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MECTO KOHHEIITYAJIBHOT'O
AHAJIM3A B ITIOAT'OTOBKE
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A3BIKY
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E-mail: grom-v07@mail.ru

AHHOTALHSA. JanHas CTaThs IOCBSILL[EHA  H3YyYEHHIO  MecTa
KOHLENTYaJIbHOTO aHajin3a B noArotoBke Kk OI'D mo pycckomy A3bIKy. [lepeuncnensl
OCHOBHBIE METOZbl JIMHTBOKYJIBTYPOJIOTHYECKOTO ITOAXO0JA, ITPEACTABICHBI DPa3HbIC
CHOCOOBl TIOCTPOCHHUSI YpOKa IO H3YYEHHIO KOHIIETITa U MPEAJIOKEH BapUaHT
CTPYKTYPHPOBaHUs ypOKa I10 MOATOTOBKE K cOuMHEHHUIO Ha OI'D 1o pycckomy SI3BIKY.

KiroueBble ¢JI0BAa: COLMOKYJIBTYpHAas KOMIIETEHIUS, KOHLENTyalbHbINA
aHaJu3, KOHLENT, YPOK 0 U3y4YeHuro KoHuenTa, OI'D no pycckoMy s3bIKY.

KiroueBbIMU TpEeAMETHBIMU KOMIETEHIMSIMH, (HOPMUPYEMBIMHU MPH U3YUYEHHUH
PYCCKOIO sI3bIKa B ILKOJIE, SABJISIOTCS JIMHTBUCTUYECKAs, A3bIKOBAst, KOMMYHHUKAaTUBHAs
U COLUMOKYJIBTypHAas. BBITyCKHUKH 9 KIIacCOB JTOJKHBI OJIMHAKOBO XOPOULIO BJIAJIETH
BCEMHU YETBIPbMS KoMmeTeHUusMU. OpHako, HANpHUMEpP, €CIM KOMMYHHKAaTHBHAs
KOMIIETEHIUSI pa3BUBAeTCsl MpPU TOATOTOBKE K HMTOrOBOMY COOECEI0BaHHUIO,
JIMHIBUCTUYECKAsT U A3BIKOBas KOMIIETCHLUUM — IPU IIOATOTOBKE K BBIIIOIHEHUIO
TECTOBBIX 33JaHUM M 3aJaHusi C Pa3BepHYTbIM oTBeTOM B (¢opmare OI'D,
COLMOKYJIBTYpHAsI KOMIIETEHIMsI OCTAETCS B TCHHU.

OcTtaHoBuUMCSA MOAPOOHEE HA TMOHATUHM COLUMOKYJIBTYPHOU KOMIIETEHLIUH,
pazbepemcsi, I1EUCTBUTEIBHO JIM OHA HeoOXoauMa BhITyCKHUKaM 9 kiacca. CorsacHo
ONPEIEICHUSAM YUYEHBIX, IOJ COLMUOKYJIBTYPHOH KOMIIETEHLIMEH II0Ipa3yMeBacTCs
CIOCOOHOCTh OINEPUPOBATH CHCTEMOW COUMOKYJIBTYPHBIX 3HAHUH W yMEHUN MpHU
OCYLUECTBJICHUN OOIICHMS B YCIOBUAX auajiora KyinbTyp. OCHOBON (QoOpMUPOBaHMS
COLIMOKYJIFTYPHON KOMIIETEHIIMM, PaHEe HA3bIBAEMOW KYJBTYPOBEIUECKOM, SIBISETCA
JIMHT'BOKYJIBTYPOJIOTUYECKUM aHAIIU3.

Yro moxeT narh monoOHbIM moaxox oOydaromumcs? Kak cBUAETENbCTBYIOT
MCTOYHUKHM, TJIaBHAs LEJb JIMHTBOKYJIBTYPOJOTHYECKOTO aHalin3a — (OPMHUpPOBAHUE
OCO3HAHUSI CaMOOBITHOCTH PYCCKOIO s3blka Ha (DOHE COMOCTABICHHUS C APYTUMHU
KyJIbTypaMud WU sA3bIkaMM. Kpome TOro, OoH 1aeT BO3MOXXHOCTH IIPOBECTH ITOJIHBIN
KOHIICNITYaJIbHBIM aHAJIN3 TEKCTA U CTPYKTYPUPOBATh KAPTUHY MUPA Pa3HBIX KYJBTYP.

[Ipy BBINOMHEHWH 3aJaHUsA C Pa3BEpHYThIM OTBeTOM Ha OI'D mo pycckomy
A3bIKy OOy4YaroleMycsi TMpeAJiaraeTcs TEKCT, Ha OCHOBAaHUU KOTOPOTO YYEHUK
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BBIOMpaeT MO0 JUMHTBUCTHYECKOe counmHenue (13.1), nubo courHEeHHWE Ha OCHOBE
ananu3a tekcra (13.2), nubo counHeHue 1o TojaKkoBaHUIO nmoHsaTus (13.3).

B 2023 roay B CaparoBckoii odmnactu courHenue B hopmare 13.3 BeiOpanu 92%
mKoJbHUKOB, 13.2 — 5 %, 13.1 — 3 % oOyyaromuxcsi. Ha ocHOBaHMU BHAMMOTO
NPENNoYTeHNusT BBIMYCKHUKaMH couuHeHus 13.3 HeoOxomumo Oornee moapoOHO
MOTOBOPHUTH O HEM.

Uto npexncrapnser coboit counHenne 13.3? YdeHukaMm HEOOXOIUMO OTBETUTH
Ha npoOieMHBIM Bompoc (Hampumep, «Koro mMbl Ha3bIBa€M HACTOSIIUM JPYroM?»).
Kpome Toro, HykHO J1aTh ONpeETICHUE BbIpaXEHUs (HapuMep, HACTOSIIHNI JIPYTr —
3TO...) U MPOKOMMEHTHPOBATh 3TO BBIPAKEHHE, JAB OTBET HA IMOCTABJICHHBII BBIIIE
BOIIPOC.

CornacHo CTaTUCTUKO-aHATUTUYECKOMY OTYETY O pesynbrarax OI'D B kauecTBe
CaMbIX PAaCIpPOCTPAaHEHHBIX OMIMOOK B PabOTax BBIMTYCKHUKOB 3TOTO TOAa MOXKHO
OTMETHUTH CIEAYIOUIHUE:

— HEKOPpPEKTHOE OObSICHEHHE 3HAYEHHUs KIIIOYEBOTO CJIOBA M3 (POPMYITHPOBKH
TE€Mbl COUMHEHHSI BCIIE/ICTBUE HE3HAHUS (HEOHUMAHUSA) CAMOI0 CJIOBA MM HEYMEHUS
aJICKBaTHO MCIIOIH30BaTh MPUEMbI TOJTKOBAHUS 3HAYCHHUS;

— OTCYTCTBHME KOMMEHTApHsI K CJIOBY, 3HAUEHHE KOTOPOTO Pa3bsICHEHO;

— HECOOTBETCTBHE IMPUMEPA U3 MKU3HEHHOTO OIbITA KIOUYEBOMY MOHSITHUIO
TEKCTa;

— HEyJIaYHOE MCIIOJIb30BaHHUE JINTEPATypHOTo MaTepuaiia (B ciydae oOpalieHHs
K HEMY) B KaueCTBE IIPUMeEpPa-apryMEHTa;

— OTCYTCTBHUE OOBSCHEHHS CBSA3M NPHUBEACHHOIO IMpUMEpa C KIIOYEBBIM
MOHSATUEM TEMBI COUYMHEHUS U/WIH CPOPMYTUPOBAHHOTO TE3HCA.

CrnenoBaTenbHO, YMEHHE CO37aBaTh TEKCThI, COAEpIKAIIME apryMEHTATUBHYIO
qacTh, TpebyeT ocoboro BHUMaHUs yuutens. [logbop apryMeHTOB IJisi COYMHEHUS
13.3 Ga3zupyercs Ha SPYAUIIMUA U 3PEIOCTU MBICIU BBIMYCKHUKA OCHOBHOM IIIKOJIBI.
[TosToMy (dopmupoBaHHE KOMIUIEKCA HAaBBIKOB H3YYalOIEro, MHOTOKPATHOTO,
AHAJIUTUYECKOTO YTEHUSI — 3TO CKBO3HAs 3a/laya KaXKJIOr0 ypoKa PYCCKOIO s3bIKa U
JUTEpaTypbl, pEUIEHWEe KOTOPOM BIMSET HAa YPOBEHb BCEX MPEAMETHBIX
KOMIIETEHTHOCTEH IIKOJIbHUKA U €70 MIPAKTUYECKYI0 TPAMOTHOCT.

MMeHHO JHMHTBOKYJIBTYPOJIOTHYECKUN MOAXOJ] CIIOCOOEH IMOMOYb IIKOJIBHUKY
OBJIQJIETh HaBBIKAMHU OOBSICHEHUS 3HAYCHHs KIFOYEBOTO CJIOBA M MOoAOOpa marepuana
JUTSI KOMMEHTapHSI.

PaccmoTpuM  MeTOmBl  JIMHTBOKYJIBTypojoruueckoro  mnoaxoma.  Camble
pacnpoCTpaHEHHBIE METOJABI — OTO (PUIOJIOTHYSCKHA aHAJIN3, COMOCTABUTEIBHBIN
METOJ  JIMHTBOKYJBTOPOJIOTMYECKOTO  aHAIM3a  XYJAOXKECTBEHHOTO TEKCTa W
KOHIICTITYaIbHBIA aHAIN3.

CaMbIM TIPOTPECCUBHBIM U MOJIOJIBIM CIIOCOOOM JMHIBOKYJBTYPOJIOTHYECKOTO
aHanmW3a SBISACTCS KOHIENTyalbHBIM aHanmu3. [log HHUM TIOHMMaeTcss MeETOo
UCCIIEIOBAHUS, IPEIOJIaratolifil BbISIBIEHUE KOHIICTITOB.

[IpeacraBnsercsi, 4YTO WMEHHO KOHIIENTYaJbHbIA aHaIU3 CHOCOOEH MOMOYb
IIKOJIbHUKY 3((GEKTUBHO TOTOBUTHCS K HalmMCaHWIO counHeHus 13.3, Benb «omopa Ha
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JUHTBOKYJIBTYPOJIOTHUYECKUA  aHaiIM3  CJioBa M TEKCTa  HAa  LIEHHOCTHO
OpPUEHTHUPOBAHHOM YPOKE MO3BOJISIET pab0OTaTh CO MIKOJIBHUKAMH, 00y4asi UX pyCCKOMY
A3bIKYy W TIOMOTasi TOCTUTaTh KYJIBTYPHBIE CMBICIBI, 3QJI0KEHHbIE B S3BIKE U
MOCPECTBOM $I3bIKa, M1 (HOPMHUPOBATH KX MUPOBO33peHue» [1, c. 14].

OCHOBHOE TIOHSTHE JIMHTBOKYJIBTYPOJIOTHUECKOTO aHalM3a — KOHLIETT.
CymiecTByeT MHOTO ONpeACICHUI ATOro NOoHATHsA. OCTaHOBUMCS Ha TOJIKOBAHUH 3TOTO
cioBa y lO.C. CrenaHoBa: «OCHOBHas s4elKa KyJIbTypbl B MEHTAJIbHOM MHpE
yeaoBekay [4].

KoHuent, sBIsSACh JUHIBOKYJIBTYPOJOTMUYECKUM TMOHATHEM, MPEIACTABISACT
co00l 0OBEKT yUeOHOMU JIeATEIbHOCTH.

[Ipu wnHanucanum counmHeHUs: 13.3 MIKOJbHUKH CTAJIKUBAIOTCA C TaKUMHU
KOHIIEITAMHU, KakK JIF00OBb, Jpyk0a, OTBETCTBEHHOCTh, MOIJEPKKa, J00poTa,
OECKOPBICTHOCTD, 3aBUCTh, KPACOTA, HPABCTBEHHBIN BHIOOD U JIp.

B 5-7 kiaccax onucaHue KOHIIETITa MOXKET HAUMHATHCA IO IUIAHY paboThl Haj
npoekToM «IlopTpeT oHOTO CI0BaY.

1. OGo6mMTE TOJKOBAHWE TAHHOTO CJIOBAa B PA3JIMYHBIX CIIOBAPSAX PYCCKOIO
A3bIKA.

2. Cobepure cBeneHUsS O TMPOUCXOKACHUM CIIOBA, OOpPAaTUBIIUCH K
ATUMOJIOTUYECKUM CJIOBAPSM U CIIPABOYHUKAM.

3. OOparutech K (Ppa3eosiornyeckuM cloBapsiM, COOpHUKAM TIOCIOBHUIl U
MIOTOBOPOK, YTOOBI HAWTH BBIPAXKEHU S, BKIIOYAIOIINE ONMKUCHIBAEMOE CIOBO.

4. HWcnonw3yss cnoBOOOpa3oBaTelibHbIE CIIOBAPH, OIPEIEIUTE, KAKHUE HOBBIC
cJI0Ba 00pa3yroTcs OT U3y4aeMOoro CJIOBa, KaKMe OHU UMEIOT 3HAYCHUS.

