06 1,61E-05
20. Cu_Soil Season -4,72E-07 -0,00011 4,18E-07 7,41E-07
21. Cu_Soil Place -5,70E-07 -8,81E-05 3,14E-08 -4,63E-08
22, Zn_Soil*2 5,81E-06 0,000461 4,56E-06 1,02E-05
23. Zn_Soil Season -8,49E-07 -0,00023 1,17E-06 2,17E-06
24, Zn_Soil Place -7,59E-07 -0,00014 3,45E-07 5,41E-07
25. Season’2 1,34E-08 -1,66E-06 4,10E-08 8,41E-08
26. Season Place 3,15E-08 1,77E-06 3,30E-08 7,16E-08
27. Place”2 -1,13E-07 -2,26E-05 6,40E-08 1,06E-07
28. Intercept -0,02282 1,138101 0,025563 0,068493

In order to assess the performance of the model, a number of error metrics are
calculated, including Mean Absolute Error (MAE), Mean Squared Error (MSE), and Root
Mean Squared Error (RMSE) (see table 5). The trained regression models are employed
to predict metal concentrations in water using the same dataset to further evaluate
model accuracy. The results of this analysis are presented in Table 5, which shows the
actual values, predicted values, and absolute errors for each metal.
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Table 5
Error Metrics and Predicted Values of Metal Concentrations in Water

Chemical Actual Predicted Absolute

Element b R R Concentration | Concentration| Error
v 0,0072 | 0,0004 0,0191 0,007 0,0069 0,0001
Fe 1,8028 | 18,3392 4,2824 0,284 0,282 0,002
Cu 0,0136 | 0,0014 0,0368 0,07 0,07 0
Zn 0,0203 | 0,0029 0,0538 0,023 0,0021 0,002

The absolute error provides insights into the deviation between actual and
predicted values. A lower value indicates a better model fit. From the results, it is
observed that while the model captures some relationships between soil and water metal
concentrations, there are deviations in prediction accuracy, particularly for certain
metals. These deviations highlight the need for further refinement, such as incorporating
additional environmental factors like pH, water temperature, and soil composition.

As a future improvement, alternative regression techniques, including ridge
regression, random forest regression, or neural networks, may be explored to enhance
predictive accuracy. Additionally, feature selection methods can be used to determine
the most influential variables, reducing noise and improving model performance. This
machine learning approach provides a foundational step toward predicting metal
concentrations in water based on soil data. With further optimization, it can be utilized
for environmental monitoring and contamination assessment, helping identify potential
water quality risks.

Conclusion
1.The order of abundance of chemical elements in soil (Fe > V > Cu > Zn)
approximately corresponds to that in surface water (Fe > Zn > Cu > V), and these
series are indicative of correlating between concentration metals in chain soil-
surface water respectively.

2.The correlation between the concentrations of HMs in chain soil-irrigation

water samples was estimated using the mathematical program. The results
demonstrated a positive correlation between the concentrations of V, Cu, and Zn
in water and soil samples. However, a negative correlation was observed
between the concentrations of Fe in these samples. Specifically, the lowest
recorded value is observed in the spring season.

3.1t is observed that while the model captures some relationships between soil and

water metal concentrations, there are deviations in prediction accuracy,
particularly for certain HMs.
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Znn-nonguwt 9ph hwdwlwpgmu swhp Uknwnubph
Ynugkinpughwitph ukqniught thnhnjum pynibtbph hwynbwpbpnud®
oquuugnpstiny dtpkuuwywljui ntunigdwt Uninkgniuditpp
Unippwuyuls Uuingply,
Buuywli Munnphl,
Yhpwlnuul Updka,
Ququpui Updhbk,
Uhunbymi Qhnpq
Unithnthnud
Zwbgmguyhly punkp. hny, omp, Swip Jknwunbhlkp, puoprjwdnipntl, wr-
wnujwényentl, Epfpuphuwwywhwywinipnil, Fymynghwlwi osnpw, unplbju/n-
pnud, PYTON/Simulink

Eynhwdwlupgh wnununjuénipjut nwpwswdudwiwluyhlt thnhnjunt-
pnuutph juijwntudwt hwjuwuwpulpnjus dnnkgdwt ogunugnpénudp hiw-
puynpnipinil k vnwjhu quwhwwnt) nputg hrwpwynp hinbwputpp: Uju hwdw-
wnbpunnd Juplnp php E punnud opowlju dhowjuypnud swup dbnwnbkph Ynt-

ghinpughwbph b hwjwbwlwt vhgpughwih miphubph nuunidbwuhpmpiniip:
Uju wojuwnwiph byyuwwnwljs kp, oguunugnpstinyg dudwbwluljhg dbphtwyw-
Jui niunigdwt dninkgnidubpp, ntuntdiwuhpl) npny dwup dbnwnubph ukqniw-
1ht yuppwghép hnp-npngnid gpuyghtt hwdwupgnid: Unwgdus wpnyniupubpny
gnyg k wipdty, np V, Fe, Zn b Cu dkwnwnukph Ynughinnpughwtpp nnnguwt gpnid
b hnnnud wwpu wuppkp dudwbwluwoppwbitbpnud mwppkp ku: Qph b honnh
tunoubpnud V, Cu b Zn-h Ynugkinpughwibpp npujwinpkt thnjujuwyulgdus
kU, dhtgntin Fe-h wwpnibwlnipniip puguuwpwp b hnpjuwyulygus: BJuply-
Jws Ubkinunibphg wdbugusdp pusudwh gnpswlhhgp muh Cu-t, hul kplupep
wlktwpupdp: Upluwinmbph Yhpunwlui tywbwlmpnibh nt tnpoypep wya £
gnyg k wpynud, np hnn-nonguwt 9puyhtt hwdwlwpgnud Epljuph, Jubwnghnidh,
wnudh b ghujh dbknwnubph pwopdwt gnpswljhgutpp ubkqnuwghtt punyp nibbi:
Cunhwinip wedwdp wdkhwgwsp wpdbpp tjundnud E qupbwip: Ukphiwywljut
niunigdwt Uninkgnudp gnyg b myby, np opnud dkwntbph Ynughinpughugh Jpu
wpuwphwgpului nhpph wqpbgnipniut wbih UkS £ put ukqnuwghtt thnthnjunt-
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pinip: Uw nbin qupnn kwqnl) kpypopruoywi gnpspupwugtph gpw, hiywhuhp ko
Ubkwnwnubph nuppunisdwt wpugnipniip b mknnudubpp: Ugnwnwbph hpw-
nuwljul pwihwlnipmniul nt unpnypep Wuydwibwynpjws b tpwing, np hon-nnng-
dwb hwdwlwupgnud Epuph, qubtwunhnidh, wniudh b ghuyh dbnwnubph puohu-
dwl gnpswlhgubtpp ukignuught punype nibki:

OG6Hapy>xeHue Ce30HHBIX U3MEHEHHH KOHIIEHTPALMH TKEIBIX METAJLIOB B CHCTEME
OPOCHTEIBHOM BOABI-IIOYBA C KCIIOIB30BAHHEM IIOAXO0B MAIIMHHOTO 06y JeHus
Cyrwacan Acrruk,

Ecagr Ilarpux,
Kuparocarn Apmen,
Kasapaa Apmune,
Cumoran I'esopr
Pesiome

Korogessre croBa: mousa, BOZa, TAKEIbI€ META/LIBI, PACIPESE/ICHHE, 3aIPASHEHHE,

Te05KOJIOrHA, SKOJIOTHYECKas [jes, Mogeanposanue, PYTON/ Simulink
IIpumeneHue c6anaHCUPOBAHHOIO IIOAXOJA K IIPOTHO3MPOBAHHUIO IIPOCTPAHCT-
BEHHO-BPEMEHHBIX U3MeHeHU 3arpA3HEHNA DKOCHUCTEM IIO3BOJIAET OLLEHUTH MX BO3MOXK-
HbIe IIOCIEACTBHA. B 3TOM KOHTEKCTE Ba)XHYIO POJIb WIPAaeT H3ydeHUe H3MEHEeHWH
KOHIIEHTPAlli¥ M BEPOATHBIX ITyTed MMTIPAllMU TKENIBIX METAJJIOB B OKPYKaloIlei
cpeze. Llenpio maHHO# paGoOTHI GBLIO M3y4YeHHE CE30HHOTO paclipefiesieHHs HeKOTOPBIX
TSDKEIBIX METAJUIOB B CHICTEME «II0YBAa-OPOCHUTETbHAS BOJA» C HCIIOIb30BAHHEM COBpe-
MEHHBIX IIOAXOOJOB MAIIKMHHOI'O O6y‘{eHI/I}I. COI‘JIHCHO HO)Iy‘{eHHBIM pe3yHBTaTaM,
II0Ka3aHo, 4To KoHIeHTpauuu V, Fe, Zn u Cu B 06pasiax opocUTeIbHON BOABI U IOYBBI
BApBUPYIOT B pasHOe BpeMi roga. [Ipu srom no xornenrpanuam V, Cu u Zn B o6pasiax
BOJZIBI M IIOYBBI Ha6JIIO,I[aeTC}I IIOJIOXKUTEJIPHAA KOppeadanud, a II0 KOHIEeHTpanunu Fe -
oTpHuIaTeNbHas. B OCHOBHOM, HauMeHbIINe 3HAYeHNUI HAOIIONAI0TCS BECHOMH, IIPH 5TOM
HaubobIINY K03 PULIeHT pacpeseeHNs HAOIIONAETCS [JIs XKeJe3a, & HauMeHbIINH -
s Menn. MeTos MamIMHHOrO OOydYeHHS IIOKasaj, 4YTO BIMSHHUE TIeorpadiuecKoro
IIOJIOKEHHS Ha KOHIIEHTPALMIO META/JIOB B BOZe OOJblile, YeM BIUSHHUE CE30HA. JTO
MOXXeT BIUATH Ha BTOPUYHBIE IIPOLECCHI, TAKHE KaK CKOPOCTh PACTBOPEHMS METAJLIOB U
ceguMeHTanusA. IIpukiagHas 3HaYMMOCTh M HOBHM3HA paboThl OOyCIOBIEHA TEM, 4TO
K0o(GUIMEeHTHl pacIpefieJIeHUs MeTa/UIOB Keje3a, BaHANHWA, MeIU M IUHKa B

TIOYBEHHO-OPOCHUTEIBHOH CHCTeMe NMeIOT Ce30HHBIN XapaKTep.

Ubkpyuyugb £ 29. 03. 2025 p.
Spujunudb & 09. 04. 2025 p.
Cunmii]ty E vnyugpmipjut  05. 06. 2025p.
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OnueHka aHTHOaKTEpHAIBHOM aKTUBHOCTH COKA M CHPOIIA PacTeHHs
Bysumns! gyepHoit momy4eHHOM M3 reHepaTUBHEIX OPTaHOB

Bapranan 3apyn,
Oscengn Bapzymn,
Mxurapar Acmux
DOL https://doi.org/10.58726/27382923-2025.1-68

Kirrovepsre cmopa: Sambucus nigra L., amrmbaxrepuansHsle cBokcrsa, E.coli,
Staphylococcus aureus, mramm, COK Gy3HHBI, CHPOIT Oy 3HHBI

Bpegernne

B mociezsHye rogpl HabIOLAETCS BCIUIECK UCCIEL0BAHMUI, KACAIOMUXCS U3y YeHUS
OGUOJIOTHYeCKY aKTHBHBIX BELIECTB B PACTUTEIBHOM ChIpbe. COBpeMeHHbIe NCCIe[OBAHII
J0Ka3bIBAIOT BBICOKYIO 3 ()EKTUBHOCTD IPIMEHEHUS KOMILIEKCOB GHONOTHYECKH aKTHB-
HBIX BEL[ECTB PAaCTeHHil IIPU JIeYeHUN PasINYHbIX 3300J€BaHUN (B TOM YHCIE TPYAHO
HOAJAIONIUXCSA JIEI€HUIO) CHHTeTHIeCKHMHU (DapMaKOTeparmeBTHIECKUMY CpeICTBAME
[7]. B cBa3u ¢ mpuOGpeTeHHON PpE3UCTEHTHOCTHIO BO3OYAUTENEH K aHTUOHOTHKAM,
IIOCTOSIHHO PAcTeT HHTepeC K MCCIIeLOBAHIAM IIPOTHBOMUKPOOHBIX HATYPAIbHBIX aKTHB-
HBIX CPe/ICTB U3 PACTUTEIBHOTO ChIPBS.

B mouckax HOBBIX aHTHMHKPOGHBIX areHTOB BHIMAHHE MCCIIeoBaTelell GbLIO
00pallleHO Ha KCIIOJIb30BaHIe IIPOLYKTOB PACTUTEIBHOTO IIPOUCXOXKAEHUS AJIS HCIIOIb-
30BaHUA aHTUOAKTepUATbHBIX 3 dekToB, KOTOpHIMU OHU 06nazasor [15].

VYceroiunBOCTS K aHTHOMOTHKAM IIPHBENA K OCTPOil HeOGXOAUMOCTH Pa3paboTKu
HOBBIX U MHHOBAIIMOHHBIX IIPOTHBOMHUKPOOHBIX areHTOB [15], 1 cpesu mOTeHIMaIbHBIX
HCTOYHWKOB, PAaCTeHMs, IIPEACTABIAIOT cob0il Xopomyo anprepHatuBy. Ha ocHoBe mx
KCITOJIb30BAaHISI B HAPOLHOM MeJUIyHe GBUIN IIPOBe/IeHbl MHOTOYMC/IEHHbIE MCCIIeL0Ba-
HUS 110 U3Y4YEHHIO aHTHOAKTepHaIbHON aKTUBHOCTH JIEKapCTBEHHbBIX PACTEHUI M PacTu-
TenpHOro chbipbs [10]. JlekapcTBEHHBIM pPAcTEHHSAM IIPUHAZJIEXXUT KIIOYEBas POJIb B
IOZePXKaHUK 3L0POBbS Y€I0BeKa, OHY UCIIOIB3YIOTCSA B CUCTEMe TPASUIIMOHHON MeLu-
I[MHBI MHOTHX cTpaH [3,8].

JlexapcTBeHHbIE PACTEHHS BeKaMM WKCIIOJIB30BAJIMCh BO BCEM MHpe B KadeCTBe
CPeZICTB OT MUKPOGHBIX 3a00/I€BaHUI, II09TOMY TaKie PacTeHHs HeOOXOZUMO HCCIIenO-
BaTh, YTOOBI JIyllle IIOHATh UX CBOMCTBA, 6e30I1acHOCTD U 9 (eKTHBHOCTD.

OpuH U3 MCTOYHHKOB GHOJOTMYECKM aKTHBHBIX COeAUHEHUN sBiiercsi bysuHa
yepHas (Sambucus nigra L.) u3 poja Sambucus, oTpebieHre KOTOPHIX 0GecIednBaeT
HPOQUIAKTHKY M Tepaluio psja 3aboseBaHuil [6]. BysuHa depHas xopoumlo usBecTHOE
pacreHue, CIOCOOCTBYIOLIee JIEUCHHUIO IPUIIA M IPOCTYABI, IPOABISLS IPOTHBOBUPYC-
HbIe ¥ aHTUOAKTepHaIbHble aKTUBHOCTH [12].

BysuHa cozepKUT MHOXXECTBO COeAUHEHUM, KOTOPble MOTYT OKas3bIBaTh (hapMaKo-
JIOTMYeCKyI0 aKTUBHOCTH. VlcCiejoBaHUs IIOKA3aIH, 9TO ATOABI OY3MHBI COTEpXKaT pas-
JIMYHBIE COeAUHEHNS C BBICOKOM GHOIOTMYeCKOH aKTUBHOCTBIO, TAKHME KaK (hJIaBOHOM/IBL,
IIPOAHTOLIMAHIAUHEI, aHTOUMAHbl 1 (heHombHbIe KUCAOTHI [11,13], a Takke BUTaMUHSL,
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MUHEpaIbl U YIrIeBombl. XMMHYECKHUH COCTAB IIOZOB By3HHbBI 4epHOI 3aBUCHUT OT pas-
JIMYHBIX (AKTOPOB, TAKMX KAK COPT, YCJIOBUS OKPY’KaIollel cpeAsl (CBET, TEMIIEparypa,
KOJIHMYECTBO U YaCTOTa OCAAKOB, MCIIONB30BAHME YZOOPEHUH, CIOCOOBI TEXHOIOTUH
BBIpAlIMBAHUA), CIOCO6 OOpaGOTKM U yciaoBus xpaHeHus. Cresble IJIOABI Oy3HUHBI
COZlepKaT YTJIEBOLBI, B TOM UHC/IE NHUIIEBle BOJIOKHA, B OCHOBHOM T'€MMIE/LTIONO3EL,
IIOJINTAIAKTYPOHOBBIE KHCJIOTHI, IIEKTHHBI U MOHOcaxapuzsl [14]. B mocmemmue romst
HCCIIeZIOBATEIN OYEHb 3aMHTEPECOBAINCH U3YYE€HWEM CTUMYJIMPYIOLIETO AeWCTBUSL Ha
POCT MUKPOOPraHU3MOB B PACTUTEIBHBIX SKCTPAKTAX, KOTOPOE CBSI3aHO C CHHTE30M UMM
GOJIBLIOrO0 KOJIMYECTBd PA3IMYHBIX XMMHYECKHMX BEIECTB: AIKaJIOWUIOB, TE€PIEHOM/OB,
(beHOJIBHBIX COeMHEHU, TOINCAXaPH/IOB, BUTAMUHOB U P

CoriacHO JINTepaTyPHBIM JAHHBIM, SKCTPAKTHI LIBETKOB U IUIOZOB Y€PHON OY3UHEI,
MHIHGUPYIOT IPaMIIONIOKUTeNbHble (S, aureus, B. cereus) n rpaMoTpuIaTeIbHbIE GaKTe-
puu (S. poona, P. aeruginosa). PraBoHons!, hI1aBOHOIE ZUTHAPOGBIIABOHOIB, IPUCYTCT-
ByIOLIVeE B IUIOZIAX ¥ I[BETKAX By3HHBI 4epHOIl HeCyT OTBETCTBEHHOCTD 33 MX AHTUMUK-
poGHsIe cBoiicTBa. KpoMe TOro, OHM MOTYT COAEPKATh JIELUTHH, HEITHABL 1 OJIUIOCaxa-
PHIBI, KOTOpBIE ABIAIOTCA MHTHOUTOPAMU TPAHCKPUIIIMK U MeTaboau3Ma GaKTephasb-
HBIX K1eTok [13].

Ilo suTepaTypHBIM SAHHBIM XXUIKUH DKCTPAKT Oy3UHBI MMeeT aHTUMHUKPOOHSIE
CBOMCTBA B OTHOIIEHUU [IATOTEHHBIX OAKTEPHUI y YeJ0BeKa, a TaKKe BUpyca rpumma [3].
OTH CBOMCTBA B OCHOBHOM IIPHUIIMCHIBAIOTCS (PEHONBHBIM COEIVHEHHUSIM, OLHAKO B
XKHUIKOM OSKCTpakTe Oy3MHBI 4EpPHOM MOTYT IIPUCYTCTBOBaTh U IPyTUe 3allUTHbIE
MOJIEKYJIBl PacTeHWi, Takue Kak aHTUMHUKpoGHsle mentupast (AMP). Ilenrupwsie
SKCTPAKTHl U3 I[BETKOB Sambucus nigra. L cpesy KOTOPHIX GbLIM HAEHTU(UIMPOBAHBI
Gorarsle LMCTEMHOM II€NTHABI O0JafaloT AHTUMHKPOOGHOH aKTHBHOCTBIO IIPOTHB
PasIMYHBIX TPAMOTpHLATENbHBIX Oakrepuil. IlokasaHo, uro Saccharomyces cerevisiae,
Escherichia coli, Pseudomonas putida wn Bacillus subtilis odeHs UyBCTBUTEIBHBI K
9KCTpaKTaMm Bysums! uepHO [4].

VicciiemoBaHyst, MpOBe/ileHHBIE HA COKE CBEXHMX U CYLIEHBIX IIBETKOB U IUIOZOB
pacreHust BysuHbBI, a TakKe Ha PacTUTEIBHOM KpacHTele, IIOMYIeHHOM M3 CBEXHX
IUIOZIOB, NOKA3aJIM, YTO COK ILIOZOB BySHWHBI M pacTUTeIBHBIN KPAaCHUTEIb, OIYIeHHbIN
M3 IUIOJOB, 00yamaloT Gojiee BBICOKOM aHTHMOAKTEepHUATbHON aKTUBHOCTBIO, YeM COK
1BeTOB DBysumbl. PacturensHBIM KpacuTenb, IOMYYeHHBIA W3 IIIOAOB, IIPOSBISIET
BBICOKYIO aHTHOAKTEPHAIbHYIO aKTHBHOCTD B OTHOIIEHUH WwtaMMoB £.coli.. [1].

BysuHa uepHas WMUPOKO PACIPOCTpaHEHAa B ApPMEHMM, HO OTHOCHUTEIBHO Majo
usydeHa. Majo IIpoBeZieHO HCCIeOBAHUIL 110 M3YYeHUIO aHTUOAKTEPUAIBHBIX, GHOKO-
JIOTMYEeCKUX CBOMCTB 4epHOIl BysuHsl, ero jeueGHOr0 3HaUeHHUs, a TAK)XKEe MEXaHH3MOB
[IOJTyYeHUsI HaTypaIbHBIX Kpacuresei [2].

Ilepi0 HACTOAIIETO MCCIEHOBAHMS SBUIACH OLIEHKA aHTHMHKPOGHOM aKTHBHOCTH
BOZHBIX PACTBOPOB SKCTPAKTOB By3MHBI 4epHOI, U PACTUTEIBHOTO KPACUTEJIS, IIOLyIeH-
HOTO U3 F€HEePATHBHbIX OPTaHOB BysHHBI YepHOIL.
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Marepuansl ¥ METOABI HCCIIEJOBAHUA

OG6pasisl uepHOU Oy3uHBI ObLIM COOpaHBI M3 JEeCHBIX coobuiecTB I'yrapkckoro
paiiona Jlopuiickoit obmactu Apmenuu. MccremoBaHus OBIIM IIPOBeeHBI HAa COKe
CBEXXUX U CYIIEHBIX IIBETOB U IIJIOZOB GY3MHBI, a TAK)XKe Ha KpacHTese, IOTyYeHHOM U3
cBeXXUX PPYKTOB. BruIM HCCIez0BaHBI 06pasIbl, TOJTyYEeHHbIE MIOJ, CBETOM, B TEMHOTE, C
coziepxaHueM caxapa U 6e3 Hero. [3yueHo Taxke BIMAHHE caXxapa M CBeTa Ha aHTHOAK-
TepHaJbHYIO aKTUBHOCTD COKA M KPAacUTeIs Oy3UHBI YepHOIL.

Brura BeIABIeHa aHTHOAKTEpHUATbHASL aKTHBHOCTB CJIeLYIOUINX 06pasioB

* COK Oy3MHBI, HACTOSHHBIH IIPHU CBeTe,

* COK Oy3UHSBI, C J0OaBIeHNEeM caxapa HaCTOSHHEIH IIPU CBeTe,

* COK Oy3MHBI, HACTOAHHBIH B TEMHOTE,

* COK Gy3UHSBI, C J0OaBIeHNEeM caxapa HaCTOAHHEII B TEMHOTe.

AnTHOAaKTepHANTbHYI0 aKTUBHOCTh ONpPeAe/IIM JIyHOUYHBIM MeTOZOM [5], B
KavecTBe cpezbl 6611a BeiOpana cpega Muller Hilton M173. Antu6axkrepranbHas aKTHB-
HOCTH M3y4asach B OTHOLIeHUHM mTaMMoB F.coli u Staphylococcus aureus. DKCIiepuMeHT
IPOBOJYIIM C HCIOIb30BaHMeM 18-20-9acoBBIX KyJabTyp GaKTepHUaJbHBIX H30JIATOB.
DKCTPAKTHI TECTUPOBAJIM C HCIIOIb30BaHIEM CTEPIIN30BAHHBIX JUCKOB U3 (UIBTPOBAIE-
HOM Oymaru guamerpoM 5 MM. Jlucku mpomwutsiBaau 10 MKJI 5KCTpaKTa, CYIIMJIM B
JIAMIHAapHOM IIOTOKE U 3aTeM IIOMelIaIH Ha IIpeIBAPUTEIbHO HHOKYJINPOBaHHBIE YalIKHI
Ilerpu. 3arem nHKyOupoBanu B TedeHue 24 wacoB mpu Temmeparype +37°C. [lucku-
GubTpsl, ponuTaHHble 10 MK STHJIOBOTO CIHPTa WM CTEPUJIBHOM IUCTHJINPOBAH-
HOM BOZBI, MCIIOJIB30BAIH B KaueCTBe OTPUIATEIBHOr0 KOHTpod. Ilocie aToit MHKy6a-
MY HaGIIOJany JuaMeTp 30H MHTUOMpOBaHUA. VI3MepeHMe IPOBOAMIM, HauMHAA C
HIDKHeH vacTu OyMa)KHOTO JUCKAa WMJIM JYHKHM O Kpad opeoia MHru6GuposaHus. Bce
U3MepeHUsA ObLIM CHeJaHBl C TOYHOCTHIO O ILEJOTO MIULIMMETpPA. OJKCIepHMEHT
mpoBoAyIICS B Tpex moBTopax. OleHKa aHTH6GaKTepHUaJbHON aKTUBHOCTH OIIpeZesiaiach
II0 JyaMeTpy UHTMOUPOBAHUA.

11-18 MM — ymepeHHas,

20-27 MM — BBICOKAH,

28-30 MM — O4YeHB BBICOKAs

PesybpTaTs! HCCIEA0BaHUA U O6CYXKIEHHE.

VccnenoBanusa BIMAHUA COKA U CHPOIIA By3HMHBI 4epHOM IIOJNyYeHHBIX IIPU CBETe,
Ha pocT GakTepuu Staphylococcus aureus TyHOYHBIM METOZOM IIOKa3ajaH, UTO OHU He
006J1aa0T aHTHOGAaKTepUaJIbHON aKTUBHOCTBIO. TONBKO cOK OysuHbI B Koiaudecrse 100
MKJL. TIPOSBJIAJT BpEMEHHO yMepeHHYI0 aHTHOaKTepHaIbHyIo akTuBHOCTS (Tabmumna 1).
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Tabruna 1.
PesynbTaTh aHTHOAaKTepHAIBHOM aKTHBHOCTH coKa YepHoii 6ysunsl (Sambucus nigra L.)
Ha pocT Gaxrepuu Staphylococcus aureus JIyHOYHBIM METOZOM

Ha cpezie Muller Hinton M173
3oHa HHTHGHPOBaHHH
v Hepriaz Oyanzia 30xx | 50scr | 100
1 |cox Gy3uHbI, HACTOSHHBIH IIPU CBETE 0 0 18 Mm
BpEeMEeHHO
2 |cupom Gy3MHBI, HACTOAHHBIN IIPU CBETE 0 0 0
3 |cox 6y3uHBI, HACTOSHHBIH B TEMHOTE 0 18 mm 16 mm
BpPEMEHHO | BpeMEHHO
4 |cupom 6y31HBI, HACTOSHHBIH B TEMHOTE 0 0 16 Mm
5 |cOK IIBeTKOB Oy3HHBI 0 0 0
6 |xpacuTens, MOIyYEHHBIH U3 MJIOFOB OY3UHBI 0 0 16 Mm

Kaxk BugHO u3 Tabnuusr 1 Bce uccrenoBaHHsle 06pasisl B Konudecrse 30 Mxi. u 50
MKJI. He TIPOABIANM aHTHOAKTepHaIbHYIO aKTHBHOCTh B OTHOLIEHUM Staphylococcus
aureus. TompKO COK Oy3MHBI YepHOIi, HACTOSHHBIN B TEMHOTE, IIPOABHJI BPEMEHHYIO
yMepeHHYIO aHTHOaKTepHaIbHYIO aKTUBHOCTS B KomudectBe 50 Mxi1. [lo6aBieHne caxapa
CIIOCOGCTBOBAIA YCHJIEHHIO aHTUOAKTepHaIbHOM aKTUBHOCTH CHPOIA DysuMHBI uepHOM,
KxoTopoe B KommdecTse 100 MKJI. TPOABIUI YMEPeHHYIO AaHTHOAKTePUATBHYIO AKTHBHOCTb.
VYMepeHHYI0 aHTHGAaKTepHaIbHYIO aKTUBHOCTH B KoiudecTBe 100 MKJI IPOABHI Takke
KpaCHUTeJIb, IOJTyIeHHBIH U3 6y3HHI>I.

Ilo muTepaTypHBIM JaHHBIM CTHMYJIHPYIOlLlee NeiCTBME Ha POCT MUKPOOPTaHU3-
MOB B PacTUTEIBHBIX OKCTPAKTAX CBA3aHO COJEeP)KaHUEM B HUX (EeHOTBHBIX COeIUHEeHUH
[11]. ®enonbHBIE COENUHEHNS OKHCISIOTCI HAa CBETY, YTO IIPUBOAUT K 0OJlee HI3KOMY
cofiep>kaHUIO (IABOHOMAOB B pacTeHusax [16]. DTUM MOXHO U OGBACHHUTB, UYTO COK U
CHUpOoIL 6y3I/IHBI, HACTOAHHBIE B TEMHOTE, ITPOABUIN yMepeHHon aHTI/I6aKTePI/IaJII)HyIO
aKTHUBHOCTH ITO CPaBHEHMIO C 06pa3IiaMy, HACTOSHHBIMU Ha CBETY.

Doro 1. Pe3y.rsTaTsl aHTHOAKTEPHAIEHONH aKTHBHOCTH CHPONA
YepHOH Oy3HHSBI Ha pocT 6axTepry Staphylococcus aureus
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BysuHa sIB/IseTCS MOTEHIATBHBIM MCTOYHUKOM HATYPaIbHbIX IHIIEBEIX KPaCHUTe-
JIefl u3-3a GOJIBIIOTO KOJIMYECTBA AHTOLMAHOB, YeM OOBICHSIETCS aHTHOAKTepUaIbHAs
aKTUBHOCTD KPACHUTeEIL, IIOIYIeHHOTO 13 OY3HHEL.

Pesynprarst 06pasuoB Bysums! depHoit Ha poct Gakrepun £.coli mokasanu, 94To-COK
U CHPOII IIPOSABJIAIOT aHTHGAaKTepHUaIbHYIO aKTHBHOCTD B Pa3HOII cTerneHH (Tabinia 2).

Tabruna 2.
Pesy.15TaTsI aHTHOAKTEPHATBHOH akKTHBHOCTH YepHok GysuHsI (Sambucus) Ha poct
6axrepru E.coli ryHoursim merogom Ha cpege Muller Hinton M173

N/N Yepras 6ysuHa 30Ha HHTH6HPOBAHHH
30 mxr | 50 mrcr | 100 mrcr
1 |cox Gy3uHBI, HACTOSHHBIH IIPU CBETE 0 16 MM 18 Mm
2 |cupor Gy3UHBI, HACTOSHHBIN IIPU CBETE 0 0 17 vm
3 |cok 6y3WHBI, HACTOSHHBIH B TEMHOTE 0 16 mm 20 MM
4 |cuporm Gy3UHBI, HACTOSHHBIN B TEMHOTE 17vm | 22 MM 25 Mm
5 |CcOK 1BEeTKOB 0 0 14vm
6 |xpacuTeib, MOIYYEHHBIH U3 IIIOKOB OY3UHBI 19vm | 21 MM 27 Mm

Kax BuguM 13 TaGIHIIBI CUPOII Oy3HHBI, HACTOSHHBIN B TEMHOTE yXXe B KOJTHYEeCTBe
30MKJI IIPOSABUJ yMepeHHYIO, a B KonudectBe 50 MKJI. y)ke BBICOKYIO aHTHOAKTepHasb-
HYIO aKTUBHOCTB Ha pocT Gakrepuu £.coli. (uarpamma 1) .

30

25

20

15

10

30mKn 50mkn 100mKn

=—&—E.coli —#—St.aureus

Arnarpamma 1. CpaBHHTe/IbHAA OIl€HKa AHTHOAKTEPHATBHOH aKTHBHOCTH COKa OY3HHEI C
A06aBIeHHeM caxapa HACTOAHHEIH B TeMHOTe Ha poct 6axrepun E.coli u St. aureus
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Ilpu cpaBHeHMU aHTHOAKTepHAIBHON aKTHBHOCTH OOPA3IOB CHPOIA, HACTOSHHBIX
U B TEMHOTE U CBeTe, MOXXHO C YBEePEHHOCTBIO CKa3aTh, UTO BIMIHME CBETa IPUBOJUT K
CHIDKEHMIO aHTHOaKTepHaIbHOI aKTMBHOCTU CHpOIa OY3MHBI, TaK KaK CHPOIl GY3HHSHI,
HACTOAHHBI Ha CBeTe YMEePeHHYyIO aHTHOAaKTepHaJbHYIO AaKTHUBHOCT, IIPOSBUI B
xosnmyectBe 100 mx1. IToxoxue maHHBIe OBLIN IIOTy4eHHI IIPH UCCIeZOBaHUU OODPasLOB
coka. O6pa3ibl COKa, HACTOAHHEIE B TEMHOTE, IPOSBUIN BBICOKYIO aHTHOAKTepHAIbHYIO
akTuBHOCTE B KonmdectBe 100 mkn. Cox 1BeTKOB Oy3MHBI IIPOSBUI yMEPEHHYIO
aHTHOAKTePUATIBHYIO aKTUBHOCTD TOJIBKO ITpu KoiudectBe 100 mxi (doto 2).

Kpacuresns, momy4eHHbIH U3 IIOZOB Gy3UHBI yKe B KonudecTBe 50 MKII. TIPOSBUI
BBICOKYIO aHTHOAKTePHUaIbHYIO aKTUBHOCT.