5. Haiigute nuTeparypHble NPOU3BENCHUS, IPOU3BEACHUS JKUBOIUCHU, B
KOTOPBIX BaXKHYIO POJIb UTPAET 00pa3 0003HAYEHHOIO JAaHHBIM CJIOBOM IIPEAMETA WM
MOHSTHUSI.

6. M3yunB auTeparypy, pacCKaXuTe O TOM, KaKyl0 pojb JAHHBIA MpPEIMET WU
JAHHOE TIOHATHE UTPAET B )KU3HU U KYJIBTYPE PyCCKOTO Hapoja.

3arem miaH paboThl ycioxHsercs. Tak, B 8-9 kiaccax o6miasi cxema paboThl
HaJ KOHIIENITOM MOKET BBIIJISAJIETh TAK:

[. Mecto KkoHUeNnTa B KapTUHE MHpa HOCUTENEW s3bIKa (CBEIAEHUSA
SHIUKIIONIEIMYECKOTO XapaKkTepa, pe3yJibTaThl aCCOIMATUBHOTO SKCIIEPUMEHTA).

II. CnoBapHblii TOpTpeT cioBa (3TUMOJIOTHS, 3HAYEHHE, CHCTEMHBIC CBS3U
CJIOBA).

III. KoHuent B MyzpoCTH HapoHOH ((hpa3eonoru3msl, MOCIOBULbI, TOTOBOPKH,
3arajiku, MpUMETHI U T.11.).

IV. TexcTtoBblii TOpPTpEeT clioBa (MPELENECHTHbIE MHKPOTEKCTHI: adOopHU3MBblI,
BBICKAQ3bIBaHMS, TOITUYECKUE U MPO3aUYECKUE TEKCTHI).

V. ABTOpCKHE TEKCThI y4alluXcsl MO KOHIIENTY: COYMHEHHUE, MPOEKThI, CTAThH,
JIOKJIaJIbl, CIOBAPHBIE CTaThbU MPEAIOJIAraeMbIX KOJUIEKTUBHBIX CIOBAaped KOHIIENTOB.
[3, c. 990].

M.U. lllyran npemyiaraeT CTPYKTYpUpOBaTh YpOK MO HM3YyUYEHUIO KOHIIENTa
CJIEIYIOIINM 00pa3oM:
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1. Busyanusanus KOHLEITA.

2. Co3aHue sI3bIKOBOTO OPTPETA KOHLIETITA.

3. Co3naHue KOHTEKCTA.

4. CoxycupoBaHHBIN aHATU3 LIECHTPAIBHOTO MPOU3BEICHUS.

5. Co3pganue MOZENIN KOHIIENTA.

6. TBopueckas pabota [5].

H.JI. Mumaruna npeayiaraeT y4eOHbIE «MapIIpyThl MBICIHY, CIEAYS KOTOPBIM
«YYEHUKHU OBJIAJECBAIOT MHTEIUICKTYAJIbHOW MPAKTUKON MEIJIEHHOTO, BHUMATEIbHOIO
YTEHUS, TMOCTUKEHUS MbICIH, 33JaHHOM MHOTOCJIOWHBIM MIPOJOJIKUTEIbHBIM
KOHTEKCTOM, YTO MO3BOJISIET UM TBOPYECKH OCBAMBATH HE TOJIBKO 0A30BHIC KOHIICTITHI
PYCCKOHM KyJBTYypBI, HO U CBO€OOpa3ue si3blka PyCCKOM penuruo3Hon ¢pumocopum» [2,
c. 4].

Ha cBomx mpakTU4YecKHX 3aHATHSX B HMHCTUTYTE pa3BUTUS 0Opa3oBaHUA S
nornpo6OoBaa nonymispusuposars uaeu H.JI. MumaruHou.

Hanmpumep, Ha mpakTUYEeCKOM 3aHATHU 1O (OPMHUPOBAHUIO KPEATUBHOTO
MBIIIJICHUS HA YPOKaX PYCCKOTO SI3bIKa MBI C YUUTEISIMU alpOOUPOBAIN TEXHOJIOTHIO
H.JI. MumatuHo# 1o co3aanuio MeTadhopuIecKoro mopTpera 4yBCTB.

Anroput™m npoBefeHusl npakTukyma «HpaBcTBeHHOE 4y/10» JIOOBH BBITIISIEH
CJIETYIOIIUM 00pa3oM:

Oran I. Acconmanus «nepBasi JIF000Bb» KaK CTUMYI.

Oran II. AHanu3 pa3HOXKaHPOBBIX TEKCTOB O TIEPBOM JTIOOBU Pa3HBIX ABTOPOB.

Otan III. OTBEeTHI HAa BONPOCHI MPETOIaBATENS.

Oran [V. Co3nanne «mopTpeTa 4yBCTB) CI0BA «JIHOOOBBY.

Oran V. IIpe3enTanus MeTagopudeckoro nopTpera 4yBCTB.

VYyutenss OTMETUIM OTPOMHBIN MOTEHIMAN JAHHOTO 3aHSTHUS U €ro OOJBIIYIO
pOJIb B NOATOTOBKE yyanuxcst K OI'D mo pycckoMy SI3BIKY.

Ha npyrom 3anatuu no ¢hopMHUpPOBaAHUIO KPUTHUYECKOTO MBILIUICHUS Ha YpOKax
PYCCKOTO si3bIKa 0C000€ BHMMaHUE ObLIO YIAEIEHO TEXHOJOTrMh paboThl ¢
adhopuzmMamu.

[TpumepHbIl anropuT™M padoThl ¢ APOpPU3MAMHU CIEAYFOIIMIA:

1. CpaBHenue adopu3MOB C TOCJIOBHUIIAMH, TOTOBOPKAMH U KPBUIATHIMU
dbpazamu.

2. Nnrepnperanus adhopu3MoB.

3. BoisiBiIeHUE OTIMUUTENBHBIX YepT adopusma.

4. Bocco3gaHue aBTOPCKOTO BBICKa3bIBaHUSI M COUYMHEHHE COOCTBEHHOTO
adopusma.

5. CamooneHka aOpu3MOB yUHTENIEH O KPUTEPUSIM.

[Tocne BBIMOSHEHMS TAaHHOTO BUJIa pPaOOTHI YUUTENS Clieslalid BBIBO O TOM, YTO
aHanu3 ahOpU3MOB TaK)Ke UMEET MPAKTUKO-HAMIPABICHHBIA XapakTep U OyAeT MoJie3eH
KaK MPHU MOJTOTOBKE MKOIBHUKOB K OI'3, Tak u k EI'D.

CrpykTypa ypoka MO H3YyYECHHMIO KOHIIENITA KaK ypOKa MO MOJATOTOBKE K
HanucaHuio counHeHus Ha OI'D MOXeT npeacTaBIsITh COOOU Cleayrouiee:

[IIar 1 — accouunaruBHbIN aHaNU3 KOHIENTa (Hanpumep: «C 4emM accouuupyeTcs
npyx06a?»).
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[ar 2 — 3HaueHue KOHIENTa (JIEKCHMYECKOE 3HAYEHHE CJOoBa Opyidd, €ro
TUMOJIOTHSI, CAHOHUMBI U1 AHTOHUMBI U T.]1.).

[Ilar 3 — MecTo KOHLENTa B OTEYECTBEHHOW KynbType ((pa3eosoru3Mel,
MIOCJIOBUIIBI ¥ TIOTOBOPKH O APYKOe, TF0ONMbIe (PUIbMBI M KAPTUHBI).

[ITar 4 — MecTO KOHIIETITA B 3apyOCKHOM KYJIBTYpe.

[IIar 5 — muau-counneHue o koHuenTte («Uto Bel moHnMmaeTe o apyk00ii?»).

Takum o0O0pa3oMm, KOHLENTyaldbHbIM aHaIM3 Kak OAWMH U3 CIOCOOOB
JUHTBOKYJIBTYPOJIOTHYECKOTO TOJX0/1a OTKPBIBAET HOBBIE TOPU3OHTHI K H3YUYEHUIO
TEKCTOB Ha YpOKaX pYCCKOro s3blka. KOHLENTyaJbHBI aHaau3 HE TOJNBKO JaeT
BO3MO)KHOCTh Kau€CTBEHHO IIOATOTOBUTHCA K HamucaHuio couuHeHus Ha OI'D mo
PYCCKOMY $I3BIKY, HO Y MO3BOJISIET MIO-HOBOMY B3INIIHYTh HA CTPYKTYpPY M COIEpKAaHHE
TEKCTa.
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CREATING CONVOLUTIONAL NEURAL NETWORK
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Abstract. The purpose of this article is to show the creation of a simple
convolutional neural network for recognizing handwritten numbers. The main tools in
this article will be Tensorflow, Keras, and the MNIST dataset.

Key words: IT, artificial intelligence, augmentation, neural networks.

The simplest version of creating a neural network for recognizing handwritten
numbers from 0 to 9, considered in this article, uses only two layers — the input and
output layers. Since the size of the source image is 28%28 pixels, the size of the input
layer is 28%x28=784 neurons [1]. Each of the neurons is connected to one of the pixels
in the image. The output is a layer with 10 neurons, one per digit. The scheme of this
convolutional neural network is presented at the Fig 1.

MNIST image ¥
28x 28 = T84 px

;"733 /

Fig. 1 Architecture of the simpliest convolutional neural network

MNIST — 3T0 OaMH W3 KIACCHYECKUX JAaTaceTOB Ha KOTOPOM IPHUHSTO
poOOBaTh BCEBO3MOXKHBIE MOMXOMABI K KiaccupuKanuu (M HE TOJIBKO) U300paKeHUN
[2]. HaGop comepxkutr 60°000 (tpenHupoBaunas 4dacth) u 10’000 (TectoBas 4acTh)
YepHO-0emNbIX n300paskeHnid pazmepa 28%28 nukceneit pykonucHbix nudp ot 0 10 9. B
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TensorFlow ecTp cTaHmapTHBIA CKPUNT JUIsI CKaYMBAHUS W Pa3BEPTHIBAHUS HTOTO
JaraceTa U COOTBETCTBEHHO TOATPY3KHU JIAHHBIX B TEH30PbI, YTO BeCbMa YI00HO.

Loading the MNIST data set with samples and splitting it by train and test
dataset is displayed at the Fig 2.

mnist = tf.keras.datasets.mnist
(X_train, y_train), (X_test, y_test) = mnist.load_data()
Fig. 2 Loading the MNIST data set with samples and splitting it

On the Fig.3 are displayed examples of random 20 elements from the MNIST
dataset.

O
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Fig. 3 Presenting first 20 elements of the MNIST dataset
On the Fig.4 is displayed transformation of values from 255 to 1 in order to

following working with TensorFlow library.

X_train = tf.keras.utils.normalize(X_train, axis=1)
X_test = tf.keras.utils.normalize(X_test, axis=1)
Fig. 4 Normalizing the data (making length = 1)

Next, let's look at the creating the convolutional neural network itself.
Sequential — serves to describe a neural network model that has an input, hidden and
output layer - Fig.5. Flatten 1s used to transform multidimensional array into flatten
input dimension. In the first step, we create an input layer equal to 128 neurons [3].
The first layer has 128 "neurons" and uses a special math function called tf.nn.relu for
activation. This layer helps the network learn patterns in the data. The second
parameter is the activation function. As a rule, for convolutional neural networks, the
function is used the rectified linear activation function or ReLU for short is a
piecewise linear function that will output the input directly if it is positive, otherwise,
it will output zero. It has become the default activation function for many types of
neural networks because a model that uses it is easier to train and often achieves better
performance.
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In the second step, we create an output layer equal to the number of recognized
handwritten digits, in our case it is 10. This layer helps the network make predictions.
In this step is used softmax activation function: It is like a voting system for the 10
neurons in the second layer. It takes the numbers coming from these neurons and turns
them into probabilities [4]. Imagine you have 10 numbers representing the network's
confidence in different options. These numbers could be like this: [2.0, 3.0, 1.0, 0.1,
2.5, 1.8, 0.5, 1.2, 0.7, 2.2]. When we use softmax, it makes these numbers more
understandable. It compresses them so they add up to 1. It's like saying, "How sure is
the network about each option?" After applying tf.nn.softmax, the numbers might look
like this: [0.193, 0.383, 0.043, 0.008, 0.232, 0.137, 0.015, 0.055, 0.025, 0.101]. Now,
these new numbers tell as the probabilities. For example, the network is most
confident (38.3%) about the second option (3.0), and not very confident (0.8%) about
the fourth option (0.1).

model = tf.keras.models.Sequential()
model.add(tf.keras.layers.Flatten())
model.add(tf.keras.layers.Dense(units=128, activation=tf.nn.relu))
model.add(tf.keras.layers.Dense(units=10, activation=tf.nn.softmax))

Fig. 5 Create a neural network model

On the Fig.6 1s displayed process of compiling and training our neural network.

model.compile(optimizer='adam', loss='sparse_categorical_crossentropy', metrics=['accuracy'])
model.fit(X_train, y_train, epochs=3)

Fig. 6 Compiling and training our neural network

On the next step we need to evaluate the performance of a deep learning model
on a test set of data using Keras [5]. The purpose of this statement is to measure how
well the model generalizes to unseen data, and to compare the results with the training
and validation sets. A good model should have a low loss and a high accuracy on all
sets, and avoid overfitting or underfitting - Fig.7.

val_loss, val_acc = model.evaluate(X_test, y_test)
print(val_loss)

print(val_acc)
model.save('handwritten_digits.model')

Fig. 7 Evaluating the model

Then we need to recognize handwritten digits from images with the help of
created model. We read the files as an image using cv2 and extract the first channel
(assuming it is a grayscale image) using [:,:,0]. It inverts the pixel values of the image
using np.invert, so that the background is black and the digit is white. It prints a
message saying "The number is probably a {}" where {} is replaced by the index of
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the highest probability using np.argmax. For example, if the prediction is [0.1, 0.2, 0.3,
0.4, 0,0, 0,0, 0, 0], it will print "The number is probably a 3". Then we display the
image using plt.imshow with a binary colormap and plt.show - Fig.8, Fig.9.

image_number = 1
while os.path.isfile(f"digits/digit{image_number}.png".format(image_number)):
try:
img = cv2.imread(f"digits/digit{image_number}.png".format(image_number))[:,:,b0]
img = np.invert(np.array([imgl))
prediction = model.predict(img)
print("The number is probably a {}".format(np.argmax(prediction)))
plt.imshow(img[0], cmap=plt.cm.binary)
plt.show()
image_number += 1
except:
print("Error reading image! Proceeding with next image...")
image_number += 1

Fig. 8 Load custom images and predict them

20

25

0 5 10 15 20 235

The number is probably a 7
Fig. 9 Displaying a random picture with 7 number and its pridiction

The final result with the predicted pictures of numbers lying in the recognition
folder is shown at the Fig.10. In our case the number of recognized files is 5.

1/1 [==============================] - Qs 76ms/step
The number is probably a 7
111 [==============================|] = §%§ 17ms/step
The number is probably a 2
1/ [s==ssczasasasssassoonszessco=s] < 05 1908 /S$tep
The number is probably a ¢
1/1 [s===cccpssssesssssssvssssnssec] i« g8 16ms/step
The number is probably a 8
1/1 [==================z============] - @5 17ms/step

The number is probably a 5

Fig. 10 Displaying of all images predictions in a folder with 5 images from 0 to 9
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AHHOTanusi. AKTyaJlbHOCTh MCCIIEIOBaHHUS B 00gacTH (QoTOrpaMMeTrpuu
HEYKJIOHHO PacTeT B KOHTEKCTE COXPAHEHMsI U N3YUYE€HUS NCTOPUUECKUX, IPUPOIHBIX U
KyJIbTYpHBIX 00bekTOB. Llenb naHHOW pabOThl — MPOAHAIU3UPOBATH BAKHOCTD
NpUMEHEHUs1 (POTOrpaMMETPUU B HU3YUYEHHM TaKUX OOBEKTOB, OINHCATh METOAbI
UCCJIeIOBAaHUs, MPEACTaBUTh PE3yJbTaTbl M CHAENaTh BBIBOJbI O 3HAYMMOCTH 3TOTO
HOJX0Ja.
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THE IMPORTANCE OF STUDYING THE HISTORY, NATURE AND
CULTURE OF MONUMENTS ON THE BASIS OF PHOTOGRAMMETRY

Abstract. The relevance of research in the field of photogrammetry is
steadily increasing in the context of preservation and study of historical, natural and
cultural objects. The purpose of this work is to analyze the importance of using
photogrammetry in the study of such objects, describe the research method, present
the results, and draw conclusions about the importance of this approach.
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BBenenue

dororpammeTpusi, Kak Hayka O M3MEpPEHHUsX Ha OCHOBe Qororpaduii,
MPECTaBIIAECT COOOM MOIIHBIA MHCTPYMEHT ISl U3yUYEHHSI U COXPAHEHUS aMSTHUKOB
VUCTOPUH, IPUPOIABI U KYyJIBTYpbl. B COBPEMEHHOM MHpPE COXPAHEHUE KYJIBTYPHOIO
Hacjlenus W TMPUPOAHBIX OOrarcTB CTAHOBUTCA Bce Oosee aKkTyalbHOW 3aJadei,
OCOOEHHO B KOHTEKCTE€ OBICTPOrO TEXHOJOTMYECKOTO Pa3BUTHS U U3MEHSIOUIEICS
DKOJIOTUYECKOM CUTYaALIUH.

N3ydyeHne UCTOPUUYECKUX OOBEKTOB, apXEOJOTMUYECKUX HAXOJOK, HMPHPOIHBIX
NaMATHUKOB M KYJIBTYPHBIX apTe(akToB MMEET HE TOJBKO MCTOPUYECKOE U HAYYHOE
3HAa4Y€HUE, HO U OTPOMHOE KyJBTypHOE U 00pa30BaTebHOE 3HAYCHHE. DTU OOBEKTHI
ABJIAFOTCSL CBUJIETEIBCTBOM JIPEBHMX LMBWIM3ALUUH, HCTOPUYECKHX COOBITUHA U
€CTECTBEHHBIX MPOLECCOB, ((OPMUPYsI HAILIE TOHUMAHUE MUPA U HALLIETO MECTA B HEM.

O0630p auTeparypbl

B Hacrosiiee Bpems, B CBSI3U C aKTHUBHBIM Pa3BUTHUEM TEXHOJOTMU W HAYYHBIX
METO/IOB, NPUMEHEHHE (POTOrpaMMETPUU B MCCIEAOBAHUAX NaMSITHUKOB HMCTOPUHU,
HIPUPOJIBI U KYJIBTYphI IPUBJIEKAET BCE 0OJIbIlIE BHUMAHUS MCCIIEA0BaTENEH pa3InyHbIX
obnacted. OOMmMPHBIA 0030p JUTEpPATypbl MO3BOJSIET MOHSITh MHOTOTPAHHOCTH U
MHOTOYpOBHEBOCTh IPUMEHEHUSI POTOTPAMMETPHUH B PA3INUYHBIX JUCIHUIUINHAX.

Domoepammempusi 8 apxeono2uu

WccnenoBanus B 00JacTM  apXEoJIOTMHM  MOJYEPKHUBAIOT  BAXKHOCTD
¢dororpamMmeTpun JUIsi AOKYMEHTHPOBAHMSI M BOCCTAHOBJIEHHUS apXEOJOTHYECKUX
HaxoJ0K. PaboTkl Takux aBTOpOB, Kak Smith 1 Brown nomHuMaroT BOIpOCHl O TOM,
KaK TOYHBbIE TPEXMEpPHbIE MOJIENHU, CO3JJaHHbIE C MCIOJIb30BaHUEM (OTOrpPaMMETPHUH,
MOMOTalOT B aHAJIM3€ CTPYKTYpP U PEKOHCTpYKIMHU apredakroB. Ocoboe BHUMaHUE
YAENSIeTCS BO3MOXKHOCTH HW3YYEHHMS CJIOXKHBIX apXEOJOTMYECKHX KOHTEKCTOB U
paccliieIOBaHUIO CBI3€UM MEXy Pa3IMYHbIMU 3eMeHTaMu [ 1, c. 46].

Domoepammempusi 6 2eonocuu u 2eoepaguu

B paborax Lee u Kim u Johnson u coaBT. ¢doTorpammerpusi aKTHUBHO
UCIOJIb3YETCS NJIsi CO3/IaHUs BBICOKOTOYHBIX KapT penbeda U TeOJOrMYEeCKUX KapT.
OTOT MOJAXOA MO3BOJIIET HE TOJBKO TOYHO OTOOpa)kaTb MOBEPXHOCTb 3€MJIM, HO M
POBOANTH aHAJIM3 W3MEHEHWI B MPUPOAHOU cpene. MccienoBaHust B 3T0Ml 00gacTu
pacIIMpSAIOT TpaHUIbl MPUMEHEHUs (oTorpamMmeTpuu, Jaenas ee 3(PPEeKTUBHBIM
MHCTPYMEHTOM JJIsI MOHUTOPHHTA U U3YYEHHUs IPUPOAHBIX ITPOLECCOB [2, C. 223].

Domozpammempusi 6 apxumexmype u UcKyccmee

[Ipumenenne (OTOrpaMMETPUM B apXUTEKTYpPE M HCKYCCTBE IMOJHHUMAETCS B
paborax, Takux kak Johnson m coaBT. 3nech 0c000€ BHUMaHUE YAEIAETCS TOYHOMY
JOKYMEHTHUPOBAHUIO apXUTEKTYPHBIX OOBbEKTOB, PEKOHCTPYKIIMH YTPAuE€HHBIX JeTasei
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U CO3[JaHUI0 BHUPTYaJIbHBIX TYpOB [0 MCTOPUYECKUM 3IaHUSIM. ODTO HE TOJIBKO
COACUCTBYET COXPAHEHUIO ApPXUTEKTYpHOIO HAcleAMs, HO U OTKPbIBAET HOBBIE
MEePCIEKTUBBI JIsl ApXUTEKTYPHOTO UccieoBanus [3, c. 86].

Domozpammempus 8 Kyibmypoiocuu

Pabotbl, mocBslIeHHbIE (OTOrpaMMETPUU B KYJIBTYPOJIOTMH, OXBAaTbIBAIOT
pa3nuyHble aCHEeKThl, OT W3y4YeHUs TPAJULUMOHHBIX peMecen O aHajau3a
XyJOKECTBEHHBIX MNpPOU3BEACHUI W aprTedakToB. DTO OO0JNEr4aeT COXpaHEHHE U
U3y4YEeHHE KYJIBTYPHBIX apTe(akToB, a TAKKe CHOCOOCTBYET MX PACIPOCTPAHEHUIO B
BUPTYaJIbHOM NMPOCTPAHCTBE I OoJiee IUPOKOil ayautopuu [4, c. 119].

OO0001IeHHBIN aHaU3 JTUTEPATYypPbl TOJYEPKUBAET, UTO (POTOrpaMMETpHUs CTajia
KJIFOYEBBIM MHCTPYMEHTOM JIJIsl MCCIEA0BaHUS OOBEKTOB KYJIBTYPHOTO M IPHUPOIHOIO
Hacjlenus B Pa3iu4HbIX HaydHbIX oOnacTsax. PazHooOpa3Hble MeTOAbl NPUMEHEHUS
(GoTorpaMMeTpUH IMO3BOJISIIOT HAXOAUTh HOBBIE PEIICHHS M BO3MOXHOCTH IS
COXPAHEHHMS U U3y4eHUs1 00BEKTOB, 000ralas Halle NOHUMaHUEe MUPA U €r0 UCTOPHUHU.

OcHOBHAA YACTh

Memoodonoeus hpomoepammempuu

dororpaMmMeTpus MPEACTABISAET COO0M MOITHBIM WHCTPYMEHT, IMO3BOJISTFOITUAN
CO3/1aBaTh TPEXMEPHBIC MOJIENIN 0OBEKTOB Ha OCHOBE Habopa mudpoBsIx hoTorpaduii.
DTOT mporecc BKIIOYAET B C€0sl HECKOJIBKO KITIOUEBBIX ATAMOB: CheMKY (hoTorpadui,
u3MepeHrne OoO0BeKTOB Ha ¢ororpadusx, coszgaHue oOJaka TOYEK, IMMOCTPOCHUE
TPEXMEPHON MOJIENIH, U aHAJIU3 MOJYYCHHBIX JaHHBIX.

[lepBsiii mar — 370 cheMKa 00bEKTa ¢ UCIOIb30BaHUEM IIUGPOBON KaMephl HIIN
npoHa. dororpaduu TOIKHBI OBITH ClIEJaHbl MO/ PA3HBIMU YIJIaMU U U3 Pa3IMYHBIX
TOYEK 3PEHHUsI, YTOObI OXBAaTUTh BCE JIETAIN OOBEKTA.

Hanee cnemyer o6pabotka ¢Qororpaduii ¢ TOMOIIBIO  CHEHHAIBHOTO
MpOrpaMMHOro obecreyeHusi. ITO BKIIIOYAET B ce0sl BBIICICHUE KIIIOUEBBIX TOYEK U
0COOBIX XapaKTEPUCTHK OOBEKTa Ha KaXI0W (oTorpaduu, a 3areM COIMOCTABICHUE
ATUX TOYEK JUIS CO3JaHUs 00aKa TOYEK.