Doro 2. Pe3y.IsTaTsI aHTHOAKTEPHAIEHOH aKTHBHOCTH CHPONA

Yepnoit 6ysunsl Ha poct Gaxrepuu E.coli

CpaBHeHre aHTHGAaKTepUAIbHOM aKTHMBHOCTH OOpasuoB Oy3uHBI Ha poct E.coli u
Staphylococcus aureus mokasano, 4TO CHPON Oy3WHBI, HACTOSHHBIM B TeMHOTe U
KpacuTesb, MOMYYEeHHBIH U3 IUIOJO0B By3nHBI 06a7aloT BBICOKOH aHTHOaKTepHaIbHOM
aKTHUBHOCTBIO Ha pocT FE.coli u yMepeHHOM Ha poct Staphylococcus aureus. COX 1IBETKOB
O6ysMHBI He BIMAeT Ha pOCT Staphylococcus aureus, HO 001ajaeT yMepeHHOI
aKTUBHOCTBIO 110 OTHOmEHUIO £.coli (tabauma 3.)

Kak Bugum u3 Ttabnauupl 3, o6pasubl OY3MHBI IPOSABIAIOT GOjiee BBICOKYIO
aHTHOAKTepUATBbHYIO aKTUBHOCTD B OTHOIIeHUHU E.coli veM B oTHOWe Y Staphylococcus
aureus.
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Tabruna 3.
Pe3yIpTaTsI cpaBHEHHAT AHTHOAKTEPHAIBHOH aKTHBHOCTH YepHOF 6y3HHbI
Ha pocr 6axrepun E.coli i Staphylococcus aureus JyHOYHEIM MeTOZOM
Ha cpege Muller Hinton M173

Staphylococcus .
N/N Yepuas Gysuna Py E.coli
aureus
1 COK Oy3WHBI, HACTOSHHBIH IIPU CBETe + +
BpEMEHHO
cupor Gy31UHBI, HACTOAHHBIN IIPU CBETe - +
COK Oy3MHBI, HACTOAHHBIH B TEMHOTe + ++
BpEMEHHO
4 cupor Oy3UHBI, HACTOAHHBIH B TEMHOTe + ++
COK IIBETKOB - i
KpacuTeJb, IOJyYeHHbIH U3 IIJI0A0B Gy3UHBI + ++

HYIO

- He objmamaer
+ yMepeHHas,
++ BBICOKAf,

3axirio4eHHe.
Taxum o6paszoM, o6pasubl BysuHsl mpoABIAIOT Goslee BBICOKYIO aHTHOAaKTepHaIb-
aKTUBHOCTH B OTHomeHuu £FE.coli, ueM B oTHomeHuu Staphylococcus aureus.

Bausuue cBeta IIPUBOJUT K CHUXKEHHUIO aHTH6aKTepHaHLHOfI AKTHBHOCTH COKa M CHpOIIa

Oysunsl. M3 mcciremoBaHHBIX 00pasIoB CHpOI Oy3MHBI, HACTOSHHBIH B TEMHOTE MU

KpacHTesb, IONyIeHHBIH U3 ILIOAOB DysuHBI 067a7aloT BBICOKOM aHTHOAKTepHaIbHOM

aKTHUBHOCTBIO Ha pocT E.coli u yMepeHHOM Ha pocT Staphylococcus aureus.

DOI: https://doi.org/10.58726/27382923-2025.1-68
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QLukpuwnpy opquitiiphg uinugyws pwipnytith ull pnyuh hymph b oowpwlh
huiljwpwluntphu) winhynpjui quuwhunnid

Jwppuiyubh Quipnihp,
Zmjulppuln Jupnnihp,
Uluppupul Zunnlpl
Unithnthnu

Zmbgmguyht puntn: Sambucus nigra L., hwlwpulpnkphuy hunlnipinibkp,
E.coli, Staphylococcus aureus, punul, pulijonykint hinip, puljpepykint oowpul

dhpotipu wénid b pniuwlwi hnidphg phwlwt hwlijwdwiptughtt wljnhy
niptph niundtwuhpnipniibph Jepwpbpyuy hbwnwppppmipniip: Zwlwphn-
wnhlutph tjundwdp juyniunipiniip hwbgkgpt) E unp hwjudwipbught iyniptph
Uowljdwmtt hpwwnwy wihpwdbonnipuip, b ptwub wnpmipttphg poyubpp fu-
pnn B hwdwpyb) npybu ] wypunpubp: Ykttuwpwinpbi wljnphy dhwgnipnii-
ubph wnpmipubphg dkYu b Sambucus gbnhg pwuppytuh ub mbuwlyp (Sambucus
nigra L.):

Pulppdtuh ub wbkuwlh hmph b opwpwlh tudnipubpp, npnup wwhydt) Eu
Unip wuydwbtbpnud, gnigwpbpl] Bu swthwynp hwjuwpwlnbkphw; wijnhynipnia
Staphylococcus aureus pwljunbkphuyh owwdubph Jpu 50 Ul pwbwlnipjniihg
uljuws: Puwbppybunt hmpp gnigupbpnd b swihwynp hwjupwlnbkphwy, huy
opwpwlp pupdp hwljwpwlntphuy winhynipntt £ coli puljntphugh wsh Ypuw:

utpptunt wdniputipp gnigupbpnud B wydby pupdp hwjupulntphw) wy-
nhymipmit Ecoli Wjuundwdp, pwl Staphylococcus aureus uljumundwdp: Lnijuh
wqpbkigmipniup phipnud £ hniph U oowpuwlh hwwpwlunbphuw) winhynipjui
hotigdwi: Munidtwuhpywé winiputiphg pwippdtiunt ocowpwlp, ppudus dpnt-
pjut Ukp b ukpluiynipp uinugyws putpnytint wuninutphg odwndws ku pupdp
hwjwpwlunbphw) wnhynipjudp £ colit swhwynp Staphylococcus aureus Jpu:
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The Evaluation of the Antibacterial Activity of the Juice and Syrup
of the Black Elderberry Plant Obtained from the Generative Organs

Vardanyan Zaruhi,
Hovsepyan Varduhi,
Mbkhitaryan Hasmik
Summary
Key words: Sambucus nigra L., anti-bacterial properties, E.coli, Staphylococcus
aureus, strain, elderberry juice, elderberry syrup

Recently, there has been a growing interest in the development of studies of
natural antimicrobial active agents from plant raw materials. Antibiotic resistance has
led to an urgent need to develop new and innovative antimicrobial agents and among
potential sources, plants can be considered as a good alternative. One of the sources of
biologically active compounds is Black Elderberry (Sambucus nigra L.) from the
Sambucus genus. Studies of the Black Elderberry juice and syrup obtained infused in the
dark showed a temporary moderate antibacterial activity in the amount of 50ml on the
growth of the bacterium Staphylococcus aureus. Elderberry juice has a moderate
antibacterial activity, and the syrup has even higher antibacterial activity on the growth
of E.coli bacteria. Elderberry samples show higher antibacterial activity against £. coli
than against Staphylococcus aureus. The influence of light leads to a decrease in the
antibacterial activity of elderberry juice and syrup. Of the studied samples, elderberry
syrup infused in the dark and the dye obtained from elderberries show high antibacterial

activity on the growth of E. colf and moderate activity on the growth of St. aureus.

Ubkpyuyugbp & 29.03. 2025 p.
Qpujunudly k. 15. 04. 2025 p.
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Juwhwdnn punuph hwpuljhg nmuwpwuspukpnid wény
Yuyph nunkih npng poyubpoud pinpndhyubph b jupninhunhgubph
nugkunpughwibkph npnymd
Jwppuiyubh Quipnihp,
Ququpul Updhbk
DOI: https://doi.org/10.58726/27382923-2025.1-78

Zwhgmguyhl punkp. poiuwlpul gniinulhkp, pinpndpph ovpunplmlub prnn:-
pinil, gnilnufalph nbgkinnpughu, poiuwmlul dqyudp, nyuughl wyhph Eplw-
pnipyndl, (nyup pywinn, pinpndhyp vy ppunuypl nidnype

‘Lhpwénipynih

Yhtuwpwbwljui qmibwlakpp (phnppndibpp) - gmbwiympbp th, npnup
dnunud L opquhquubph Aniugwdphlph pununpnipyutt dky: Inihwljubinh
gnuup npnoynwd b tpwbg vy EfnybEpmd gnibwmhpbhkph wunjumpiudp, npnup
punpnnuljut Yepuyny jlutnd ku wpkqujtught (nyuh wéuwbabh ogElnph u-
nuqupbbpp: Yhuwpwhwlwi gnibwlubpp Jupbnp gbp o pungnmd jhuguih
twjubph JEuuwgnpdniubmipyu dke: Uy qnitiwljubphg Eu pinpndhiukpp, whnn-
ghwlubkpp, Yupnuphunhnubpp, $hynpphtipp b wybe [2; 17]: Poruwlwb hyniu-
Judpltpnid gmuwlukph ppnpndhiuph b jupninhinhpibph wewgwgnidp opgu-
twlut punipyut swquut wundnmpjub plpwgpnid knk) t unpnpugnytt wpn-
Unpdng, phthwlul b wyw twb Yhhuwpwiwlwh npnighuwh pupdpugnyi
wpnniup: 3npy, juwyunuwluuy, nhwnndught ophuninubph twuppkp mbuwyutph
Jpu juunwpjuws puquuphy hbnwgnumpnibibtpng gnyg b wupdl), np jupn-
wpunhpubpp b $pynpphbubpp $nunuptiplqh winpy dwubwyhgubp o (Elpp-
untth b Lothuh, Unudnpnh, LEpunkih, dpkush b wyng wohiwwnmwbputpp) [5]:

Gnibwljubph oyynhjuwlwt hwnlnipniuttpp npnoynid Eu npug phuhw-
Juib junniguéph wnwbdtwhwwnlnipinitibpny: Linpnbhjutph b jupnunhunhy-
ubkph Unkynyubkpnid gnynipinit niih qniquljgws (Yniyniqugdus) Ypluwlh fu-
whph hwdwfwpg: Zudwlupgh Yuwhpp juqujws b wshwsth winndibphg'
(nfuyuyuygws wwpg (Gphkkyupntught) foduibinwhl juybpny o-kkln-
pnutbp: Pugh o-fEjwupnuutphg, Yphuwlh juybph wpwougdwip duubiulgnid
Eu Epynt m-EEjupnuibp: Ldwt hwdwupgbpnud T-EEjupnuttpp juyduws sk
wsuwsth hwnni) winndubph htw, ntunh’ tpuip Yupng kb pupdyl] wdpnng un-
(Eynynd’ Abunjnplynd  wbnuyiugluws  HEjnpniwh wdy:  ©-HEjnpnatkph
gqnpgonidp Jupnn E hpujubiugy by mbuwkih (nyuh pyutinitiph oinphhy [9, 16]:

Qpuljwiunipjut Jepnsnipniuhg tpunud k, np wpnnwuwhdwiyuw b hugpk-
bwljul owwn ghnbwlwhbp niuntdtwuhply Eu pinpndhjutpnh b jupnunhunhngubph
nughtnpughw niyupnibwlmpnibp poiuwut hnrujuspubpnud: ZEknwgnu-
b1 k pinpndhih Ynughtnpughwt bt yupnibwlnipniip wbnty unynpujui b
Pwuppytup ul pnyubph mbplh hnuuguspubpnud, vnwgdus nyjujakpp hwudk-
dwwnyty ki dhdjug htwn [7]: Npnpgty b twb npny Juyph nunbkjh poyubph gnnni-
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unud pinpndhih Ynughinpughwi, guwhwnyt) E gpuitignid dninnuhtiptqh hnk-
uhynipniut pun pinpndhih Ynbgktnpughwyh [11]: Zknhtwlubph dbY wyp judph
ynnuhg niunidtwuhpyty £ Lonne b Swdnioh dwpglipnid wénn npny poyubip mbplh
hjnitujwéspubipnud pinpndhih Ynbghinnpughwih b yupnibwlnipyub juwhiuént-
pintup wdkpwuyph yuydwbubkphg [8]:

Guunwpyl] Eu hbnwgnunipmniitn npny wplwnwpdwih pnyubph wywuny-
ubpnud b hwdbkuniipwghtt pnyubipnud jupnunhinhnubph Ynugkinpughwut b yw-
potbwlynipyui JEpupkpyuy [6; 105 22]:

Yutwy pnyubph wkplubpnd pinpnuyyuunubph gnitiwljubph wyn Uké judph
$hqhnnghwytu wpwty wynhy punuyphyiikpt ki o- b B- fupninhiubpp, huy-
whu twl tpuig ppYwsht wupnibwlnng wswgyuutpp' puwinndhutpp, npnig
tnylwhu jupnnhinhpibp kb wijuwimd: bppl pugnighs gnitljulp’ pubp
yuh Eukpghwt fubnwd b thinfuwtignid Eu pinpndpy a-h: Upnipjui dbe pnyubph
hjniujuwésputipnid Jupnunptunhnubph uptiptq wykh winhy b pupwiunwd, huy
nyuh il Lupymud k [2; 55 21]:

YQupnuhunhnpubph tnup pdnypubpt ntukt pug nlinht, btwpbwgnyh Jud
pug Jupuhp Epuiquynpnid: whin jmsnyputph nitkt twpbgwgniyyuhg dhigh unig
Jundhp gy [2, 111-114; 5]:

Cuwn Up pupp hknwgnunmpynibibph wpyniipubph’ jupninhinhnubpt muka
npnowlh ntip poyubph Swnuw opowtnid, npuig pwtmlp hwdbdwwnwpwn swn
Ehunwd Jqupuwiinh vyhnud b thnpbhwwnhljubpnud: Uyy pipugpnid jupnunphunhn-
ubph wupnibwlnipniup nkpbbbpoud dwuwdp tdugnid E, hul) thnpwinpibpnud
b wuwupbkpphpnd wbjwbnid [14]:

Yupnuhunhpubpp juplnp tywbwlnienit nitkt dwpngnt opquthquh opw-
1ht hwjuuwpwlormpiniip yuwhwywkine wkuwljtnhg: A Jhnwdhip dkp opqu-
uhqup dknp k phipnud yupnuhunhnubph JEpuhnpuulipydwt wpgniupnid: Opw-
Jut 6 Ug-hg wuwljwu Jupnnhunhnubp oquugnpstint wupwquynid dnwn kplyne
wiquu vkdwinmd E nipnigpuhtt hhjuwtnmpiniiitiph qupqugdw nhuljp [26]:

YQupnuhunhnpubpt nitkt hwljwunipnigpuyhty, hwjuwwnpuhl, huntindnnni-
pup wgnbkgnipinil, b junphnipy | wnpgnud tputg hpunnipiniup Yihthjuynid sw-
pnpul gnjugnipiniutph Yndphttmgqus poiddwi dwdwtwly npuybu huniunlup-
quinphsutp [20]:

b. vwshlh (Frederick Khachik) Ynnuhg hpwlutugusé htnwmgnunnipnii-
ubkpp gnyg ki widk), np upnunhunhpubph hwdbnudp vbhigh dke juplinp bywbw-
ymipinit niuh hhjwinmpiniuubph jutjpupgbjdwit hwdwp [19]: Ywpnuinhunhy-
ubpp wqpbkgmpinit b niukumd hwb pohotibpnid junjbuptphth thnjpwbwlnipniu
Jupgquynpdwl ypw [15]:

YQuipnuhtunhptbpp niikt hwjwopuhnuinwihtt wnhynipmit b wgnnud Eu
pohoutiph punuuputph Jpw [25]: Lpwtp dwubwlgnid ki ppowpunuipnid uyh-
wnulnigubnh junnigwsdph unnhdhljughuyhtt b wmqnujukph pugniudwp [16; 17]:

Quipnuhunhnpubph mbbkt jppwinnuqpignipnit punitbughtt hwdwlupgh b
puydnn wqpkgnipnit ninnigpubiph Ypw(18; 23; 24]
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Zujwunwih Zubpuybnnpmniinad bu junwpdl) Bu hbnwgnunnieiniutp
Jupnuhinhnubph pubwluwlut b npujulwi npny hwnljuthoubph ntundw-
uhpdw ninpmipjudp: Ywwnwpyb) o hbnwgnunipynibbp npny wphwnguwpdwght
wuninubpnid b npny hwdbdniipuyhtt pnyubpnud jupnnpunhnibph wupnibw-
Ynipjut dwuht [10; 22]:

Ynipp b dkpnygp

SQhunului b gnpstwluwb nmbuwblnmuhg wpdbpwynp ki wyt ghnwljwut
niuntdtwuppnipnitiubpp, npntp Jepuwpkpnud Bu npny quyph nunbjh poygubpoud
gniwjutiph Ynugktnnpughugh b yupnibwlnipjub npnodwp:

Spujwimpjub yEpnisnipniihg tpinud k, np wpnnwuwhdwiyut b hwypk-
twlul owwn ghntwluwhtbp ntunidtwuppl) o jupnunhtinhnubph ywpnibwlne-
pintup Juyph wénn nunbkh poyubpnud, hinmwgnunk) o pputg towbwlnipmniup
dwpnnt opquithquh wennonipjut hwdwp [19-22]:

Utp Ynnuhg hpwlwbwgyl) t Lopnt dupgh dwbwdnp punuph hwpulhg
Juyphp pimipiniinid wénn npng Juyph nunkh pnyubph mbkpbubpoud b gnpniind
Junpnuhunhnubph Ynughinpughwgh ntunidtwuhpnipinil, npnup tkpundus bu
Lnpmt dwpgh phwlhstbph ubiqwpwdimd’ mpg unnwgnny (Zhymus serpylluml.),
whwiniju hwufhwinp (Mentha viridis L.), dujpudwjunn uyhwwly (Zeucrium
polium L), Shstntwpnwn ks (Chelidonium majusl), tnhue tpYywnih (Urtica dioica
L), uhunphly unynpwlyutb (Polygonatum odoratum (Mill) Druce), subipkl] nhnuwnnt
(Asparagus officinalis L.), ukjunip pnipwbtn (Apium graveolens L.), punpnui unyn-
puwlwl (Heracleum sosnowskyi), onipwupwigwpn unpnifwynp (Chaerophyllum
bulbosum L.):

Qunutthp sk, np Lnont dwpgnid wqqupbwlsnipju spowunid punniadws k
uliipmud oqunuugnpdty Juyph poyubp: Zwnfuybu quplwbp pagubph hinktuhy
wddwl nt qupquguut opowtnid, wyy pnyjubiph hpundwt hwdwpwljwinipiniup
qquih dkbwinud k: Muwnp, Jupbnpynd Eu Lopnt dwpgnid wdnn Juyph nunkih
poyubpmd pinpndbhih b jupnunhinpnubph Ynughtinpughugh b wupnitwynipjui
niuntdtwuppnipnitubpp, hwoyh wntbng wyt hwihqudwipp, np poiuwfwb wyy
gniwjutiph pwbhwlh pwgwhwjnnudp wpwbwlwihg Yhth dwpnme opquhquh
Ypu uttunnud Yhpweyny poyubph ognujupnipjut gowhwndwi hwpgnud:

Onpdwdnipibpn Ypgpyty b Zwjwunwh Zubpuybnnpyub Lnpne dwpgh
Jwhwdnnp punuph hwpwlhg imupwsputnhg:

Unnruwly 1-nud phipjwsd B hbnwgnuygnn wnuwpwsputph hhdtwlwb §hdw-
julju gniguwiithoubnp [3-4]:
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Unyniuwly 1
Yuwinudnp punuph hbimugnunywmé inupudphkph [jpfuyulmb

npnp gniguilihpblph pinipughnn

Upln-
Onih Onh Onh _
it | Onh e npuw- | Lundm
wnupk- jhu wnupk-
nuihg | jmgnyh Bat Uplbwth | dwl il | s
SO Rl R T SO L el 5 N R 51
duly duly bl nlnnmp)| qouyb il ||
pupd- | obpudwu- R nibp () | oipdwu- et i
1pjnLh | mhdwh nhgmir
puipnct| Wb S e byt | bohl | (dAlny)
pwiiuly
11;1;111111- 1350 36 7.4 2011 -32 586 1.7

Anibwljubph’ pinpondhjutph b yupnunhunhgubph Ynbghnpughwi npnodbtp
E owupjului junmpjul dhongny uyhpwwihtt b wgknnbughtl nisnypltph
Jhpundwdp [12]: fniuwtdnpubph pinpndhih (nwdnyputpp wuwnpuwunygt) Lu pny-
utiph $hghninghwljut hbnwgnuunipnitutpnid Yhpwnynn dkpnnubpnd [1; 12]:

Anibwljubph owyywnhjwlwl junnipmniup npnoylp E uwblnpndnunndbtnph
(UV-Vis SPECTROPHOTOMETER SL150) Uhgngny pinpndhin 665 ud b 649 ud, huly
Jupnuihtinhnp' 452,5 ud Epjupnipjut wihph wnuwl [12]: Ugkiupndnnndbnphu-
Jui wbwihqp mbphubpnd gnitwfubph npoodwt hwdbdwwnwpwup wykih &hown
pwlwljulwi dbpny b

Uquuéph annipniip uykunpndnnndbnph dpu npnpnid G a & b pnpn-
$hih Ynnuhg uyblnph Yruiniw wewdbugnyt whpnypend wyblnph Jupdhp
hwwndwénid, pul upnunhunhnubph phwpnid wpunpghntt wnwybjwgny whph
wnuly: ZEkwnwgnuynn pnyubph gngnianud b mkpbiukpnd gnibwlubph Ynbgkunpu-
ghwl npnobkint hwdwp JEpgyt) tu 0,3 ¢ quiqduény htnmwugnuny pnyuh pupd
hjntujuspubin: Antuwlwi hmuuéspubtnhg wwwnpwuwnyk) E pinpndhih uyhpunw-
Jht inidnyp 96 %-ng uughpuny [1, 50-52]:

Gnitwljubph Ynbghunpughwt pun oyynhjulwh junnipjui gniguhoubph
npnoyk) k pun hbnlyw) pwtwdlih (12, 43].

Cam13.70-Dgg576-Dgg 1)

Cp=28-Deyg7.60-Degs @
Lnpnphy C;-h b pnpndhy Gy -h gnudwipp npngyty £ puwn Obipplgkuh puliwdth
[12, 43].
Ca+Cpb= 6,10 x Deé6s + 20.04 x De4o 3)

YQupnuwhunhnpubph Ynughunpughwt npnodl) B dhunnpnbjuh putiwdlng.
(27]
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Cear = 4.75 X Dysp5 — 0.226 X Cq + C, “)

Onpdbpp Juunwpyl) bt Jwhwénph ywhnwljui hwdwjuwpuith Auwughunw-
Juwit hwdwihp jwpnpunnphuynid: Unwgyws wpnyniupubpp tipwplyt) B dwupt-
dwnhjuliuit Jhdwujugpulijui Jhpnwsnipju: SYujukph dwpbdwnhjului
Uowlnudp hpwjubmgyty E nhuybpuhnt Epnsnipjut dbpnnny (thnpdh upuwh
(Sx) %) [13]:

®npdkp b wpynibipukp

Lwhiwybu dwbwdnp punuph hwpwlhg qujph punipiniihg hwdupyty tu
nwup nbuwh Juyph munbkjh b hwdbdnibpughtt pgubph’ Zhymas serpylluml.,
Mentha viridis L., Teucrium polium L., Chelidonium majusl., Urtica dioica L.),
Polygonatum odoratum (Mill) Druce), Asparagus officinalis L. ), Apium graveolens L.,
Heracleum sosnowskyi, Chaerophyllum bulbosum L., gnnnit b mkpliukip npubu thnp-
dwldnioubin: Zwjwpqws pnyubph gnpniitkph b wbkplhubph hmouduspubpnud
npnoyk) k gmibiwljubiph Ynugkinpughwice

Hwbwdnp punuph hwpuyhg quyph punipiihg hujwpjws  poijubph
gnnniiibpnud b mbphubpnud gniiujutph Ynugktnnpughwh npnpdwb wipngnitp-
ubkpp phpdus Eu phy 2 wnmniuwlynid:

zknwgnunjus pnyubiph thnpdwidnuibpnid uvinwgus wfjuutpp hwdbdw-
wnbjhu jnipupwisinip nhwph hwdwp Ykpgytp o wyt hhopdwidnpubph wfjug-
ubpp, npnugnid gnibiwlh Ynughinpughwi bnky £ wunwybjugnyp:

Cun wnnuuul] phy 2-h, hknwgnundusé pnyubpnd pinpndpy a-h wdbtw-
pwpdp Ynbghnpughwt qpuigdt) E uhunphly undnpulwb pnyuh gnpnibnod®
7.4093ugq/}, huly punpnubt unynpuljwb poyunid 6.9324 Uq/) nkplhbkpnud:

Cuwnn htnwqnunjws poijubiph gnynitintdpinpndhy a-h gpuiigdué wyjuiukph’
Juquyt) E hnwgnunjws pnyubiph pwpp.

Polygonatum  odoratum  (Mill)  Druce>Thymus  serpyllumlL.>Heracleum
sosnowskyi>Chaerophyllum bulbosum L.>Chelidonium majusl)>Apium graveolens
L.)>Mentha viridis L.) >Asparagus officinalis L. ) > Teucrium polium L.>Urtica dioica L.

Pnyubph owliphg kptinwd E, np pinpndhy a-h ijuqugnyh Ynugknpughw gn-
nniunud gpuingyty k Enhte tpljuinit pnyunid, npp 1.67 wuqud phy & uhunphly un-
Ynpulwi poyuh gnpniunid pinpndhy a-h Ynugknpughuwyhg:

Onpdwtidniptikinh mkptukpnud pinpndhy a-h wdkwpwpanp Ynbghinpughw
npnoty b punpnuib undnpulywb (Heracleum sosnowskyi) pmyumd’ 6.9324 g/}, hul
wikiwguspp dwypudwpnin uyhwwly (Teucrium polium L) prijunid® 5.422 g/,
wjuhlipll' qphipk 1.278 waqud phs:

Cunn  thnpdwbdnipbbph’  wbkplubpmd  pnpndh;  a-h  Ynughinpughugh
Yuquift Epoigubiph pwpp.

Heracleum sosnowskyi>Mentha viridis L. >Polygonatum odoratum (Mill)
Druce) >Apium graveolens L.>Chaerophyllum bulbosum L.>Chelidonium majusL.>Urtica
dioica L.>Asparagus officinalis L.>Thymus serpylluml.>Teucrium polium L.
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Jwtwdnnph hwpulhg mwpwsputpnid wénn hbnwgnunws pnyubph gnnnt-
nud b nkplubpnud pinpndhy a-h Ynughinpughwih hwdbkdwnmpiniup phpdus &
Py 1 gdwyuunlytpnid:

1z
1a

Q 2 4 ] 8 10 12

—— Claonnrlls  —@—Clarunbple

Qwwyunnlkp 1. Ywiwdnph hwpulhg nmupwéphbpnid wang hknwgnnygwé pnyulph
thnpdwininipalph gngniimd b wkphbabpmd pinpndpy a-h §nbgkinnpughuyh
hwdbdunnmpnibp

1. Thymus serpyllum L., 2. Teucrium polium L., 3. Asparagus officinalis L.,
4. Mentha viridis L., 5. Apium graveolens L., 6. Chaerophyllum bulbosum L.,
7. Urtica dioica L., 8. Chelidonium majus L., 9. Heracleum sosnowskyi,
10. Polygonatum odoratum (Mill.) Druce

Zhnmwqnuujws pnyubiph inyt hnpdutdnpibpnud hwdbdwwndl] £ twb go-
nniind b nbpbubpnud pinpndhy a-h Ynugkinpughwt dhdjuig htn: Mwnljtpt
wyuwhuht k.

Thymus serpylluml. pnijuh thnpdwidniph gnnniinid pinpndh) a-h Ynbugkn-
pughwit gkpuquignid E wbkplhutpnud pinpndhy a-h Ynughunpughughte 1.253 wt-
quui, Teucrium polium L. whkpliubpmu' 1.073, Asparagus officinalis L. wnbkplubpnud
1.102, Mentha viridis L. wkplubpmu 1.262, Apium graveolens L. wkplubpmu 1.117,
Chaerophyllum bulbosum L.) gnymunud 1.131, Urtica dioica L.) wkplukpnud’ 1.370,
Chelidonium majus L. gnymunud 1.123, Heracleum sosnowskyi gnnmiunid 1.003,
Polygonatum odoratum (Mill) Druce gnyniamu 1.116 whquud:

Zhnmwqnuujws pnyjubiph hinpdwidnipubpnid pinpndpy b-h Ynugkunpughwgh
wlkwpwpdp gnigmthy qpuiigyty & Thymus serpylluml. pnijuh thnpdwbidnioh gn-
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nnilinud’ 17.5848 Uq/), huly wdbhg guép’ Teucrium polium I. gnyminid’ 13, 0648
Ug/y:

Cunn hbwnwgnujus poyubph thnpdwidmptbph’ gnyminid pnpn$hy b-h
ynugkuinpughuyh Juquyl) £ pogubph pwpp.

Thymus serpyllum L.>Mentha viridis L.>Heracleum sosnowskyi>Chelidonium
majus L.>Chaerophyllum bulbosum L.>Polygonatum odoratum (Mill) Druce>Asparagus
officinalis L.>Urtica dioica L.>Apium graveolens L.>Teucrium polium L.:

Pnyubph pwliphg bpumd E, np gnpnitind  pinpndhp b-h  uwjuqugnyi
nugkunmpughw qpuugyty t Teucrium polium L. pnyumid, npp phy b Thymus
serpylluml. pnijuh gnnniunid pinpndhy b-h Ynughinpughwyhg 1.346 whquud:

Zhnwqnuujws pnyjubiph thnpdwidnipubtph wkplutpnid pinpndhy b-h wdkhw-
pupdp Ynbghnpughwl npnpdby & Heracleum sosnowskyi pmjumu’ 16.9052 ug/y,
huly wdbhg guép’ Teucrium polium L. prijuh nkplitkpnud’ 13.4032 dg/y:

Cunn wnbkplubpnud pinpndhp b-h Ynughunmpughwih gnigwihoh Juquybt &
poyubph gwpp.

Heracleum  sosnowskyi>Mentha  viridis ~ L.>Chaerophyllum  bulbosum
L.>Chelidonium majus L.>Thymus serpyllumL.>Apium graveolens L.>Urtica dioica
L.>Polygonatum odoratum (Mill) Druce>Asparagus officinalis L.>Teucrium polium L.:

Juwtwdnph hwpuwlhg mwpwsputipnid wénn hbnwgnunus poyubph gnnnt-
tnud b inbipbubpnud pinpndhy b-h Ynughttnpughwih hwdbkdwnnipiniup pepdus |
Py 2 gdwyuunlytpnid:

15

[i] T T T T T 1
0 2 4 & 8 10 12
== | b-gnnnll Clb-unbnle

Qwyunnlkp 2. Jwiwdnph hwpwlhg nupuwdphbpnid wang
hEnwgmmjwé pnyukph thnpdwindnipblph gnpnibnid b wnkphbabpnid

pinpndfy b-p §nagkinnpughuyh hundkdunnnipiniip
1. Thymus serpyllum L., 2. Teucrium polium L., 3. Asparagus officinalis L.,

4. Mentha viridis L., 5. Apium graveolens L., 6. Chaerophyllum bulbosum L.,
7. Urtica dioica L., 8. Chelidonium majus L., 9. Heracleum sosnowskyi,
10. Polygonatum odoratum (Mill.) Druce
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ZEnugqnunjué  pnyubph oyt thopdwtdnubpod hwdbdwndlp Eoawb
gnnniinid b wnkphubpnud pinpndhy a-h b b-h Ynughktinpughwutpp dhujutg htan:
NMuwwunltpt wjuyhupt k.

Thymus serpyllum L. pnijuh thnpdwiiunioh gnnniinid pinpndhy b-h Ynugkn-
pughwit ghpuqugnid & mhphhhpnuf anpnfl:th b-h llnhghhmpmg]lm]bh 1.187 wl-
quul, Teucrium polium L. whplbpmd 1.026, Asparagus officinalis L. gnnniimu
1.033, Mentha viridis L. gnqmiumd 1.027, Apium graveolens L. wkplukpnid 1.072,
Chaerophyllum bulbosum L. gnymumd 1.055, Urtica dioica L. wnkplbpmd’ 1.102,
Chelidonium majusl. gnymiumd 1.135, Heracleum sosnowskyi gnyniinid 1.006,
Polygonatum odoratum (Mill) Druce gnyniamu 1.014 whquud:

Npnodt) E dwiwdnpnid wdnn pnyubph thnpdwidnipubph gnpniimd b
wnbplubpnid Jupnunpunhnubph Ynugktnpughwi: Ywpnunhunhnubph Ynbghin-
pughwyh wdktwpwpdp gniguhy npnolty L Zhymus serpyllumL. pnyup thnpdw-
tniph whplitkpmu” 1.3971 Ug/y, huy wikwgusp Chelidonium majusL.gnyniimd’
0.0065 uq/1:

Cuwnr hbnmwqnuujws poyubiph gnpniinud jupnnhunhnubph §nbghinpughuwgh
wn. 1-nud npdus ndyuibph’ Juquyly E pogubph owpp.

Urtica dioica L.>Teucrium polium L.>Apium graveolens L.>Mentha viridis L.>
Asparagus  officinalis L.>Heracleum sosnowskyi>Polygonatum odoratum (Mil])
Druce>Chaerophyllum bulbosum L.>Thymus serpyllum L.>Chelidonium majus L.:

Zhnmwqnuujws poyubiph wbplhubkpnid jupnunhunhnubph qnhghhmpmghm]b
unfhhulpulp&p gnigwihp npnpyty & Thymus sezpy]]uml poyumd’ 1.3971 qu/L, huy
wukbwgudpp Teucrium polium L. pmjuh nkplkpnid’ 0.346 Ug/|, wyuhlipti' qphiph
4. 037 whqud wykjh:

Cuwnn nkphukpmd jupnunhinhpubph Ynbghinpughwih nyjuubph fuqd
E htwnwgnungusd poyubph owpp.

Thymus serpyllum L.>Asparagus officinalis L.>Mentha viridis L.>Urtica dioica L.>
Heracleum sosnowskyi)>Chelidonium majus L.>Polygonatum odoratum (Mill)
Druce>Apium graveolens L.>Chaerophyllum bulbosum L.>Teucrium polium L.:

Jwtwdnnph hwpulhg mwpwspubpnid wénn hbnwgnunus pnyubph gnnnt-
und b wbkplibpnid Yuwpnunpunhnubph Yntgktnpughuyh hwdbdwnnipniup
Thymus serpyllum L. Pnijunid npnojwd gniguthoh htin phpjws k phy 3 gdwwun-
tpnud:
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== Cl b-gnnndl Cl b-unbpl
QSuwyunnlbp 3. Ywhwdnph hwpulhg nupwéphipnid wang
hlwnwgnumjwé pnyukph hnpdwinlnipblph gnpnibmd b wkphbbpnd Jupmnpbnppblph
nbgkinnpughuyh hudkdunnnipinp
1. Thymus serpyllum L., 2. Teucrium polium L., 3. Asparagus officinalis L.,
4. Mentha viridis L., 5. Apium graveolens L., 6. Chaerophyllum bulbosum L.,
7. Urtica dioica L., 8. Chelidonium majus L., 9. Heracleum sosnowskyi,
10. Polygonatum odoratum (Mill.) Druce

zhknwgnunjws unyt poyubph tnpdwbdnipubph gnpmiunud b wkphiukpnod
Jupnuhtinhnubph Ynugktnpughwh gnigwihpubtpp hwdbdnwdbt] Bu dpdjuig
htwn: NMunlbpt wyuyhuht b

Thymus serpyllum L. pmijup thnpdwiidnigh nbplubpnid jupnunhunhnutph
ynughunpughwt ghpuquignd k gnyniinid upnunhunhnubph Ynugkunpw-
ghwjht 62.09 whqud, Teucrium polium L.) gnyniumd’ 3.357, Asparagus officinalis L.
gnnniimd 1.123, Mentha viridis L. gnyniamud 1.210, Apium graveolens L. gnyniimu’
1.745, Chaerophyllum bulbosum L. wkplbpnud 23.78, Urtica dioica L. gnnniunid’
1.716, Chelidonium majusL. wkpliubpmu 115.77, Heracleum sosnowskyi gnnmuntd
1.03, Polygonatum odoratum (Mill) Druce wbplukpnid 1.533 whquid:

Bqpuljugnipjnih

Gunwpyws hbinwgnuinnipniiubph wpnyniuipnid hwiqh) Gup ubppnhhojuphi.

* Juwbwdnpnid wdnn pnyubipnid hinwgnuus poyubphg 5-nud pinpndhy a-h
yniigkinpughwl pupdp b gnnnitmd’ Thymaus serpylluml., Chaerophyllum
bulbosum L., Chelidonium majusl.,Heracleum sosnowskyi,Polygonatum
odoratum (Mill) Druce, hul] hhuq pnyumd’ 7Zeucrium polium L., Asparagus
officinalis L., Mentha viridis L., Apium graveolens L., Urtica dioica L
wnbplhbbpnud:

* Juwbwdnpnid wénn hnwgnunjus poyubtphg 7-nwd pinpndhy b-h Ynughin-
pughwl pupdp t gnnmitmd’ 7hymaus serpyllum L., Asparagus officinalis L.,
Mentha viridis L., Chaerophyllum bulbosum L., Chelidonium majus L.,
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Heracleum sosnowskyi, Polygonatum odoratum (Mill) Druce, hul] tpkp
an]unuI‘ Apium graveolens L., Urtica dioica L., Teucrium polium L., mkpluk-
pnud:

Jwtwdnnpnid wgnn htinwgnunyws pnyubphg 6-nid jupnunhunhnubph Ynt-
ghlinpughwt pupdp b gnnmiimd’ Teucrium polium L., Asparagus officinalis
L., Mentha viridis L., Apium graveolens L., Urtica dioica L., Heracleum
sosnowskyi, huly snpumd Thymus serpylluml., Chaerophyllum bulbosum L.,
Chelidonium majus L., Polygonatum odoratum (Mill) Druce) wkplubpnud:
Glukiny Jwpnunhunhnubph Ynbgkinmpughwibph wdjujibtphg b hwoyh
wnlitjn] npuig wqpbkgnipniip dwpnm wennenmiput Jpu’ Cwhwdnp
punuph wqquptwlsnipjuitt wowewplnud Lup uwtiingmd b Yhugunnud
oquugnpédty pywplus pnygubph gnnmbp’ Teucrium polium L., Asparagus
officinalis L., Mentha viridis L., Apium graveolens L., Urtica dioica L., Heracleum
sosnowskyi, hull Thymus serpyllum L., Chaerophyllum bulbosum L.,
Chelidonium majus L., Polygonatum odoratum (Mill) Druce) pmjubph
wnbplubpp:

DOI: https://doi.org/10.58726/27382923-2025.1-78
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Omnpegenenne KOHIEHTPANUi XIOPOGIIIOB M KAPOTHHOHMOB
B HEKOTOPBIX AUKOPACTYIIMX CBEAOOHEIX PaCTeHHAX, IPOU3PACTAIOMUX
B OKPECTHOCTAX ropoga Baxnazzop
Bappanar 3apymn,
Kasapan Apmute
Pesiome
Kimrouepsre croBa: pacrure/IsHbIe IIHIMEHTH, ONTHYECKAA IMIOTHOCTS XA0POPHILIA,
KOHIJéHTpAaI[H4 ITHTMEHTOB, pﬂCTPITE']IbHBIﬁ IKCTPAKT, J/IHHA CBETOBOH BOJIHbBI, KBA4HT
CBETA, CIHPTOBBIH PACTBOP XIOPOQPHIIIA, KAPOTHHOUBI
WccnenoBanue KOHIEHTpALMM XJIOPOGMIIIOB M KAapOTHHOWUZOB B CTEOIIX U
JIMCTBAX HECATU BUNOB PACTEHUH, B3ATHIX M3 OUKOW IIPUPOIbBI B OKPECTHOCTAX rOpOZa
Banaznzop Jlopuiickoro Mapaa, I0Ka3ajo, YTO KOHI[eHTPAIUY IUTMEHTOB B BET€TATHBHBIX
OpraHax pa3HBIX pacCTeHUH pa3JIWYHBL. Y IIATH HCCIeJOBAaHHBIX BHUJIOB pacTeHUH,
IpouspacTamux B BaHazgsope, KOHueHTpauus xntopoduila Gbuid BbIEe B CTEGIAX
Thymus serpyllum L., Chaerophyllum bulbosum L., Chelidonium majus L., Heracleum
sosnowskyi, Polygonatum odoratum (Mil]) Druce. B To xe BpeMs, y APyTUX ILITH BUTOB
Teucrium polium L., Asparagus officinalis L., Mentha viridis L., Apium graveolens L.,
Urtica dioica L. xoHueHTpanus xiopoduiia, a GsUIa Bl B JUCTBAX. UTO KacaeTcs
xnopodria b, y ceMu BHJOB pacTeHWH €ro KOHIIEHTpalys Oblaa BbIe B CTEOIAX
Thymus serpyllum L., Asparagus officinalis L., Mentha viridis L., Chaerophyllum
bulbosum L., Chelidonium majus L., Heracleum sosnowskyi, Polygonatum odoratum
(Mill) Druce. B tpex Bumax: Apium graveolens L, Urtica dioica L., Teucrium polium L.
GoJree BRICOKAst KOHIeHTpauus xiaopodusuia b Habrroganacs B muctbsax. OCHOBBIBASCH Ha
IaHHBIX O KOHIIEHTDAI[MY KapOTHHOWIOB, HACEIEHUIO PEKOMEH/YeTCsl MCIIOIb30BaTh B
nuie ¥ ObITy cTeGau crenyiomwux pacrenuit: Teucrium polium L., Asparagus officinalis
L., Mentha viridis L., Apium graveolens L., Urtica dioica L., Heracleum sosnowskyi. B to
JKe BpeMs, IUCThsI CTOUT yIoTpe6nsars y Thymus serpyllum L., Chaerophyllum bulbosum
L., Chelidonium mayus L., Polygonatum odoratum (Mill) Druce).
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The Determination of Chlorophyll and Carotenoid Concentrations in Certain Wild
Edible Plants Growing in the Vicinity of Vanadzor

Vardanyan Zaruhi,
Ghazaryan Armine
Summary
Key words: plant pigments, optical density of chlorophyll, concentration of
pigment, plant extract, light wavelength, light quantum, alcoholic solution of
chlorophyll
The study of chlorophyll and carotenoid concentrations in the stems and leaves of
ten plant species collected from the wild flora of the Vanadzor region of Lori marz,
revealed that the concentrations of chlorophyll 2 and chlorophyll 5 was different in the
vegetative organs of these plants. In the five of the investigated plant species growing in
Vanadzor Thymus serpyllum L., Chaerophyllum bulbosum L., Chelidonium majus L.,
Heracleum sosnowskyi, Polygonatum odoratum (Mill) Druce - chlorophyll a
concentration was higher in the stem. Meanwhile, in the five other species — Teucrium
polium L., Asparagus officinalis L., Mentha viridis L., Apium graveolens L., Urtica dioica
L., chlorophyll a concentration was higher in the leaves. Regarding chlorophyll 5, the
concentration was higher in the stems of seven plant species 7hymus serpyllum L.,
Asparagus officinalis L., Mentha viridis L., Chaerophyllum bulbosum L., Chelidonium
majus L., Heracleum sosnowskyi, Polygonatum odoratum (Mil]) Druce. While in the
three species Apium graveolens L., Urtica dioica L., Teucrium polium L. it was higher in
the leaves. Based on carotenoid concentration data, we recommend that the residents of
Vanadzor incorporate the stems of Teucrium polium L., Asparagus officinalis L., Mentha
viridis L., Apium graveolens L., Urtica dioica L., Heracleum sosnowskyi. into their diet
and daily use.

Ubkpiuyugb & 29.03. 2025 p.
Gpujunuby & 15. 04. 2025 p.
Cunmii]ty E vnyugpmipju  05. 06. 2025p.
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287 -612
Ypunukp nupngujwmubtph JEriuwpwitulwua b
ppniunnghwljwb wunphph huwdwwwwnwuwim pjwh npnynidp
Jwbwdnph vh gupp nupngukpod
Lunpul Cnipwl,
Uwhnifjuh Swplhl
DOI: https://doi.org/10.58726/27382923-2025.1-92

Zwbgmguyhl punkp. Sppyhiyul pluwn, nkgpkupnl wwbnpul, whikppuiy-
bl b whhwlusuh qupqugnid, undwwnndbwnphl pknnidakp, nuphpuyhl hudu-
wunnumupnuinpn i

Lwjumpura

Yhuwpwbwluwd mwuphpp dupgnt wenpeonipjut gowhwnwljuit £ b wow-
Uyt upbnpynwd E, Epp wnbisynd £ Epkuwbtpht: Gpkowibph dnin wenpowljut
uunhpubph wowowgdw nhuljp Ukdwunid k, tpk tpwig jhhiuwpuwlwh wwph-
pp gbpuquignid £ jud sh hwdwwywnwujpwinid ppnuninghwljwt mwuphpht [ 2]:

Ghtwwpwiwlui b ppnuninghwljuit wwwphpubph dhot withwdwwwwnwu-
Juwunipiniip Ypunubp guypngujututph dnn jupnn B wenpowlwt jaunghptbph
wuwwndwn npuntw] b hokgubk] ntunigdwt wpynibwybnnipniup: Lwh np htnbyug
uunhpubpp pudupup swihnyg pruwpwius sk, ngpuing ntuntdwuhpnipniab n
Ytpnisnipnibup jupbnpynud b dunwd Eu wpnhwfwt [5; 6]:

Utdwhwuwlubph YEuuwpwbwlwt wnwphpp, bpt hwdwp puupgnud &
npybu pughwinip wenpempjui b Juyniinipjul gniguihy, Gpkuwbtph dnn
wpwqugyus JEhuwpwbtwlut mwuphph hujtguljwpquyhtt dEjuwpuinipniup b
qupgquguut htwn npu Juuyp dund E ns jhwupdbp dkjuwpwtdus [5]:

Ukpjuynidu hbnmwgnunipnibubpp wyu phdugh oppwtiwljubpnid swpniwly-
nud ke

Upluunnutiph byjunulyp b jetighplbpp

Jubwadnph phy 1 b phy 3 hhdtwlwb npuypngutpnud tnpd t wpdb puguhug-
wnk) Ypunubp puypnguljuuttph (I pwuwpui, 5,9 v.- 6,5 w.) ppnunnghwfwi b Yu-
uvwpwbwlwl mwphpubph hadwywnmwupwinipniup: Uy tyunwling

* Juunwupyl] Eu wipponyndbnphly b $hghndbnnphly swihnwdubp,

*pun  gniguihoubph wwpqyl) E ppnuninghwliui b jEuuwpwbwlul

wnwnhph hwdwywwnwupwinipniip,

= wupgl] b jEhuwpwiwfwi wwphph  hwdwywnwujuwbnigniip npny

hngtdhqhninghwljwt gniguthokph hwdwwnbpuwnnid:

Unipp b dkpongubpp

ZEnugnuumpyjuip dwubwlghy k92 wpwltpn'45 wnohly b 47 winw, npnip
ubkpunyws sku tnky Yppoipjut wpwtdtwhwnntly yuydwbutph Yuphp sniitignng
(WUMNY) tpkjuwtbph odpnud: 9hpghtiu wg b jugdt) qupngubph wnbopkuukpp,
wpwltpnubtph b $unnubph hwdwduyunipudp, wwhywigl] £ hwh whdbwlub
wnjuutiph qununthnipiniup:
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Gphuwubph JEuuwpwtuljub qupgqugnidp ghwhwnbnt hwdwp Yhpundbtp
El Yndy bpu (hwdwhp) dkpnnubp, npnup hwpyh ki wntinud hywbu dwpduh dnp-
Indniujghntivy b phghjuju qupgqugdwt Jhdwlp, wyiybu k) pkuwh widbw-
gqnujhtt tmuphph hwdwwywwnwupwinipniip jhuwpwbuljut qupqugdw dw-
Jupnulh: Ukpanubpp poy) B wwhu wowdiugut] wuphphtt hwdwywwnwu-
juwtt b tkppuotwly dhqhjulut qupqugnid niikgnn tpkluwbkpht, hsybu twb
dhqhjuljut qupgugdwi wwphpuyhlt wthwdwywnwuiwt gnigutthyubp nik-
gnn bpkluwtbppht [3]: dhqhufjwb qupqugdwd unwiunupuiubph dywldwui b
qupquguut guwhwwndwi hwdwnp twh whwnp k npnpl) hbnwgnunmpjuip dwu-
twygnn tpkjuwgh ppntininghwljub wwphpp:

Shqhjuwh qupqugdwi quuhwwinnidp Juwnwpynid t 2 thoyny. wnwght
thnynud ghwhwnynud  Jhluwpuwbuwt qupqugdut dujuppuljn pun $hip-
whiyw phuwnh [3]: dhhyhiyub plunh wpynitpubpp puduljutht hunwly au-
pugpnd ki Epklowgh JEhuwpwbwlw wwphpp, pwih np wpnwhwjnnid G ny
dhuyt Yuwuph qupqugdui, wyl wowyt) jupbnp' opquihquh dnpdndniulghn-
tw) hwuntinipjub ujwpwghpp:

Epypnpn hnymd quuwhwnynid b opquihquh dnpdndnijghniiw) Jhdwlj
puwnn hwuwlh, dwpduh quuqush, Ypspwduinuljh opowgsh b dknptiph djubiw-
1ht ndh’ oquybkiny wyn gnigwhoubph hwdwwywnwuppwb vnwinupnh wnmnt-
uwlhg, npnty’ o-ut hwnlwuhoh dhoht otinuwb dkdnipiniut £, oR-p uhquuyh nk-
gptuhwt k, npp hwnfuwihoh withwwnwlwb skndw dkdnipniut £, M-p* wlppn-
wnudtwnphl b $hqhndbnphl wdyuutph vhohtt Jhdwljugpujub gniguithot k:

Unppnpniilyghntiuy Jhdwlp ghwhwwnynid £

w. ubpnuptuly, Epk quiqusp b Ypspuduunuljh oppwghdp qgunugnid ku M
+1oR pungpynypenid, dniuljghntiwy gniguhpubpp hwdwywwnwupwinid
Eu nwphpuyphtt tnpubpptt (M + o fud M +20),

p. wutbkppuotwy, kpp dwpduh quuqusp b Ypsdph opowghdp thnpp L 1,1-2
oR-hg Jwd uks Gl 1,142 oR-ny, hul] $niujghntiw) gniguihobpp gusdp ku
unpuuyhg,

¢ Jupun wbkppuptmy, tpp dwpdth quiqusp b Ypsdph opgwghsp
unpduyhg gusdn ki 2,1 oR-ny Jud Uks k2,1 oR-nq [1, 3]:

Unwtdtwgyl) L hbunwgnunipjuip dwubwlhg ungnpnnubph  hEnlyuwg

wwphpwihl fumupp® pun ppntininghwlfwb nwphph.

= 6w. (5,9 n.-6,51. ) - 92 wpwltpwn

Nhgpbuhnt vwinnuljutph Ukpnnh htinn hwdwwnbn fhpundt) | twb Yk kh
huntpup dbpnnn, husp htwpwynpnipnit £ gt hwoquplty tpkuwgh hwuwyh b
puoh hwpuwpbpulgnipniip, wjunithbnb hwdbdwnb] inpdwbbph wyniuwlh
njuutiph htw, quuwhwnt] qupquguut pwpnnidutpp b npug Wuwwndwnutpp
[4; 3]:

znqdhghninghwlut b Unpdndniughniiwy gniguthpubph vhel thnjuhwpw-
phipnipnitittipp puguwhwynbint hwdwp oquuugqnpsynud k U. Gkpuh (1955 p.) b 8.
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Ppwuklh (1966 p.) phunp [7]: Uju phunh wnwewnpuptph hwonnnipjudp Jw-
wnwpnidp gnyg E vnwjhu phnwpldwb, nipwnpnipjut, hhonnnipyut dwjupnulp,
punipwugpnid E nuunwlh dwip djuibkph qupqugdwt wunhguip, husybu twub
wuunlitpugnd £ wnwjhu EpEowgh  unghwpuljut qupqugdut  dwjupnulh
dwuht:

Upprunnwbph wpmyniipakpp b |JEppnidnipnibp

Shihwhiywi phunh wpynibpubptt wpdwbwgpnid B, np wowlkpunubkph
47 %-h Unnn Wjuuynd E wihwdwyuwunwupwinienil, duutwdnpuwbu $hih-
whiyub phunh puguuwlw wpnynibp:

Uswijtpnubph jEuwpwbwljut qupgugduwt dwujupnuljh quuwhwndwit
ninyué hwenpn Juplnpugnyu puyip ipwig $hghjuljub qupquguw 3 gnigw-
uhpublph® hwuwlh, puh, Ypspunjwinuih ppowgsh hol wnlw Yuugh Jepnisni-
pinLul k:

dhpohtthu npnpdwitt hwdwp Yhpunyt) E nhgpbuhnt vwbinnuljubph dkpanp,
npp poy) E nwjhu gowhwnt] qupgugnidp dhqhjului 3 gniguhoubph dholt
wnlju juuh hwdwwnbkpuwnnud:

Snipwpwignip tpkjuwyh hwdwp wihwnwybu hwoqupydl) £ pwoh
pspuwjuitinuyh nkgpnbuhnt gknnudp /oR/, Eupwpljdt) E ypnisnipyjul, nph wpn-
niupnid unwgyby EYpunubp nupnguljutiitbph qupqugdw htwnbyw) adpkpp’

= 8wdp, whtbppuotuwly, wthwdwswth,

= Uhghl, ukpnuotwy, hwdwswih,

= Uhghly, wmttbpnupbuly, hwdwswih,

= Uhghli, whubpnuotiwly, mthwdwswth,

= Uhghly, nhuwn wbkppuptwly, wthwdwswth,

= Uhghlihg guidp, mhuwn witbppuobwly, wthwdwswth,

= Uhghihg gudp, whtbpnuotwly, wthwdwswth,

= Uhghlithg gwdp, ukppuotiuly, wthwdwywih,

= Uhghtihg pupdp, whtbpnuotiwly, withwdwywth,

= Uhghlihg pupdp, ubppuotul, wthwdwywd,

= Uhghlihg pupdp, phunn wtkpguotwly, wthwduisuth,

= Pwpdp, tkppuotuly, wthwdwywh:

Uhoht;, ukppuotwy b hwdwswih qupqugnid, husp Eupunpod b huswybu
Uwpuuh hwuwlh, pwgh b Yppunfubulh opgwgsh nfywiutph uhol hupdtp hw-
dwyuwnwupwbnipniy, wjhybu b Jepnuojuy 3 wwpwdbnpbiph hwdwywnwu-
hwlmpit bpkjuwih opwgniguwihtt wuphphtt hwdwywnwuiwi:  Zudwyu-
nwuuwinmpynih phnyl) E hbnwgninnipyuip dwubwlgus dhwy' 34,76 % wpw-
YEpnukph dnwn: Yhiuwpuwbuluwt qupgugduwi dujupgulp juhun Ynpbjjughugh
Uko t qunuynid $hghjujub qupqugdwt dwjupnuljhg:

Ububkppuotwy b wthwdwswh qupqugnid niubkgnn tpkuwibpp Juqunod u
wowkpuntkph plphwini pyh 65 %-p (gdwwywnylp 1): Pugunwybu poynp nw-
phpuyhtt fudpbpnid bjuwngnud b qupqugdut undwwnndbnphly oknnidubpnyg
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wpwlbpwnubp, hyp junund b Jun wwphphg ujuws Yhuuwpwtubhqhjului
qupquguut pupwpus pupwgph dwuh:

1% 3%
0

2% 1%
\

3%
4%

H Swbdp, whubppuptwl), wthwdwswih

¥ Uhohly, Ukpnuotuly, hwdwyswth

M Uhoht, wtttbpnuotwly, hudwswth

¥ Uhohl, whtkppuotwl, wthwdwswth

¥ Uhohl, nhuwn witkpguotwly, withwdwswth

M Uhghhg guép, jupunn wmbitkppuotwly, wthwdwywth
M Uhohuhg guédp, wutkppuotwl, wthwdwswih

¥ Uhgohuhg gudp, ubppuotuy, wthwdwswt

M Uhgohhg pupdp, wutbppupbwly, mthwdwywth

¥ Uhohuhg pupdp, tkppuotiwl), wmthwdwswih

¥ Uhohthg pwpdp, nhun whikppuotwy, wthwdwswth
M Puipdp, ukppuotul, withwdwywth

Qdwyyunnlkp 1. Ypunukp nuypngulpmbbkph phghlulwi qupqugdwi
qiwhunnuwl prdpkpp

Ukppuptwl] qupqugdwt yupuquynd phplu wdbky by wupq . dwpduh
puop hudwywunwupwinid £ hwuwlhi, ny ubpnuotwl] qupqugdut wupw-
qumuld  gnps  mbklp Ywd pwoh wwluup, Yw'd puwoh wkigmbh hbwn
(gdwuyunltip 2.):
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65%

i Lkprpupbmly quapguugmad
i Uhikpnmphmly qupqugnud

Qwyyunnlbp 2. Quipquguwi gniguliishlpp pun Ykuykh phnkpup’
wpunuwhuyunjwé nnnlnubkpny

dhpntgjuihg htwnbnud £, np hwdwihp dkpnnh Uk, ubpwnyly £ twb nuu-
wnwlh nidh swihnudp: Uju nfjup htwpwdnpnipinit k wnwjhu hbnwgnungnnukph
JEhuwpwtuui qupqugiut dwjupnpuyp nhunwplt) dh pwih gniguuhpubph
Ybpnisnipjut mkuwlniihg: Uowjkpinubph nuuwnwlh ndp swhyl) b wguyg
wnwphpuyhlt judph hwdwp btwpwnbu]ws dknph nidwswthny: Upyniupubph Jhp-
nusmipiniip Juwnwpyl) E unpdwibph hwdwywnwupwt wnmniuwlh wdjuutph
hhdwt Jpw’ hwoyh wnbbng wwphpuyhtt b ubpughtt wnwbdbwhwinlnipmnii-
ubpp:

ZEnugnunnipjuiip wutulgus kpkjuwbtph pigudbup 4,34 %-h Unn k ghn-
ymud dknph mdh hwdwwywinuwuwinipmi’ pun kpynt dkeph, dwuwdp hudw-
wuwwnwupwinipnit pun Ukl dknph nhndnd £ 9,78 %-h Unw: Unynpnnukph
85,69 %-h wupuquynid n's we U n's dwfu nuunwlh mdpp skt hwdwygunuu-
Juwind unpuduyght: LUwt wthwdwywnwujpwinippLap Wuwydwitwgnpdws b ugi
hwiquuwipny, np Ykg nwpkljwinud, pun hwjnih nyjuyubph, ghnbu wjupn-
Jwd sk quuunnwlh dwnbph pwjwbqubph nujpugnidp, dwnbkph dwip dquitbpp
pnyp ki qupqugus: dpubihg bjuakny, husybu pnid kU, U, Unihlight, dtnpp wyy
wnwphpnid, dnpdninghuytu nhinbu yuwwnpwun sk nipugubine gplne wpdbunp
[2]: Ujuntinhg | quhu kb popnp nddupnipmnibbpp: 4hg nupkjut wowlbpunik-
~hg vhwyt 12,5 %-h Unwnn E ghuynud dknph nidh dwuwdp hwdwwwnwupuwine -
pinit: Uju pytipp thwuwnnid kb kpkjuwbbph® gpby ungnpbine $hghninghwlju wb-
wuwwnpwunyjusnipjul dwuhi:

Ghtuwpwbwlut qupqugdut dwjupnuljh npnodwt hwdwp whpwdbown k
twlh putiwpll) Epkjuuygh hnghpuwwdhghninghwljut bt Unpdpndniljghniwy gnigu-
tthoikph vholi Ywup: dkpohtihu pugwhwjndwt hwiwp Yhpunyky b G&pi-Ppu-
ulkfh ptunp, npp, pun pwwn htinhtwlubph, hwinhuwinud £ pujuljuiht wnknk-
Jun]ulwb, twl’ opquithquh hhdtwfwi $niblyghnimy hudwlwpgbph Jh&wlp
punipwgnnn phuwn: Uju hp dbe ukpwnnid £ 3 wnwownpuip, b Jkpghtubphu wi-
hwunwlui qguwhwwnnidhg htnn tpbkjuwibpp puuwupgynud B winnpl pipdus
fudpbpnud:

= Zwuntl junudp,
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* Uhohtt hmunttt junidp, npp hp dbe tkpwnnid E Gphnt Gupwiunidp® dheht
hwuntt (+) b hohti hwuntl (-),
= Ny hwuntt funwdp [7]:

6%

B Zwuml

M Uhght hwuniti+
M Uhghti hmuntt-
H )y hwunt

Qdwyyunnlbp 3. Swphpuyhl funidp® 5,9-6,5 .
Ykpb-Ppuuklh phunh wpymbphkpp

Ukpu-bpuwuklh phunh vnwugqus wpnyniupubtpn 5,9-6,5 mwupkljwhtbph dnwn
Juqumu k' hwumb 6 %, Uhohtt hwumb' +37 %, Uhghtt hwuntt' -44 %, ny hwunit
13 % (gébwyuwnytp 3):

Ljwwynid k dhohtt hwuntunipinit niikigny wowljtpnutph pwbwlh qhpw-
lonnud: N1y hwuntl judph Ukel3 %-u Eu ukpunqws, hul) 6 %-p* hwunii:

hunh wnwewnpuputph hwgnn fuwwpnidp jupnn b unubp wowlkpun-
ubkph npwypnipjub, hhonpmipjut pupynp dwwpnuljh, guunwlh dwip dyui-
ubph qupqugdwi puwjupup wunhdwth b unghwjwlwh, wpuwwnwughnt nibw-
Ymipnittiph wuwwowd ppubnpdw dwuht: bugybu hwynuh k  Epkjowbbpp
pupniugnud i nupng 6 mupkljwunid, wyju nwphpuyhtt judph yuwpuguynud wyw-
Ytpunuknph 6 %-h dnwn k tjuwnyl) inpdw) qupqugnid (hwuntt fudph dbe dinting
Epkhwtkp):

Upmyniupubpp thwuwnmd kb, np Epklowtbpp, wuwwnpuwun sthubng nunpng
hwfwubnil, pugniignud b guipng, b pugnibbnipyut hwdwp hwedh b wuntdnud
kpkjuwgh wwphph npnpwlh okup: Gpkjuwb pinmiynd E qupng wnwig hwodh
wnubnt tpuw JEuwwpwbwljut qupqugdut dwjuppulp, dnpdndpniljghntiwy b
hngkdhqhninghwlub gmguuhpubph dhol Juwp, htywbu twb JEpntpju gnigw-
thoutinh, JEuuwpwtwmljub b ppnunnghwljwt mwphputph hudwywnwupiwin: -
pjut Ynphjjughw:

Zhnmwqnuinipjul wjuophtiwl wpynibputpp bu dbY wiqud thwunnd Bu
bwhunypnguljut wwphph Epkluwgh jEluwpubuljut qupqugdut dwljupnuljh
npnodwlt wuhpwdbpnnipniip® dhish nupng pugniudbp: Uhlunyu wwphph,
Yppnipjut wnwudbwhwwnntl yuydwtubph Juphp sniikgnn Epkowtpp, husybu
hwjntp E Jupnn Eu mmwuppbpdt) hnghpubwlwb, unghwjwlut, wpuuwnwughni,
$hqhjuljut b jEuuwpwtwlwh gniguhoutipny: Qupqugdui wju gnigwithpubpp
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Jupnn kb hudwyuwinwupiwbl) opugnigughtt mwphphtt jud ny: Zwljwnwl phug-
pnud wthpwdbtown E, hwipgh wetbng Epkjawtph htwpudnp wbyuwwnpuundu-
Snipjult dwjupnulp, niundbwlui gopspiipugnid b nuunidbwljut wywhkpp
hudwwywwnwuiwttgut) Jepehuubphu:

Bqpuljugnipinih
Ghtwwpwbwlwt wnwphph wihwdwywnwupwinipniin  ppnininghw-
Jwi mwphph tyundwdp Ypunubp gupnguljut muphph pkjuwttph dnn
puduljwtiht pupdp nnlnu b juqunud: Shqhjuljub, hnghpubwlwb b
unghwjuljut qupgqugdwi wunh&wp qquih htinm £ dunwd, npp hokgunid
bpkjuugh undnplne Gyundwdp dninpjughwi b hknbwpup twb niumg-
dwb wpynibwybnnipnibp:
Bphjuwutph dbs dwup odndwsd b ntumigdw Wynipp jmipugibint pupdp
nbwlnipjudp b Epk wytt mpyh dhpn b nmwuphpuyhtt wpwdbwhwinyne-
pntuttphtt hwdwywunwupwt, nungdwt tjuwndwdp hEnwppppnt-
pintup Yihuh UGS, hul wpynibwdbnnipniup’ pujuluiths pupdp:
Gphuwb punniynud £ nuypng, vwljuyt hwoyh sh wntiynid tpw Yhuwwpw-
twjuit qupqugdwt dwjwuphulp, dnpdndnivljghntiwy & hnghdhqhnn-
ghwjwl gniguwuhptph dhol Ywwp, htyybu twh Jkpnbpjwy gniguihy-
utph, YEhuwpwbwlwi b ppnuninghwljutt wwwphpubph dhel hudwwyw-
nwufuwimipyuh Ynpbjjughwi:

DOI: https://doi.org/10.58726/27382923-2025.1-92
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Onpenenelme COOTBETCTBHSA GMOJIOrMIECKOro U XPOHOJIOTHYECKOro BO3pacra
MJIaZIINX IIKOJIBHUKOB B pAfie mKox Bamazsopa
Kapan Ilyman,
Manyxar Tarepux
Pesiome
Krrovessre croBa: PuiIHmIHHCKHI TeCT, IIKAId PErpecCHH, JHCIAPMOHHIHOE H
HENPOIMOPIHOHAIEHOE PA3BHTHE, COMATOMETPHYECKHe OTKIOHEHHA, COOTBETCTBHE
BO3pacTy
B craThe IpejIpHHATA IOMBITKA BEIABUTH COOTBETCTBIE MEXY XPOHOJIOTHYECKUM
1 6MOJIOTUYeCKHUM BO3PACTOM MJIAZIIMX IIKOABHUKOB 1 Kiacca (5,9 - 6,5 seT) Ha4aIbHBIX
mkox Ne 1 u 3 ropoga Baransop. B ucciegoBanuu npunsaiu ydacrue 92 yuamuxcsa: 45
JieBoueK U 47 MaabUMKOB, KOTOpHle He BXOJW/IM B IPYIILy JeTeif, HYXIAIOWIUXCA B
CIIeIUaJbHBIX YCIOBUAX OOydeHud. [InA OLEHKM OHMOJOTMYECKOTO Pa3BUTHUA JeTeil
HCIIOJIB30BAINCh KOMILIEKCHBIE METOAMKHM, YUUTHIBAIOIIME KaK COCTOsSHIE MOPGODYHK-
I[MOHAJIBHOTO ¥ (PU3MUECKOTO PasBUTHA OPTaHM3MA, TAK M COOTBETCTBHE IIACIIOPTHOTO
BO3pacTa peGeHKa YPOBHIO OMOIOTMYECKOTO PasBUTHS. Pe3ysbTaThl IIOKA3alIM, ITO JETH
IOCTYIAIOT B LIKOJXY, OyZydId He TOTOBRIMU K OOy4eHHIO (IIPU IIpHeMe yUUTHIBAETCS
oIlpeZieJIeHHBIH Topor Bo3pacTa pebenka). [Ipuem pe6GeHKa B KOy OCylecTBIIeTC Ge3
ydJera ypOBHS ero OHOJIOTMIeCKOrO PasBUTHsA, B3aUMOCBA3U MOP(GOGbYHKIOHATBHEIX U
ICcuX0(bHU3NOIOTHYECKUX TTOKa3aTeslel, a TaKKe COOTHOLIEHNS YKa3aHHBIX IOKasaTesel,
OMOJIOTHYECKOTO ¥ XPOHOJIOTMYECKOTO BO3pacTa. PesysbTaTsl HCCIEfOBAHUA CBUE-
TEJIBCTBYIOT O HeOOXOAUMOCTH OIIpefie/IeHHs YPOBHA OHOJOTMYECKOTO pasBUTHA
pebGeHKa JOIIKOIBHOTO BO3PACTa Iepes IOCTYIUIEHUEM B IIKOTy. JIeTH 0JHOTO 1 TOTO Xe
BO3pacTa, He Hy)K,I[aIOH.U/IeCH B CIIeIIMaJIbHBIX yC)IOBI/IHX O6y‘leHI/I}I, MOFyT Ppas3In4aTheCAa 110
Pa3JIMYHBIM ICHXOCOLMAIBHBIM, aJalTallMOHHO-QUSMYECKUM U  OGHOJIOTHYECKUM
IIOKa3aTe/[IM. DTHU IIOKAa3aTead PasBUTUSA MOTYT COOTBETCTBOBATh MJIM HE COOTBETCTBO-
BaTh KaJIeHZapHOMY BO3PaCTy.
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Determining the Correspondence Between the Biological and Chronological
Age of Primary School Children in Several Schools in Vanadzor
Karyan Shushan,
Manukyan Tatevik
Summary

Key words. Philippine test, regression scale, disharmonious and disproportionate

development, somatometric deviations, age correspondence
This article examines an attempt was made to assess the correspondence between
the chronological and biological age of first-grade students (aged 5.9 to 6.5) in primary
schools No. 1 and 3 in the city of Vanadzor. The study involved 92 students — 45 girls
and 47 boys — who did not belong to the group of children requiring special education
conditions. To assess children's biological development, a comprehensive set of methods
was used. These methods considered both the state of the body's morphofunctional and
physical development, as well as the alignment between the child's chronological
(passport) age and their level of biological development. The results revealed that
children often begin school without being biologically ready for learning. Admission
does not take into account the child's level of biological development, the interrelation
of morphofunctional and psychophysiological indicators, or the correlation between
these indicators, their biological and chronological age. The findings indicate the
importance of assessing the biological development level of preschool-aged children
before they start school. Children of the same chronological age, who do not require
special education conditions, may differ significantly in terms of psychosocial, adaptive-
physical, and biological indicators. These developmental indicators may or may not align

with their calendar age.