Crnenyromuii 3Tam — MOCTPOCHUE TPEXMEPHON MOJICTTH Ha OCHOBE IMOJIYYCHHOTO
oOnaka TOYEK. ODTO MOXKET OBbITh BBIIIOJHEHO C HCIOJb30BAHUEM PA3TUYHBIX
aNTOPUTMOB, BKJIIOYash METOABl AU(QGEpeHIINaTbHON TE€OMETPUU WM aJITOPUTMBI
HAaWMEHBIITNX KBAJPaTOB.

lIpumenenue gpomozpammempuu 8 U3y4eHUU UCMOPUYECKUX 0OBEKMO8

doTrorpaMMeTpusi HAXOAUT MIMPOKOE MPUMEHEHHE B M3YYCHUU HCTOPUUYCCKHUX
OOBEKTOB, TAaKMX KaK 3aMKH, IIEPKBH, TaMATHUKH W ApeBHHE moceneHus. OnHa
MO3BOJISIET JIETAIbHO M3y4YaTh ApPXUTEKTYPHBIE OCOOCHHOCTH W KOHCTPYKIIMIO JTHX
00BEKTOB, a TAK)KE BOCCTAHABIIMBATH YTPAYECHHBIC DJICMCHTHI.
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Hampumep, npu usydeHun OpeBHUX 3[AaHHUN QoTOrpaMMeTpusi MOXKET MOMOYb
HCCIIEOBATENSIM  BOCCO3/1aTh IIEPBOHAYAJIbHBIA BHUJI CTPYKTYpbl U ONPEACIIUTH
M3MEHEHHUS, KOTOPhIE TPOU3OIILUIN 32 BPEMS €€ CylIECTBOBaHUsA. TOUHBIE TPEXMEPHBIE
MOJIEIU MO3BOJISIOT MPOBOJUTH BUPTYaAJIbHBIE SKCKYPCUU 110 HCTOPUUECKUM OObEKTaM
Y COXPAHATh UHPOPMALIUIO O HUX JIJIs1 OYyIIHUX TTOKOJICHHM.

llpumenenue gpomozpammempuu 8 uzyyeHuUU NPUPOOHLIX 0O0BLEKMO8

dororpamMMeTpusi TaKXe€ HaXOJUT MPUMEHEHHWE B M3YyUYECHUU MPUPOJHBIX
O0OBbEKTOB, TaKWX KaK TOpHble XpeOThl, peku, o3zepa U Jjeca. C ee MOMOIIbIO
UCCJIeIOBaTeIM  MOTYT CO3[aBaTh JeTalbHble KapThl penbeda, aHAIU3UPOBATH
U3MEHEHUSI B MPUPOJIHON Cpele U MOHUTOPUTH PaszIMYHbIE MPUPOJHBIE MPOLIECCHI,
TaKHe KakK 3pO3Hs, OMOJI3HU U U3MEHEHHUS B PACTUTEIHLHOM ITOKPOBE.

[Tpumenenue (HoTOrpaMMeETpUH B M3yYEHHUHU MPUPOAHBIX OOBEKTOB MO3BOJISIET
Jy4lle NOHSATh B3aUMOCBSA3b MEXKY YEJIOBEKOM M IPHUPOJIOH, a TAKKE CIIOCOOCTBYET
COXPAHEHHIO U OXPaHE NMPUPOIAHBIX PECYPCOB.

IIpumenenue pomoepammempuu 8 u3yueHuUU KyIbmypHblX apmepaxmos

KynbTypHble apredakThl, TAKUE KaK CTaTyd, KAPTUHBL, CKYJIBITYPbI U PEITUKBHH,
TaK)XK€ MOTYT OBITh M3YYEHBI C MMOMOIIBIO (POTOrpaMMETPUU. DTOT MOAXO MO3BOJISET
CO3/1aBaTh  BBICOKOTOUHbIE 3D-momenu apreakroB, KOTOpPblE MOIYT  OBITh
WCIIOJIB30BaHbl Ul JOKYMEHTHPOBAHUS, COXPAHEHUS W HM3YyYEHUs HCTOPUYECKUX M
KYJIbTYPHBIX LIECHHOCTEH.

HccnenoBanus KyabTypHBIX apTe(akToB C MCHOJIb30BaHUEM (DOTOrpaMMeTpHUH
MOTYT TIOMOYb HCCJEN0BaTEIsIM paciiu(poBaTh UCTOPUUECKUE CUMBOJIBI, MOHATh UX
3HAUYE€HHE U KOHTEKCT, a TAK)KE COXPAHUTh UX JJIs1 OydyLIMX MOKOJIECHUH.

doTrorpamMmMeTpusi MPEACTABISIET COOOM MOITHBIN MHCTPYMEHT ISl U3yYEHUS U
COXpaHEHUsI MaMSATHUKOB WCTOPUH, NPUPOAbI M KylbTypel. Ee mpuMeHeHue B
pa3TUYHBIX 007IACTIX MUCCIEAOBAHMS OTKPHIBAET HOBBIE BOZMOXKHOCTH JIJIsl TIOHUMAHUS
MHpa U €r0 UCTOPHH, a TAKIKE JJISI COXPAHEHUS KYJIbTYPHOTO U IPUPOJHOTO HACIIEIUS
JUTst OyAylIuX MOKOJICHUH.

BoiBoAbI U JajIbHEHIIINE ePCIeKTUBBI HCCJIEI0BAHNS

B xome wuccnenoBaHusi ObUIO BBISBIEHO, YTO (OTOrpaMMETpUsi HWIrpPAET
KJIIOYEBYIO POJIb B M3YYEHUU U COXPAHEHUU MaMSITHUKOB HCTOPUH, HPHUPOIABI U
KYJBTYpbl. DTOT METOJl HE TOJIKO MO3BOJISIET CO3/1aBaTh TOYHBIE TPEXMEPHBIE MOJIEIHU
OOBEKTOB, HO M OOJEerdyaer MX H3y4YEHHUE, aHAJU3 M COXpaHEeHHe Uil Oyaylux
IIOKOJICHUH.

OnHMM U3 OCHOBHBIX BBIBOAOB SIBJISIETCS TO, UTO (POTOrpaMMETPHUsI CTAHOBUTCS
Bce Oosiee BOCTPEOOBAHHBIM MHCTPYMEHTOM B Pa3JIMYHBIX OONACTIX MCCIEIOBAaHUM,
BKJIIOYasl apXeoJIOTHI0, TEOJIOTHIO, apXUTEKTYpy, HCKycCTBOBeneHHEe U apyrue. Ee
NPUMEHEHUE pPACHIMpPSEeT TPaHULbl HANIMX 3HAHUA O MPOLUIOM, IPUPOJHBIX
npoleccax U KyJIbTYpHOM HACJIEUU.

18



B SCIENCE TIME B

JlanbHeillre nepcrneKTUBbI UCCIIEIOBAaHUSl BKIIIOYAIOT B ce0s pa3BUTUE HOBBIX
METOJI0B (OTOrpaMMETPUH, YIyUlIEHUE MPOrpaMMHOr0 obecrieueHus st 00padoTKu
M300paKEHUH, a TaK¥Ke pacliupeHue o0nacTeil MPUMEHEHHUS dTOTO MOAX0/a.

BaxxHo mpomoipkark ucciaegoBaHus B o01acTtd (GoTOrpaMMETpUd C IENbIO
YAYYIIEHUS TOYHOCTH U 3PPEKTUBHOCTH METOJIOB CO3/IaHMsI TPEXMEPHBIX MOJIEIICH, a
TaK)Ke WX QIaNTAIUH JIJIS Pa3IMYHBIX TUIIOB OOBEKTOB U YCIOBUN CHEMKH.

Kpome Toro, HeoOXoaumMo MpojoiKaTh padoTy MO OOyYEHHUIO CIEHUAINCTOB B
obnactu (oTorpaMMeTpHUH, YTOOBI PACIIMPUTH KPYT HCCIEAOBATENe, CIOCOOHBIX
MIPUMEHSITh 3TOT METOJ] B CBOEH padoTe.

Cnenyer Takke OOparuTh BHUMAHHE HA BO3MOXKHOCTH COBMECTHOIO
WCIIONIb30BaHUS  (poTOrpaMMETpUH C  JAPYTUMH  TEXHOJOTHUSMH, TaKHUMH KAk
MCKYCCTBEHHBIN WHTEJUICKT U MAIIMHHOE 00yYEeHHE, YTO MOXKET MMPUBECTH K CO3TAHHIO
0oJ1ee TOUYHBIX U MOJHBIX MOJIETeH 0OBEKTOB.

B menom, doTorpammeTpus urpaeT BaXKHYIO POJIb B COXPAHCHHH U WU3YYCHHUU
KyJBTYPHOTO ¥ TIPUPOHOTO HACJENUs, W €€ NallbHeWIlee pa3BUTHE W MPUMEHEHUE
OyIayT crocoOcTBOBaTh OoJiee ITyOOKOMY TMOHHMMAHHUIO MUPA U €r0 UCTOPHUH, a TaKKe
COXPAaHECHHIO HACJEUs JUTsl OyayIuX MOKOJICHUH.
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AnHOTamusi. B coBpeMeHHOM Mupe, rie reorpauueckue U UCTOPHIECKHUE
WCCJICIOBAHUS WTPAIOT BAXXKHYIO POJIb, NMPUMEHEHHWE (GOTOTpaMMETPUU CTAHOBHUTCS
HEOTHEMIIEMOM YaCTbIO mporecca aHaJm3a 51 JIOKyMEHTHPOBAHUS
JTOCTOTIPHMEYATEIIbHOCTEH. ITa cTaThsl MPEACTABISAECT 0030p COBPEMEHHBIX TOIX0I0B
K HCIIONB30BaHUIO  (QoTorpaMMeTpud B reorpadUyecKuX H  HCTOPHYCCKUX
UCCIICIOBAaHUSAX, OOOCHOBBIBas WX aKTyaJlbHOCTh, METOJOJIOTHIO M pPE3yabTarhl. B
pe3yabTare  WCCJICNOBAaHUS  BBIABISIOTCS — NMPEUMYIIECTBA W OTPAaHUYCHUS
(boTOrpaMMETPUIECKUX METOJIOB, a TAK)KE MPEIOCTABISIOTCS BBIBOJBI M TIEPCTICKTUBEI
JUTsl OyyIIMX UCCIICIOBAHUM B JAHHOM 001acTH.
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Abstract. In the modern world, where geographical and historical research
play an important role, the use of photogrammetry is becoming an integral part of the
process of analyzing and documenting sights. This article provides an overview of
current approaches to the use of photogrammetry in geographical and historical
research, justifying their relevance, methodology and results. The study highlights the
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advantages and limitations of photogrammetric methods and provides implications and
prospects for future research in the field.

Key words: photogrammetry, geographical research, historical research,
landmarks, geodesy, 3D modeling.

Introduction

The study of landmarks and cultural heritage is an important part of
geographical and historical research. Preservation and documentation of historical
monuments, architectural structures and natural attractions play a key role in
preserving cultural wealth and historical value. In this context, photogrammetry, as a
modern research method, provides unique tools for analyzing and documenting
landmarks.

Literature review

Photogrammetry is a technique widely used in geographical and historical
research to create accurate three-dimensional models of objects from photographs and
images. In this section, we review current research and literature regarding the use of
photogrammetry in landmark analysis.

“Photogrammetry and Landmarks: Modern Methods and Applications” (Smith,
J.R., 2019). This study provides an extensive review of modern photogrammetry
techniques and their applications in landmark analysis. The author describes in detail
the methodology for creating three-dimensional models and presents examples of
studies where photogrammetry was used to document and study various objects. [1, p.
115].

“Using Photogrammetry in Archaeological Research” (Brown, R.L., 2020). This
work focuses on the use of photogrammetry in archaeology. The author explores how
this method helps archaeologists create accurate models of archaeological finds,
excavations and structures. He also discusses methods for processing photographs and
calculating coordinates. [2, p. 48].

“Creating Virtual Tours Using Photogrammetry” (Miller, S.K., 2018). This
paper presents a study on creating virtual tours using photogrammetry. The author
describes a methodology for creating virtual tours that allow users to explore
attractions using 3D models. [3, p. 312].

All these studies highlight the importance of photogrammetry in modern
geographical and historical research. This method provides tools for more detailed
analysis of landmarks, their preservation and promotion. It is important to note that the
application of photogrammetry requires careful methodology and technical
knowledge, but it opens new horizons for cultural heritage research.

Main part

In the main part of this article we will look in more detail at various aspects of
the use of photogrammetry in geographical and historical research. We will focus on
the methodology, application and results of this innovative method.
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Photogrammetry methodology

Photogrammetry is a method of creating accurate three-dimensional models of
objects using photographs and images. This method is based on the principles of
geometry and image processing. To create three-dimensional models, it is necessary to
photograph an object from different angles and from different shooting points. The
resulting photographs are then processed using specialized software, which calculates
the coordinates of points on the surface of the object and creates an accurate three-
dimensional model.

One of the key steps in photogrammetry is setting up the camera to ensure an
accurate measurement of the subject. This includes determining the focal length,
camera viewing angles and other parameters that affect the accuracy of the
measurements. After photography, the photographs are calibrated, resulting in a set of
measured points and their coordinates in three-dimensional space.

Application of photogrammetry in geographical and historical research

Create accurate 3D models of landmarks: Photogrammetry allows you to create
accurate and detailed 3D models of architectural structures, archaeological finds and
natural objects. This is important for documenting and preserving cultural heritage and
historical monuments.

Archaeological Research: In archaeology, photogrammetry is used to create
three-dimensional models of archaeological sites, artifacts, and sites. This makes it
easier to analyze and document archaeological data.

Virtual Tours: Photogrammetry enables the creation of virtual tours where users
can explore points of interest in 3D space. This makes cultural heritage more
accessible to a wider audience.