Ubkpuyugb b 15. 04. 2025 p.
Qpujunub & 05. 05. 2025 p.
Cunmi]ty E vnyugpmipjut  05. 06. 2025p.
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Uqug nuypngnud phuihwyhg jpugnighs iyniptph npudwgpnudp npybu
nuunigdw wpynibud bnnpjui pupdpugdwi Uhong

UywmbEungu Ukyh,
Zmjubifyml Uadkyu,
YnShlyul Swplpl
DO https://doi.org/10.58726/27382923-2025.1-102

Zwbgmguyphly punkp. pLimikp, gnibun/np pEwlghwbkp, nyup pywinn,
wpnuwwnpl dhwgniemnt bbb, Indwykpumgnpugnid, Epluyeh (I11) pinphy, ppndn-
$np, gnignpnué Jugbp

‘LVwjuwpura

Lhuhwgh niunigdwi gnpdppugnid jupnpwnnn thnpdbpp Jupltnp wnkn o
qpunbtgunud: Fpwtp htwpwynpnipnit ki tnwjhu wpwltpnht nhwnt), ntunudw-
uhpl], dwwgk), hhobl, Yhpwnk|, pugwhwynty b, JEppuybu, winwbwy wpngniup:
Bpphidt qwpnpunnp thnpdbptt wyiput Gu hbkwwppppmud wowlipnh, np tw
ufunid k hupunipnyt wpwunbkp b quilk] tnp wnbnbimpempiiibp yoph jod
Enpbnyph dwuht: Uju mkuwllnhg hbwwppphp b hpuwiwgut) b ntuntdawuehply
Uh owipp gnibiwghtt thnthnpunipjudp pupwgnn npujuljut nbwulghwubpp:

Npuljuljut pbwlghwbpp htwpuwynpnipnit b mwhu npnowlh dnjbynyg-
ubkph, hnuukph, $niulghntiw) hdpbkph hujnbwpbpnudp hnwgnunygnn tdnipnid:
Uju nhwlghwibpt mntlgynud kb wpunwpht wqyuljiabpny: dpwip kb gnigih tn-
thnjunipiniiip, pngh gnibiwynpnudp, tungwdph wnwewgnudp, ehpunipjut whow-
nnudp Jud Jutnudp: @nyuh thothnjunipjudp pipugnn nbwlghwibpt wy Ypy
wiuimu ki gmbunnp nkwlghwbbp: Yhpwnkng gniadnp pkwlghwibp’ Yu-
pEh E huynbwpbpl] b niumdtwuhpl] dh owpp whopqubiwui bt opqubiwlju
wnipkph hulmllan]nthhp]} [11]:

Puly htsn™] k ulm]dmhu.u.[anIul?s wniph oy HLunu[huluhpthq qnyih nk-
unipjui ullq_pm_hphhpp htwpunp £ hwulwiwg, ph hsnt wignyt wnp Jupny k
thnjub) hp gnyip nuskny epmu lluu[ wy) mshsnd, hlsn’t k qnpbt{mbpu gnitw-
pwthynid wplh (nyuh way, hisn’t £ hwpnatynipp thojumd hp gngip” upedws
Uhowuyphg b wy Eplinypeutpn: Gnyuh mbunipjut quwynp uljqpniipp hnbjut
E gqnyup wpwowumd L nyup pjwbnh b EEjunpnuubph nuwgqpbgnipjut
htwnbwtpny: Uniph gnytp npnpynud E dniknynud HEjnpnuutph puuudnpu-
Snipjuldp: Swbljugws Wnip nith gnyb, pwth np Juinwd E npnpwlh tplupnt-
pjut wihputpn: Uwluyt dwppnt hwdwp wkuwtbh Bo padulutht bbn whpnyg-
prud ptud whplbpp 400-750 U kpluipnipjwl wihpltpp [9, 65]:

Udugq nupngnid phthwyhg junpugqus ntunigdudp nuuwpwibbtpnid $hung-
ubpht b tpuwig wdwugpuutkph gnitwynp nhwlghwubphtt YEpwpkpynn hwpgtp
putiwnpybihu Jupbih b spadupupyl) wyt unin mbnkynipmibubipny, npnup wnljw
Eu phuhwyh 11-pn puuwpuh puuwgppnid, wy] Yupkh b uyy phdwghtt websyng
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Inwgnighy wknkynipnitikp nwy hywbu phihwihg, wiybu t $hqhiuyhg: Ujn
nthypnid htwpwynpnipinit £ wpwewtnid ny vhwytt hwdwywwnwujuwt nuuwpk-
dwb qupdit] wowyl] wdpnnowlui, wy twb hpulwihwgil] thpwnwpujului
Yuuytp dhahluyh b phuihuyh uhol:

Ushiwtwiph tywunwl k gnyg nwy, ph hswbu Jupkh b pupdpugut;
wyuwgq nupognid phthuyh npny puuwpbdwibtph niunigdwi wpynibwybinne-
pmibp wyy phdwihg (pugnighs tynupkph npudwnpdwb dhengny: Npubu ophtwl
hnpJuénid putwupyus ki $hunjubph b tpuig wdwhgyuutph gnibiwynp nbhwly-
ghwtbpht ykpuptkpynn hupghpp:

Twuwyuunuw thnpdp gnyg E nwhu, np wjwg nupngnid npbk wpwplughg
Junpugqws nrunigdwt dwdwbwl wihpwdton b hunwd unynpnnubphtt tkphw-
juglity jpugnighs Wniptp withpudbynnpjui phypmd wyt qniquijghiny dhew-
nupuyuiub juwbpny: 4Epohtiu pny) E niwjhu buybu pupdpugit] niunigdw
wpnnitwybnmpniip b wyb nupdut) wewyb] hbnwpnpphp:

Swippkp gnyubph qqugnnnipnitt wpwewnid t wnwudhtt whpubtph tbkp-
qopénipyniihg: Uplh jnyubt hp by wupnitwynid  Shwswbh ponp goyubpp,
npnug hudwywinwupwinud Bu nwuppbp Epljupnipui (niuwght whpukp: Unyn-
pupwp ymph gnyup npnpynud £ uyb wihph Epjupnipjudp, npp gipulpenud
winpuyupddwt dudwbwl: Gpt jnruwyhtt wihpubph Eukpghwt tnyu ywding k
Jubynid jud wianpunupdynd, wyu dkq pynwd k, np Wynipp uyghwnwly b jud
wlgny: Gph Wnipp wdpnneonipjudp YJuund k wihpubpp, wyw wyt pynud k ub:
Bpp wkuwbh uykiuphg yujwund Eu npnp wihpubp, wnwgwunid k jpugnighs
gnyuh qqugnnnipnil: Umnipp gnituynpjws b Ephk pbupnnqupwp jubmd |
uyhnwl (nyuh pununphsubpp: Upn nhypnid wiugunid jud winpunupddnud B
shlwijuws  fwnwquyptbpp b wpwowgunud pugnighy gqnuup qqugnnnipnil
(wunnruwl 1):

Unyniuwly 1
Yniph qnylih jujujwénipymbp wihph kplupnipmiihg

Utheh hpll;l[pmmnmn’ Yuuuws jnijup gnuyuip Umniph qnylp
400-435 Uwtinipuljugnyn Thnuwlwuy
435-480 Yuynijun hnh
480-500 Gpljiwgnyh ‘Lunpligwgny
500-580 Guliuy Gupdhp
580-595 Thnht Uwtinipuljugnya
595-605 Luplpwigniji Yuunywn
605-750 Gupdhp Gpljiwgnyh

Eyyunpnuutph owpdnibwlnipinibp, pugnibwlnipmniip wknutnjudl] dky
opphtmwihg wy opphwniwy, Ukl wwnnuhg wy wwnnd, wujdwiwynpnid Eu gnyuh
wnwowgniup [4, 12]:

Ujuyhuny, wyl, his Ukp widuinud Eup gnyt, mpmynitp £ bhqhjuljut b ph-
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Uhwluwh tplunypbph |nyup thnjuwgpbgnipyuip ymph Unjtyngikph Gud
wwnndutph htn b yniphg winpunwpdynn wihpubph wqpbgnipmniip dkp wsptnh
guugupwunuuph Ypu: Uuluyt LEYupnuitph Jhdwlp dbnwunibpnd b ny dk-
nunubpmd, whopquiwljwi b opqubwljwt ynipbkpnid nwppkp kb, hbnbwybu
wyy nipkpnud gnyuh wnwewgdwt dkjuwhqup nytwbu wwppbpynid k: Loguh
punponquijut jlubnwdp jupuqus k yniph junnigusphg [10, 52

Utwnwnubpp hwdwp Jupbnp b pmipbnuguiigh jutintuynp nuuwynpyw-
dnipjniip b EEjupnuubph wquunn wknuowpdybint htwpwynpmipmiup: Gpp
Ubkwnwnh Ypw phjund ko jnyup dwpwquyptbp, nknh b otikund wpnwugnnud b
Ubkwnwnh gnyup yuydwhwynpynud L winpunupdws wihph tpupnipjudp: Oph-
), uyhinwyy thuyp, npp punpny | wpgnwdhhs b ghthhly, wuydwibwdnpus k nk-
uwbbih {wnwquiptbnh gqphpt wdpnne uwbklhnph wpnwugndudp: Nulht nith
phnuuljupdpuynit gny, pwtth np Juinwd  juynyn b dwinipwugnyi fw-
nuquyplbkpp, hul] dwqubqhnudp ul &, ptgp bowbwynd E, np wyt Juinwd £ fwnw-
qujpltph wipnng uwyklunpn [9, 78]:

Ny dbnwnubpnud gnyyuh hinthnjumipiniip inybybu jupdws b junnigws-
phg, hsny b wuydwbwnpgwsé t wshwsth, dnudpnph, ssUph wnwnpny dbwthn-
Junipnitiubph mwppbp gnibwynpnudp:

Ubopquuwfuwu wnipkph unikynyubph b hnutbph Juinwdp htnbwup b
htywnpnutbph Eubpghugh dedwgdwl, unjjuwnwugdwt b phinugdwut wunhdwut-
ubkph tnthnjudwi: Uju nhypnid gnyyup yuydwbwynpgws b fEYunpnuubph nknw-
thnpuytnt htwpwynpnipjudp Uk opphwnwihg Uk wy) wquun opphwnwy: Ujuinkn
Juplnp £ wpunwpht BEjupntughtt dwjuppuljh juenigquspp: Fpwuny b wuy-
dwbwynpuws, np Epypoppughtt Bipwhdph dbwwnubph junhnbbubpp, npnup
niukl puthnip d-opphwiwy, gnibiwynp Eu (2, 93]:

Opquiufwi Wyniptpnud gnyuh wowewgnudp wmbnh E nibbunud wy) dkjuw-
tthquny, nphtt wykih dwtpudwub juunpununiwtp hnnjusnid:

Znpjwsh pnduitpulnipynip

Nuunidtwuhpinyg dh pwpp opqubwljwl tynipkph gnyp 1869 p. O. Think
wnwgwplhy k ppnun$npught nbunpymibp, hudwdwyh nph’ gmyip wuydwbunp-
Jws k gnyuh wnwewgdwb hwdwp wuwinwupwbwnnt ppnudndnp adpbph wnlw-
ipjudp: pwibp ki -C=0, -C=N, -N=N, -C=C b wjjt: Pulj wnipunppnduikp’ -OH,
-SH, -NH2 -OGCe¢Hs judptpp nidtinugunid tu wniph gnibwdnpdwt wunhguip
[4,15]:

Bnypnpn Juplinpugnyi gnpéntp, npb wgnnud £ yniph gniwdnpdwt 4pu,
qnignprjus Yphuwlh Yuuybph wounipniit £ dnjynynud: Cun npnud, nppuit
Enjup b gqnignpnjws onpwl, wyuipwil, npybu Juint, wybih gnibwdnpdusé b
nipn: Bph CsHs-CH=CH-CsHs unppkup wiugnyi k, wmuyyw CsHs-(CH=CH)2-CsHs jh-
dbhihtpunphtp nhnhtt &, hull CeHs-(CH=CH)s-CsHs nhdtuhinnntjuhbpumbi
bwpuowqnyu k [7]:
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HB

H H2 a

Ll 1. w) B-lmpminplip, :') nlufling (pununiph A)

Tw hp wpnwhwjnnipmniiut £ qub] bwb phwlub wnipkph, hyybu twb
Upgbph b pugwptntuh gnitwdnpdwi dke: Ujuwbu, dpgbph b puwbpwpbntith qun
Jupuhp jud btwplpwgny gnyup wuydwbwynpws b m-Juwybph Gplup
qmgnpyjwd pnpwbtph wolwympjudp: Ophtwl ququph bwpbgwugny (hltyp
puguinpnid t ipu dke f-Jupnnplh’ Jhinudhi A-h twu]hunwdhih welugn -
pywdp:

Lnyup Yupkh b owul) ddbpnidyh, nhyh Yupdhp gonyuph dwuhl, npp
wuydwbwynpuws b p-fupnnph qnyyung 1, 12]:

A / '_/\‘:\_. /{'\-';\/\\5.\,/'\\““\;-/’/.‘-\-.\-"""

Uuap 2. y-jupmnpih

b mwppbpnipinit ny hwgkgus opqubwljwt ynipbtph, hugbgus opquiwljuia
niptph ks dwup wigny E: Ujunbkn wnndubpp Jhljubg dhwinwd G ouinphhy
o-juytph: BEjupntubpp dunwd Bu bnyb Lubpghnhl dwwpplnud, pwth np
gpgnyus Jhdwlh whgbnt hwdwp wihpwdbon b ks pwwlnipjudp tukpghw:
T E yuwndwnp, np hughqués wshiwepwshubpp Jutnd i dwnipwlwugnyu
Sunwquypbpp b gnibwdnpus sk

Anitwynpdwtt hwdwp ny wwlwu Jupbnp b bwb wshwstught onpugh
plkpwgnid, wyuhlipl' Unpkyniyh wwppkp hundusibpmd gpuijwb b puguumlwi
1hgptnh wnwewgniup:

b nupplpnipm wihpunhl wswepushibph wpndwwnhl b htwnkpnghy-
1Y dvhwgnipnibutpp yupnibwlynud Bu raly gqnignppus oquiljubtp: Uju dhwgnt-
pntuubpnud m-HEynpnutbkpt wpwowgnid B punhwinip HEhupniwhtt wdyg:
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Upndwwnhly vhugnipmnibubpnud m-EEynpnuubph pyh dkbwgnudp phpnud E gnyuh
wnwowgdwp, pwith np wnbknh E niukinud gpgndwt Eubpghuwgh thnppugnud, b jw-
unudp mbinupwpdynwd E Epljupwihpuyhtt ihpnye [8, 35]: Ypw ophtiwlukphg k
wnihdkunih gnitwynpnidp, npp juwpdws b bwb vhpwduyphg: Mnjhopuhwiphti-
ukph |nudnypubpp, npnup nitbkb Unig swqubwlwgnyu Jud ub gnyl, hubpun
dhowuypnid wnuppyh thpjuynipjudp bunkgubjhu wpwewgunid tu uppunhu-
whpu uyhunul] juhnype: dudwbtwlh pipwugpnid ynjhdbpp wipwnynud k tuwn-
Juwdph duiny b dknp k phipnud hp twjuyht gnybp: Uyg Eplinygpp pugunpynid | wji
hwbquuwipny, np Juwhnyph wnwewgdub dudwtwl] pwhnynud k n- b p-Eky-
wnpnuubph wywnbnuyiugnidp, npny wuyjdwbwynpynid E ynjhdbkph gnibwyn-
poudp: Zhnwgquynud fEjunpniwght wdwp tnphg wywnbnuyuugynid k, & ynipp
Abinp | plipnud hp twpniwwin gnyp [5, 137]:

Qnyuh hothnjunipnit bwb tquundoud b, Gpp wikinh  nitkunad opquiiwljuit
niph thnpiwgpbgnipiniip Epypnppuljut Eupwhidph dbinunh hnth htwn: Uju
nhypnid wpwewtnd ku Juynit §ndwjkpu dhwgnipnibibkp, npntg gnyup Yupu-
Jwsd k (hquigh b §ndyipumgnjugunnh nkuwlhg: Uknwnp npudwugponud | -
wnwnl d-opphwnwy, hul] opqubwlwt Wymph wwndp, unynpuwpwp wgnup fud
ppUwship’ hp qnuq bEYupnibtpp, nph hknbwipn] nknh E nbbimd gmbught
thnthnjunpynit: Ophiwyy nlinht wyhquphtp nuppbp Uknwnbbph hbn wpwewg-
tnud E wwppbp gnyt nibikignn Yndugjbpu dhwgmpniikp. AB~h htn' Yupdhp,
Cr*' gnpp, Fe?' dwunipowljuqgnyy [2, 56]:

Ujuyhuny, npytugh opqubwljut Wynipp gnituynpyh, Yuplnp i hbnbyug
wulwblkpp

* qmgnpwé Juykph weljwynpniup, pug npoud Ypljawlh jugbpp jupng

ki wnwgwtiwy ny vhwytt wshiwsth wnndubph dholy,

= ppnundnp b wnipunppnd fudpkph wnljuynipinp,

= wpndwwnpl] onuljuibph wnluynipniip,

= Indwtpu vhwugnipjul wnwewgdw htwpwynpnipiniip,

= pubntwgdwl hwnlnipnip, npp tjuwundnud E, Gpp qnignpndus onpugh

Suypbipnud quuinud ki nbnuljuhstitp, npnbp tywuwnnud tu HEjnpnt-
utiph wknuinpudwip,

= opquuwlut Wyniph Udnjkyniynd wnndubpp whwp L guuwdnpdus (hukl

unyt hwippnipmiinud:

Uju pninp gnpénutkpp hwighginud B ipwb, np jnyuh pJutnp wgngnud k un-
1Eynynud Ejunpnuubph hwdwlwpgh ypw, b LEjupnup dtnp k phpnid jpugnighs
Eutpghw: Uju Eubkpghwgh dh dwup Swhiudnud £ Udnjklnih owpddwt b nwpusdwt
Ypw, hul Uks dwup Swhudnud k LiEjupnuutph gpgodws Jh&wlh wagubnt ypu:

Zhnmgnunnipyul Ukpnnhkpp, hnpdwpupului Jepyménipniip b
wpynibphkpp

Utp Ynnuhg hpwlwbtwgyl] b nwunwdbwuhpdbtp B $kunth, puquunnd
dhunjutiph b bpubg wbwugyuitnh hndwkpumgnyugdwt nbkwljghwutpp Epuph
(III) pinphnp htwn: Ywuwgpptpnid wju pbwlghwbbph YEpwptpyu) mpdus Eu unin
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nbnkinipnibbn: «Rhthw» 11 nuuwgppnid nipnujh tows b «dkunih hwjnbw-
pipdwit hwdwp hwdwh oguugnpsnid ki npu nkwljghwtt FeCl-h hkw, nph
htinbwpny wnwowtnid E dwintowlwgniyt hwdwihp dhwgnipiniis:
Anitiught thnthnpjumpiniiiph wwndwnubpp nuunidbwupplnt tyuwnwlng
wunpuung by b
* Pkunih, nkqnpghtih, whpnjuunkjuhth, hhnpojuhtinth, whpwquynih, Jupe-
twppyh, Jhupntwppyh 1 %-wing opuyht (nisnypubp,
 a- b B- twuhunnh, uwhghjuppyh, warghphh, wangh, qubhihith, wupugh-
wnwunih 1 %-wng uyhpunwgh nisnypubp,
= tplupeh (IO) pinphnh 1 %-wing gpwjhli (nidnyp:
2-3 U] hitnwugnuyny jnusnyphtt wykjugpt) tup 1 d) tpuph (III) pinphgh ne-
dnyp b htinliky gniuyghtt thnthnpunipjuip:
Unjniuwy 2-nid ubpluyugqus b dh swpp hnwgnugnn opquiwljut ynt-
ptnh b tpuph (III) pinphnh thnpiwgpbkgnipijut hbnbwipny gnitught thnthnjunt-
pintuubkpn:

Unyniuwly 2
Qnilughl thnhnfunpinihakpp
Opquilnuljul Yhpoluului
B Qunnigiuép s
Phqny [\/j sh thnfugnud
TH
dhung u \\] dwbniowljugny
Vs
Npnywbwpent CH;—CH,— C\ sh thnpaynid
OH
0
Yuplwppnt HaC— C‘H —E OH nhnbwlubiug
OH
2 0
NEnwbwppnt CH3 —CH; — CH;— CHy — C\ sh thnjuynid
O—H
o, PH O
Yhwnpnhwppnt O/C —CH,~¢—CH,~-C “OH nhnuwljuiiuy
““~on
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Quuyws tpwb, np phugnih UnjEynynud HEjunpntught wdybpp wyunbnug-
twgdws kb, vwluyt wyn hwbhqudwipp pujupup sk, np thnpiwgnbinyg FeCl-h
htn wnwgwgih Ynuuykpu Uhugnipymi: b nupphpmpynih phqnih, $hngh wow-
swgunid E dwintpwljugnyy Ynduy tpu (uup 3, 4):

OH :
0 H
6 e oa’.. '0
-3HCI H /Fe\

@é@

Vlwp 3. SEhngh huynbwpkpdwd npulwluwh nkulghub

H;—CH-—COOH + FeClz — [CH;—-(EH-*COOI;FP, + 3HCI
OH OH

Uljup 4. YnluyEpu vhwgmpui fjuinfmb uwElnpp
Zudbdunnbyny phugnih b $Eingh Junmguspp Jupkih b kqpuiljughty, np
gniiughtt thnthnjumipinitp mbnh £ nmitkunud ounphhy ppndndnpughti -OH hadpkph
b Yndykpuwgnyugdwin [6, 57]: dpw wwywgnygh L wypny hntwppnt-fuptwppent,
whunwtwppni-fhnpntwuppent qnyghph hwdbdwwnnipmniip: Mpnywbwppntt b
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whnwtwppentl skt wnwewgunid Yndykpu vhugnipniutp FeCls-h hkwn, pwiih
np ppuig Unjkynyubpnud puguljuynud i LEjupnnnunp adpkp, hpkup niukt
owwn pni)] Ynnpphtiwughnt nittwlnipnit:

Quplwppenit b Jhupnbwppnit wnwowgind i Ephuph juijunwn b
ghwupun.

CsHsO7 + FeCls — FeCsH507 + 3HCl

Ntwhghwitph wpquuhpubph Jtpnsnnipniup Jyuynid tu -OH fudph
ppoundnpuyht puinyph b Yndkpuugnyugdwi dwuhi:

Umniph gnyup Jupjws E ny dhugb HEywnpnutbph wyunbtnujiwgnidhg,
ppoudndnpwiht fadpliph weuympymihg, wy) bwb gpuitg nhpphg b pwwljhg:

Ugymiuwly 3
Puquunnnd pEhnylhkph b Fe’ pnbh nduykpulibph qnybkpp

Puquuunnd $kunjutp Yunpmgjubpp Qnyjup

OH
OH

Nhpnjuwnkjuht [ S Jubiuy

~
HO., S _OH
Nhqnpghtu | dwunipwljugny
P

OH
Zhnpnjuhtint /O/ ntnht
HO

HO H
Nhppuquing ﬁj/ Yupuhp

Zhnpnjuhtntp uyqpnid gniwdnpynud £ jubws, npp owwn wpwg Ykp L
wéynd ntnht juhtinth: Gwbws gniwynponudp Yyuynud k, np hhpponpuhtintip wpwg
opuhnuinid k' wnwowguliny Uhgwllywy Wmp juhthhgpni: O-, d-, w- -OH
Judpkph nhpphg Ywhujws wbnh E mukimd gnybh pupdpugmd, wy Yhpy
ghyunppndujhtt nknupwipd: ‘Ldwh kptinype tjuwnynid kb whpwqunih nhwpnud,
npp wupnibwlnud k3 -OH juniudp:

Utn Ynuhg ntunidtwuhpdws Eu bwb dh pwith wpndwnhly onul] yupnibw-
Ynn dkunjubpp: Zwynih £ np wpndwnhl onulubph wykjugnudp phpnud b gniyuh
Jutnwugdw 7, 439]:
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Ophluy’

winpughkip’ @@@ whgny k,
wnbkwnpugkun @@@@ wpugwgnyu k,
whlnwgkip @@@@@ Juuyniwn kb wpbe

zuipg Ewnwowunud, ph hiswtu hpkug Ynpulinpbt puquuynphq $Eunjutpp:
Muniduwuhply Bup - b B- twdpnjutph nbwlghwitpp FeCls-h htwn:

OH

A wnwihu k dwbnipwlugnyt gnibwynpnud, huly

actwbpnip
B-wdpnip’ I:I\;J/OH, uljgpnud muhu E juwbws gnitwnpnud, hulj hbnwquynid
wipwwnynid k uyhwnwl tunduwsdp: Uju thnpdbtpp tnyguybu Jiuynud By, np -OH
hadph nhppp wqnmud £ pkwlghuygh ptpwgph Ypuw [3, 148]:

dhunjubph wswugyuubpphpwenid i nputu nhnuudhengutp b dnunud Eu
Uh owpp ubinuwdpbtppubph pununpmipjut dke: Npybtu $hunjuknh wswhgyuukp
niunidiwuhpl] Bup uwhghjwppntl, wgbknpjuwihghjuppentl, uvwnp, wwbhup,
Juihjhtp b wwpwuwgbnwdnp, npnig gniiwghtt hnthnjumpniutubpp tkpuywg-
Jwd kb wnpniuwly 4-nud:

Lpwgnighs dniujghniiw) padpbph wnljwynipmniin wqpnd £ Yndjpuwgnyug-
dwl Ukjuwtthquh Ypw, husp kpind | wnmniuwly 4-nud: Uwjhghjwpentl, npp wu-
pntbwlnud E wquun -OH junudp, wnwewgunid b dwinipwlugnyt Yndubpu:
Uwynip uwhghpuppyh b $ungh pupn bphpp, tnyiybu niih wquwn -OH fundp b
wnwgwgmu t dwiniowlugny Yndubpu dhwugmpnil, uwluyi wuwghphbp
uwhghjwppyh b pugupiwppedh pupy fuptpp, npp sh wupnibwlnud wqun -OH
Junwdp, sh thnpjunid hp goyup: dwbpjhup  3-dkpopuh-4-hhnpopuhphiqunthhnp
gnuwynpynid t inygygbu dwbmpwljugnijl, hul wupugbnwdngp' 4-hhnpopuh
Phhjugbnwdhny, gmbwynpdmu b jubwy: Zwjwbwluwi b wjunby  gnyih
thnthnjunipniip Jupqws | bwlb -NH ppndndnpuyhtt judph wnuynipyudp: Sw-
thup unwghk] Eup Jununt YEnbh poipdhg: Uju hpkuhg tbplujuginid £ qujw-
pupdh pwpn bupbpubph juwotunipn, npnup wwpnibwlynd & ks pynyg -OH
fudptp: Mn hht dudwbwlupnid vh pwpp poyyubtp, npniip wupnmibwlnud Eu nw-
Uhtltp, oqunugnpédty bl pwwp unwbwnt hwdwp, huly 19-pn qupmd * Fed* hnb-
ubkph huynbwpbkpdwh hwdwn (3, 148]:

-110-



Unyniuwly 4
Qnibuyhl thnthnfunipim Ghkpp $Eanyh wdwbgyuybkph IndjEpubbpnid

dhunh wbmbgyuy Yunmgjubp Anyh
COOH
Uuwijhghjwppnt @i dwinipwljugniyi
OH
O
CfOH
Uuhpht @:
u
oc-c, sh thnhugm
O

e
Uwyny C\ /U\o/ = dwbiniywljugniy

HO
Juwlihihla D\/O dwbniowljugny
H,CO
H
A N_CHs
NMupughunudng U \(&/ Jubiuy
HO™

0s_-OH

uUniq
Swlhl
dwlinuwljugniy
HO OH Zuilmgny
OH

Ujuyghuny Jupbih k Eqpuljugut), np Yndyykpu dhwugnipniiitnh wnwewg-
dwi dkjuwthqup Jupdws k pponundnpuyhtt jdpbph wnluynipiniihg, hpkig nu-
uwynpjudnipiniihg, phugnjught onuljubph wnjuwynipiniihg b putwlhg:
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Bqpuljugnipinih

Uyuwhuny wwug nupngmid $hunjubph b tpuig wswbgyuikph gnitwynp
ntwlghwbph Jkpwpkpuy jpugnighs ynipkph wpwdwungponudp poy) b wwhu
wnuwybk] wupnnowlwb wuwwntpugnid juqubk] npuig hhdpnid puyws Eplinygpe-
ubkph JEpwpkpju), puuuwypngbkup nupdut] wewyb] hbvwppphp, npp htwpuyn-
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ITpenocrasieHue ZONOIHUTENBHBIX MAaTEPHAIOB II0 XMMUY B CTAPIINX KJIACCaX
KaK CPeACTBO NOBEIMIeHNT 3 dexTHBHOCTH 06ydeHu

ABarecoa Hemrn,
OBcenar Amxera,
Kogwuaam Taresux
Pesiome
Kirrouepsre croBa: KBaHT CBETd, APOMAaTHYECKHE COEJHHEHHA, KOMILIIEKCOO6PA30Ba-
Hue, xaopuy (I11) xeresa, XxpoMopop, CompIKeHHbIEe CBA3H
KawecTBeHHBIE peaKIUu JAIOT BO3MOXKHOCTb OIIPeeIUTh IPUCYTCTBUE OIIpe/ie/IeH-
HBIX MOJIEKYJ, aTOMOB, HOHOB B HCCIefOBAaHHOM o6pasue. K maHHBIM peaxuusm
OTHOCATCA W HM3BECTHBIE peaK].H/II/I. ,H]I}I BO3HHKHOBEHHA TOI'O HMJIM MHOI'O IIB€Ta HMMeEeT
3HaYeHMe COCTOSHWE CHCTEMBI 3JIEKTPOHOB, OXBAaThIBAIOLIEH BCIO MOJIEKYIY B I€JIOM.
ITpruyem mexaHu3M 0Opa3sOBAHUS IIBETa B HEOPTAHWYECKUX M OPTAHMYECKUX COeIMHe-
HHUAX paBHBIﬁ. ,ZLaHHa}I CTaThA IIOCBAIEHA I/IBY‘IQHI/IIO H3MEHEHHUd IIBeTa OpI‘aHI/I‘IeCKI/IX
COelMHEHU: B YaCTHOCTH, IIPOL[eCCaM KOMILIeKCOOOpasoBaHus (DEHOTIOB M MX IIPOH3-
BOJHBIX C XJIOPI/ICTBIM JKeJIe3oM. B CTaThe H3JIOKEHBI OCHOBHBIE HPI/IHLU/IHBI TeOpI/II/I
I[BETHOCTH, PACCMOTPEHa 3aBUCHMOCTb U3MEHEHUs LiBeTa OT psAja GaKTOpOB: CTPYKTYPHI
BEIIeCTBA, IIPUCYTCTBUA XPOMO(OPHBIX ¥ ayKCOXPOMHBIXTPYIII, CONPsDKEHHBIX CBA3EH,
apoMaTHuYecKux Kojel. PaccMoTpenHsie HakTOpsI, KOTOPbIE BAUAIOT HA XOJ, IIPOTEKAHUS
peakiuil KOMIIJIEKCOOOpa3oBaHUA M I[BeT OOpasyloIuXCs KOMIIIeKcoB. IlokasaHa
IJIaBeHCTBYIOUAs Posib xpoModopHoii rpynmst -OH B o6pasoBaHuH IjBeTa KOMIITEKCA.
IIBeT KOMIIJIEKCHOTO COeJUHEHNUI TaKXKe 3aBUCUT OT KOJIMIeCTBA XPOMOGbOPHBIX IPYIIIL,
HX PaCIIOJIOKEHHS B MOJIEKYJIe, HAIMYUA ¥ KOJINIeCTBa GEH30IbHBIX AZEp B UCCIIeOBAH-
HBIX 0Opasiax.
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Providing Supplementary Materials from Chemistry
as a Means of Raising Teaching Effectiveness
Avanesova Nelly,
Hovsepyan Anzhela,
Kotsinyan Tatevik
Summary
Key words: quantum of light, aromatic compounds, complex formation, iron(Ill)
chloride, chromophore, conjugated bonds

Qualitative reactions allow the determination of the presence of specific molecules,
atoms, and ions in a given sample. These reactions include many well-known tests. The
state of the electron system — encompassing the entire molecule — is crucial for the
manifestation of a particular color. Moreover, the mechanism of color formation differs
between inorganic and organic compounds. This article is devoted to studying the
changes in the color of organic compounds, particularly the complex formation processes
of phenols and their derivatives with iron (IIT) chloride. The article presents the basic
principles of coloration theory and examines how color changes depend on several
factors: the substance’s structure, the presence of chromophoric and auxochromic
groups, conjugated bonds, and aromatic rings. The discussed factors influencing the
course of complex formation reactions and the color of the resulting complexes
demonstrate the dominant role of the chromophoric -OH group in generating the color
of the complex. Furthermore, the color of the complex compound also depends on the
number of chromophoric groups, their positions within the molecule, and the presence,

the number of benzene rings in the analyzed samples.