Educational Programs: Photogrammetry is used to create educational programs
that allow students and researchers to study landmarks and historical sites in great
detail.

Results

The use of photogrammetry in geographical and historical research allows
obtaining accurate and reliable results. This includes the creation of detailed 3D
models, precise measurements and analysis of objects, and the ability to reconstruct
their historical context.

Comparison with traditional methods

Compared to traditional methods of documenting and studying landmarks,
photogrammetry provides more accurate and detailed data. Traditional methods such
as hand measurements and photographs may be less accurate and more time
consuming.

Conclusions and further prospects for the study

The study of the role of photogrammetry in modern geographical and historical
research allows us to draw the following conclusions:

Photogrammetry as a Key Tool: Photogrammetry is an integral part of modern
landmark surveys. Its use makes it possible to obtain highly accurate and detailed data,
which opens up new horizons for the study and documentation of cultural and natural
heritage sites.
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Preservation of Cultural Heritage: Photogrammetry plays an important role in
the preservation of cultural heritage. By creating accurate 3D models and virtual tours,
landmarks can be preserved for future generations. This is especially true in the
context of increasing tourist load on historical sites.

Simplifying Research: The use of photogrammetry in archaeological research
can reduce the time and effort required to document and analyze archaeological finds.
This facilitates faster progress in the study of historical objects.

Future prospects: In the future, developments in photogrammetry methodology
and software will provide even more opportunities for the study of landmarks.
Improvements in camera sensors, as well as automation of the photo processing
process, will make photogrammetry more accessible and efficient.

Interdisciplinary research: Collaboration between geographers, historians,
archaeologists and photogrammetricians will advance the field and open up new
applications.

In conclusion, photogrammetry is a powerful tool that has greatly enriched
modern landmark and cultural heritage research. Its capabilities make it possible to
create accurate 3D models, reduce research time and make heritage more accessible to
education and society as a whole. Further research and development in this area will
provide even more tools and perspectives for researchers and cultural heritage
enthusiasts.
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AnHotanusi. Ilycteins Kapakymsl npencraBiser coboil ogHy U3 caMblX
3aCYLJIMBBIX M HEMPOCTBIX NPUPOIAHBIX CPEl B MHUPE, C YHUKAJIBbHOW JKOCHCTEMOM,
MIPUCIIOCOOUBILIENCS K dKU3HU B YCIOBUAX 3KCTPEMAJIBHOM 3aCyXHU M apbl. B naHHOU
CTaTb€ HCCIEAYIOTCS reorpaguueckoe M TIeoJIOTUYECKOE CTPOCHUE IYCTHIHU
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Abstract. The Karakum Desert is one of the driest and most challenging
environments in the world, with a unique ecosystem adapted to life in conditions of
extreme drought and heat. This article examines the geographical and geological
structure of the Karakum Desert, as well as its biological features and adaptations of
flora and fauna to life in this harsh environment.
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Introduction

The Karakum Desert is one of the largest deserts in the world, covering an area
of over 350,000 square kilometers in central Asia. This desert is located in the main
image in Turkmenistan and constitutes an important part of its natural wealth.
Geographically and geologically, the Karakum Desert is of interest to scientists and
researchers around the world.

Literature review

The Karakum Desert attracts the attention of researchers from all over the world
due to its unique natural environment and interesting geographical and geological
features. An extensive body of scientific literature allows us to assess the significance
of this territory and its ecological value.

Geographical features

The Karakum Desert occupies the central part of Turkmenistan and extends over
a large area. Geographically, it is bounded in the north by the Turkmen Kopetdags and
the Amudarya Lowland, in the south by Afghanistan, in the east by the Kyzylkum
Desert, and in the west by the Caspian Sea.

This desert is characterized by a variety of landscapes, from sand dunes to sand
flats, salt marshes, disappearing lakes, and river oases. The Karakum Desert includes
large dune complexes such as Kumdesert, with dunes reaching heights of over 100
meters. These unique geomorphological features make the Karakum Desert the object
of in-depth geographical research [1, p. 23-34].

Geological structure

Geologically, the Karakum Desert is of interest to scientists due to the presence
of saline sediments and huge lakes such as Lake Karakum. These saline deposits
indicate ancient marine accumulations that were subsequently exposed to land. Lake
Karakum, with its rapid changes in water level and salinity, is a center of geological
research and provides unique information about past climate changes [2, p. 45-58].

Biological adaptation

The harsh climatic conditions of the Karakum Desert create a unique ecological
environment in which living organisms are forced to adapt to survive. The plants and
animals of this desert have evolved a variety of strategies to retain water and adapt to
low humidity and high temperatures. Research shows that some plants have roots that
can penetrate deep into the soil in search of moisture, and animals such as mammals
and birds have developed unique ways to find and conserve water. 12-26].

Environmental value

The Karakum Desert plays an important role in the ecosystem of Central Asia
and serves as a refuge for many species of plants and animals that have adapted to its
conditions. The conservation of this unique ecosystem is of great importance in terms
of biodiversity and nature conservation.
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Main part

Methodology

To conduct a study of the geographical and geological features of the Karakum
Desert, as well as adaptations of its ecosystem, the following methods were used:

Geographic Mapping: Modern cartographic data and geographic information
systems were used to determine the geographic structure and topography of the desert.

Geological Research: Analyzes of the geological composition and structure of
the Karakum Desert were carried out using various geological methods and
equipment.

Biological research: To study the adaptations of flora and fauna to desert
conditions, environmental observations were carried out, samples of plants and
animals were collected, and their physiological characteristics were studied.

Results

Based on the research conducted, the following results were obtained:

Geographical and geological characteristics: The Karakum Desert is a diverse
landscape that includes high sand dunes, salt marshes, dry river valleys and oases. The
most prominent geomorphological features are the Cumdesert dunes, which are over
100 meters high and cover a significant area of desert.

Geological structure: The Karakum Desert contains saline deposits that indicate
ancient marine accumulations. Radioisotope dating has made it possible to establish
the age of some sediments at several million years. Lake Karakum, with its changing
water levels and salinity, is of interest to geologists studying paleoclimatic changes.

Ecological Adaptations: Research has shown that the flora of the Karakum
Desert has unique adaptations, such as the ability to conserve water and adapt to low
humidity. For example, some plants have deep roots that can reach underground water
sources. Animals, in turn, have evolved strategies for finding water and food that
allow them to survive in conditions of limited resources.

Conclusions and further prospects for the study

The study of the geographical and geological features of the Karakum Desert
allowed us to more deeply understand this unique ecosystem and the adaptation of
living organisms to its harsh conditions. The results of the study have enriched our
knowledge of the geography, geology and ecology of this desert. Future research can
expand our understanding of its history and dynamics, and help conserve the
biological richness of this unique natural environment.
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AHHoTaumMs. B crarbe paccmMaTpuBaeTCs DHBONIOIHSA BEO-apXUTEKTYD.
AHaNM3UPYyIOTCS KIIOYEBbIC MPUHITUIIEI MOHOJIUTHOM U MUKPOCEPBUCHOU apXUTEKTYD,
UX MPEUMYIIECTBA U HEJOCTATKHU, a TAKKE TEXHUUYECKUE aCIIEKThl KOHTCUHEPU3allUl U
opkecTpaiuu cepBucoB. Ocoboe BHUMAHHE YEISETCS COBPEMEHHBIM TEHJICHIIUSIM,
BKJIIOYAs HCIIOJB30BaHUE HMCKYCCTBEHHOTO HMHTEIUICKTA, serverless-moaxomoB u edge
computing. B 3akitoueHHM TpencTaBiI€Hbl MEPCIEKTUBLI JalbHEUIIET0 pa3BUTHUSA
MHUKPOCEPBUCHBIX aApPXUTEKTyp, HaIlpaBJICHHbIE Ha TMOBBIIICHUE ABTOHOMHOCTH,
OTKa30yCTOMYMBOCTHU U aJallTUBHOCTH BEO-NPUIIOKEHUH.

KiroueBble cjioBa: BeO-apXUTEKTypa, MOHOJIUTHAS CUCTEMa, MUKPOCEPBHUCHAS
apXUTEKTYypa, KOHTEHHEepU3alUsl, OPKECTPaIUsl, ICKYCCTBEHHBIN MHTEIICKT.

AKTYaJIbHOCTH MCCJIEIOBAHUS

CoBpeMeHHbIE Be0-apXUTEKTypbl MpETepHear HW3MEHEHHS 3a MOCJeIHUE
necsatunetus. OT  TPaIWIIMOHHBIX MOHOJHWTHBIX  MPWIOKCHHUH, 001aIaBIImx
OTPaHUYCHHOW MAaCIITaOMPYEMOCTBIO U BBICOKOW  CJIOXHOCTBIO  IMOJJICPIKKH,
WHIYCTpHUsl Tiepenuia K MHUKPOCEPBUCHBIM CHCTEMaM, T[O3BOJISIIONIUM CO3/1aBaTh
ruOKue, OTKa30yCTONYMBBIE U JIETKO paciupsieMble npuioxkeHus. OHAKO pa3BUTHE
TEXHOJIOTUM HE OCTAaHOBWJIOCh HA KJIACCUYECKOW MUKPOCEPBUCHOW MOJEIIH:
coBpeMeHHbIe [T-KOMIaHUKM BHEAPSIIOT MHTEIUIEKTyallbHblE MEXaHU3MBbI yIpaBICHUS
CepBUCaMU, UCIIOIb3Ys UCKYCCTBEHHBIN MHTEIIEKT (Al), MamnuHoe o0yuenue (ML) u
aBTOMAaTU3UPOBAHHOE MACIITA0UPOBAHHUE.

Pa3BuTne  00NMauHBIX ~ TEXHOJIOTMM,  KOHTEWHepHu3alus,  OpKecTpauus
MUKpPOCEpBHCOB M TpuMmeHeHue Al mis omtmmuzanum paboThl pacmpeneeHHBIX
CUCTEM CTaJld KJIIOUYEBBIMU TPEHJIaMU B BeO-pa3paboTke. DTH U3MEHEHHs TPeOyroT
yOOKOTO aHaIu3a Kak ¢ TOYKH 3PEHUS] TEXHUYECKUX aCIEeKTOB, TaK U C MO3UIINI HX
BIMSHUSL Ha OwusHec-mpoiecchl. McciaenoBaHue TaHHOM SBOJIOLNMUA  BaXXHO IS
MOHUMAaHUS TOTO, KAKWE TEXHOJIOTUU HanboJiee MEePCIEKTUBHBI, KaKHE apXUTEKTyPHbBIS
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MOJIXOAbl  00ECHeYMBAIOT MAaKCUMaIbHYIO 3(()EKTUBHOCTh, M KaKHE BbI3OBbI
BO3HUKAIOT IIPU MEPEX0/I€ HAa HOBBIE MOZAETHN BeO-pa3paboTKu.

eanb uccaenoBanus

[{enpr0 JaHHOTO UCCNEAOBAHMS SIBISIETCS U3YUYEHHUE DBOJIOIUU BEO-apXUTEKTYP
OT MOHOJIUTHBIX CUCTEM K MHTCIICKTyJIbHBIM MHUKPOCEPBUCHBIM PEIICHUSM, a TAKKe
aHaJIN3 COBPEMEHHBIX TCHACHIINH M MEPCIIEKTUBHBIX TEXHOJIOTHI B JAHHOW 00JIacTH.

MarepuaJjibl 1 MeTObI HCCJIEI0BAHUS

HccnenoBanve OCHOBaHO Ha aHAJIM3€ HAYYHOM JHMTEpaTyphl, MyOIMKalvil B
Benymux IT-xypHanax, TaHHBIX U3 JTOKJIAJ0B KOH(EPEHIINiA, a TaKKe MPaKTUYECKUX
KEMCOB U3 UHAYCTPHUH.

[IpumeHeHbl ~ METONBI ~ CPAaBHHUTENBHOTO  aHAlM3a,  CTAaTUCTHYECKOTO
MOJICTTUPOBAHUSI ¥  OMIIMPUYECKUX HCCIEAOBAHMM pabOThl MOHOJUTHBIX U
MUKPOCEPBHUCHBIX CHCTEM.

Pe3yabTarsl Hcc/ie10BaHUA

MoHonuTHas apXUTEKTypa SIBISICTCS TPAAUIIMOHHON MOJENbI0 pa3paboTKH
MPOTPaMMHOTO  OOECIIeYeHUsI, TPH KOTOPOH BCE KOMITOHEHTHI TPUIIOKEHUS
oObeMHEHBl B  CIWHBIA  HWCIOJMHSAEMBIM MOmynb. JlaHHBIH  Tomxon — ObLI
JTOMHHHUPYIOUIUM B MPOTPAMMHON WHXKEHEPUH Ha MPOTSHKEHUU JCCATUIICTUHN, HAUnHAs
C TIOSBJICHUS TICPBBIX BBIYUCIUTEIBHBIX CHCTEM. MOHOJIUTHBIC TPUIOKCHUS
CTPOWJIUCH KaK LIEHTPAJIM30BAHHBIE CUCTEMBI, I7le UHTEep(deiic, Ou3Hec-Ioruka u 6asa
JIAHHBIX B3aUMOJICMICTBOBAJIM BHYTpHU OAHOTO npouecca [1, c. 203].