Uhpuyugdly £ 29. 03. 2025 p.
Qpujunuyl £ 02. 05. 2025 p.
Cunm il E nnywugpmpyutu  05. 06. 2025p.
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287 37.02
vunhpubp, npnig jmubnudp pipnud | nhdpbpkughw; hwjuuwpdwi

Fvwsunnppuln Lwphuw
DOI: https://doi.org/10.58726/27382923-2025.1-115

Zwbhgmguyhl punkp. hujuuwpdwl nwkuwl, pdvwl dkpnn, wilwp I
Jwpyuy hmipnpnubblp, niyeh pnnnyenil, gnigsughll wd, hwplnuul waydwh

Uwppyuyhtt gnpéniubknipjut nupptp ptuqujunubpnid swgnid B h pwpp
uunhpubtp, npnug nidnudp phipnud b ghdbpkughw) hwuwuwpnidubph: Upwig
nsdwt dudwbwly hhdtwlwt punhpp hwdwwywwnwupwb nhdptpkughw) hudw-
uwpnudtbph juqunwdu E npnghbnb wjunbn pighwinip dbpnng gnnipyniu sniuh,
b jnipupwbgmip funhp wwhwienid b wnwdtwhwinntly dninbgnud: Thybpku-
ghw) hwjuwuwpnidubp juqubne Jepupkpyu) pughpubph pusdw dudwbuly juy-
unpktt oguuiugnpdynid ki wdwhgyuih Epypuswhwljui nt $hqhjuljui hdwun-
ubkpp, hywytu twb ptwfub b unghwpuljutt ghnnipniutph hwynuh opkupubpn:
Thotpkughw) hwjwuwpnidubp Juqdbnig htnn quund o wyy nhypbpbughuyg
hwjwuwpnidubph jnsnudp, npb hpkuhg ubpluyugund t phlnig b upbnp, payg
dwpnip mkhjulwb jpunhp:

Thdtphughw) hwjuuwpnidubp Juqubihu, hwnjuybu $hqhjului jpughp-
ubpnud, hwdwj tyuunwljuwhwpdwn b jhunud Jhpwek] wyjuybu Ynyjws nhdbpk-
ghwjutph dkpnnp, kpp npoubh dkdnipjniubph widtpe thnpp wkph dhol dninw-
Ynp hwpwpbpulygnipmniutbpp, npnip odwphn Eu pupdp Yupgh widtpe thn-
ppkph dogpuinipjudp, thnpuwphuynid Bu tpwtg nhpbpkughwutph dhob hwdw-
wuwwnwupwld hwpwpbpulgmpmniuttpnyg, hyp sh wigpupununud wpnniuph
Ypu:

Thdtpbughw) hwjuwuwpnudubpp juyt Yhpwenipnit nitbkt Epjpuswtne-
pyub, Ukhiwtthuyh, phqhljuh, nkpuihjuljui b wy) ghnnipymitbph dk:

Thdtpkughw) hwuwuwpnudubpny punhpubtph (nsdwt vnwigupn b
gnjnipinih snitth: Snipwpwiynip punhp nith hp nipnyt nsdw knwtwlp, npp
gnyg YJunutip unnnpl pipdws ophtiwuljukipnny:

Ihnpp 1 /2, 416]

Ulnpnud Yu 100 | opuyhlt jpwntiniprg, npp wwpnibwlnud £ 10 Yq wy: Gunph
Uk onipp 1gynid k 1 pnuybinud 3 | wpugnipjudp, b puntnipnt winphg nnipu k hn-
unud 1 pnybinud 2 | wpwgnipyudp: Cuy npnud, (nidnyph junnipniiup pwntbnt dh-
ongny yuhymu t hwjuwuwpwswih: Nppw’t wn Juywpmbwyh winep 1 dwd hknn:

Lmiénid: SYpuy ymiph € jannipmnit Ynyynud | bpw pwtwlp Swdwh 1 dhw-
Ynpniud: Bph uunipmniip hwjuwuwpuwswih b wyw V Swduwnd iyniph puwbwlp
hwjwuwn £ CV: Thgnip t pnyykhg htinn winpnud wnh pwbwlp x Yq E: Uyp yuwhh
winpnid oph pwlwlp Yihth 100 + ¢, b hknbwpwp jnnipinibp 1 jhupnid

x

C= :
100+t
dudwbwlh dt hwmnjusnd winphg nnipu Yhnuh 2dt thinp jupwnbnipn, npp
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Juuwpniiwlh 2Cdt §q wn: Nunh wnh pwbwlh dxthnthnpunipniup fpunipugpyh
htwnljw) wnbynipjudp:
2x
—dx = 2Cdt = mdt:

2kug uw k) npntbh ghdtpkuighw hwjwuwpnuda b
Ulguintyny thnhnuwuiitpp b hinkgplng junwiwbp
Inx = =21In(100 + t) + InC
Jud
C .
=00+ o

€ hwunuwnmbp Ynpnoh wyh wuydwlbhg, np t = 0,x = 10: Ujuhlipt' € =
100000:

1 dwd whg wunpnid jyywupnibwldh x = 122(())(2)0 ~ 3.9 jq wn:

Ihnpp 2 [3, 273]

Lwqulp hwiqhun opnud swpdynd k Vy = 204d/d wpwugnipjudp: Opnoky
twjuwlh wpwgnipniip owpdhst wbgwunbnig 2 ponwbk htwn, ek 40 Jpy
pupwugpnid wyu bjuqby k dhtsh Vy = 84u/d: Qph nhuwnpnipniup hudbdwwnwlui
E twdulyh owpddwt wpugnipjuip:

Lmiénid: thgnip dudwbwyh ¢ wwhht twjulh owpddwh wpwugnipmniup
hwjuwuuwp t V: Uy ghypnud pwpdynn bwdulh Jpu wgynud £ F = —kV ¢onph

av.
dt’

nhuwnpnipput ndp: Puyg Ununnth 2-py opkiph hwdwdwy’ F = ma =m
Zkwnbwpuwp (1)-p Ypugnitp htnlyuw) nkupp.
av av kv
m— = —kVjul— = ——,
dat dat m

Uw gnigsuyhtt wéh nhdptpkighw) hwjuwuwpnud k, ntunh bpw pughwinip
nwsnudp Y1hh

kt
V(t)=Ce m
C huunuwnniip Yqunikup Vy = 204U/ uljqpimjut wuydwihg.
k kt

20=Ce m& C=20:V=20em

kt

Quukup e m hwunwwnnith wpdtpp, nph hwdwp oqgunytup wytt wuwydwihg,

npt =40 Jpy= g—loo‘uu[ nhwpnud V; = 8yd/d
k2N
8 =20e m0 s e m=(§)
1 _E 090
(4)-h Uk wknunpknyg t = 2p= —dud b e m = (E) Junwtwlp npnubih
1

32

. 2190\30
wpwugnipniup V = 20 ((E) ) = . = 1,28 qu/d:
Iviipphp 3 [4, 443]
Npnobp wy hm]!:LnL alip, npt wungpunupdund £ wpduws O Yhnhg bjung
ponp Swnwquyplbppn npyws munnnipjuip qniquhbn:
Loiénrd:  Yhwwupybup huybint  hwpp  Yupduspp:  Ynnpphtwntbph
uljqpiuljtinp nknuynpkup mpyws O Yhwnnwd, hull] OY wnwbgpp ninnkup npdus
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nunipjubp qniquhbn: Ujy nhwypmd OM  phljunn dwpwquypt k, ML -
wiunpunupdiung fwnwquypn, MN-p unpdwit k, MP -u npnubih Ynph onpwthnni k:
Lwbh np < OMN =< NML www ON = OM, npntn OM = /x? + y%, ON = OK +

KN =y + f
(NKM ninnuilpnit Enwulyniinig guniimud Bup KN = KMctga = ;—AZ = f):
y4 i
N [\«
a
a M(x;y)
K - i A
Ve
X
0 P
QSwyunnlkp 1.
d. d 2 2_
Nuuwnh /x2 +y =y+3% Jud /x2 +y =y+x£,£=#;
)
dx 1+ (}) -1 )
dy x

Uw wnwohtt yupgh nhdtpkughw) hwjuwuwpnud b
Lowtuljkup % =u, x = uy,Z—; =u+ Z—; y: Umn nphypnud (1)-p Ypbnnmith
htwnliju) nkupp.

+ _ dx - du )
u+yu, x =uy, dy_u dyy 2)
Quuthnpunipiniiitbphg b thnthnpuwjuitph wigwinnivthg htwnn humuﬂluﬂlp‘
udu dy

J1+uz—(1+u?) vy’

Lpwtwhklp (1 +u?) =22, phdbpkugkp 2udu = 2zdz Junwbwbp

dz d
qud-— ==
1-z y

bunbgpkup, Juunwbwip. —In(z—1) =Iny+InC = Cy = ﬁ: Lwth np

zdz _ dy

z(1-z) - y

yZ +X2

y2
Atwthnjubinig htnn Junwbwbp y =
uvwpudwl punhwinip pusndb E: Unwgubip, np hwybint gwujugué hwpp hw-
wnnypp wupwpnju k:

2
ZZ=1+u2=1+f7= u1u1u1Cy=%y2_y Jud x2+y2—y=%=C1,npD
2

2
ZCfl (qupwpny), npp (2) hwdwubn hwquw-

X
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Ihnpp 4 [3, 270]

Ununtuwwnpp, nph ntbwlmpniup Q k dhwgqws b E jupnid b R nhdwnpnt-
pinit nitikgnn onpuyht: Npnok) Ynunkuwwnnph q(t) 1hgpp dwudwbwlh t wuhhl,
bptl dudwbwyh uljqpiwjuwt wwhht wyt hwjwuwn £ 0-h:

Lménid: Gph dwdwtwlh t wuhht Ynunbuwnnph (hgpp hwduuwn t q(t),
wyw dudwbwlh wyn ywwhht / hnuwbpp hwjuwuwp %z bulj £ LEjunpwpwpd
nidp hwquuwp b onpuyh U jupdwi b Ynugbuwnnph % (updw wwppbpnipyubn,
wyuhlipt E = U — %z Ohuh opkliph hudwdwyi I = %’ npuknhg

q
da _ "oy gty 0 U
da R Yuud dt+QR_R

Zujuwuwpnudp wowehlt Jupgh gduyht nhpbpbiughw) hwjuwuwpnd E: Lpwu
nusiwi hudwp tkpuniskp ¢ = zv bknunpnudp, npinknhg % =z % +v %

Zujwuwpnudp Ypunnith hknlbyu) inkupp
dv (dz 4 z ) v

V\at Tor) TR

C}mhhhp% + QZ—R =0 wuydwbhtt pwjwpupnn Z $niulghwb, wyy nhypnid
hwjwuwpnudp Ypugnith htnbyw) wkupp
v _Udz_ _dt
at R z QR

t
Plnkqpklp, junwbwbp lnz = — QLR Jwd z = e % npunkinhg
¢
e R—=—dv =EeQ_Rdt
t t t
v= f%eadt Sv= %QReﬁ +C Yud v = QUe? + C: Ujuughuny]
¢ ¢ ¢
gq=Uv=e QR (QUeQ_R + c) = QU + Ce @R:
€ hwunwinmp ¢t = 0 ghypnid ¢ = 0 wwylwihg 0 = QU + Ce® & € = —QU:
Ujuuntinhg
¢ ¢
q=QU—QUe Q@R = QU (1 - e‘Q_R)
U]uuﬂlum{‘ unwuguip dudwtwlh gubljugus ¢ ywhht Ynunkuwwnnph thgph
pwtwdlip:

Iviigphp 5 /5, 339]
Quuutwlh bpynt Swypbkphg Ywpdws bt dhwidwb phnubp: Twuqdby

owpddwi hwjwuwpnidp, npp Yuwwnwph wyy pknukphg dkhp, Epk dniup ynyghe

Lniénid:

Tthgnip quuutwlh Epupnipjut wép hwiqunh Jhdwlnid pinutiphg dkhh
wqnkgmpjul nwl hunjwuwnp k a, huly phinh quiqusp m: x-ny Gowbwlykup phnh
ynnpphtwnp’ hwoywd huwuwpwlormpyub nhpphg Uk pheh weluynippui
nhypnid (nunnudhg): U nhypnid
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mi =mg — k(x + a), npntn k = — hhmhmpmp atz = _ 9%

dt? a’

Cunhwunip jnisnidp Yhuh

x = clcos\/gt + czsin\/gt

twhitulut yuydwbtbpb kb x = a,X=0,t=0 apnbknhge =a,¢;, = a:

— ..
Zbwnbwpwp, x = acos \/; t:

Ihnpp 6 [4, 457]

Gpt dupdhip nubnwun punuynud k oph dke, wmuu tpw V wpugnipniup b
W wpwuqugnidp Unnwynp juwyws ki hbnlyju) hwjuuwpndn] W= g — kv,
npubn g U k- hwunmwwunibbbp B Mwpgl] wigws S fwbwwywphh b ot
dudwtwyh juyp, tpt =0, S=V =0:

Lnidnid:

Lwth np W = Eh V= —f, www S-h b t- 11 dhgh Juuyb wpunwhwynynd k

tpYpnpn Yungh phplpktighuy, hwgwuwpnuing p =g9- k;, npp sh ywpntw-
jnud wthwjn S $nijghw: Sknunnpbing wjuwnbkny V = % 1} Z—th = Z—‘; Junwtwip

wnwohtt Jupgh nhdbpkughw] hwjwuwpnd V(t)-h ujuwndwdp. % =g-
kV 11u11[— =dt:
buntkqpkup, junwbwip —%ln(g —kV)=t+c:
. 1
Opngtup ¢;—p hwpyh wnbkny, np Vo = 0, =~ Ing = ¢;:

1

)k jud 2= =x* =
g—kv

Quuwthnjunipjnititiphg htwnn Junwbwbp ¢t = in (g _ng
— 95 _ 9 q _ ,—kty.
V= il (1 —e™™): Uupwinkp thnthnfjumljwihiibpp b hpinntigpbp
SO =2fA e )dt+c,ui O = +5 + 2
(0) = Otwutwwh wuydwihg npnpkup ,p 0=54 5 2= —5

npukinhg Junnwbwbp npnubkih uwp.
0= +3C -1

DOTL: https://doi.org/10.58726/27382923-2025.1-115
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3azaun, pelmeHne KOTOPBIX IPHBOAUT
K ZuddepeHIMaTPHOMY YPaBHEHHUIO

Xagatpan Jlaprca
Pesiome
KorrogeBsre croBa: THIT ypaBHEHHA, METOZ PELICHHA, HE3aBHCHMBIE H 33BHCHMBIE
IepeMeHHbI€e, IIVIOTHOCTh BELeCTBa, TOKa3aTeIbHEIH POCT, Ha9aIbHOE Y C/IOBHE
B pabore paccMaTpuBaeTcs pAZ 337ad, OTHOCAIIMXCA K PA3IUYHBIM 00JIaCTAM, I
pellleHNs KOTOPHIX IIMPOKO MCIIOAB3YIOTCA AuddepeHnnanbHble ypapHeHusa. Ha ocHoBe
3aKOHOB JaHHOM 06JIACTH COCTAaBJIAIOTCS COOTBETCTBYyIOIue AuddepeHIaIbHbIE ypaB-
Henusa. OCHOBHOH 1IeJIBIO MCCIeZOBaTess JOJDKHO OBITH IOJTy4eHUe ypaBHeHUA QYHK-
IIMOHAJIFHON 3aBUCHMOCTM MeXZy II€PeMEeHHBIMHU IIapaMeTpaMM 33/JaHHOTO IIpOIiecca.
BonpmmHCTBO TaKMX ypaBHEHMI CBOJATCA K AubdepeHINaTbHOMY yPaBHEHUIO, KOTOpOe
COZIEPXKUT IIPOM3BOAHBIE WMIH AuddepeHIansl HensBeCTHOH (yHKnuu. Pemmurs sTO
ypaBHeHue (IIyTeM MHTETPUPOBAHMUA) — 3HAUUT IOJTYYUTH ypaBHEHMe, He COfepiKallee
IpOU3BOAHBIX U AubdepeHINaNOB, M3 KOTOPOrO JaHHOE ypaBHEHHe CJIefyeT Kak
cnencrBue. Ilpu pemeHuM 3azad, CBA3aHHBIX C cOCTaBleHHeM auddepeHUMATBHBIX
YPaBHEHUH, IIMPOKO UCIIOAB3YIOTCA FeOMEeTPHYeCKHH U QU3NIeCKUil CMBICT IIPOM3BO-
HOM, a TaKXKe U3BeCTHbIE 3aKOHBI €CTeCTBEHHBIX U 00lIecTBeHHbIX HayK. Popmynuposka
gubdepeHIInaIbHOrO YpaBHEHH A, OTBEYAIONIEr0 YCIOBUAM HAyYHOM MM TeXHHYECKOH
3a/lauy, O3HA4aeT, IpeXJe BCero, pelleHHe O TOM, KaKylo U3 IIepeMEeHHBIX B 3ajade
ClefyeT CYWTaTh HE3aBUCHMMON IIEPEMEHHOH, a KaKyl0 — 3aBUCHMOM ITl€peMEHHOM, a
3aTeM HaXOXJEeHHEe MaTeMaTHYeCKOH CBA3M MEXZIy IlepeMeHHBIMM BeJUYHMHAMH M HX
mpupaimeHuaMu. PemreHue morydeHHOro AuddepeHIMaTbHOIO YpaBHEHUA IIpe/CTaB-
JeT co60il BAXKHYIO, HO YHCTO TEXHUYECKYIO IIPObIeMy.
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Problems, Solutions of which Lead to a Differential Equation

Khachatryan Larisa
Summary
Key words: equation type, solution method, independent and dependent variables,
substance density, exponential growth, initial condition
The paper considers a number of problems related to various fields, for the
solution of which differential equations are widely used. Based on the laws of a given
field, the corresponding differential equations are compiled. The main goal of the
researcher should obtain an equation of the functional dependence between the variable
parameters of a given process. Most of such equations are reduced to a differential
equation that contains derivatives or differentials of an unknown function. To solve this
equation means to obtain an equation that does not contain derivatives and differentials,
from which this equation follows as a consequence. When solving problems related to
the compilation of differential equations, the geometric and physical meaning of the
derivative, as well as the known laws of natural and social sciences, are widely used. The
formulation of a differential equation that meets the conditions of a scientific or
technical problem means deciding which of the variables in the problem should be
considered an independent variable, and which one should be considered a dependent
variable, and then finding a mathematical relationship between the variables and their
increments. The solution of the resulting differential equation is an important, but
purely technical problem.

Ubkpyuyugk & 05.03. 2025 p.
Qpupnudlyp b 27. 03. 2025 p.
Cunmu]ty E vnyugpmipju  05. 06. 2025p.
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287 37.02

STEM Yppmipjniup unjwq nupngnid
«Usjuwgptip» ptiduygh puuuujuimiwi dudwbul

Znyulipyuls Jwpnnihp,
Uwipluppub fhupuw

DOTI: https://doi.org/10.58726/27382923-2025.1-122

Zubgmguyphli punkp. gyniing, oujw, ublmulyniplp, wwpg swpwplkp,
Jhbuwpwinipmnl, phdpw

Ujuop Yppulwib gnpéphpwg whtmp L yuwnlkpugiut] wpwhg nupngu-
Juitbph unbndwgnpswlw Jupnympnibitph qupqugldwin bwwuwnny unp,
wykjh wpynibwdbn wkininghwibph npnbdwi [4]: dudwbwluwlhg Yppului
hwdwlwupgbpp pwhynid Eu wpwq thnthnjuynny mkuninghujub yuydwbbpht
hwpdwpybnt withpwdbynmpjui: Uju hwdwnbpunnid wnwbdbwhwnnly tpw-
bwlnipnit i vnwtnid niumigdw Ukpnnubpp STEM Yppnipjub Uke, puth np
wyt nuynyus E wowlkpniubph ny dhuytt mbuwljub ghwnbjhpubph, wy ppuui
Yyuipnid Yhpwnkih hdnnipniuaikph qupgugdwn [10]:

STEM Yppmipiniip dhujnpnid  snpu npnpuniikp’ ghunmpintt (Science), nkiju-
uninghw (Technology), dwpwwpuwqhwinipnitt (Engineering) b dwpbdwwnhlu
(Mathematics) Upwnbkin] uwnbnst] hwdwwywphwl dninkgmu, npp htwpu]npnt-
pintt E nwhu wowlkpnubpht nkutil) wju ghnnwljut npnpuntkph dhot juwybpp b
Yhpwnbk] npubp hpwljwt wohiunphh fuunhpubph (nusdwb Uke:

STEM Yppenipjnitp jununnidbwihg b wppynibwdbn dnnbtgnid | wowlkpwn-
ubpht wywqu dwpnwhpudbpttphtt twjpwywnpuuntne hwdwp: Shunpegub,
wnktuhyuyh, dwpiwpughnnipjui b dwpbdwnhlujh htnbgpnudp Yppuljui
qopéplpwghtt tywuwnnid E wjuopqu vhpwduypnid hwenn dwubwghinwlw fu-
phtpuyh hwdwp wihpudbywn hdnnipniuubph qupgqugdwun [10]:

Munigdwt Uninhyughwjh qupqugduip tyyuwuwnnd b niunidbwljut gnps-
plpwgh pupkjuydwh pojnp dhgngltpp [11].

* pnjuiqulimpyut pupdugnid b dppwnwpuyulut juwbph wdpw-

wunnud, numgdwi dhpngubph juwnwpbjugnpsnud,

* munpwhwpnyg ntunigdwt pnnp mkuwljubph Yhpwnnd,

= wthwwnwlwb, YnEiuh] b pdpughtt wowwnwiph wwppkp dutph Yhpw-

onud b wype:

Munigdwt dkpnnubpp STEM Yppnipjul Uky httwpwynpmipnit ki viwhu
pwpdpugub] ntuntdbww gnpdpupwgh wpynibwbnnieniup b Epujuwynply
wuwiwynpjws numdbwlwb wpynibpubph dkepphpnudp: Zhdbwlub okowp
yws £ wowlbkpnh wthuwnwljuinipjuit b withwnh Yppuljut dwujupgulh
Awynpuwt hwdwp yuydwbtbp unbtnstnt Ypu: Nrunmgdwb Ukpanubpp poy) Bu
wnuwihu ntunigshtt mpudwpwbwlub juwtp hwunwnt] ntunidtwuhpyny wpwp-
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Juiubph dhol, hugp pupdpugunid E ntundtmlwb gnpéplipwugh wpmynitwybwnnt-
pintup: Puigh wyn, mbnh b nibbunud Jkpuywunpuundwt nknuthnunid wnwp-
Juyh Jpw, npbt wywhnynud E nuwbnnh dnnhjughnt ninpnh qupqugnudp,
hubipp, wawhinipiniup, YnjEinhyhquh qqugnidp b tpug Yppuljub b Lwmhwsn-
nuljub gopdniitmipmniip Jhpwhulbnt b jurwdupbnt jupnnmpmniup [7]:
Ujuop, phk nppwiiny E hwuwpwlnipniip yuwnpwun tnpupupuluw nkjuinn-
ghwitph hwdwinwpws ukpypdwip, Yupqws b jnipupwgnip niunighshg, upw
hdwnnipniuttphg b whdtwluwi hbnwppppnipniihg: Gpp ntunighsubpp unbndw-
gnpéwljul dninbkgnid i gnigupbpnud STEM Yppnipjutp, wowlbpnubph qup-
quguwt hbtwpwynpnipnibibpl whuwhdwi Eu [11]:

STEM Yppnipjutt wnwybnipnibibpp [6].

= Lulwnuuuljut dnwsnympjub qupqugmu — wowlbpnubpp unynpnid
Eu Jbpnist) juunhpubp, quik] ny vnwingupn pusnidubp b hhdtwynpty
hnkug tqpuljugnipniiubpp:

* Uyuqu  duubwghumpmubbtpht  yuwupwunmd - 21-pp gupmd
wuwhwbownl] niiignn hdnnipinitibph quupqugnid:

* Qhumpyutt b wkjinnghugh  Wuundwdp  hbnwppppmput  wg
hunbkpuljinhy oqguruugnpddw vhgngny niunigdwit dbpnnubpp niunigdwi
gnpépupwgp pupdunud B wybih quplwih:

* GnpShwljub YEhnpnbugmd — wowlkpniubpp dkinp kb pipnud Yhpundwh
thnpd

nbkuwljut ghnbhputp hpuwb yuydwbbbpnid:

STEM Yppwljut gnpépiipugnid hinkqpbjnt dkpnnubp.

* Lwpnpuuinp wpiwwnwip b thopdp — wowlbpniubpp juwnwpnd G
htunwgqnuinipni,  dnghjudnpmid qopdpupwugubpp b JEpnidmd
wpniupubpp:

= budtubpulwi hwhwgdtp - wpwltpnubtpp dowlnud b vwppbph twhiw-
wnhybpp b unnigmd npuig junwpnudp:

= PJuyht wkjiunnghwibtph Yhpwomd - 3D dnphjudnpuiwt Yhpwnnd, nn-
pnunwohunmipinit nt Spugpuynpoidn phngjuyunud Bu nrunigdwt httwpw-
Unpnipjniubbpp:

+ Uhpwnwpuyulwi nuubkp wwppkp wowpuibphg ghubjhpibph hunk-
gpnud, npp poy) | nwjhu dbuynpl] wdpnnowjut wwwnltpugnid wphiwn-
hh dwuht:

STEM Yppnipniup Jupnn b hpuuwiwgyt) quuwpuinid wuppkp dubkpny:
Ophuwy, ntumghsutpp Jupnn ki oguuugnpdt] twhiwgsh Jpw hhdudws niuni-
gnud, hwhiugsldwtt wnwewnpupubp b hwupgnudutph Jpu hhdtws nrunudiw-
Yl gnpénnnipniubn:

«2hthw» wnwpluwgh giluuynp tyywwlt £ unynpnnutph Uk phuhwljub gh-
wnbjhpubph hwdwlupgnudp b gpuig Yhpwndwt hdnnipnibiubph dbwydnpnudp,
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npybkugh tpwbp nuebwb dwdwtwliulhg wpwg thnthnpynn hwuwpuynipjui
1hwpdtp winwd b twpwwywnpuwuwnykt phthwihtt wetyynn hilnwqu ntunidbw-
nnipjuip Jud uphtpught: Yypnguljwt phuhuygh ntunidowlwb Spugph pndut-
nuljnipiniup tywuwnnd £ yniph dnwwyuwhdwip, vwlujt sh qupquginid unyn-
ponubph unbndwgnpswljut dnwsnynipjub gnpénibbnipnitp: Uju yuydwik-
poud niunighsp whwnp L oqginuugnpsh tnpuwpupulub dkpnnutp, npnup pupdpug-
tnud i wowlkpunbph dnnpyughwb b hiptwduinuhmpmiip. wnwgwgikyng
npuljul hnyqtp b hbnwppppnieinit niunidbwlui gnpspupwgh tjundwdp [5]:

Uswijtpnutnh htwmwppppnipinitutipp phthw wpwpluyh puuwdutndwu
pupwugpnid Jupnny ki qupquiwy vhuwyt wyb ghypnid, Epp bputp wlnphy dwu-
twljgnud L unp Wniph jpipugdwbip b hupunipny ubthwlwb wyphquwgh dheny
wiglugubnyg, kbt Juunwpnd Jipptwfut tqpuhwignidubpp (3] Twuwqub-
mudp whwp b hpwljuwtugyh hwdwgnpsuljgnipjuis b hknwgnunipjut Jpu
hhdujwé nrtuntdiwnnipyu uljgpnitipny, nuuwywinnn niunighsp nuuuyunuwi
b niuntduwnnipyu gnpdplpwugp wyhnp k hwpdwpkgih undnpnnitph wpwidbw-
hwwnlmpiniuttpht, twhwuhpoipniuiiphtt U Jupnnnipymibibpht, niunp
Juplnp E quuujuindui phpugpnid mumgsh unbnswgnpswlub dninkgnudp
nuwpphpulduws nungdwt wwpwpinyp dwpnwqupnipnibiiubpp, dkpngubph
puquuquinipniip b hbwnwppppnipniup, npnup ninpuijhnpkt juwyws Yihuku
Spwgph bywwnwlubphtt b wiufuynn YEpotwpyniupubpht: Niunigsh unbtndw-
gnpéwljut Uninbkgnudp Eipunpnd £ niunigdwi inp dninkgmudubiph, dkpnnubph,
htuwpubtph tbkpgpnud, npnup tywwwly nibkt undnponibtph dbe  Abwynply
«2hthw» wnwpluh tjundwdp nppuljut yepupkpdniip b juywhnykt unynpnn-
ukph winhy dwubwlgnipmniip nuunudbwlub gnpdpupwght [5]:

Udug npupngnid wsuwoptph niumignidp Jhuuwpwinipjut b phuthugh
niunidwwb Spwuqpbpp Juplnp pununphs k, pwith np wyt oginud £ wipwbpin-
ubpht hwuljwiw) YJEuwphdhwliw Juplnp gnpdpupwugutpp b gputg bywbw-
ynmipiniip wnopju Jjuupnid: twuwinunipiniiibph ypu hhdtqus wjuinuljui
Ubpnnubpp Epphdt upnn Eu subpgpudl) niuwbnnubph, ntunh wihpwdtown ku
tnpupupulub b pinkpulnp] dninkgnidibp niumdb wbjh poduinuyuihg b
hw&kh nupdubkint hwdwp:

Udug nupngnid wshuwentp phuduyh opowiulnid wpwlpinp whwp k.