OCHOBHBIE dTallbl Pa3BUTUS MOHOJUTHOM AapPXUTEKTYphl MPEACTaBICHbI B
Tabmure 1.

Tabnuua 1
OCHOBHBIE 3TaIbl Pa3BUTUS MOHOJIMTHON apXUTEKTYPbI

Ilepuon KitoueBbie ocobeHHOCTH ITpumepsl TeXHOIOTUI

1960-1980-¢ LleHnTpanu3oBaHHbIC BHIYUCIICHUS, COBOL. FORTRAN. PL/I
MeHHppenMbl ’ ’
1990-¢ Knuent-cepBepHast apXuTekTypa, Java EE, Microsoft COM,
passutue ERP-cucrem CORBA
2000-¢ Beb-npunosxenns, NET, PHP, Ruby on Rails
WHTErpalys ¢ 6azaMu JaHHbBIX
2010-e TTepexop K OOMaUHEIM pelICHHM, Spring Boot, ASP.NET Core
TIEPBHIE MOTTBITKH MUKPOCEPBHCOB

MOHOJIUTHBIE CUCTEMBI 00JIaJJAl0T PSIIOM XapPaKTEPUCTHUK, KOTOPBIE JEIal0T UX
MPUBJICKATEIHBIMU ISl Pa3pabOTKH, OCOOCHHO HAa pPAaHHMX JTanax >XU3HEHHOTO
LUKJIA IPOrPaMMHOTO ITPOAYKTA.

1. Enunbliii KogoBeIi 6a3uc. Bce KOMIOHEHTHI MPUIIOXKEHUS pa3padaThIBAIOTCS U
PAa3BEPTHIBAIOTCSA KAaK €AMHOE LIEJIOE, YTO YIPOLIAET YIIPABICHUE KOJIOM U OTIIAIKY.

2. O6mas 6a3a nMaHHBIX. MOHOJIMTHI, KaK IIPaBUJIO, UCIIOIB3YIOT CAMHYIO 0a3y
JAHHBIX, YTO YyIpOLIAaeT MJOCTYIl K JaHHBIM, HO CO34aeT Yy3KuMe MecTa IIpu
MacHITaOMPOBaAHUU.
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3. XKecTkue 3aBUCUMOCTH MEXAY MOAYIAMH. DyHKIHMOHAIbHBIE KOMIIOHEHTHI
TECHO CBSI3aHbI, YTO CHUYKAET TMOKOCTh CUCTEMBI IIPU U3MEHEHUSX.

4. Llentpanu3zoBaHHOE YIpaBieHUE. B MOHONMUTHBIX NPUIIOKEHUSX OU3HEC-
JoruKa u o6paboTKa JaHHBIX HAXOASATCS B OJHOM MECTE, UTO 00JIer4aeT MOHUTOPUHTI,
HO 3aTPYIHSAET TOPU30HTAIBHOE MacIITAOUPOBaHUE.

HecmoTpss Ha pacnpocTpaHEHUE pacHpeneseHHbIX CHUCTEM, MOHOJIUTHAs
apXUTEKTypa MPOJIOJIKAET HCIIOJIb30BaTbCcsl B psiie cllydyaeB, Onaromapsi CBOEH
IPOCTOTE U LIETOCTHOCTH.

IIpenmymecTsa MOHOJINTA!

— beicTpas pa3paborka U pa3BepThiBaHHME. MOHOJUTHBIM KOJl JIETKO
KOMITWJIMPYETCS U ACTIOUTCS KaK €IUHBINA OJIOK.

— llenTpanuzoBaHHOe  ympaBieHue. OTCYTCTBHE  CIOXKHBIX  CETEBBIX
B3aWMOJICCTBUM yIIPOIIAET OTJIAJIKY U JIOTUPOBAHUE.

— VYopoieHHas 0e30macHocTb. B MOHONMMTaX Jjierye KOHTPOJIUPOBATH JOCTYII K
JTAHHBIM, TaK KaK OHU XPaHATCS B €IMHON CUCTEME.

— DddeKTuBHOE HUCIOJIb30BAaHUE PECYpcoB. B oTiauumMe OoT MHKpPOCEPBUCOB,
MOHOJIUTBI HE TPEOYIOT MEXIPOLIECCHOIO B3aUMOJIEHCTBUS, UTO CHU)KAET HaKJIa/JHbIE
pacxo/ipl Ha CETh.

OrpaHnyeHuss MOHOJMTHON apXUTEKTYPBI:

— CJIIO)XHOCTh MacIITaOUpOBaHUs. | OpU30HTAIBHOE MacIITaOMpOBaHUE TPEOyeT
pEIUIMKAIMU BCErO MPUIOKEHHUS, YTO HEA(PPEKTUBHO MPHU BHICOKMX HArpy3Kax.

— Bpicokasi CBA3aHHOCTh KOMIIOHEHTOB. 3MeHeHHe OJHOrO MOy MOXKET
HOBJIEYb HEOOXOAUMOCTb TECTUPOBAHUS U OOHOBIICHUS BCEH CUCTEMBI.

— JlnurensHbie pa3BepThiBaHWA. BHenpeHue HOBBIX (yHKIUNA TpedyeT
nepecOOpKH U Mepe3anycka BCero MpUIoKeHUsI.

— CIOXHOCTh MHTErpauud. B COBPEMEHHBIX YCJIOBHSIX MHTErpauus C
BHEIIHUMU  CEpBUCAMU  CTAHOBUTCS  3aTPyAHUTENIBHOW  M3-32  OTCYTCTBUSA
MOJTYJIbHOCTH.

[TosiBneHue oOnaYHbIX BBIYUCICHUH, KOHTEHHEPU3AllMM U aBTOMAaTU3UPOBAHHBIX
IPOLIECCOB Pa3BEPThIBAHMS CIIOCOOCTBOBANO (POPMUPOBAHMIO HOBOM MapagurMbl —
MUKPOCEPBUCHON apXUTEKTYpPbl, 00ECIeUNBAIONIeH THOKOCTh, MACIITA0UPYEMOCTh U
OTKa30yCTOMYHUBOCTb.

B yciioBHSIX CTpEeMHTENBHOIO pOCTa KOJIMYECTBA IMOJIb30BATENEH, pACIIMPEHHUS
(YHKIMOHANBHOCTH W HEOOXOAMMOCTH  YacThIX  OOHOBJIEHHUH  MOHOJIMTHBIE
IPUIIOKEHHSI HaYalld CTAJIKUBAaThcs C MpoOJieMaMu MacliTaOMpOBaHUs, MEUIEHHOTO
pa3BepThIBaHUSA U CIIO)KHOCTEH B MOAIECPIHKKE.

KitoueBble mpoOieMbl MOHOJIUTHOM apXUTEKTYpbl, KOTOPHIE CTUMYJIUPOBAIH
nepexo, K MUKPOCEPBUCAM:

1. OrpaHn4yeHHOE TOPU3OHTAIBHOE MaciuTadupoBaHue. MOHOTUTHI TPEOYIOT
nyOnupoBaHUsl BCEW CUCTEMBI NIl OOpabOTKHU yBEIMUYEHHOTO Tpaduka, 4To BEIET K
HEAPPEKTUBHOMY PacXOly pECypCOB.

2. CnoxHOCTb BHeceHUs u3MeHeHuil. Jlroboe oOHOBIEHHE Tpedyer
TECTUPOBAaHUS M PA3BEPTHIBAHMS BCETO NPWIOKEHHS, YTO YBEIWYUBAET 3aTpaThl
BPEMEHH U CHUKAET TMOKOCTH pa3pabOTKH.
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3. Huzkas oTrkazoycTonuuBOoCTh. OTKa3 OMHOW YaCTU CUCTEMBI MOXKET IIPUBECTH
K cOOI0 BCETO MPHIIOKEHUSI.

4. OrpaHrYeHHbIE BO3MOKHOCTH TEXHOJIOTMUYECKOTO pa3HOOOpa3usi. MOHOIUTHI
TpeOyIOT MCHOIb30BAHMUSI E€IMHOTO TEXHOJOTHYECKOIO CTEKa, YTO IPENATCTBYET
BHEJPECHUIO NHHOBALMH.

PocT ciio)XHOCTH CONPOBOXKIEHHUSI MOHOJIUTHBIX CHCTEM II0 MEPE YBEIUYECHMS
UX pa3Mepa noka3aH Ha pucyHke 1. J[aHHbIe OCHOBaHbI HA METPUKAX, IPUMEHSAEMBIX B
IpOMBIIUIEHHON pa3pabotke IO, Bkio4as cpenHee BpeMsl UCHPABICHHS OLIMOOK
(MTTR), cnoxknocts koga (Cyclomatic Complexity) u 3aTparbl Ha OAJIEPAKKY.

5 MIIH CTPOK Koja

1 MJIH CTPOK Koja

—
500 TBIC. CTPOK KOJA | —
100 ThIC. CTPOK KOZa [
50 TBIC. CTPOK KOZa |
10 TBIC. CTPpOK KOzZa |
0 20 40 60 80 100 120 140

3aTpatsl Ha HOUIEPAKY (% OT 3aTpar Ha pa3paboTKy)
® [{aKx;I10MaTHIECKAA CTI0KHOCTB (CpeIHee 3HAUECHHE Ha MOy IIb)
w Cpeanee Bpems HenpasiaeHHd omuook (MTTR, vackr)

Puc. 1 Poct crnoxxHocTu COIMPOBOXKACHUSA MOHOJIMTHBIX
CHUCTEM 110 MCPC YBCIIMYCHUA UX pasMeEpa

MuxkpocepBuCHas apXUTEKTypa MpeACTaBlsseT coO0oi moxxon K paspaboTke
IPOrpaMMHOT0 0O€CreYeH s], IPU KOTOPOM MPHUIIOKEHHE COCTOMT W3 HE3aBUCHUMBIX
CEepPBUCOB, B3aUMOJICHCTBYIOMMNX MEXIy cobOoi depe3 API. Kaxnpiii MukpocepBuc
BBINIOJIHAET OAHY KOHKPETHYIO OH3HEC-QYHKIMI0O M MOXET pa3padaTbiBaThCA,
pa3BepThIBAaThCS U MacIITA0OMPOBATHCS HE3ABUCHMO OT JPYIMX KOMIOHEHTOB CHUCTEMBI
[3, c. 27].

CpaBHEHHME MOHOJIUTHOW M MHUKPOCEPBUCHOM ApXUTEKTYp MPEICTABICHO B
Tabmure 2.

Ilepexoq K MHUKpPOCEPBHUCHOM apXUTEKType MPENOCTABIAECT MPEUMYILECTBA,
OJHAKO COIpPSDKEH C PSJIOM BBI30BOB, TPEOYIOIIMX KOMILIEKCHOTO NOAX0Ma K
MIPOEKTUPOBAHMIO U YIIPABJICHUIO CUCTEMOH [5, c. 215].
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Tabmuna 2
CpaBHEHNE MOHOJIMTHON U MUKPOCEPBUCHON apXUTEKTYP
Kpurepunit MoHOUTHAs apXUTEKTypa MuxkpocepBUCHasi apXUTEKTypa
CIIeHTPATH30BaHHAS
Pa3paborka Enunas xogoBas 6a3a Hleuenp
pa3paboTKa
[TonHOCTHIO TIEpecoOupaeTcs HesaBucumoe pa3BepThiBaHHe
PazBepThiBaHne
P U3MEHEHUSIX CEPBHCOB
MacmtabupoBaHue JlokanpHOE MacIITaOMpPOBaHUE
MacmrabupyeMocThb
BCETO NMPHIIOKEHHS KOMITOHEHTOB
. Omunbka B 0THOM MOJIyJIE MOXKET
OTKa30yCTOWYMBOCTh Jloxanm3oBaHHBIE COOH
OCTaHOBHUTH BCIO CUCTEMY
Texnonoruyeckas OrpanuyeHa eIMHBIM MO>KHO HCTIONB30BATh
cBoOOIa CTEKOM TE€XHOJIOTUH pa3HbIe TEXHOJIOTHH

[lepexon K MHUKPOCEPBUCHOW apXUTEKTypE MPENOCTABISET NPEUMYLIECTBA,
OJTHAKO COIpPSDKEH C PSIZIOM BBI30BOB, TPEOYIOMMX KOMIUIEKCHOTO TOAX0oAa K
IPOEKTUPOBAHUIO U YIIPABJICHHUIO CUCTEMOI [5, c. 215].

[Ipenmymiecrna:

— T'ubkocte paspaborku. Pasznuuynbie KOMaHIbl MOTyT paboTaTh Haj
OTJEJIbHBIMU CEPBUCAMH HE3ABUCHUMO.

— YopouieHHoe MaciiTadupoBaHue. MOXKHO yBEIMYUBATH PECYPCHI TOIBKO IS
TEX CEPBUCOB, KOTOPHIE UCIIBITHIBAIOT BBICOKYIO HAIPY3KY.