= uWupugph qpniyngh fudnpuwt nkwlghwitpp b hpunenipmniip,

* ubpluyugih b pwpyh tukpghuyh wnpynip hwbnhuwgnn ubinwiyniptpp
(mbhwgpkp, uyhwnwlnigukp, Lwpybp) b hwdbdwnh npuig tukpglnhly
wipdbpubpp,

= pugwuph, np wspuwentph b &wpwbtph opuhnugnidp opquthqunid wuyw-
hnynud £ dwpynitt wthpwudtown tubpghwgh dks dwup ( Unwn 85 %-p):

Znpjudnid ubpuyugynid Eu gnpstwljutt wnwownpwuputp STEM Yppnt-
pjut nppunud, npnup nunighsp Jupnn b ooquwugnpst] nwuh pupwugpmid
wdwentp phdwt puuwyuunbijhu:
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Phdw: Ushiwugptp, tpwtg wupnitwlnipmniip ubitinnud b ipwbwlnipmniin
dwpnnt hwdwp

Ywuwpub: 11-py

Lywwnul: Unynpnnbpp phunwpljdwl, thnpdbph b dEpnisnipjut thongny
Jyupnqubwt hwujwiw] wsuweptph Junnigquspp b puuwlupgnudp, wwpnt-
twlnipnitp ubtpmd b bpuig whwympemibp dwpgne hwdwp Jhpunkng
STEM hdwnnipjniuttip:

Uhpwnuipyuyuljub Yuwbp: Lhuhw, fEiuwpwinipmnil, dupbdwnhlw, hu-
Inpuwnhlu:

Yhtuwpwimpmi — Fwuh phpugpnid ntunighsp ubpluyugunud b, np ws-
huowontpp Ukp ubiinh Yuplnp pununphs dwub bu juqunud, b uiinhg opquthqup
unwinwd k Eukpghuygh 50-70 %-p:

Qnpstwljuh wpwgwnpuibip ubitinh Uke wsuwepkph unnigmu:

Lyunwljp. oquugnpstinyg wwpq Jhbwwphuhwlwi phuntp’ wwupgb) ws-
Juwonptph wnjuynipiniup ubinnid:

Nwhwigynn Wyniptp thnpdwinpltp, whybnibp, pudwl, hwjwbg, opuhb
pwnhp, jnnh nusnyp, Ftutnhliuh nwsnyp, utnitun (Gupundhy, ubdnp, hug b
g ):

Ouquyyh thnpdwpynmd

Nunpuunkp ubitigh tdnptkpp wpnpkng b uh thopp oph htn jewnbibyny:

Snipwpwiyinip tudniph thnpp pwtiwlnipniiup npkp thnpdwinph dke:

Snipwpwiisinip thopdwunph Uk wykjugptp vh pwth Yuphy jnnh (nudnyp:

“thunbp gnijth thnthnpunipynibip:

GQuyniywn/ull gnyjup gniyg k wnnwjhu oujuygh wnluynipiniip:

NMuwpq swpwpbbiph thopdwpymu (FLubknhunh phuwn)

Sknunpbp mipwpwisinip uttinudptpph tnp tunty dwpnip thnpdwbngeh dke:

Onpdwlineh kg wykjugptp unyt puhwlnipjudp fhubnhljnh nisniype:

®npdwtnpnp 5 pnytng npbip gpuyht punihph Uty:

“huntip gnuyuh thnthnjunipiniip:

Quuwnyunhg Juwbws/ninht/twpbowgny/updhp gnyuh  thothnjunipmniip
gnyg t nwghu Jpuljwiqunng pupwpbbph weuynipmip (ophtwy qpniyng fud
$pniljuing):

Upyniupubpp qpuibgkp wnmniuwmynud

Utnh dniy 8nph phun Fhutinhlunj phuwn
Jupundhp Quyniwn/ul 2h thnjuynid
Judnp 2h thnjuynid ‘Luplgwgnij
hwg Quyniyjn/ul nhnht
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Zwpg - 0'p Upkppibpl kb wupnibwlmud oupw, npn’tp ki wupnibwlnd
wwpq swpwplibp: Paswh u ki pupn wsweptpp Junrmgduspny b $nitiljghwbib-
poy wwppbpynud wwipg pupwiptitiphg:

Lhthwm - Ubkpljuyugunmd b wshiweptph pinhwinip pwtwdlip, tpubg fu-
nnigwdpp b puuwljupgnidp dhwowpwptbinh, Epljpwpwputph b puqluowpup-

ubkph:

Uspuwgptpp opquiiwuit Unjklnijubp b, npnup juqujws ki wsjuwsihg
(C), opwdlihg (H) b ppqwdthg (O):

Tpwitp nuuwlupgynid B

* Uhwpwpwptbp (wwpq pupwptbp, hywhupp kb qyynilyngp, ppniljnngp):

* Bplgwpuipttp (hywhuhp kb vwjuwpnquit, juptwpwpwpp):

= Puquuowpwpubp (huywhuhp ki oujwb, ghpniunquii):

Ukpjuyugynud Eu tpwbg junnigquspubpp:

Qnpstwljwh wpwgwnpubip wshiwenkph thnpdwplnud:

Lyunwlp  hwulwbw wspwepkph  juemgluspp U quuwljupgnuip

nhwnwpydwi, thnpdtph b Epnisnipjut vhongny:

Nwhwhgynn tympkp hnpdwbnpubp, whyknibp, pudwl, opught punihp,
mnh nisnype, Fhkubknhlwunh nisnyp, qpniyngh |nsnyp, uwupiwpngh (nsnyp,

oujwyjh |nLényp:
®npdwplyyny
i Oquugnpsynn iympkp Uwwuynn wpryniiipp
Uh pwtth juphy jnph (nsnyp | Ywwnyw/ub gnyup Jyuynid k
Ouju 2 U
oujwjh wnjuynipjui dwuhb
PLuk wmh msnype 2 U L | 2dEpulutqun wpul L,
s r}hghbsL ]i’ L : 111111 llt gunn 2 Iiph -
. wuwpugk] 5 pnwk  gpuypl | swhwnp b thojuh gnyup, ke
puinuppnid hpnpnjhqugqus sk
PEubknhljnh snyp 24Up b | dEpwlubqiynn pwpwp k,
Qyning 2 U] | mwpwguky 5 ponwb opuyht | whwnp Epuntw jubws/

punphnid

nhnh/twpbgwqgnyt/upuhp:

Qnpstwljuh wounwiiphg hkwnn niumghsp wiughu Ehtnbyuy hupgbpp’
1. Blukyny dkp wpnnibpphg nuuwlwpglp winniqus pupwpbbtpp Uhw-
2upwiplitiph, Eplpwpwplitiph fund puquuywpuptbph:
2. Puguwnptbp, ph hugnt £ FEubnhlnh phuwnp ngpuljut qyniyngh, puyg pw-
guuwluwb k uwjuwupngh hwdwnp:
3. Rutiupltp, ph hsybu k Jhwowpwpubph Junnigquspp nmwppbpynid pugq-
dwowpwpubphg:
Yhbuwpwbimpymb' Qyniynqp Eukpghwih juplinp wypnip E Ykiguih opgu-
thquubph hwdwp: Unnne dwpnnt opquithqunid qniljngh putwlnipniup wpjub
Uko syhtwp b ghpwquigh 6,7Uun)/|: Shqhjulut sSwipwpkntjusnipjut dudw-
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twl] qpuningh pwtwlnipniup hoimd b Qnilingh opuhnuguwt htnbwupny
wnwowunid | tubipghw UGS dluny:

2hthw - nuunudtwuhpnd Bu qpnijngh Yunnigquspp, wghlyihly b ghljjhly
Alukpp: @pnud B qningh opuhnugdw nkwlghwi:

Unwouwnpuip: Nwwnlkpugptp, np nnip ubinuwpwibkp tp, b dkp wnol
npyus k htnbyjw) punhpp: Fnip whwnp £ juqlbp hwwnntl] wnnne uttinuljupg
puwtwdjur  kppnnwuwpnh hwdwp: dhpphtiu wljnhy qpunynud t uwnpung b
qpunynud k hp Ypporpjudp, gutjuinud E punbw) wpiwphwhnswly Spugpuyn-
pnn: Uttinulwnpgp whwp b {huth wenne b wwyuwhnyh opyu hwdwp pudupup pw-
twlnipjudp Eutipghw Eppnnwuwpgh hwdwp:

Uuwphbdwnhlju - wywltpniubpp hwoynud L hpktg Ynnuhg plhnpdus
Uptpputiph Eubkpghnhl wpdbpubpp: Unwbdbwgunud Bu wy dphppubpp, npnup
Eutipgtinhl mbuwybnhg wytih pwhwytn Lt opquthquh hwdwp:

Pupnpiunhlju’ Upwlbpnikpt hpktg Juquws ubbnulupgp, uwnwgus
wpnniuptbipp b wfjuitpp tkpuyugunid Eu gunphwnbuh duny:

STEM Juuytp

Qhunipnit ubitiquiynipbph Yeuwphdhw, ubiinh ghunipmi:

Sktnjnghw’ jupnpuinnp uwppwynpnidibph b thnpdwpljuuwl nkhbhfugh
ogquuugnpdniu:

Swpnupughinmpmb’ ubtnh hnpdupuub jwpnpunnphuibpnid gnpspi-
pugutinh hdwgnipemnii:

Uwpbdwwnhlu’ ndjuitph hwjupugpnid, Jpnismpmi b gsugunllp-
ubph unbnénud:

STEM Uppnipjniip htwpwynpnipinit £ wwjhu wowlkpnubpht puljugly
wnwpplp ghnwlut nnpunttph dhot juwybpt nt ppug jhpunwluh bywbwlne-
pintup hpwlub Yubpnid: Usjawonpkph phdwb, npp ukpwunnid k hisybu phuhw-
Jub, wytybu § Jhluwpwbwlut wuybnikp, gipuqutg ophtiwy £ STEM Yppnt-
pjut mwppbp dkpnnubph fhpundwt hwdwp: STEM §ppnipiniip ny dhuyh ghwnt-
1hputph thnpwtgnid b wywhnynid, wyjh tyyuwunnd E wpwlbpnbkph hupune-
poyt dnwskjulbpyh qupgugdwip, hunnppuljgdwt hdnnipmniittph pupbjuy-
Uwip b dpgnibwly vwubugbnibp gunpuunbimb' hwoyh woelkjn] 21-pn quph
wuwhwbetbpp: Ujut twl pny k viwhu wowlkpniubphtt wywhnygt] winhy dwu-
twljgnipinitt thopdtph b twhiwugstph vhongny, hist nidbnugunid E ipwtg dninh-
Jughwit b wnwowgunid npuljut hnyqhp nruntdbwlub gnpdpupugh tuwndwdp:

Ujuyhuny, STEM Yppnipniup wuthnpwnphtbh qgnpshp E wowltpnutph hw-
dwp qupqugiling ns dhuytt ghnwlwl nt Yhpunwlwh hdnnpmiabbpp, wpl
wuwwpwunknyg btpuig pupny dwpunwhpudbpibph pusdwip inpupupujuit b
hwdwlwpqujhtt Uninbgdwdp:

DOTI: https://doi.org/10.58726/27382923-2025.1-122
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10.

11.

Spuljuimpynih

. Zuupulppuljut nuntduljut hwunwnnipnibibpnid «Rhuihw» wnwp-

Yuyh 8-p b 11-pny puuwpuitkph wowpuyulu Spughp, hpudw Ne 74-
U, 03 hnijhu, 2023 .

. Zupulppuljut nunidbwut hwunwnn ppnibibpnud «Rhuthws wnwp-

Yuyh 7-9-pg b 10-12-pn puuwputithph wewpuyulwb swhnpnohy, hpw-
Ui Ne 43-U 30 dwpuwn, 2023 .

. Uwhuljjut 9. U, Zudwgnpswljguyhtt ntunignid: twuwjuindub dkpnnh-

Jw N 1,. Ghnnwuljub nknklwghp, 2020, ke 279:

. Jvuywnput U., Numgdwb wpynibwdbwn htwpttp, Gplhwl, «dphnphfu

Epkpu» hhdtwnpud, «Zwjuunwis hpuw., 2020, 74 te:

. «Rhthw» wnwpluyh thnpdtwlut swithnpnohs b dpwqpkn (7-12-pn puuw-

puiubkp), 22 Yppoipjul, ghunipjul, dywlnyph b uynpuh twjuwpuph
2021p. wwynhh 30 Ne 152 hpudwt:

. AranenecoB B., AxwmsipazoB M., Taitpimosa D., Metosn o6yuenus STEM,

MesxmyHapomHBIH HayIHEIH KypHan «CumBon Haykm» 10-2, ¢.157-159, 2023.

. Hukonaituyk JI. H. CoBpemeHHble o00pa3oBaTeNbHble TEXHOJIOTUU U HX

KCIIOJIb30BaHYe B IpenogaBanuu xumuu, Hedrexymck, 2019.

. IIpakTrueckue 3amanus B o6mactu STEM-o6paszoBanusa: COOPHHUK B TpeX TOMax.

Tom 2. 3amanus pgns paborer ¢ yvamumucs 5-11 xmaccos / Pemaktop u
cocraBurens A.C. O6yxos. Hayumsrit xouncympranT C. A. Jloarun. Mocksa:
Bubnnorexa xxypHaia «Mccrenosarens/ Researcher», 2022, - 266 c.

. IlpakTuueckue 3amanus B o6mactu STEM-o6pasoBanus: COOPHUK B TPEX TOMaX.

Tom 3. 3aganua pna paborst ¢ ywamumuca 7-10 X1accoB M3 IPaKTHUKU
Benuxo6puranuu u CIIA / Pegaxtop u cocraButens A. C. O6yxos. Hayumsrit
xoHcynpTaHT C. A. JloBarun. Mocksa: Bubianoreka sxypHana «Mcciemoparens/
Researcher», 2022, - 72 c.

Xarmxuesa M.M., Kymuesa O.K., Xarmxuesa O.K., Meron STEM-o6yuenus:
VHHOBAllMOHHBIA IOAXOZ B COBPEMEHHOM 00pasoBaHMU. MexZyHapogHBIH
Hay4HbIH xKypHai «BectrHuk Hayku» Ne 2 (83), Tom 3, 2025, c. 339-343.
Ozhibayeva Z. M., Nurmuhanbetova N. N., Use of stem-technologies as a way of
increasing the motivation of students in Chemistry lessons in the conditions of
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STEM-o6pa3oBaHue B CpefiHel MKOJIe IPY MPENOJABAHNH TEMBI « Y TIIEBOJBI»

Oscenar Bapaymn,
Mapxapsaw Pauca
Pesiome
KorrogeBsre croBa: I/110K03a, KpaxMmal, ITHTaTe/IbHBIE BEL[eCTBA, IIPOCTHIE Caxapa,
OHOJIOTHA, XHMHA
Wzyuenue yrieBofOB B CTapIIMX KJIaccaX ABJIAETCA BAXHBIM KOMIIOHEHTOM
yue6GHBIX IIPOrpaMM, TaK KaK 9TO IIOMOTaeT yYeHHMKaM IIOHMMATh Ba)KHbIE GHOXHMMUYEC-
KMe IIPOIIeCChl M UX 3HaueHHue B IIOBCEJHEBHOH >XM3HU. MIHTepec y4eHHKOB BO BpeMd
0oO0y4eHUA XMMHH MOXET Ppa3BUBAaThCA TOJBKO B TOM CIydae, €CIA OHHM aKTHBHO
YYacTBYIOT B OCBOEHMH HOBOTO MaTepHaja M CaMOCTOATEIBHO, IPOMyCKas uepe3 coOCT-
BEHHYIO IIPU3MY, [eJal0T OKOHYaTeiabHble BbIBOABL. OCHOBaHHBIE HA JIEKIUAX TPagH-
IIMOHHBIE METOJBI MHOI/IA MOTYT He IIPHBJIeYb CTYZEHTOB, CIeJO0BAaTeIbHO, AJA TOTO,
4TO6 ydeba CTaja 3HAUMMOM M IIPUBIEKATeNTbHOH, HeOOGXOAMMBI MHHOBAI[MOHHEIE U
MHTEpaKTUBHBIE IOAXOABL. B 3TOM KOHTeKCTe IpuoGpeTaeT ocoboe 3HaUEHHE METOZ,
STEM-o6pa3oBaHus, TaKk KaK OHO HAIpaBJIeHO He TOJBKO Ha TeOpeTHYecKHe 3HAHUI
Y4Y€HHUKOB, HO M pa3BUTHE HAaBBIKOB, IIPHMEHUMBIX B peaspHOil >xu3Hu. STEM-
o6pasoBaHue — 5TO MHOroobeuaouyii 1 3pdeKTHBHBIH IOAX0/ K IIOATOTOBKE yYalIXCs
K OyZymuM MCIbITaHUAM. B paboTe IpejcTaBleHbI IIpaKTHYeCKue 3afaHuA B cdepe
STEM-o6pa3oBaHus, KOTOpbIe IIO3BOJIAT YY€HHUKaM HAIJIAZHO IIOHATH CTPYKTYpy H
K1accuUKAIUIO YIIeBOJOB C IIOMOWILIO DKCIIEPHMEHTOB M aHAJIM30B, MX 3HAYCHUE U
IpUMeHeHUe B TUTaHWH, ucronb3ysa STEM-HaBeIkn.
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STEM Education in High School during the Teaching of “Carbohydrates”

Hovsepyan Varduhi,
Markaryan Raisa
Summary

Key words: glucose, starch, nutrients, simple sugars, biology, chemistry
The study of carbohydrates in high school is an important component of the
curriculum, as it helps students understand important biochemical processes and their
significance in everyday life. Students' interest in chemistry can only grow if they
actively engage with new material and draw their own conclusions independently.
Traditional lecture-based methods may sometimes not motivate students, so innovative
and interactive approaches are needed to make learning meaningful and interesting. In
this context, STEM education takes on special significance. It is aimed not only at
mastering theoretical knowledge of students but also at developing practical skills
applicable in real life. STEM education is a promising and effective approach to
preparing students for future changes. The work presents practical tasks in the field of
STEM education allowing students using STEM skills to clearly understand the structure
and classification of carbohydrates, their importance and application in nutrition

through experiments and analyses.

Ukpuyugdt) k 14. 04. 2025 p.
Qpupnudlp k. 08. 05. 2025 p.
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287 37.02

Uwnbknswugnpbuljui dnwsnnnipju pununphsitph dhunjnpnudp
dhqhljuyh b vwptdwwnhljugh ntumgdw gnpépipugnid”

Uwin jul wpnui
DOI: https://doi.org/10.58726/27382923-2025.1-131

Zwbgmguypl punkp. qupqugnid, fulphp, pbpinipnybnipnil, Agnibnyemndl,

uwhnilinyeinily, jnipophlnulnipnil, janpnyeinil, phngplniinipintl
Lwjumpuh

Unynpnnubph Unn unbndwgnpsuljut dinwsnnnipjut dbwdnpnidt nt qup-
qugnidp wpnh dwijuwjwupdnipyui hhdtwhtinhpubphg b Mwpq & op qupgugng
hwuwpwlnipmnit niikiwnt mkuwlniithg uinkndwgqnps wthwwnukph weljuwnd-
pintup wupuwghp b 8nipwpwisinip wudh dnn unbndwgnpswljw dnnwsnnne-
pintup niuth npnpwlh wunhdwi b npubnpynid k jnipngh: Swwn Juplnp E np jni-
pwpwiynip np, wblwp hp qupquguénipjult wuwnmhdwihg, ghwmwigh nu
Juplnph unpp unbndtnt wthpuwdbonnipniip: Zwljwnwly ntypnd sh jupw-
untugh tinp qunuthwpubph ghubpughwi, hist k) Jlunspunnunh hwuwpuynipjui
qupquguuip: Ywpbhnpbng unbnswgnpswljut dnwsnnnipjui nhpp ntunigdw
qnpéplpugnd dwiju]updbph b hnghpwibbtph Ynnuhg wyu nugpnipjudp Ju-
wnuwupybky i puquuphy juplinp htnmwgnunnipnibubbp: Cun npoud, JEpmisyty
unbndwgnpsulju dnwdnnnipjui tnipmniip, dwnbwiodl B gpu junnigdws-
pujhtt nuppkpp, hyyhu twb hbwnwgnunygl] i unbkndwgnpsuljut vinwbnnni-
Pt ypw wqnnn bufwb gnpdnutkpp: Uju wdbip wpdws E hhdtwwinud punhw-
unip hnghpwtwdwijwdupduljut wkuwtyniihg, vwuyt ghnwdbpopuljut
punyp Ypnn wpnh hnpJusubpnid twb skpnunpynud £ wwppbp wnwpluwikph
niunigdwl kg unbndwgnpsulju dnwsdnnnipjut qupgugldut jupinpnipniup:

Unyt wowwnwipnd  tkpuyugyus L hnghpwbwdwijwdupdului
punype Ypnn hhdbwpwp wohwmwipubpmd hbwnwgnunnubph Ynndhg wnwbd-
twugdusd vnbnswgnpswlju dnwsnnnipjui hhdtwlwi Junniguspuwyhtt twp-
ptpp U phipws Gu npubg npubnpnudubpp dwpkdwnhlugh b $hqhjuyh niumg-
dwb gnpdpupwugnud: Lkpuyugdws b Ynuyptin ophtwjutp b wpdws Eu dbpn-
nuijul stonwnpnidubp, hust k) unytt wpjuwwnwph hhdtwfwi ghnwdbpnnw-
i unpnypl k:

Uwnlnbwgqnpsbujui dnwbnnmpjui junniguspuyght mupptpp bhqhuygh b
dwpbdunhluyh mumgdw gnpspipugnid

Uunnpl hippuljuinipjudp Ypqupytiup hnghpwtubph Ynnuhg wowtdtwg-

Jwsd unbnsugnpswljut dnwsnnnipjut hhdtwlub pununpudwubtpp [2], hudw-

| ZEnmwgmnnipinilhl ppufwlugyly b 229QUU0L F9%Y-h phhwbumlul wpwl-
gnipudlp  25RG-5C032 Swidlmgpny] ghumulymb plduyh spowbnulbbpnud:

-131-



o Jubkpyuyugtp npuitg tmpymip b wyw gpubp Ynhnwpltup dhahlugh b
dwpbdwnhljuyh wpynituybn nunigdwt Yntnkpuwnnud:

Uunwbnqmpjut vwhmimpmi: Unbndwgnpswljub dnwsnnnipjui wju
pununnhsh wnluynipinitp tupwnpnud |k wpnpibuh hbwpwynp nisnid wujwhn-
Ynn qunuthwputph hnuph wpwg wowye pwgkint pungnibwlnipnia (3, 6]: dhqh-
Juyh b dwpbdwnhluyh ntunigdw Uk dnwsnnnipjut wju punugpudwuh dhow-
Unpnidt niith Juplnp tpwbwlnipnit, puth np jpunhpubph b qupdnipnititph
nwsdwh hwnjuybu uyqptului thnynd swwn juplnp E wpuq Yandunpnodty b
nnkuol] npuig misdwt hwdwp Yhpundbihp dnnbgnudubpp: Unwplujwlub
ghubjhpubph §ninwljdwin gnigpupwg wpwlkpnubph dnwn whpudbown £ dhw-
Ynph] b qupqugub] vwhnith winpunupdh dhongny wyy wdkihg Ynuyphn wnw-
ownpuph (nisuwt hwdwp wihpwdbown ni Yhpwnkih pwtwdlitph, opkuputph nu
ophttwswihnipniiubph phnpnipjut hdnmpniuabbp: Mundoufwi gpuljuin-
pjutt ke unynpwpwip hunhpp jud Jupdnipniup wknunpjws b jhunwd hwdw-
wuwwnwupwbt pudunud, hisp wowltipnht punhwinip wedwdp hnpnd t ph huy
ghubjhputp b wuhpwdbon Yhpwnol] ppu jmsdwi hwdwp: Ywuwduindwi
thnpdp gnyg L wmwhu, np tdwb «<hnppdwiy puguljuynipjub nhypnid unynpny-
ubpp hwdwh nddupuind Eu Yngdunpnodl) uungph (nsdwb gnpShpuljuquh
plinpmput hupgmu: Upu pugp withpudbon b jpugil] dpnwybu nipwnpm-
pintt hwnlugubiny wnwownpwiph punyphg nnipu quny h uljqpuik msdw
punhwinip wbwwywphubp nbutbne jupnnnipnibbp qupqugitin ypu: Oph-
twly, Epp dhqhuwgh nuupbpwugnid phunwplynud bu pujudw jud gpdwb juinhp-
ubp, spugunkiny nidughtt Ybpnisnipjut npny Uninbkgnidubp, wnwehtt htppht
wthpwdbon b ghuuplt] wwhywidwi opkuputinh Yhpwonipjut htwpwynpnt-
piup: Cun npnud, winpunupd Juwnwpbnyg pinph wwydwbibphtt b Gukng
pufudwl pinyphg, Yupkih k npnoly, plk n'p opkliphg Yud opkipikphg hupurynp
Uihtuh oquuyky: Rwth np pwpunidubph nt gpmudubph ughpubtpnud hwdwlwpgnud
gnpénn ubppht nidbipp pwwn wybkih UkS B wpunwpht nidkiphg, wmwyw hdwniuh
wuwhwwidwb optupp Yhpwnkih & Lppy dbluwbhjuwb Fubpghugh yuwhywidwb
opkpl niih wykjh vwhdwbwihwl Yhpwekihnipmnit b npuihg upkih E oquyty,
bpb pufunidt wowaquljub t: Ujuyhunyd' h uljqputk undnpnnp whnp E ynqdun-
pnodh wwhwywidw opkuputph Yhpwndwh hwpgnd: Uyw guiuluwih b awb
dnnyh wignd Juwwwpl] b phunwpll] nidughtt Jhpnsnipjut mwpphpulp:
qhpohtiu htwpuwnp Yhth hpwubwgul), ket htwpwynp (htp pujedwt ypngk-
unid qunuthwp niibbw) thnjuuqpbgnipyub nidkph gnuk mnnnipnibibiph vwuhte
‘Ldwt htwpunpnipinit §uw, ophtmy, qunwdl dwpuhuubph pwpidwt nhypnid,
bEpp wyn nudbipt niikt punhw) nuynnipnebbp:

Ujuyihuny, dnnwénnnipjut uwhmbmpjub pununphsh wnluynipniup poyg
E wiwjhu pughwinip winpunupdh fwtwwwphng htwpwynphiu qips dhuyg
upiw) Juwd thwlninh nwtnn fwhwwywphubphg b plnpl] nju; wnwewnpuph
Juwunwpdw hwdwp Yhpwnekih nt wpynibwtn dhengbn:

Uunwbnympjub Lymiunmpimi: Unbkndwqnpsulut dunwsnnnipjub wju pu-
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nunppsh wejuynipniip uipwunpnud b juunhpp 1nskihu puquuqut dninbkgnid-
ubkph b nmqUuwyupnipniiubph jhpundwt nittwynipinil, ninhny juwybphg huljw-
nupd Juwbph wignd b jnusdwb pupwugpnid hwonnmipnit swywhnynn dnnk-
gnulutphg unp Udnwnbkgnidubph wugnd [3; 4, 8]: Gptk huunph hwdwp unynpnnp
puwnpl] knsdwt mwuppbpul, wyw gubuih £ np wewehtt hul gpdjupnipinithg
tw shniuwpdh b npnowlh hwdwnnipni gnigupiph ot wwuwwnowd gwupkp
Jhpwrh wjt hwnpwhwpbnt hwdwp: Uuluyt tpk sh hwennynud hwnpwhwnt;
wnwowgus wuwwnbbkol ni nisk] juunhpp, dhnit dnwdnnnipjudp odnjws unyn-
pnnp sh hpwdwpyh jubinppp (mskinig b Ythnpdh yepubiugl) Uninbkgnidt nu qunily
unp Uninbkgnudubp: Tnwsdwl pupwugpnid h uljqpwit nppligpus dninbkgnudubph
quhwhwwnnid nt pun whpudbonnipyut pugph nsdwt pwqiujupnipjut thn-
thnjumipiniip unbnswgnpswljut vinwbsnnnipjub Lyniunipjut ngpubnpnidubp Eu:
dhpohuitiphu qupquguiut hwdwp ntunighsp nuuptipugh hpuljuwwgubhu wup-
phpwpwn Jupnn E ghukpugtby b tkplujugub) punhptbph jnisdwt tdwb dnnk-
gnuitp’ hbsybu twhwybu juqujus ophtwlikph, wibiybu b puuwpuind wy-
Juwwntjhu huptwpniju YEpyng wrwewgus wuwwnkh wehputph nhypnid: LYnit b
Juphwnhy dnwbnnnipnit qupqugubint hwdwp juwh twb wpwewnpubiptitinh
dnnnywéniitp, npnip wupnibwlnid ki dwubwgbkntbph Yandhg wwuphubph po-
pugpnid udwt juunhpubp Juqubne hopdp: Ldwb htwnwppphp dwpkdwnhlw-
Juwi gppkphg Ubkynud phpqwé dh wpwownpuupnid oppwiiwgsh Judwjwlub
Ytwhg tpw Epynt hnpuninpuhuwjug npudwgstphtt mupdus nipquhwjugubph b
uyn npudwgstph hwndw Yhnbkph hkpwynpmipjudp wwhwbgynud £ npnoty hw-
dwyunwupiwl oppwh dwltptup [8, 16]: ®npdp gnyg k nnwihu, np wju juunhpp
ndknt hwdwp wowlbpnitph ks dwup thnpdnid ki oqungl) Mynipugnpuup
ptnpkuhg, pwtth np wjunbn wnwewinid ki ninnuiynit Enwlyniuubtp: Tulwgi
njuutiph wipwdupup (hknt yuwndwnny tdwb hopdbpp nutnwd o hwlyne-
nh: Ujunkn niunighsp Jupnn £ wowlkpinh nipwnpnipiniup hpughply gdbwgpnud
wnlju muynuiljjuip, hsp quwnowd nhinnnujuinipjuit nhypnid htwpwynpnt-
pinit E rnwhu wpwlkpnht tunk), np pgpu hwjuwuwp wilnibwgstphg Ukyp hp
mukguws nfuyl k, hull djniup’ opewth pwnwyhnp: 6 wyjuwbu, jtgph nisdwi
pwtiw ht ginfws k:

Uwnwbnympjub jnipophtimympnit: Unyh pununphsp wuydwbwdnpjus
ny unwnupw, kquljh, withpwdbon qunuthwupubp b nisnidubp wnwe pwpkinu
niuwynipjudp [3]: Npny hpwdh&wlubpnid wpop kdh pusndp sh hwunpwhwpdnud
hwjnth wgnphpdutph Yhpundwb fwbwywphny, b wihpwdbtonnipnit £ wnw-
owunid gnigupbpbk] ny unwinupn dnnbkgnidubp: Numgdwb gnpépupwugnid
udwt hpugh&wlhtkph hwdwh jupkh £ hwinhwyl) odndwé kpkuwbkph pugw-
hwjndwt wwwunwlny YJuquuibtpyduws dpgnypubph wnwewnpuupubpnid:
Iunupp hpttwwinud JEpwpkpnid £ wnwpuyuljub ojhdwyhwnuikph jutunhpt-
phu, npntug ndnudp wuwhwbenid k ny dhuwy unpp ghwbjhputp b ghpuquig
hdwnnmpniuttp, wyl owwn nhypbkpnud jmipwhwwnniy nt wwppkpynn dninkgnid-
ukph Yhpwnnd: Zwnwiowlwh k np $hghluyh ojhuyhwljut wnwownpuip-
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ubpp, h wwppbpmpmnit dwpkdwnhljuyh, hwdwh punudbip wwhwbend Eu
unpp wowpuyulub ghnthpubp, b npubp jupbih Ehwnpuhwpt) ghnbihputph
lunpugdwtt hwpght: Shahljuyh pypnguljui ojpdwyhwnuyh yun uthptbp upk-
1h Emdby noipu squiny nupnguljut pdwgnipjub gpgwiwlhg, huy juinhpltph
npno dwul b hipnnipjudp hunpwhwpth o $hghljuyh punhwinip guupupwgh
nhpuybndwb spewbwlnd: Ujuhtiph' npny falinhplibp, npnip nupnguljui spug-
h opowtiwlynid nistint hwdwp wwhwenid ki ny unwbnupn Uninkgnidutp, bh-
qhyuyh pughwinip guuptpwugh spewtwynid puninid ki vnwinupn b Lipwlju
Eu hwyinh wignphpdubph Jhpurdwi: ‘Lnyup sh Jupkh wubk] dwpbdwnhljugh
ytpwpkpjw), nph nupnguljut o huyhwljwt wpwewnpubipttinh juwnwpnidp ww-
hwigmd k wjiyhuh ghwbjhpubp, hdnnipnibitp b ny vnwingupn huwppubph
Yhpwenud, npnup hhdtwwinud nnipu b wjwinuljwt nupnguljuh puupbtpwgh
opgwimyhg:  Ujunthwintpd,  dhqhuyh  ndqupht  uughptpp  tnglybu
htwnwppphp b oginujuip k nisky ny vhwjt ghnbihph n dwpkdwnhjuyub wyw-
pwwnp nidh hwoyht, wy) bwh upudhwn nt jpipophtiwl] qunuthwpubnh Yhpundwi
Uhongny: Hin wykhl, Epphdt hwinhwnd Eu kqujh jpughpubp, Epp owwn pupdp
dwuwpnuljh hdwgnipniut wiqud sh wyuhnynd juinph (nidnudp, vwfjuy hiw-
pudhnl b whuyuwubjh dh dnnbkgnid gueinid k pugph pusdwb putwh: Qpybu
ophtw) Yupkih £ piply wijuth $hqhnu dwbyuupd @ Iphgnpyuih Ynndhg
wpwownpwd htwnwppphp utnhpp, npp Ypupkpmd £ uwpptp gunpwighgubpng
Epynt hwdwubn (hpwynpdws hwdwlbunpnt Yhuwqunbph thnjwgpbgnipiui
nidh npnodwin [1]: Unwinupwn dnnkgdwt nghypnid wju b idwb wy) punhpukph
udnudp phpynud | Fjhyunuljut hunbgpujubph hwoydwl, hugp nipe b gnpétw-
Juinud whwnpwhwpbh pupgnipnit | ns dhuytt wowlkpunh, wyjl hwdwjuwpu-
twljuwl nuwinnh hwdwp: Manph gpuspt nu thgpliph pupjudwt hwdwywthnt-
pintup, uwfuyl, htwpuwynpnipnit ko ptdbenud gnigupkipt] htwpuwdhn dnnk-
gnud b fiEjunpuunnwuwnhl Luodwt qunuthwph oqunipjudp pnyp ki nwhu quaiky
nusdwt huiptiwinhy Swbwuyuph:

Uunbtndwgnpsuljut dnwsnnnipjul wju punuypudwup jupbih t qupgug-
k] hwupdwp ophtmlubph ubpluyugdwi b wnweownpuwi, husybu bwh wpw-
Ytpnutph Ynnuhg uvnwugjws npnowlh gpuljub wpynibipubph ppwjuniudwi no
Unnhjugdwi fwbwywphny:

Uwnwbnqmpjmt hupimpnyimpni: Unbnswgnpswljut  dnwdnnnipjui
wyu punuphsh weiuynipniip tipwnpnud | unp ghwbjhpubp, ughpubph ns-
dwb unp b oyyinhdw) ninhubp quitknt nitwlnipnibp [3; 4, 11]: dhghljuyh b tw-
ptdwwnhluyh niunigdwt gnpéptipugnid dwnwbdnnnipjul huptunipnyunipniup
qupqugynid E hhdtwljuwinid hupunipny woiwwnwiptitinh junwpdwi pbpwug-
pnud, npnup hwbdbwpupynd o juwnwpl] nwbp jud guuwpwind: Gpp
niunighsp tbkpuyugunid b juunhpubph niddwt ophtwlutp, whwnp b yuwnowd
nywunpnipini hwinljuguh (nisdwt dth phnpnipjut hhdtwnpdwit n hpunt-
(hnipjw vwhdwitbpht: Zwdwh wibhpwdbon b wowlbpnhl tbphuyuguby
putiwpyyny ophtmyhg wwppbpynn phypbpnid Yhpungws dnnbkgnidubtph hw-
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puynpmipiniitiph juwd npuig thnthnpudwt nt niph? wyp Uninkgnidubph Yhpwun-
Uwl dwupb:Zwdwju Jupbnp b ibpluyugbty, ph hbsn’t wyu pabghpp Yupbh k
sty tdwbalng, huly Uk mphop ny: Upwlbkpnht hwbdbwpupdus hapimpnyi
wnwownpuipttpp owwn phk phy mwppbpynid kB ntunigsh ukpluwyugpus ophtiwl-
ubtphg U ppuig jnsdwi nt htnwqu hhdtwnp dhwgnpyughtt hdinnmpyniutkp Yne-
wnuwllnt hwdwp oqgunmulwp Yhup, np nunighsp hp ophttwubpnid (nruwpwith
uunhputph msdwt pnywnuluyghtt hhupkpt nu uljgpnitiptibipp b ny ph dnpduyg
Ubjuwhjulu Aubpp:

Ukpjuynudu uvnbnsdwgnpswljut dinwbdnnnipjut hupunipnyumpjut dhw-
Unpnudtt m qupqugnuup jupwing wpynitwdtn vheng E hwinhuwbind bwhiw-
gduyhlt wojuwnwpbph juunwpnudp: Lwjuwgsh hpujwbwugdwit pupwgpnid
wpwlkpinukpp huptnipnywpwp npnund b gniinid Bu ypnpibdh (nusdwb hpkig
wnwpphpulitpp b wyy wdkip pttwpynud Eu dhdjutg nt nEjuduph hbn: Lupuw-
gduwyhtt wowwnwiph wjwpnwlut hoynud wowlbpnubpp tkpuyugind tu
hntug yunwpwép, hugp qupqugunid E hipinipnyh YEpuny hknwgnunuljwut wpy-
Juwnwph (nruwpwidwi owwn Juptnp hdwnnipyni:

Uwnwbnympjut pingpniimpemia: Unbknswugnpsuljut dinwbsnnnipjut wju
pununphsh wejuynipiniip gpubinpdoud E ghnkihputph ot ypulnhuyh wwppbp
phwgquyunubph dpol Juuwbp qguniknt nitwlnipniuubpny [4, 11]: Zwdw tdwb
Juuwtp Jupkih E wywhnyb) ghnnipjut mwuppkp pwdhuubph npny Juplnp qu-
nuthwpitph nt ophtwswihmpnibkph dhol wnw fjunppuyhtt jud $npdwy hw-
dwbdwinipniitbph hwoyht: Uw htwpwynpnipmib £ unbndnd dhwubwlui
wnbkuwljiinhg nhinwplt] wn qunutwpubpb nu ophttwswihnipnibpp: Niunig-
dwl vk dnwdnnnipjul pungpniunipmnit dbwynpnn juplnp dhgngubtphg k pun-
hwipugunn Yplunipniuutph Yhpundwt ypulnhlui [7]:

Shqhuyh b dwpkdwnhiuh ntunigmdt hpwlubwgibjhu wihpwdbon &
hwjwuwpwybu Juplhnpk)] hywtu thpupwpuyulwut, wjiybu § dhpwnwplw-
jujuwb htnbgpuunpy juwbpp: Uju wenudnd tbkplunudu jupbnp £ UERGU
niunigdwl qupqugnidt ni mwpwdnidp: dhpohttu wowlbpnutkph dnwn dhwyn-
pud £ wpnpbdh jmusdwbipn dhwubwfw ot hwdwlnndwith dnnkgnidubp Yhpw-
nkint hdnnipnitutp: URGBU-p qupquginid k wyt jupbnp qunuithwpp, np jne-
puwpwignip pwwn ph phs yuplnpnipinit niikgnn hpwwb juighp nisknt hwdwp
sujbnp E nwhdwiwthwlt) Uk ghinnipjub oppwtiuljubpny b whwnp k ubpgpuyty
ghuinipjul twpphp nnpubbkph ghwbjhputp b dhongubp: Unbnswgnpsulju
Unwdnnnipjub pingpniimipjub pununphsh qupquguwip tyuwunnd i b
twhiugsuyhtt wopiwwiptitipp, pwth np ypuip Yhpwpkpnid B wnopjuynid b
dwpnuyhtt gnpéniubnipyud wwppkp npnpuukpoid wewpluyh Yhpuenipniaik-
phu b hpulwb Yyuphg Ypgjws paughplikph jmédwbp, huyp htwpugnp £ hpw-
Jubwgul) dhuyt puquuphy ghnbjhpubph nt hdnnipniuttph dhwdnpdwt wpg-
miupnid: Opptiwly «Gnwinibwywithnipniip dwpgnt Jyubpniud» phduyny twpaw-
gSh Juunwpdwi phpwugpnid wpwlbkpinitpp htwpwynpnipmnit nukh puguhuy-
wnbnt knwnibwswhnipyut hhdbwljuwt qunuthwputph Yhpwnnipniuubtpp $h-
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ghuyniud, wunnughwnnipjut vk, YEtuwpwiinmipniund, Swpnwpuybnnipyuh
Uko b wbqud wpytunnid b kpudownnipniind:

Uunwbnympjub pnpmpynii: Unbnswgnpswljut dinwsnnnipjul wju punu-
nnhsh wnlwnipmiip Eupunpmud £ Epbnypubph tnipjut by puthwighng,
npuig yuwdwnubpp pugunpkine b hbnbwiphbpp juthiwnbubng hsybu tub
winpnonipiut Uk (nusnidubp thunpbint niwlmpniuubp [4]: Loqws nibwlne-
pnituukpp qupqugubint hwdwp wihpudbon tu juqul] hwpniun pndutnulne-
pludp hwdwwywunwuppwt  wnwewnpuiipkp, npnig juwwpnidp niunigdwb
gnpépupwgp Epphdt Yhp Ewénud puquudwulupnpul] hbnwgnunuljwt wohwnwb-
ph: Uuwjwsh gwjnnnmib opptiml] ki hwinhuwbnd [5] dbntwpynud pubwplydws
wnwownpuiptbpp: Ipuighg dbynid ophtiwml) puiwupyyuws tu dh ninnh Epluyl-
pny nuuwynpyus b vhwinbuwly quuutwuljubpny vhdjubg wlpugdus dvhwidwi
qunhlubphg punugus dbjupwhjulwi hwdwlwupgnud nbnh niukgnn owpdnud-
ubpn [5, 30-38]: Unwownpuiph Juwnwpnidp, npp punjugus b nwutdkl Yhnk-
rhg, yuwhwionid £ twpu hknwgninky qunhlutphg dkhh Epuytuub b juybwlui
nwwnwindubpp, wyw wigilk) qunhlubph hwdwlupgh Yniknhy swpdnudubph
wnbkuwljubphtt b nputg npny Yuplnp nu hbwnwppphp ophtiwswhnmipiniuutph pw-
guhuwjndwip, b wyw h Ypen whtjuynid k unwugyuws wpgniuputpny pugun-
b Epjuyuulut ot juyuwlw wihpubkph mwpwsdwb npny hhdbwlwb ophiwsw-
thnipnibbpp:

GQupdnud Lup, np dnwdnnnipjut junpnipinit dbwynplnt hwdwp juphnp
El twl [6] gpph wnwgwnpuiipibph n&h jpunppubpp: Chpohtiitpu wwhwenid ku
pugunpnipnill gl puduljuht pupn hpwghdwlubpnd, tpp wthpwdton &
wniuw puquuphy gnpéntiibiphg wnwidbwgil) fujuuttpp b npuljuybu nr pw-
twluybu quwhwwnbk] npuig wqpbgnipniip kplnyph pupwgph Ypu: Lodus
pojnp wowewnpwipbbpp Jupbnp b twb tpwing, np wdpnnenyht Jepwpbpnid
i dwpnm wnopju  Yuwbpmd ni Yhugunmd hwbnhwnn qupdwbwh oo
htwwppphp Eplnyputph:

Gqpuljugnipinii

Shqhjudwptdwnhjujwut wpupuitph puuwuiniui pipwgpnid unyn-
ponubph dnn unbnswgnpsuljui dnwsnnmipjui dbwynpnidt nt qupgugnidp
niith wowebwihl towbwlmpni: Glukny wju juplnpnipymihg uny wohiw-
wnwtpnid Jp kup hwuk] dhqhugh b dwpbdwnhlwih ntuntdtunnipjut pipwg-
pnud unbndwgnpswlw dnwsnnnipjut wnwbdht pununphsubph qupqugdui
hwpgn b ophmljutinh dhongny nipdugst) up npu ppwjutmugdwts npny gmbiw-
wuphubp: dEpohtiibpu wnbgynid L hywbu npnowlhh nuup pughpubphtt m
npuig wnwewnpuui dnnbgnudubph, wjiybu b ptwghnwdwptdunhljului
wnwpluibph nunigdwt wpnh dukphtt nt dhgngubpht: Gupsnud Gup, np tdwl
Unnbgndubph dpwlniudp withpwdtown t hqhjuyh b dwpkdwnhljwh ntunignidp
yuwowd dwjuppulny hpwliubwugubnt hwdwp b jupnn b tyguunt) ntudwb
npulh pupkjudduip:

- 136 -



DOTL: https://doi.org/10.58726/27382923-2025.1-131

Spuluimpnii

1. Qphgopuib @. 9., Qwjuswiyuu L. U., Shqhljuyh hwipuybnwlwul ofhu-
whwnwubp (1983-2003), Gpluwl, «Enhp Mphtuwns, 2003, 224 ty:

2. UnJuhyywt L. @., Unynpnnubph unbndwgnpswluwd dnwsnnnipjuip
wnbsynn Uh putth hwupgkph dwuht, N2 Ghunwlwb mknkiwghp, 2021, 1,
179-189 to:

3. Taranos IO. B. Kypc pasBurusa tBopueckoro msinuteHus. Caukr-IleTepGypr:
«MmaTton», 1999, 60 c.

4. KanmsikoBa 3. Y. Ilcuxosorudeckrue IPUHIUIBL Pa3BUBAIOLIETO OOydeHU.
Mocksa: «3Hanue», 1979, 48 c.

5. Cnobogauiok, A.M. Ouens anunHble dusmyeckue 3azauu. Munck: Bemopyc-
ckag acconuanus «Korkype», 2016, 207 c.

6. Yoxep x. Pusnueckuit peitepsepx. Mocksa: Mup, 1988, 298 c.

7. Harypan A. IloBropenue xypca $Gu3uMKKM Kak 0o6oOImamomas Mojenb o6ydeHHs
¢usuke // UWssecrms Poccuiickoro rocyzapCTBEHHOTO —IIearOTM4YecKOro
yuusepcutera uM. A.Y. T'epuena. Caukr-Ilerep6ypr, 2011, c. 141-148.

8. Posamentier A. S., Krulk St. Problem-Solving Strategies in Mathematics: From
Common Approaches to Exemplary Strategies, New Jersey: World Scientific,
2015, 163 p.

®opmMupoBaHie KOMIIOHEHTOB TBOPYECKOTO MBIIUIEHHSA
B Ipoliecce oOydeHus (pusnKe X MaTeMaTHKe
Manyxan Bapran
Pesiome

Kimouepsre croBa. pasphrHe, 3a4a4a, CaMOCTOATENBHOCTh, T'HOKOCTb, OeIIoCTs,

OPHTHHA/IBHOCTbD, I. ./I/V6HH3, ITIOJIHOTAa
(DOPMI/IPOBHHI/IG n paBBI/ITI/Ie TBOP‘{eCKOI‘O MBIIIJIEHU A yqam;ch;I ABIACTCA O,I[HOfI
M3 KJIIOUeBBIX IIpobieM coBpeMeHHOH mezaroruku. O4eBHAHO, YTO C TOYKU 3peHUT
Ppa3BUTUA 06]J.IECTBH HajJIn4ine TBOPYECKUX JIMYHOCTEH ABIAeTCA 0043aTeILHBIM. Ka)}(,umﬁ
YeJIoBeK 06JIa,I[aeT onpeneI€eHHbIM YPOBHEM TBOPYECKOI'O MBINUJIEHNS W IIPOABIAET €ro
II0-CBOEMY. Ba)i(HO, YTOGBI KaXzasd JINIHOCTD, HE3aBHCUMO OT YPOBHSA Pa3BUTHA, OCO3HA-
BaJI/a n HeHI/IJI/a HeO6XO,Z[I/IMOCTI) CO3IaHUA Y€rOo-TO HOBOTO. B IIPOTUBHOM CJIy4ae reHe-
palusa HOBBIX HZeil He OyJeT IOOWIPATHCA, YTO OyZeT TOPMO3HUTH pasBUTHe OOIIecTBa.
HO,Z['-IePKI/IBaJ{ POJIb TBOPYECKOI'O MBINIJIEHUS B IIpOIIecce 06y‘-IeHI/I$I, IIegaroru U IICuxXo-
JIOTH IIPOBEJIN MHOXECTBO Ba’KHBIX I/ICCJIe,I[OBaHI/II‘/JI B ODTOM HaIllpaBJI€HUU: OplL1a IIpoaHa-
JII/ISI/IPOBaHa Cy]l[HOCTB TBOP‘IECKOI‘O MBINIJIEHKA, BBIABJIIEHBI €ro CprKTypHLIe oJie-
MEHTBI, UCCI€MO0BAHbI CYyIIECTBEHHBIE (baKTOPI)I, BINAIOIINE HAa TBOPYECKOE MBINJIEHME.
Bce at0 AejaeTCa B OCHOBHOM C HCHXOHOFO‘HG,Z[HFOFH‘IECKOﬁ TOYKH 3pE€HHA, OZHAKO B
COBPEMEHHBIX CTAThAX HAYIYHO-METOANYIECKOTO XapaKTe€pad TaKXKe IIOAYE€PKHBAETCA BaK-
HOCTBH Pa3BUTHA TBOPYECKOI'O MBINUIEHHNS IIPU IIPENIOAABAHNHN PA3/IMYHBIX IIPEIMETOB. B
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paboTe Ipe/CTaBIe€HB OCHOBHBIE CTPYKTypHBIE BJIEMEHTHI TBOPUECKOTO MBILITEHH,
BBIZIEJICHHBIe HCCIefoBaTeNaIMu B (GYHIAMEHTAJIBHBIX TPyJaX IICHXOJIOTO-IlelarOry-
YeCKOTO XapaKTepa, U IpeACTaBIeHbl UX IIPOABIEHNU B IIpoliecce 00yueHnsa MaTeMaTHKe
u ¢usuke. IIpuBeseHsl KOHKPETHbIE IPUMEPHI U CeJIAHbI MEeTOAMYECKHe aKI[eHTHI, YTO
COCTaBJIeT OCHOBHYIO HayYHO-MeTOAUYECKYIO HOBU3HY JAaHHOH paGoTHL.

Formation of Components of Creative Thinking in
the Process of Teaching Physics and Mathematics
Manukyan Vardan
Summary
Key words: development, task, independency, flexibility, fluency, originality,
depth, completeness
The formation and development of creative thinking in students is one of the key
challenges of modern pedagogy. It is widely recognized that the presence of creative
individuals is essential for the progress of a developing society. While creative thinking
exists to some degree in every person, it manifests in different ways. It is crucial that
every individual, regardless of their level of intellectual development, understands and
values the need to create something new. Without this awareness, the generation of new
ideas will not be encouraged, ultimately hindering societal advancement. Recognizing
the importance of creative thinking in the learning process, educators and psychologists
have conducted numerous significant studies in this area. At the same time, the essence
of creative thinking has been analyzed, its structural elements have been pointed out,
and the essential factors influencing creative thinking have been investigated. This work
presents the main structural elements of creative thinking, as identified by researchers in
foundational psychological and pedagogical studies, and explores how these elements
manifest in the teaching of mathematics and physics. It includes specific examples and
methodological insights, which constitute the primary scientific and methodological
contribution of this study.

Uhpuyugdt) £ 02. 04. 2025 p.
Qpupunuly k. 15. 04. 2025 p.
Cunm il E nywgpmpyutu  05. 06. 2025p.
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287 37.02

Uuwptdwnhlugh b $hqhljuyh nuypnguljub nwupipugnid huljwuny
Eupunpnipjub dkpnnh Jhpwpljudwb npnp wewbdtwhwnlmpymbutph dwupt’

Uhlngnupuml Qughly
DOTI: https://doi.org/10.58726/27382923-2025.1-139

Zubgmguyplr punkp. wunijp, dwnnid, puqunyentl, jpugnid, hny, wnky-

Swgnpéwwl vnwdnnnijent i
Lwjuwpua

22-mul wigmu unwpbny wwubkpymudjo jppulwi hwdwlupgh qupn-
gulwb nuupbpwugnid nwuppkp wowpyuubtph spugpbpnid juwnwpytghtt qquih
thnthnjum pynibibp, wib £ wbjugui tnp pudhbibp, jud b bqus pudhubbpnid
dwwnnigyny Wnipen qpupdwy wpwyb] pungpynib:

Cunhwinip wndwdp wyn dkdwswyuy thnthnunipiniitbpp panty) kb npuljut
wqnlgnipinil, uwluyt gunp, ph dwpkdwnhugh b ph $hahuyh pupnguljui
nuuwgppbpnid gpbpt tkpuyugdws skt hhdbwpwp wpwpuyulwh wwppkp
ulqpniipliip m Ukpnnubp (ophtwyy htjuphwinh Yhpundwi dkpngp, kqpughth
Juinbp, swhuyimpmnibtbph  Jbkpngp,  wnwnbughw) Eubkpghuwyh  dhuhdnwdh
uljqpniiipp b wyilr), huly Epk whqud tkphuyugdus tu (hywtu, ophtiwly, 11-pn nu-
uwpwih phwghnudwptdwnhjuljut hnuph hwipwhwoyh npupnguljub puupb-
pugnid «Spudupwlinmpjui wwpplps qunid hwlwunn Eipungpmppui dkpnnp
[3]), wmyw puduljui hwhpd, wyuhtp dnpuw) wenidng tkpluyugynid k nl poit
Utpnyp b ghuwplynud ko wyy dkpnnpt Jipuptpnn dh pubh nhyuyhtt wywpg
juunhputp wdkubht swinpununiwiny Ykpehuhu Yhpundwt dbpnpupubuljui
hwpgbphti, yhpunbjhmpjut htwpwynpmpinititpht: Uhtsntn, dkp Jupshpnd,
wihpwdbon b dowll] hwdwywunwuppwb dkpnpuljut gnignidubp, npnup huw-
puynpnipinil Juub twppwybu Ypwht), hwuljwbug nulpin pugponud wyju jud
wyt Ubipnnh Yhpundwt htwpwynpnipiniip, tyunwjuhwupdwpnipniih o wpg-
nitwybwnnipinibip, nphg hinn wnwbdbwgut) wjt gnpshpuljuqup, npp htwpuyn-
pmpinit juuw wnjuy dbpnnh Jhpundwdp hwutl] whywihtt jud ny mhwywght
uunph nusdwip, wub) kb ph wyu Jud wyb dkpngh pupthwenny Yhpwenudp qne-
qulgk] unynpnnutph dnwn npninquljub pinnibiwlnmpniuttph b vnbkndwgnpéw-
Juib dnwdnnnipjut qupqugldw wypngbuhl:

qhpngpyuih hwdwnbpunnid jupsnid kup, np 11-pg puuwpuih ptwghunw-
dwphdwnhijulub hnuph hwiipwhwolyh nuypnguljwh nuuwugppmid yniph wnlju
Swuip htwpwynpnipnit sh phdbnnd wowlbkpnubphtt hwynip wwwnowgh
puukint hwljuunn upwunpnipyut Ubkpnnh tnipiniut nt jhpunbjhnipjut uuh-
Uwlibikpp: Uhtgntn hwynih b, ph nppuil (gt Jhpupmpinih nith wyu dkpnnp ph’

' Zlwnnwgmnnupni il ppuljuwinugyly k22 9QUUL AYY-h phlnulnuljul wipwljgni -
pyunlp  25RG-5C032 swslwgnny ghunwlul phiugh spowbmlhkpnid:
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dwpbdwnhlugh b pk* $hahjugh nuypnguijui puupbpugny, dwubwnpupunp,
nupnguljuittph dwpbdwnhijulwt ojhdwyhwnwubph mwuppkp thoybpnd hwb-
nhynn wywgnigdwd b/Jud hippdw swn punghpubph jnusdw hhdpnud puljus &
htug wju dkpnnh Yhpunnudp:

Cunn wynd, unylt wpptwwnwipp Wwhpdws b dwpbdwnhluh b hqhljuygh
nupnguljut quupbpwgnid hwjwuny upwunpnipjut kpngh Yhpwpydw npny
wnwbdbwhwwnlnipnibubph Jipmsnipjutt nt kjhwpwidwbp, wywugnigdwt
w/Ywd htppdw Jhpwpkpju) wwppkp whyuyhtt b ny mhyuyhtt jmughpubph ns-
dwb dudwbtwly wju dbkpnnh pupkhwenn b wpnynitwtn Yhpupldwt htwpwyn-
pmipinitiph Jiphwidwip, hipt B woiwwnwiph qghnwdwijwupduljut tn-
poypl E Uunnpl twwwbu hwlhpd Jubpjuyugibip hwwunn Bupunpnipjut
Ubkpnnh tnipinitp, yhpohtiu Yukjtwpwbiup hiyybu wunypubph wkunipjub, wyt-
whu k) puqunipniuibph nbunipjut gnpshpwluqutph tkppn, nphg htnn hwjw-
unn kupwnpnipju dkpnnh hpupiuwt ypnghunid junwudtwgubiip hhdtwlwb
thnybpp b Yukjuwpwkip jnipupwibsnip thnyh knipnibin: dhpenid wyn wdkup
YYhpunkip wywgnigdw W/hwd hippdwb mwuppkp dwupbdwnhulwt b $hqh-
Julwl punhpubph musdwb dudwbwy:

Zwlmuny ipwnpnipub dkpnph nipnip:

Utipnn pwpp nith hnmbwluwb dwgnud b pupguuiwpup towbwlmd k
bywwnwlhtt hwutbnt Uheng, &wbwuyyuph, tnuwbwl b ninh: Uyt mpudwpubului
nbknkjunniubpnud vwhdwind | npybu punipjut, hwuwpwlnipyub, dnwén-
nupjutt Lpnypubph n ophtiwswithnipniiutph niuntdbwuhpnipjut ninndus
Junbutph nt htwppubph hwdwlunpg [7]:

Unhwuwpul, wywugnigdwt dbkpnnubpt, pun nwbbnt tnubwlh, nuuw-
Jungynud ki ninhn b winiynquiljh (ny ninhn) wkuwlubnh [1]:

Uwwugnigp, npp hhuduqws b hus-np wnwpulniubih uyqph ypw, nphg wib-
dhowljwinpk wpnwsynid k phqhuh &odwphwn (hulp, Ynsynd k ninhn wyw-
gnyg:

Uyugnygp Yngynid £ wmnnuyh (ny ninhn), kpt phqhuh &uwphn (hikp
hhdtwynpynid k plighuhtt hwwunhp wugdwb &odwpunwughniejui htppdw thon-
gny:

Ubtnipnuljh wyugnigdub wdbbwnwpwsyws mbuwljp hwjuwunn Gupwr-
pupjut Ukpnnt k, npp ghnnwdbpnpuljut gpujuwimipyu ke wijuignid E bwlb
wyugnignid wihbphpnipjub hwighgdwdp [1]: Uyu dbpngh hwdwdwyt' Gufuw-
whu Lhpwunpnid Lup, np wyugnigdwi upwlw Bulbnughtt wungnudp vpuwg b
Bphk wju Gupwunpnipniip npudwpwiwluwd punnnmpmnibtph Yhongny hwi-
gligunid £ hmjuunipjub, kqpuljugunid kup, np Ubkp twhtwlwh Eipunpnipniup
ufuwy b, wyuhtipt’ npws Eulknwghb wingnudp Sdwphn k1]

Uunypubtph wmbunipjut gnpShpwljuquh tbppn, hwjwunn Gupwnpnipjut
Ukpnnh hwdwduyl, pun tnpjub, npt A wigdwb fodupunughnipniit wyw-
gnigbnt thnpuwupkt wywugnignid Gup, np upw dunnnudp® A upaw b, hisp hwdwp-
dtp k fpujtunnughtt A whngdwb &odwphun (hbutnut
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Uju dbkpnnh JEpwpkpu) hp npwgpuy b phwntly jupshpt bk hwjntul; tub
wiqihugh huynth dwpbdwwnhynu 9nndph Zwpny Zwpphi: Ujuybu, pun
Jupnhh hwlwuny  Eapuppnippub dkpngp  dwpbdunplugh  adkiabppaglsy
qlipkphg UGl L uylh whhuwdlbdwn wykih qhnlkghl hinupp | pul gublugus
ownlunnuyhll qudphun, pwbgh hwennnipyui hwublint hudwp pwhilunnjuwnp
qupny I gnhwpbply ghln/np Jund Gongbpul phgnip, dpisnkn dwpbdunnplnup
phunud Fnne «qupunpuiy wupufkinn nhuljhi [8]:

Tuuwduindwt wwphubph thopdwenipmnitp Jyuynd k, np unynponp, ngd
wnwohtt whqud Swinpwinid £ hwljwuny tupwunpnipjut Ukpnnh tnipjuip, nw-
puyniuwbp t hwpnind wne wyb, ph h'os wwpphpnipmniy, bu wyugmghne kU
nplblk wuguwi Ldwpunughnipniip pt Jipohthu dundwt ujuwy (hubp, dhl-
unytb k, Epk Jkyp jupnpubwd wywgnighy, huptwpkpupwn dniut b juwugne-
gtid b Jupstu juhun phpwhwqunnpti E dnnbiunud wyu dkpnnh hpundwb wpy-
ity bnnipjuip: Unwghtt hwjugphg winuwhuh hwpgunpnudp jupstu pp dke
Souupumpjut pdugiu) hwnhl yupnibuynd £, pwtqh wunypibph wkunipjui
gnpshpujuquh ttppn hwjwuny Eipugpmput Ukpnnh hwdwdwyh npult A G-
Yhunuyhtt yunpdwb Luwpunwghnipniit wywgnighnt thnjuwpbt wywgnignud
Eup, np bpw djuninidp’ A upuwyg kb jupstu Epyne ghwypmd & hhdpnud gnpé
niukup tnyh A winuwl htwn, Ejuybnnd ninhn wkupny, hulj dkpnnh Yhpuply-
Uwl phpugpmu’ dunyud nkupny:

Uhlgpbn, bpp hwjwuny tupwunpnipjut depnnp dkjuwpubip puqunipni-
ubkph mbunipjub gnpshpulwuquh thppn, wyw ponpnydhtt wyp yuwnf b Yncbbbuwbp:
Ujuytiu, bph, oquytiny ghnwlwt fwhwynnmpjub huynih hwdwtdwinipyut
Ubkpnnhg, Gjultwnuyght A wunuub vhown &odwphwn 1hukp hwdwnpbiup niuhybp-
uw] puqunipjul htwn, hull hwwunn Gupwunpnipyut wpyniupnid dhwdnpdus A
wunuwl dhon Yhns (hubp (wyuhlipl, wywugnighint hwdwp, np qnynipnii snith
uh wjtuhuh hpugh&wl, nhup, kpp A wunnuip &odwphwn k) hwdwnpkiup nu-
nuwpl] puqUnipjut hbn, wyw dhwiquduwy hwuljwbwh Yhuh, np wyu Eplyne
nhuypbpnud Ukup gqnps Ymbkbwbp pnnpnyhtt mmwppbp puqunipniiibph htn
(dwubwynpuytu, ninhny wbupny Hulbuughtt yugdwi phypnid pubwplydw
Eupwljw puqunipiniup Yhuh ntbhybpuw) puqunipniup, hulj hwwuny Gupwy-
ppjutt Ubkpnnh Yhpwpydwi pipugpmd dbwynpyus dlunjus wbkupny wunuwh
nhypnid’ qunwiply puqunpyniip):

Zwljwuny Ehpunpmpyub dkpnnh jhpwpldwi hnykpp:

Pusybu wpnkh ok Bup, nuuujwinuwi wnwwphutph thnpdwnnipniup Ju-
nud £, np unynpnnp, n wnwghtt wmiquu swinpwunid £ hwljwunn Euipunpnipjut
Ubpnnh tnipjutp, Mhun pipwhwquunpbt b Jepupbpdnud Epghtihu wpynibw-
Jhnmpjulp gnpstwluwimd Jupstiny, np tw dhlinyt pupgniputl ne nddw-
popputh E pujufbym pk’ mnhn nkupnyd nplkt windwh &pdwphn (huk b wuyywgn -
gtym hwdwp, pt’ hwlwuny Ghpunpmpub dkpnnh Yhpwpluw wpymbpmd
dunjus wundwt Ybns (hubp wyugnigbint hwdwp: Uju wenudny, pnip-
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pupnunidbphg jantuwhbnt hwdwp, npybu Ukpnpuljui gnignid, Jupsnid Lup,
np bwp wihpwdbon b hwjwuny Gupwnpnipjut dbkpnnh Yhpwpyudwi qnpépl-
pugn pwdwil] dhdjwughg hunnwl nwpwiowngws snpu hhdttwlwh toybph,
wjunthtinl whpwudbown bt dkjuwpwt] wyy thnybph mpniup: Guybu, wyw-
gniguwl b/fud hkppuwhb pugpoud nptt A yingdwb Lodwpunughnipmiap hufw-
unn Lupwnpnipjut Ukpnnh hpundwdp wywugnighint hwdwnp.

m-bhipunpmpub thmy junwpmd ip wyugmgdwi bipulu k-
nwht A wuglwip hwlwuny Eipunpnipnih, wpuhpt Eipunpnud kup, np
wbknh nith A wungnudp,

II thny-hwwumpyut hwighnt thmy twunpn thojh wpyniipny, wyjuhip
Eupwunnbiny, np mknh nith A winnudp, thnpdnd Gup wpudwpubulub quwnn-
nmipjniuiiph vhongny hwgk) hwljuunipjub,

I thnuy-bqpuijugnipjut g twfunpy kplyne thougkph wipnyniipny, wyuhip
klpunplny, np nknh muh A winnidp b hwighing hwuum pjub’ kqpuljuginid
klp, np A wgnudp nknh ik sh fupng (wyuhliph' kqpujuginud kup, np A
wgnudp Yhns k),

IV (mj-wyugngduwb thoy b Gjwnh mbbbung npudwpwbimpyniihg
hwyintth kppnpnh pugundwl opklipp [2] (hwdwdwj nph’ guitjugus A wunyph
nhypmid wigwydwl dodwphn b jud A -4, jud tpu dunnidp A -p), Gwfunpy
thnijh wpiyniipny (wyuptipt hhdbunnpdws hudwpbng, np A wignudp Yhns ),
wyjugnigus kup hudwpnud, np ujtnwht A gignudp £odwphan t:

Zhow E Uuunky, np Ykpnlojuy thnybphg bpbpp' L I b IV thnybpl nibikh
dnpuwy punyp b pnit wyugnigdwb b/juwd htppdwb «pbnp» Swbpwiunwd k1T
thnynud: Uuhpwdbown Ehunwl puggst), np hwljuwuny tupwunpnipjut dkpnn pun
Enipjutt wywugnygp mwiknt tnubwly k, thinybph Jupquynpjus hwenprulju-
umipinil, npnug pupkhwenn pupwgph nhupmd whykpwwwh Yhwbgbiup Gulb-
nughtl uigph sdwbp’ windwh wuywgnyght, uwlugl hgbph pupkhweny
pupwugpl wmwywhnybtint hwdwp (dwubtwynpuwbu, tpypnpn thoynud hwlwunt-
pjut hwbghnt hwdwp) hwljuunn Bupwnpnipjut Ukpnnp dkq nstuyny oquby sh u-
pnn: Uhw uw k, np Eppld undnpnnubph dnn phipnud | pynip pdppudw b nyudn-
poipinil |k unbndynmd, np hupthtt hwjuunn Gupwnpnipjut Ukpnnh Yhpuplynudp
whnp E wywhnyh jinph pupbhwenn nisnidp: Udklhl n's: Mbwnp b hunwl
otiowk], np II thoynud nj wpudwpwiufub nunnnmpmnibtbtph Wjwd wyg
htwppubph, uljgpniipitinh, dkpnnubph Yhpwndwt wpynipnid £ dhuygt htwpw-
UYnp quptnid hwigh] hwljuwunipjut b, gpuiny hul, wywhnyk) hwjwuny tupw-
npnipjul Ukpnnh pupbkhwenn Yhpwpynidp: Ujuhtpl, bptk Ukq sh hwennynud I
thnynud npudwpwbwluwd qunnnnipniuitiph hongny hwigh] hwwunipjul,
wyw punt knipjut hwljwunny tupugpnipyut dbpnnp quninud £ whwpynibwgin

b/Jwd wmulhpunkih:
Cunn Enipjul, II thnyh pupbhwenn wdupnb t h dhpen wwywhndmd
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hwljwuny Eupunpnipjut pnit dkpnnh htwpwynp b wpynitwgbn Jhpupnudp:

II thnqp ny dpuyt Ynnuunpnohs b pnit dbpnnh pupbhwonn Yhpwunpldw
nbkuwtlnithg, wy] twb muh Uks wywbwlmpnit unynpnnubph hdwguljui b
unbndwugnpsuljub jupnnnienibiiph qupqugldwi hwdwp: Zkug I oyl E, np
qupqugunid k unynponubph JEppuswuwi-huwdwnpuljut ntbwlnipniatkp,
nhuwpybng, Ynwhbint, kqpuijugnipniiubp wiknt jupnnnipnibubpp, Yipeht-
ubphu Unnud unbndwgnpdwju gnpéniubnipywic: Uju thnynwd £ np wowlkpunp
wuwuhy unynpnnhg Ykpusynid £ wiljwh dinwsénnh b mpudwpwbinpb hhutw-
Unpyud nuunnnnipnibtkph huptunipny Yhpuennh, hush wpyniupnid tw dbnp
phpnud huptiwjuinnwhnipinit b hwynnul (hubknt qqugnnnipini:

Yuipsmu kip wwugnigiwi b/jwd hkppuwb nwppbkp uighpibpnid hwlw-
unn kupunpmipui Ukpngh pun imgkph Yhpupyndp joyguunh pl dkpnngh
huwunwnpyws juipugdwip b ph’ dkpnnh Ghpupydwi pupkhweny pupwugph
wwwhnJudwip, pwuqh thnybph hunwl nwpwbwnnidp htwpwnpnipni k
nuhu jnipupwisimp thnymu hunwljkgl; wibkihpp (wjuhtiph’ Yopwnunty b
hwuljubwy, pk hishg whwp E uljuly b huisnd whwp k wjwpunt] ndjuy thoyp) b
thnpdb] junwph) gl

Zwlwuny Ehpwgpnipyul dkpnnh jhpmemdp wyugmgilwh I/jund hkppuwi

vwpbdwwnhlulpwi npno jpanhpbipnd

Uunnpl Ynhunnwpltip dwpbdwnhljuyh quypngujwi quupbpwgnid hwunh-
wnn wywugnigdwd W/hwd hippdwt npny juinhpubp, npnig jnwsdwi pupwgpnid
widhpwlwinpku Joqunkup huljwunn uipwunpnipjut Ukpnnhg:

ughp 1: Uwwgnmighk], np 2025x2025 swthbkph pwpwlniuughtt wnmniuwlh
Juinuljutpnid htwpwynp sk mbnugpty -1; 0 & 1 pYkpbt wyiybu, np ponp
wunnbph, wniibph b wilnibwgstph Jpu nuuwynpyws pytph gnudwpubpp (huku
Uhujmughg wwpphp [6]:

Lowdmud: Nunnudt muyugnighip hwjwunn Eipunpmipyut dkpnnh Yhpun-
dwdp: Muklp wyugmgiwi kipulw hultnuhtt A wignd, wyjo £ 2025x2025
sunplph punwniuughl wyniuw§h Jubnwabpnid hinupun/np sEnknunpky -1; 0
i 1 pikpl uyingku, np poynp nnnbph, yniakpp b whlyniliugskph Jpuw quiuan/np-
Ywé pykph qnidwupbbpp |hakl dpdjuaghg vuppbp:

I thny-bupunpmpyub thny junwpmy kip wyugnigdut tipulju jwlb-
nwht A winlwip hwjwuny bupugpnipnil, wjuhtpt' Eipunpmd kup, np
wbknh muh A winnudp, wpuhipt' 2025x2025 sunpbph pupwlniuaghl wgyniawalh
Yywhnuhbpnid hinupun/np Fwunkngunply -1; 0 b 1 pykpl uybwbu, np pojnp ninnbph,
wnrhkph b whlymugskph Jpw puuan/npyws pykph gnidupbbpp hakl dpdjui-
ghg wwppkp: ‘

II \hnyj-hwljwumpjmt hwiqbm thm; twhinpy thnyh wpyniipny, wjuhiph
Lupunpbimy, np wknh muh A winnudp (wya & 2025x2025 sunpbph punwlniauyhl
wyniuwyh Jubnulabpnud hinupun/np E Epky wknunpky -1; 0 b 1 pykpl uyingku,
np poynp wngkph, wnibbph b whlniiugskph YJpuw puuunnpyws pybph gnidup-
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bbpp hbkl Updjubghg nnuppkn), thnpdkup mpudwpubwljub punnnmpnititph
dhgngny hwtigk] hwjwunipjui:

Mukup 2025 hwwn wnn, 2025 hwwn yntt b 2 hwn wilnibiughsd b, nipbdl,
htwpunp gnudwpitph pubmyp 2025+20254+2 =2052 t: Uju htwpuynp
gnidwpubtpp ghunwpliup npybu «Swqupibps:

Cuwn utnph wwjlwbh' jmpupwbsnip nngnud, ynibnid Jud whilniwgsh
Ypw whwp b nuuwynpyws thukt 2025 hwwn pytp, npnughg jnipwpwbsnipp fu-
pnn k1l -1; 0 ud 1, hinbwpwp npbk nngnud, yntind jud walpnibwgsh Jpu
nuuwynpud pYtph gnidwpp jupng khut) -2025; -2024; ...; -3; 25 -1; 0; 1; 2; 35 .5
2024 Yuwd 2025: Cun uynd, jnipupwisinip nnnh, wywb jud whlnibwgsh Jpu qu-
uwynpywéd pYtnh gnudwph wyu htwpwynp nmwuppkpuljubtpt b phunwpytup npybtu
«uinuljubp: Muydwbwynpybip jnipupwisnip «Swqupr-gnidwup whnunpky
pYwwytu hpkt hwjuuwp «Juingulnid»:

Zkow t tjunky, np Jkpngpjuih wpnniipmd Yaibkiwtp 2-2025+1=2051
hwwn Juuguljutp» b 2052 hwwn «fwqupbbprs, hbnbwpwp, Thphhyth uyqpniuph
hwdwduwy, Yquuh wjuywhuh «Juwigulp, npod  Yhukt wobduqb  Eplno
«§wqupiibpy, wpupipt’ gnmpmb Ymbkbwh kpynt «Swqupy-gnudwplbp, npnip
quiynud b inyu Juinuinu» jud np tnyub E gnmipnit niubbwb Gpln
gnidwnubp, npntp dhdjutg hwjwuwp G

Unwgyws wpyniipp hwuwund £ dbp wyt Bupunpmipjutp, np 202552025
sunthbph punwlniuuyghl wyniuw§h Jubnubbbpnid hinupun/np F kpky wknunpky
-1; 0 b 1 pykpl uwybhwku, np pojnp wngkph, wynibbph b whlynifiugsbph yJpw
puuunnpywé pikph gnidwphbpp jhakh dpdjubghg nwppkp, wjuhpt hwigh) Bup
hwljwunipjui:

I thnuy-bqpuijugnipjut g twfunpn kplyne thougkph wpnyniipny, wyuhip
Eupunpliny, np nbknh mbh A wingnulp b hwbghn] hujuunipjul, kqpuyug-
tnud kup, np A wignudp nknh nubkbwy sh Jupnn (wjuhtiph’ kqpuljugind tp,
np A wignudp Yhnd b), wuly b pk Yhns b owjt wignudp, hwdwdwyi nph’
2025x2025 sunthkph pwnwlniuughl wymuwlh Juwbinulabpnid hlnupun/np F
wknuppky -1; 0 b 1 pykpl uwylwku, np popnp wingbph, ynibbph b whlyniugskph
Ypw puuun/npyws pikph gnidwpbbpp jhakh dpdjuighg unuppbp:

IV m-wyugngdwb thoy b Wjwnh mbkbung npudwpubingeyniihg
hwjnth Eppnpnh pugundwi opkupp, twhinpn thnith wpnyniupny wywgnigdus
Eup hwdwpnid, np GjulEnwgh A winnudp &uwphwn t, wyuhtipl' 2025x2025 swi-
thEph punwlniuughl wyniuw§h Jubnulbbpnid hiwmpun/np sE wknugply -1; 0 b
1 pykpl uylngku, np poynp winnlph, wnibbph o walpniiugsbph Jpw puuu/npyus
PYEpp qnuduplbpp (hbEL dpdjubghg wnwppkp, hust b wuwhwieynd kp wuyw-
gnigh:

zulkup, np ughp 1-h médwl wowewnlyny Unwnkgnudp httwpuynpni-
pinit E nmwjhu juunwpt) pughwipugnid b hwdwidwt puunnmipyniuttpny, hw-
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Juunn Eupunpmipjut Ubkpnnh widhpwlwt fhpundwdp (oquuytiny twlh YFhphtu-
1Eh uygpniuphg) wywgnighy, np gutjugws k ptwljut pyh nhypnid kxk swhtph
pwnwlniuwghtt wyniuwljh quinuyibpod htwpwynp sk wknunpt] -1; 0 0 1
pYtpt wytwtu, np ponp nnnbph, yniubkph b wilnibwgstph Ypw puuwdnpjus
pYtph gnudwpbpp (hukt dpdjwtighg nwppbp:

ughp 2: Spyws b ppulwt pytph his-np tojulj-puqunipnii: 8nipwpwi-
sip - puynud poyguupynd k {a; b; c} Enjulj-puqunipinithg  Yuquby

{a'; b’ c'} unp Enjulj-puqunipinii wyughupl, nn

V2 V2

a=a; b'=—""(b+c); ’=—
2 2
pinituttiph wpyniupnid npnowlh Jpowynp puykphg htivnn htwpwynp sk hpw-

qub pdkph  {V2: 1; 1++/2] bopul-puqumpymihg ummth{Z; V2; %}

(b—c): Uuugmgk], np wypuhuh gnpdnnni-

Enjwlj-puqunipniuin [6]:

Lowdmud: Nunnudt muyugnighip hwljwunn Eipunpmipyut dkpnnh Yhpun-
Uwdp: Nibiklp wywugnigdwh ipulw Huiknuht A wigmd, wb £ zposwlh
Ybpouynn puypppg hlnn hinupunnp SE ppulub pybph {\/5; L; 1+J§} by

puqunipniiihg uinwiuy {2; \/5; %} Enjul-puqunipiniiip, Epk jnipuipwisiniy
2

puyinid poyjunnpynid E {a; b; C} Eoyjul-pugqunipiniihg Juquly {a'; b C,}

V2 V2

7(b+c); c'ZT(b—c)-'

I hny-bipunpmpuil thmy  junwpnd bip  wyugnigdwb - Bipufu
Eluljtinught A wunuuip hwljwunn Gupwnpnipnit, wjuhtipt Eipunpnd Gup,

bnp Epul-puqunuypinil uylygpupl, np g’ = q; b’ =

np wbknh muh A winmudp, wyuhpt  apnowlh JEpouninp puyikphg hkwunn
hinupun/np F ppwlwi pijkph {\/E, I 1+\/§} Enjul-pugqunipiniihg unwbuy

{2; V2 %

{a; b; C} Enjul-puqunipinilipg Juquly {a'; b c'} bnp Enjul-puqunipinil

’ ’ 2 ’ 2
wyliyhupl, np a” = a; b’ = %(b +c); = %(b -c)-
I1 thny-hwhwumpyut hwighnt thmy twunpn toh wpyniipny, wyjuhiph

Lupunpliny, np wknh mbh A whynwdp (wib & apapwlh Jepeunp paylphg

} Enqul-puqunipiniip, bpk nipupwisinm puginid poayjunnpynid E
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hlwn hinupun/np b ppuwlwl pykph {\/5, 1; 1+ \/5} Enjul-puqunipiniiihg
uunliuy {2; \/5 ; %} Eoyul-puqunipniip), hnpdbp mpudwpwiwljui pu-
2

wnnnnipnitiibph vhongny hwql) hwjwunipjui:

Snipwpwlisinip thnynud {a; b; C} Enjulj-puqunipjutt hwdwp nhinwpljup
X =a® +b*+ ¢’ phyp: Ljunnkip, np {a’; b’ ¢’} tnp bojul-puqunippub ghy-
pnud hudwidwh X = (a')2 + (b’)2 + (c')2 pyh hwiwp Ymukiwip

2 2
b+c b—c

;o)

2 2
wyuhiplt htpn L ujuwnlk), np Gpp pipwpwiynip puynid {a; b; c} Enjul-

XJz(a32+(bjz+(C)2=a2+( =a’+b’+c’=X*=const ,

puqUmpiniithg juqumd tbp {a’; 5 ¢’} tnp boyjuly-puqunpnil, wibuhuht, np

a=a;b=7(b+c);c=7(b—c), wygw  Ukp  Ynnuhg  Ukpunisqus

X =a’+b>+¢’ ubdmpmip vind E withnhnj wpu  Aluthnjunippub
ujundudp:

Uju thnynud, hwdwduwyt dbp Bupungpmipyub, npoowyh Jepownp puyibphg
hlwn hinupun/np b ppuwlwl pykph {\/5, 1; 1+\/5} Enjul-puqunipiniiihg

urnwliuy {2; \/5 : %} Enjul-puquniprnifip, hbnbwpwp, pun Yykpngpyuh, wyu

Epynt Eojwlukpht hwdwyunwupwing X = a’+b’+c’ pUtpp whwp k huku
Uhujwg hwjwuwp, dhsntin tjunkup, np {\/E 1 1+ \/E } Enjulj-puqunipjuiip

hudwywnwujuwbng X pUh hundwp bkt
X=(\/_) +12+ (1+J_) =6+24/2, huy {2 V2; f} tnjuly-puqunipubip
hwlwyuinuuuwing X ph hwidwp ynibktwbp
x'=22+(\2) +(%j =61 X, unanptis, hutigghip b

III thnuy-bqpuijugnipjuit oy twfunpy kplyne thougkph wipnynitipny, wyuhip
Eipunpkny, np wnknh nith A wlnniup b hwighiny hwuunt pjub’ kqpuijuginid
Elp, np A winnudp mknh niktwg sh fupnn (wyuhtpt Eqpujuginud Gup, np A
wunnudp Ybns k), wmub) £ phk Yhnd b wyb wunnudp, hwdwdwy nph  npnowjh
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Ybpouinn puy bphg htun hiwpuynp L ppulful pykpf {ﬁ ;15 1+42 ] byl
1
V2
puynid poyjunnpynid F {a; b; C} boyulj-puigqunipiniipg [uqully {a'; b’ C’}

V2 ,_\2

anp kopul-puqunipn b uylghupl, npp @’ = a; b’ = 7 (b + C) ;€= 7 (b - C) ;

puqunipntiihg uunuluy {2; \/5; } Enpul-puqunipinilp, bpk nipupwismnip

IV (mj-wyugmgduwb thoy b Gjwnh mbbbung npudwpwbinpiniihg
hwjnth Eppnpnh pugundwi opkupp, twhinpn thniyh wpnyniipny wywgnigdus
kip hwdwpnd, np Eulknught A wignudp &uuphn b, wjuhtpt' npoowih
Ybpouynn puyjkphg hlinn hwupaynn 3E ppaljub pybph {ﬁ; L; 1+\/5} byl

1
N

puyinid pnyjunnpynud F {a; b; c} Eyywl-puqunipiniiihg Juqully {a'; b’ c'}

V2 V2

tnp brywl-puqlnypmt wyhyhupl, np d = a; b'=7(b+c); C'Zj(b—c)’

puqunipiniiihg uunubiuy {2; \/5; } Enjul-puqunipinilp, Lpk nipupwismnip

hust b whweynid kp muywugnighy:

Zwlwunn Ehpwgpnipyul dkpnnh jhpmemdp wyugmgilwh i/jund hkppuwi

Phqhlyuwlul npnp julghphbpoid

Uunnpl Ynhunwplkp $hqhuyh nypnguljut puuptipugnud hwinhwnn npnyp
uunhpubtp W/jwd wunnudutp, npnug hhdbwynpdwt pipugpnid wudhgwljunpku
logunykup hwjuuny upwnpnipjut Ukpnnhg:

ughp 3: Qipqwdhg Ybp wpdwlyws wplp wwjpkg hknwgsh Jkpht Yrnnd
pwdwuybny btpkp phynpubph: Uwwgnigk], np wuypniih htnbwipnd wyy
phynpubkph dinp phipws wpwugnipniiubpn skt Jupnn (hul) hinfjunignuhwjwg [4]:

Lodmud: Nunnudt muyugnighip hwljuwunn Eipunpmipyut dkpnnh Yhpun-
dwp: Nibikip wyugmgdwi bipuljw kjubnughtt A wigmd, wyb £ Adwpanp
S5 np mpnudhqg JEp wpdwlyuws wplh hkunwgdh JEphl §Ennid wugpiniiihg wnw-
owgué kpkp plinphkph dknp phpwé wpwgnipinibbkpp jhakl thnfunnnuhugug:

n-bipunpmpyub thny junwpmd ip wyugnigdut kipulju kjuyt-

wnuyhtt A winiwip hwwuny thpugpnipinil, wyuhph Bhipwunpoud Eup, np wiknh
miuh A whnnuip, wyjuhtiph' AZwpun/np B np niggudhq JEp wpdwlyws wplh
hlwnwgsh Jippl [Ennid wuypmniihg wnwowgus bpkp pkhnpbbph dknp phpus
wpuignipinilihkpp jhakl thnjunipnuhuug:

I1 thny-hwhwumpyut hwighnt thmy twunpn tojh wpyniipny, wyjuhiph
Lupunpbiny, np wknh muh A winnudp (wyb ¥ hdwpunjop £ np niggudpg Jkp
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wpdwljué wplyh hkuwugsh JEppl [Ennid wugpiniihg wnwewgus Epkp
phinphlph dknp phpwé wpugnipmibbbpp (hGkl hnjunignuibhuywg), thnpdkup
npuiwpwbwljub nunnnnipiniittiph dhengny hwugh) hwljuunipjui:

NMwngq &, np hkwnwgsh yipht Yinnd wplhh wpugnipiniup hwjwuwp t qpogh,
htwbwpwp qpojh £ hwduuwp twb bpw hdwniup: Beb wknh niuku A wundwb
pupniubmipnitip, b wphh pkynpubpp dknp phpkt thnpmpnuhwjug wpwgni-
piniuikp, wyw npuig hdwnyuibpp tnyuwbu Yhukt hojuninpuhbhwywg: Aelnp-
uliph hwdwhdph hdyniyup hwjuwuwp b wowtdht pilnpubph hdwynuuubph 4ty-
unpulut gnudwpht: Lwth np phlnputiph hdwynyuiubpp hwdwghs JEunnpubkp
skt (hnpuninnuhwjug k), myw npubg gnidwpp qponjhg wwuppkp dh 4kjunp L,
dhsntn huwnyuh wuhwywidw opkupp wwhwgnid , np npubg gnudwpp hw-
Juuwp (hth wuypniihg wnwe hwdwhidph hdwnyuhb, wjuhtipl thth qpn: Ujuwh-
uny hwligkghtip huwnijuh Wwhdwidwh opkliph wundwi, wyuhliph hwiqkghtip
hwljwuntpjui:

I thny-bqpuijugnipyut thn twfunpy kplynt thogbph wpnyniipny, wyuhiipl
kupwnplny, np nbnh mih A winnidp b hwighing hwuuntpjub’ kqpuijuginid
kup, np A wupnudp mknh niuktw) sh Ywpnn (wyuhtpt kqpuljugunud Bup, np A
wlnnidp Yhns b), wub) b pk YEns b ugt whngnudp, hwdwdwj nph’ nipgwdhg fkp
wpdwlwé wphh hkuwgdh JEphl §hunnid wuypmniipg wnwowgus kpkp pklhnp-
Qlph dknp phpwd wpugnipmniGbbpp upng Ea jhakl thnjunipnuhwgug:

IV hmj-wyugngdwb thoy b Wjuwnh mbkbugng npudwpubingeyniihg
hwjnth tppnpnh pugundwi opkupp, twhinpn thnith wpnynitpny wywgnigdus
klp hundwpmd, np lyubnughtt A wognudp &odwphn b, wyuhliptl' mnqudhg Jbp
wpdwlyus wplhh hbEwnwgsh Ybkppt Jhnnd wuypniithg wnwewgwé bpkp
pEynpukph dknp phpwé wpwgmpinitibpp sk jupnn (hubkt hopmpnuhwywg,
hust b wwhweynid kp wwywugnighy:

hunhp 4 Uywugnigh], np wquun Ekljnpnun sh jupnn wewpl) $nwnni [5]:

Lowdnud: Nunpmudtt - wwywgnigblp  hwlwunny  Ghpwunpnipjut dbpngh
Yhpundwdp: Mikip wyugmgiuh bipulw buiknuht A wigod, wi £
hinupun/np sEwquin fEqunpnah Inguhg $nunnih wnwpnidp:

I hny-bipunpmpuil thmy  junwpnd bip  wyugnigdwb - Bipufu
bulbnught A win@wip hwluuny Eipunpnipntl, wpupipt’ kipugpmu kup,
np nknh muh A whgnudp, wyuhlipl' wqun GEGupnbp Gupng Fwmupky gnunnk:

I1 thny-hwwumpyub hwighnt thmy twunpn tjh wpyniipny, wyjuhip
Lupunpbiny, np wknh mbh A winnudp (wib t wqun HEjupnap Gupng Fupw-
Pk pnwnnly), thnpdkup npudwpwtulwb nunnnnipniatph dhgngny hwuqgk) hw-
Juunipjui:

Lwih np, hwdwdwyt wpwewnpwiph wuydwih, fEjupnip wquun k, wyw
upw htn Juwydws hwrdupydwi hwdwlupgp Yihth hutpghw: Mpngkup ghunwp-
Ykup htlg wyy hwdwfwpgnud: Zudwduyh Hubpghwjh wwhwywidwh opkiph’
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$nnntt wnwpkinig wpwy LEYnpnuh Eukpghwt whwp E hwjuuwp thuh $nwnnth
wnwpnidhg htwnn EEjupnuh tubpghugh b wnwowgws $nwnnuh tubpghuyh gqni-
dwphtt: EEjupnuh wqun, wyjuhtpt quonbkph jud wy dwuthlyubkph wqpbgne-
pintukp sypknt hwibquuwuphg hnbinud £, np wjt sniith ynuinkughw) tukpghw b
punpdus hwoqupluut hwdwlwpgnud wpngbuh uljgpmd ugt odindws k dhuy
hwlqunh tukpghuyny, hulj ykpomu hwiquinh b hjyunphunwlui Yhubnhl
Eutpghwubph gnidwpny, npp ks Jud hwduwuwn E hwiqunp Butpghuyghg: Ujuwh-
uny, ypngkuh Jtpenud nitikup LEYunpnuh hwiqunp Eubkpghw, Yhubkwnhly Eubpghw
b wnwowgué dnwnuh Eukpghw, npniig gnidwpp hwuuwp sk (kS ) ypnghuh
uljgpnid wnljw LEjunpnuh hwiqunh tubpghwihg: Uw phpmud E Eubkpghwgh wuih-
wwilwb opkph frwundwi, wjuhliph hwbgh) bip hwluum pjub:

I thnuy-bqpuijugnipjuit g twjunpy kplyne thogkph wpnyniipny, wyuhip
kipwnplny, np nknh muh A winnudp b hwighing hwuum pjub’ kqpuljuginid
Eup, np A wugnudp wknh niuktwyg sh Yupnn (wyuhtpt Egpuljugind Bup, np A
winnudp Yhns B), wul) E phk Yhins b owgh wignudp, hwdwdwgi nph wqumn
b Elinpnip wpng Fwnuply pnunnb:

IV (m-wyugngdwb thoy b Wjwnh mbkbung npudwpubngegniihg
hwjntp tppnpnh pugundwb opkupp, twhunpy thnyh wpynibipny wywgnigdus
klp hwiwpnd, np kjuybnwghtt A winnidp uwphn b wyuhtiph' Adwpuanp s
wquun B Eunpnah §nndhg $nunniap wnwpnidp, hust k) wwhwieynid kp wuyw-
gnighy:

Bqpuljugnipinii

buswybu nhkutnud bup, pt’ dwpkdwnhugh nypnguljwi puuptpugnid hub-
nhynn wwwgmgdwi b/wd hkppiwl wwppbp febghpbbpnd, pE™ $hqhlwgh
nupnguljutt guuplpugnid  hwinhwnny  hhdtwgnpdwt Gupwulub  wwppbp
wunnudubpnid hwljuunn Euipunpnipjut dbpnngp jupnn k niukbwy hp wpynibw-
Jtw b oqunwjup Yhpwnnieniup:

Pusybu nhnwplyws mughpubkpnud hwdnqykghup, poinp nhwypkpnid hwljw-
unn kupwnpnipjui Ukpnnh Yhpupyuwi gnpshpufwuqip’ thnougbpp bbb b,
dhspbin jnipupwignip ghypnid hwdwywunwuwt I hinynd hwljuunipjut
hwigbnt hwdwp Juqunid Gup npudwpubwljut punnnmippiuttph pupuwhw-
untl] b hiphwwnhy onpw wfjuy bgpht jud windwip hudwygunwupub
oquytiny twl hwybtywy wy Ukpnnhg, opkuphg, ujqpniiphg b/ljwd htwipphg, dwu-
twynpuwbu, jpunpp 1-nud hwjwumpub hwiqkghtp mpudwpwbwljut nuwnn-
noipinitkph dhgngny hwybjjuy oqufting Yhphhupth ulqpnitiphg, atnhp 2-mud
hwjwunipjut hwigkghtp npudwpwwlwd gunnnnipniaiph Jhongny hw-
Jhpguwy ogunybkny hJuphwnp Yhpuwndw dbpnnhg, pughp 3-nud hwljuunipjut
hwlghghtp npudwpwbwlwb gunngnipnibbtph thengny hubjyuy oguykinyg
hUwynyuh ywwhwywiudwh opkuphg, hulj juunhp 4-nid hwlwunipjut hwugkghup
npudupuiului gunngmpnibbtph thengn hubjuy ogqutiny Lukpghugh
wuwhwwidwh optuiphg:
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Tuuwjuindwt wwphubph thnpdwempiniip Jiuynd £, np  hwljuunn
Lipunpmpyub dkpngh pun imkph dkpluyugnidp twwunnd E unynpnnbph
Ynnuhg dkpnnh (hwpdtp, hdwunmwynpjws pipugdwip, puywybu twb Jipehthu
Jhpundwt wpynibwytn htwpwynpnipnibubph ptudwin, huy Ynuhpin Jw-
ptdwwnhiuljut punhpubpnud Wwd $hghljuljut yunpnudubpomd wyu dkpnnh
pupthwenn Yhpwnpynudp bywuwnmd E unynpnnubnh npninnujub b mpudwpw-
twlul pugnibwlnipnibubph, uvnkndwgnpswljui dnwsnnnipjuh qupqugduin:
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O HEeKOTOPHIX 0OCOOEHHOCTAX PeaIM3allMi METOAA OT IIPOTHBHOTO
B IIKOJIBPHOM KypCe MaTeMaTHKH ¥ Qpu3HKH

Huxorocaw [arux
Pesiome
KorrogeBsre croBa. BbICKa3bIBAHHE, OTPHIJAHHE, MHOXECTBO, JOIOJIHEHHE, S7Tall,
TBOPYECKOE MBIIICHHE
JlanHas pa6oTa MOCBAIIEHA OCBELIEHUIO HEKOTOPBIX BO3MOXHOCTEH 3(PeKTUBHOTO
IIpPUMEHEHHA METOJaA0Ka3aTe/JIbCTBa OT IIPOTHBHOIO B IIKOJIPHOM KypCe€ MaTE€MAaTHKH U
¢busuku. B craThe cHavana majaraeTca CyTh METOJA OT IPOTMBHOTO, MHCTPYMEHTapHM
JJI eT0o peajM3alliy, a 3aTeM BBIENAIOTCA OCHOBHBIE TPYJHOCTH, C KOTOPBIMHU CTaJIKH-
BAIOTCA yYalluecs IpU IPUMeHeHUH 3Toro Merona. CHavasa B CTaThe KPaTKO M3/IaTaeTcs
CyThb METOJA KaK OJIHOTO M3 OCHOBHBIX METOZOB KOCBEHHOrO JoOKasarenbcTsa. Ilocre
3TOrO CYUIHOCTh MeTOZAa OOBACHAETCA M3HAYAJIBHO C IIOMOIIBIO MHCTPYMEHTOB TEOPHUHU
BBICKA3bIBAHMI, @ 3aT€M C IIOMOILILIO MHCTPYMEHTOB TEOPHH MHOYKECTB, C IeJIbI0 Pa3BeATh
MHOT/Ia BO3HUKAIOIee CPely yJaluxca 3a0IyxIeHe O TOM, YTO MeTOJ, OT IIPOTUBHOTO
Ha CaMOM /lelle HMKAaK He oOjerdaer Ipouecc JokasaTenbcTBa. Ilocme wero B pabore
IOZPOGHO IpeCTaBIeHbI, YeTKO Pa3/eleHbl M OOBACHEHBI OCHOBHBIE BTAIlbl: yCIIEIIHAL
peanu3anys KOTOPBIX ABJIAETCA eJAUHCTBEHHBIM CIIOCO60M 5(G()EeKTUBHOTO MPUMEHEHUS
JAHHOTO MeTOJa K Pa3sAuYHBIM 3a7adaM. IIpw aTOM cIenuasbHO IOAYEpPKUBAETCA U
IOZPOGHO Pa3bACHIETCS, YTO OCHOBHAS TPYAHOCTh B IPUMEHEHUHU METOZa 3aKII0YaeTCs
BO BTOPOM U3 BBIZIeJIEHHBIX 3TAIOB, KOTIja He0OX0LUMO MepeiiTH K IPOTUBOPEYNIO ITyTeM
JIOTMYECKMX DAacCyX/JeHWH, a OCTajgbHbIe 3Talbl, KaK IIPaBHJIO, HOCAT (OpPMaIbHO-
CoZlepXKaTenbHBINl xapakTep. B paboTe TaxKe pacCMaTpUBAIOTCHA Ppa3IMYHBIE 33JadM
JI0Ka3aTeIbCTBA U/MJIU OIPOBEPKEHNUA, BCTPEUaIolIecs B IIKOJIBHOM Kypce MaTeMaTHKH,
a TAaKXKe PasIMYHbIE YTBEPX/JEHHd, BCTpedYaloluecs B IIKOJBHOM Kypce GU3MKH, IpU
pelleHNH W/MIM JOKa3aTeJIbCTBE KOTOPBIX HEIOCPEACTBEHHO NPUMEHSIETCA METOJ OT
IIPOTHBHOTO.
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On Some Features of the Implementation of the Proof by Contradiction Method
in the School Course of Mathematics and Physics

Nikoghosyan Gagik
Summary
Key words: statement, negation, set, addition, stage, creative thinking
The following paper is devoted to highlighting some of the possibilities for the
effective application of the proof by contradiction method in the school course of
mathematics and physics. To begin with, the article outlines the essence of the proof by
contradiction method, the tools for its implementation. The article begins by briefly
outlining the essence of the method as one of the main approaches to indirect proof. It
then explains the method in more depth, first using the tools of propositional logic and
later employing set theory. Following this, the article clearly presents and distinguishes
the main stages involved in effectively applying the method. It emphasizes that the key
challenge lies in the second stage: deriving a contradiction through logical reasoning.
The other stages are generally more straightforward and primarily formal or procedural
in nature. Finally, the paper examines various problems of proof and/or refutation
encountered in the school mathematics course, as well as various statements
encountered in the school physics course, in the solution and/or proof of which the
method of contradiction is directly applied.

Uhpuyugdt) £ 02. 04. 2025 p.
Qpupnudlp b 15. 04. 2025 p.
Cunmii]ty E vnyugpmipjut  05. 06. 2025p.
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K CBEJEHHUIO

Cratby HyOGJIMKYIOTCA HAa apMSHCKOM, PYCCKOM MJIM AHTJIMHCKOM s3pikaX. CTaThio
HeoOXOJ¥MO TIpeACTaBUTh B DIEKTPOHHOM BHJe, OTIPAaBUB ee Ha YKa3aHHBIA ajpec
9JIEKTPOHHOM TOYTHI, YKa3aB JAaHHBIE BCEX aBTOPOB HA apMAHCKOM, PyCCKOM M aHTJIHHCKOM
a3pikax. KommeioTepHoe odopmienue: daiin Microsoft Office Word 2007. Pasmep Gymaru —
A4. Tlona: ceepxy — 20 MM, cuusy — 25 MM, ciaeBa — 30 mm, cmpasa — 10 mm. Hlpudr mxa
apmaHckoro sssika — Unicode (Sylfaen), ama pycckoro m amrnmiickoro sssikoB — Unicode
(Times New Roman), pasmep mpudra — 12, Mexcrpounsiii uHrepsan — 1,5, ab3an (mepsas
crpoka) — 0,75 cm. He wucrmonssoBars Gonee omuoro mpoGena. TaGiuuisl, pUCYHKH WU
I'Pa(i)I/I‘IeCKI/Ie I/IBO6P3)K€HI/I$[ AOJDKHBI HMETHb HyMepa].U/IIO, HX 3aroJIOBKM [JOJDKHBI HMETh
pasmep mpudta — 10 (Bold, Italic). Ix BsIcOoTa He mo/nKHA mpeBsimaTh 170 My, mupuna — 110
M. Pasmep mpudra B tabrune — 10. Popmyier ¥ MareMaTHYeCKye BBIPAKEHUS IIPEJCTaB-
matorcs B popmare Microsoft Equation, xypcuBoM, a OCHOBHBIE — OTZAEIBHON CTPOKOH B
LleHTpe; MOT'YyT GBITh IIPOHYMEPOBAHbI B IIPABOM YTJIy TOM K€ CTPOKM B KPYIJIBIX CKOOKax ().
Ecmu crathd COZEPXMT CHMBOJIbI, He 3Havamuecs B mpudre Sylfaen, To Heobxomum u
9/IeKTPOHHBIM (OHT aTHX cuMBONOB. Ha mepBoii crpanuie cBepxy ykaseiBaercs Cdepa u
V1K, a mocepesnHe cienyroleil CTpOKU yKasbiBaeTcst 3aroioBok (Bold), 6e3 sariaBHbIX GYKB.
Ha crnenyromeit CTpoke cIipaBa HO/DKHBI OBITH yKa3aHbl MMfA U (DaMUIAA aBTOPA, yd4eHAs
cremenb u HaszBauue opranusanuu (Bold, Italic). Uepes crpoky HammcaTh CIOBOCOYETaHHe
«KimroueBsre cyoBa:» 1 6-8 KIIOUEBBIX CIOB MM caoBocoderaHuii. CioBa, MCIIONB3yeMble B
3aroJIOBKe CTAaThU, He NO/DKHBI BKIIOUATBCA B KiioueBble coBa. CTaThM OpPraHM30BaHBI B
CIIeIasIbHbIe IO/pa3/iele N B COOTBETCTBUH C I0A3arooBKaMu. CCBIIKH B TEKCTe JAIOTCA B
KBaZpaTHbIX CKoOKax []. Ilpumedanus narorcsi ¢ Bospacraromeil Hymepauueii. ITocie Texcra
CTaThU IHUIIETCA CIO0BO «JIuTeparypa» IO LEHTPY CTPOKH >KHPHBIM IIpHdTOM, Ge3 3araaBHbIX
6yxs. Co ciemyromeii CTPOKU — CIIMCOK JINTEPATyPHI B a)aBUTHOM IIOpAJKe, IPOHYMePOBaH-
He1ii. Ilocse crnmcka nuTepaTypsl IIPeZCTaBIAIOTCA pe3ioMe Ha IBYX ssbikax. CopepixaHue
pesioMe U KIIIOUYeBble CJI0Ba Ha JBYX fA3BIKAX JOJDKHBI OBITh MAEHTHYHBIMU U COCTOATH U3 150-
200 coB. CHavaya yKa3sIBaeTCA 3aIjIaBHe CTAThY, HAa CJIeZyIoleil CTpOKe — MM U (paMMIIHIL
aBTopa, (odopMiIeHHe IO OPUTHHAIBHOM CTAaThe) 3aTe€M OTZEIBHBIMU CTPOKAMH: a) CJIIOBO
«Pestome» Ha COOTBETCTBYyIOIIEM sI3bIKe, Ge3 3arIaBHBIX OyKB, ) KIIOUEBbIE CJIOBA, B) TEKCT
pestoMe. Pesiome He JOIKHBI COflepXXaTh CCBUIKM Ha JIUTePaTypy, abOpeBHATyphl U IIMTATHI.
Pesiome cTaTeif JOJDKHBI OTpaXKaTh CMBICT M COZepXaHMe CTaTbu. MakKcHMaabHBIH 06BeM
crateu — 20 cTpaHui, Ge3 pesloMe Ha JBYX f3bIKAX, CIMCKOB JIUTEPATypHl, HCTOYHUKOB U
CIIMCKOB COKpallleHMii. B ciryuae HecooTBeTCTBHA 06beMa CTaThH yCTaHOBJIEHHBIM KPUTEPUAM,
PeI.LIeHI/Ie (o] Hy6]II/IKa].U/II/I HPI/IHI/IMaeT Pe,I[ElKLU/IOHHaﬂ KOJLJIerus.
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