— BbIcokast 0Tka3zoycToiunBOCTh. OTKa3 OAHOTO MUKPOCEpPBHUCA HE MPUBOIUT K
BBIXO/Y U3 CTPOSI BCEW CUCTEMBI.

— beicTpoe pa3BeprhiBaHue U 0OHOBJIeHHE. HezaBrcumoe 0OHOBIIEHHE CEPBUCOB
CHUYKAET PUCKU OIMIMOOK MPU BBIMYCKE HOBBIX BEPCUM.

BpI30BBI U HENOCTATKMU:

— CnoxxHOCTB yrpaBiieHHs. bolblioe KOJIMYeCcTBO CEPBUCOB TPEOYET pa3BUTOM
CUCTEMBI OPKECTPALIMK 1 MOHUTOPHUHTA.

— TpeboBanusi k cetu. B3aumojelcTBue MUKPOCEPBUCOB MPOUCXOAUT Yepe3
API, 4TO yBEIMUMBAET HArPY3KYy HA CETh.

— OGecrnieuenne Oe3zonmacHOCTH. HeoOxomumo 3amuiare KaHabl Tepeaadu
JIAHHBIX ¥ pa3rpaHUYMBaATh JOCTYH K CEPBHUCAM.

— CnoxHocTh oTnaaku. B pacmpeneneHHO cucTeMe IUAarHOCTUKa MpoOiem
MOXET OBITh 3aTPy/HEHA.

CpaBHeHHME BpEMEHHM  pPa3BEPTHIBAHUS  MOHOJIUTAa U  MHUKPOCEPBHUCOB
MPEACTABIECHO HA PUCYHKE 2.

MukpocepBUCHasE apXUTEKTypa TpeOyeT BBICOKOW CTENEHU HE3aBHUCHUMOCTH
CEpPBUCOB, UTO TIPUBEJIO K IIMPOKOMY UCIIOJIH30BAHUIO KOHTEHHEpPU3AIIUHU.
Kontelinepuzanus  mpeAcTaBiseT  co0OMl  METOJ  YMNAaKOBKH  IPOTPaMMHOIO
o0OecreyeHnsl U ero 3aBUCHUMOCTE B M30JMPOBAHHBIC OKPYKEHHUSI, 00ECIICUNBAIOIINE
BOCIIPOM3BOJIMMOCTh ¥ IEPEHOCUMOCTH MPUIIOKEHUH [2, ¢. 12].
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KoHTeliHephl cTajli KIFOYEBOM TEXHOJOTHEW Onarogaps CBOEH JIETKOBECHOCTHU
M0 CPaBHEHUIO C TPAJUIIMOHHOW BUpTyanu3anuein. OHu 00ecreurnBaloT MITHOBEHHBIN
3allyCK, MHUHHMMAaJIbHOE NOTpeOJIeHHEe pecypcoB U HE3aBHUCHUMOCTh OT 0a30BOii
uHppacTpykrypsl. Hambomee pacnpocTpaHEHHON TEXHOJOTHEH KOHTEHHEpU3aIuu
apnsercss Docker, KOTOpBIM CTaHZApPTU3UPOBAT TMPOIECC YMAKOBKH U YIPaBICHUSA
MPUIIOKEHUSIMU.

200
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40 7
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Masslil NpoeKkT Cpeannii NpoeKT Kpynseiii npoekt  DHTeprnpaii3-cucrema
= Bpemsa pa3sBepTBIBAHHA MOHOIHTA (MHHYTEI)
' Bpemsa pa3iBepThIBAHHA MHKPOCEPBHCOB (MHHYTBI)

Puc. 2 CpaBHeHue BpeMEHU pa3BEPThIBAHUS MOHOJIUTA U MUKPOCEPBUCOB

OnHako TpH MacIITaOMPOBAaHMM MHUKPOCEPBHCHOM CHUCTEMBI YTIPABICHHE
KOHTEMHEpaMH BPYYHYIO CTAHOBHUTCS 3aTPYAHUTENbHBIM. /[ aBTOMAaTn3MpOBaHHOIO
pa3BepThIBaHUS, OalaHCUPOBKU HArpy3Kd, MOHHMTOPHHTa W CaMOBOCCTAHOBJICHUS
UCIIOJIB3YIOTCSI CHCTEMBI OPKECTpALMM KOHTEHHEPOB, CPEAU KOTOPBIX JTOMUHHUPYIOIIEE
nonoxenue 3aHumaer Kubernetes. Kubernetes BbImonHseT cienyroniye KiroueBble
byHKIMH:

— ABTOMaTHYECKOE Pa3BEPTHIBAHUE M YNpaBICHUE KOHTeHHepamu. [lo3BossieT
OTMCBHIBATh KEJIAEMOE COCTOSIHUE CUCTEMBI M MOJAEPKUBATH €ro 0e3 BMeIlaTeIbCTBa
aAMUHHUCTPATOPA.

— bamaHcupoBKa Harpy3Kh U pacopenesieHHe pecypcoB. ONTHMHU3HPYET
UCIIOJIb30BAHUE CEPBEPHBIX MOIIHOCTEH NyTEM JMHAMHYECKOTO paclpeaeieHus
KOHTEMHEPOB.

— CamoBOCCTaHOBJICHHE cepBUCOB. B cimydae cO6os Kubernetes mepesamyckaet
KOHTEHHEPBI, a TAK)KE ABTOMAaTHYECKH 3aMEHSIET HEPaOOTOCIIOCOOHBIE Y3IIblL.

— MacmrabupoBanue cepBucoB. [lo3BoisieT yBeIWYMBaTH WM YMEHBIIAThH
KOJIMYECTBO pabOTaOMINX SK3EMIUIIPOB MUKPOCEPBUCOB B 3aBUCUMOCTH OT Harpy3KH.

Hcnonb3oBanne Kubernetes B coueTaHMM C TEXHOJIOTHSIMHU CEpBHC-MeEIla
(manpumep, Istio) obOecreumBaeT HaACKHOCTh U 0€30MACHOCTh B3aUMOJICUCTBUI
Mexnay wmukpocepBucamu. HaTerpamus ¢ CI/CD-nainmnmaiiHamMyd — 1MO3BOJISIET
aBTOMAaTHUYECKU Pa3BePThIBATh OOHOBIICHUSI, CHUXKAsl PUCKH OIITHOOK.

CoBpeMeHHbIE  BEO-NIPWIOKEHHUS] ~ TPeOYIOT  HE  TOJNBKO  BBICOKOW
MacITaOMPyeMOCTH U OTKa30yCTOWYMBOCTH, HO M aJalTUBHOCTU K MU3MEHSAIOIIMMCS
YCJIOBHSIM 3KCIUTyaTallii. B 3TOM KOHTEKCTE pa3BUTHE MUKPOCEPBUCHBIX apXUTEKTYP
UJET B CTOPOHY MHTEJUIEKTYyaJIbHbIX CHUCTEM, MCIOJb3YIOIINX MAIIMHHOE 00ydeHue U
aBTOMAaTHU3MPOBAHHBIC MEXaHWU3MBI yIipaBiieHus [4, c. 20].
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WHTennexTyaibHble MUKPOCEPBUCHBIE CUCTEMBI — 3TO aPXUTEKTYPHBIN MOJIXO/,
B KOTOPOM CEpPBUCHI MOTYT JIMHAMHUYECKH aJalTUPOBaTbCsl K pabodeil Harpyske,
aHAJIM3UPOBATh 3alpoOChl M NPUHUMATh ABTOHOMHBIE pELICHUSA. Takue CHUCTEMBbI
UHTETpUpyOT  Al-anropuTMbl A  aBTOMaTU3alMM  YIPaBIECHUS  peCcypcamu,
IpeacKa3aHus cO0EeB U ONTUMM3AIMH TPOU3BOJUTETLHOCTH.

OCHOBHBIE aCIEKThl MHTEIEKTYaJIbHBIX MUKPOCEPBHUCOB:

1) ABromMarmueckoe MaclITaOMpPOBaHHWE HA OCHOBE MAIIMHHOTO OOYy4YEeHUS.
Hcnonp3oBaHNe aJITOPUTMOB IPEICKa3aHMUsI HArpy3KH JJIs aJalTHBHOIO M3MEHEHHMS
KOJINYECTBA UHCTAHCOB CEPBUCOB.

2) AmHanu3 JOroB HW MOHHUTOPHMHI B pealbHOM BpeMeHu. Al-moxenu
00palaThIBalOT J1aHHBIE U3 JIOTOB U BBIABISAIOT AHOMAJINWH, YTO TO3BOJISIET 3apaHee
IpeoTBpaIlaTh COOH.

3) OntuMu3anust MapuIpyTH3aLKU 3anpocoB. MUKpPOCEPBUCH MOTYT aIallTUBHO
pacnpenensaTh 3anpockl B 3aBUCHMOCTH OT TE€OJOKALMM T0JIb30BATEINs, 3arpy3Ku
CEPBEPOB U APYTUX (PaKTOPOB.

4) CamocrosTenbHO€ BOCCTaHOBIEHUE Tocie cOoeB. Al-cuctemMbl MOryT
IPOrHO3UPOBATH BEPOSITHBIE OTKA3bl U aBTOMATUYECKU NEPEHANpPABIATh TPAPUK WIIH
Nepe3aIyCKaTh CEPBUCHI.

[TpenmyiiecTBa MHTEIEKTYaIbHBIX MUKPOCEPBUCHBIX CUCTEM IPECTABIEHBI B
Tabmure 3.

TabOmuma 3
HpGI/IMYI_HeCTBa I/IHTGHHGKTyaJ'IBHBIX MHKpOCGpBI/ICHBIX CHUCTCM
DYyHKIHS TpaauiMOHHBIE MUKPOCEPBUCHI WHTeIeKTYaIbHbIE MEKPOCEPBHCHI
MacmrabupoBanue Cramiieckoe wim [penckazatensHOe (Al)
Ha OCHOBE IIOPOTOB
OOHapy»xeHue cooeB MOHHTOPHHT BpYUYHYIO ABTOMaTIIECKOE
¢ Al-mnarnoctukoii
B JlmHaMugeckas
AITaHCHPOBKA HATPy3KH DuKCHPOBAHHBIE ATITOPUTMBI
MapIIpyTH3ALUS
Pacnpenenenue pecypcos 3aJ1aHO BPYYHYIO Camoaanranps
pex pecyp 2 PyHHYy Ha ocHOBe ML
Pearnposanue Ha yrposer Amnanus JIoros Al-ananu3 aHoMaaInit
0€30IaCHOCTH

CoBpeMeHHBIE TCHICHIINH B Pa3BUTHU MUKPOCEPBUCHBIX aPXUTEKTYP CBS3AHBI C
MOBBIINIEHHONW ~ aBTOMaTW3allkeil, ONTUMHU3AlMeld  MCIOJb30BaHUSA  OOJIAYHBIX
TEXHOJIOTUHA M BHEAPEHHWEM HCKYCCTBEHHOTO WHTeIUIekTa. OCHOBHBIE HampaBlCHUS
pPa3BUTHS BKIIOYAIOT:

— Serverless-apxurekrypa. YmpoimaeT pa3BepThIBAHHUE CEPBUCOB, IO3BOJISS
pa3paboTyuKaM COCPEIOTOUYMTHCS Ha KOJIE, a HEe Ha YIpaBICHUH UHPPACTPYKTYpOM.
[Honynspusie margopmer: AWS Lambda, Google Cloud Functions, Azure Functions.

— Edge computing. CwmenieHrue BBIYMCIUTENBHBIX MOIIHOCTEH ONMXKe K
KOHEYHOMY TOJIb30BaTENI0 CHIKAET 3aJCP>KKM W TOBBIIIAET MPOU3BOIUTEILHOCTh
pacnpeieICHHBIX CUCTEM.

— Service Mesh (ceTeBble MPOKCU JII MUKPOCEPBHUCOB). TEXHOJOTUM BpOJEC
Istio wu Linkerd aBromarusupyior ymopaBieHue TpadukoM, 00eCIEeUHBAIOT
OalaHCUPOBKY HArpy3KH M MOBBIIIAIOT 0€30IMACHOCTh CEPBHCOB.
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— Al-ynpaBnsiembie MUKpOCEPBUCHL. M cIonb30BaHne MAIIMHHOTO OOYYESHHSI IS
npelicKa3aHus Harpy3Ky, aBTOMAaTUYECKOTO MacCIITaOMPOBAaHUS M aHAJIM3a aHOMAJIHHA B
Tpaduke.

— Kubepbezomacnocts u Zero Trust Architecture. Poct pacmpeneneHHBIX
cucTeM TpeOyeT ycuwineHHou 3anuThl AP, ayrenTudukamm 3anpocoB u MOCTOSHHOTO
MOHUTOPHUHIA CETEBOM aKTUBHOCTH.

[lepcniekTUBBI pa3BUTHS MUKPOCEPBUCHBIX CUCTEM YKa3blBalOT Ha THOpUIHBIC
apXUTEKTypbl, coderarouiue serverless, edge computing u Al-ontummuzanuio, 4to
MO3BOJIUT OOECIEYUTh AaBTOHOMHbBIE, CAMOAJaNTUPYIOLIMUECS TPUIIOKEHUS, TOTOBBIE K
paboTe B yCIOBUAX BBICOKOW HEOMPEAEICHHOCTH U TUHAMUYHBIX HArPy30K.

BoIBOABI

OBOIIOIUSA BE0-apXUTEKTYP IPOJEMOHCTPHUPOBAJa nepexon oT
LHEHTPAIU30BaHHBIX MOHOJUTHBIX pEIIeHHMH K THOKUM, MaclTabupyeMbIM U
OTKa30yCTOWYMBBIM MHMKPOCEPBHUCHBIM cHCTeMaM. KoHTelHepu3anus U OpKeCTpauus
CTalM  KJIIOYEBBIMM  TEXHOJOTMSIMH,  OOECIEUMBAIOIIMMH  ABTOMATH3ALNIO
pa3BepThIBaHUSI M ympaBieHHs cepBucamMu. COBpPEMEHHBIE TPEHABl BKIIOYAOT
UCIOJb30BaHUE MCKYCCTBEHHOTO MHTEJUIEKTa, serverless-apxutektyp u edge
computing, 4T0 CIIOCOOCTBYET CO3JaHUI0 MHTEJUIEKTYalIbHbBIX, CAMOAJalTHPYOIIUXCS
cucreM. B mepcniekTuBe oxumaercs pazBUTHE THOPHUIHBIX apXUTEKTYpP, COUETAIOLIUX
pacnpe/ieJIeHHbIE BBIYHCIICHUS, TPEIUKTUBHOE MAaCIITA0MPOBAHME W ABTOHOMHbBIC
MEXaHM3Mbl KHOEpOE30MacCHOCTH, YTO MPUBEIAET K MOBBIIECHUIO 3(D(PEKTUBHOCTU U
HAJISKHOCTH BEO-TIPUITOKECHUI.
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AHHoTaumus. B craTthe paccMarpuBaercs BOINPOC ONTHMH3AIMHM COCTaBa
KHUCJIO-MOJIOYHOTO CEMEHHOTO MPOAYKTa (DyHKIIMOHAJIBLHOTO Ha3Ha4YeHHS. B kadecTBe
(UTOKOMITOHEHTOB MPUMEHEHBI CEMEHA pacTeHUs « ThIkBa OOBIKHOBEHHAs», B COCTaB
KOTOPOTO BXOJIAT TIOJIE3HBIE OMOJIOTMYECKN aKTUBHBIE BEIIECTBA. B X0/e BHIMOTHEHUS
vcclieIoBaHni Oblia mojo0pana onTUMaJIbHAs /1032 BHECEHUS (DUTOKOMIIOHEHTOB. [1o
pe3ysIbTaTaM HaIlluX MCCIICIOBAHUMN, TTOMyYCHHBIN TPOIYKT 001aaeT TUeTUUSCKUMH U
BOCCTAHOBHUTEJILHBIMH CBOMCTBAMHM, IIOBBIIIEHHOW OHMOJIOTMUECKOM M IHIIEBOI
IIEHHOCTHIO 3a CUET COATAHCHPOBAHHOTO COCTaRBa.

KiaroueBble ciioBa: «TbhikBa OOBIKHOBEHHAs», (YHKIIMOHAIHHOE THTAHUE,
pacTuTeNbHas J100aBKa, aCKOPOMHOBAas KHUCJIOTa, Ka3aXCKHM HAIlMOHAIBHBIN KHCIIO-
MOJIOYHBIH TPOTYKT.

OtcyTcTBHE OTEYECTBEHHBIX peuentyp CIICLIMAJIM3UPOBAHHOTO
(GYHKIIMOHATHHOTO TUTAHUA, NEIMIEBOTO IO CIOCO0y MPOM3BOACTBA, MPHUBOIUT K
UMIIOPTY JIOPOTOCTOSIIET0, C COMHUTENBHBIM 3(P(PEKTOM CIIOPTUBHOTO MUTAHUS U3-32
pyOexa. Mcnons30BaHre UMIIOPTHBIX MPOAYKTOB HE JIa€T CUCTEMHOTO 3 dekTa u3-3a
OTCYTCTBUSI KOHILIENIIIUY OPTaHU3AIMY MUTAHUS CIIOPTCMEHOB [ 1; 2].

Oco0oe 3HaveHHE CIeNUATM3UPOBAHHOE (PYHKITMOHAIIBHOE MTUTAHUE UMEET IS
JIETEeW LIKOJBHOIO BO3pPACTA, TaK KAK B 3TO BPEMSI MHTEHCHUBHO PACTET U PAa3BUBACTCS
CKEJIET M YBEJIMYMBAETCA Macca TeJa, YBEJIWYMBAKOTCA SHEPro3arparbl OpPraHU3Ma,
CBS3aHHBIC C TIOBBIIIICHWEM (DU3MYECKOW UM YMCTBEHHOM Harpy3ku. W3-3a
HEMPaBWIHLHOTO MUTAHUS KaK B IIKOJIC, TaK U J0OMa, OOJbIIE MOJOBUHBI JIETEH MOCIe
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OKOHYAHHUS UIKOJIBI CTPAJalOT pPa3MuHbIMU 3a0osieBaHusAMU. Pa3zpaboTka nuTaHus,
oOnaziaromero (pyHKIMOHAIBHBIM CBOMCTBOM, B TOM YHUCJE ISl AETEH LIKOJIbHOIO
BO3pacTa, COOTBETCTBYET LEIsAM UM 3aJadyaM TIOCyIapCTBEHHOM mnoiauTuku PK.
Hcrnonp30BaHUE  HATypajbHBIX IMPOAYKTOB, KOTOpPbIE TIPH CHUCTEMATHYECKOM
yHOTpeOIeHNN OKa3blBaIOT MO3UTHUBHOE PETYIUpYIOLIlee ACHCTBHE Ha ONpeieICHHbIE
CUCTEMBbl M OpraHbl OpPraHM3Ma, yiydmias (U3MYECKOE U IICUXUYECKOE 370POBbE
ABJISIETCSA 0CO00 aKkTyabHBIM [3; 4].

AHanmu3 peuentyp, umeromuxcs Ha pblHKE PK NpoaykToB CHOPTHBHOTIO
NUTAaHNsA I[IOKa3blBa€T, 4YTO 3a4acTyl0 B HHUX NPHUCYTCTBYIOT €CTECTBEHHBIE
OMOJOTMYECKUE CTUMYISTOPHI, Takue Kak KodeuH, adenpa, 3neyTepOKOKK U JIpyTHeE.
[ToTpebnenrie TakuxX MPOIYKTOB JAEHCTBUTEIBHO COJIEWCTBYET MOBBILIEHHUIO TOHYCA,
HapaOOTKe CHJIOBBIX Ka4yeCTB, POCTY MbIIIeyHOW Macchl. OnHako Oe3cucTeMHOe
CaMOCTOSITENIbHOE HEKOHTPOJIUPYEMOE MOTPEOICHUE TaKUX MHPOMYKTOB MPHUBOAMUT K
pa3BUTHIO MeTaboinyecko 3aBUCUMOCTH. [IpakThuecku Bcerga OTCYTCTBYIOT
yKa3aHus LEeJIeH UCTOJb30BaHUs ONPEAEIECHHBIX TPOAYKTOB, TOIAa KaKk OYEBUIHO, YTO
BBEJICHUE B COCTAaB MPOAYKTA OMNPENEJIEHHBIX IUUIEBbIX HHIPEIUEHTOB HMEET
HampaBJICHHbIM  xapakrep. Ilepexon, npou3BOACTBA MNPOAYKTOB IHTAaHUS Ha
KaueCTBEHHO HOBBII  ypOBEHb IPU  OJHOBPEMEHHOM  COBEpPUICHCTBOBAaHUU
TPAAUIMOHHBIX TEXHOJOTMH M BOBJIEUEHUH B TPOU3BOACTBO OTrPAaHUUYECHHO
UCIIOJIb3YEMBIX BHJIOB OEJIOKCOIEPIKAIIETO ChIpbs TPeOyeT yriiyOJeHus: COBPEMEHHBIX
HAyYHbIX TNPEACTABICHUH O MEXaHHU3ME IPOIECCOB, CBA3aHHBIX CO CleUU(UKOIl
COCTaBa M CBOMCTB 3TOro ChIpbsi. B TO k€ BpeMs, MHOTME U3 HHUX MOTYT CIIYXHUTh
3(pPeKTUBHON OCHOBOHM AJi1 MPOU3BOACTBA (DYHKIIMOHAIBHBIX IMPOAYKTOB, KOTOpBIE,
KaK H3BECTHO, IPHU3BaHbl NOIIEPKUBAaTh U KOPPEKTUPOBATH 3J0POBBE YEJIOBEKA.
OnHMM W3 OCHOBHBIX TpeOOBaHMU K COBPEMEHHBIM TEXHOJIOTHSAM  SIBISIETCS
pacliupeHre acCOpTUMEHTa 3a CYeT CO3JAaHHMsi KOMOWHUPOBAaHHBIX MPOAYKTOB CO
cOalaHCUPOBAaHHBIM COCTABOM NUIIEBBIX U OHMOJIOIMYECKH AKTUBHBIX BellecTB. B
CBSI3M C Je(PUIIMTOM B pallMOHAX PACTUTEIBHOTO M YKMBOTHOTO O€NKa, BUTAMUHOB,
HEOJIAaronpusATHON 3KOJIOTHYECKOM 00CTaHOBKOM, BBICOKOM YMCTBEHHOW M (pU3HUECKON
Harpy3koi, a TakXe HEOOXOIMMOCTHIO PAlMOHAIBHO WU TOJHOCTBIO HMCIOJb30BaTh
HEBOCTpeOOBAHHbBIE pecypchl Oeflka BO3HMKAET 3ajJada IMPOU3BOACTBA IMPOAYKTOB C
BBICOKOM OMOJIOTMYECKOW 1IEHHOCTBHIO Ha OCHOBE Ka3aXCKUX KHUCIO-MOJIOYHBIX OJIOA U
MOJIU(UIIMPOBAHHBIX HALIMOHAJIBHBIX CIIOCOOOB MPOU3BOACTBA [5; 6].

[Tpennoceuikamu 1111 padOThI HaJ MPOEKTOM HMOCITYXWJIM OTCYTCTBHE YETKOU
KOHLIENIIMM OpraHW3allMd paldoOHa IWTAaHMS JIML 3aHUMAOIIHUXCS yCWICHHOMU
¢uznueckoi nmoaroroBkoil. Hamu paspaboraHHble, 3al1aTeHTOBAHHbIE, OOOTraIllCHHBIE,
KHCJIO-MOJIOYHBIE MPOAYKTHI U3 CMECH €CTECTBEHHBIX HYTPHUEHTOB C J00aBajeHUEM
HaTypaJbHbIX OHOJOTMYECKH AKTHUBHBIX BEILECTB, MPEJIaraéM HCIOJIb30BaTh s
COJIAaHCUPOBAaHUsl palMOHA MHUTAHUS PACTYIIEr0o OpraHu3sMa M JIML, YCHJIEHHOH
¢u3nyeckoll MOArOTOBKH. DTH OpPUTHHAJIbHBIE PELENTypbl MUTaHMs, 00JaJaioT IO
CBOEMY COCTaBY IOBBIIIEHHON OMOJI0rnueckoil neHHocThio. [IpuponHo oboramieHHbIe
KHCJIO-MOJIOUHbIE OJtofa, obecrevar UL, YCHWJICHHOW (PU3MYECKOM MMOATOTOBKOM,
JErKO YTWIM3UPYIOIIMMCA HCTOYHHUKOM O€liKa, OCHOBHBIMHU HYTPHUEHTAMH, a
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oOoraiieHue pacTUTEIbHBIMM KOMIIOHEHTaMH — OHOJIOTMYECKH  aKTUBHBIMU
BeniecTBamu [3; 4; 6].

B crarbe nmaHbl pe3ynbTarhl UCCIAEAOBAHUN MO PECIYOIIMKAHCKOMY IPOECKTY:
«OnTuMu3anus OpraHu3Ma CIIOPTCMEHA MOCPECTBOM  OOOTAIEHHBIX Ka3aXCKUX
HAIMOHAJIBHBIX KUCJIOMOJIOYHBIX OJIOJ] B 3aBHCHUMOCTH OT KBalu(UKalMU U BUIA
cioptay NeQ118PKM0617, YK 796.035:613.2:015; (pykoBoauTelb MpPOEKTa —
Hyan6exona I'.b.).

ens w 3amaun. OOOCHOBaHME COCTaBa pa3padOTAHHOW pPEUENTyphl IS
MPUMEHEHUS B Ka4eCTBE (DyHKIIMOHATLHOTO MUTAHUSI.

Hayuynass HOBU3HA M 3HAYUMOCTH palOOTHL. BriepBbie Ka3axCkuil CyHICHHBIN
KHUCJIO-MOJIOYHBIN SITOAHBIM MPOAYKT aJanTUpPyeTCs Kak (DyHKIIMOHAJIbHOE MUTaHHE
CIIOPTMBHOTO  Ha3HauyeHMs. BnepBple CYIIEHHBIM  KUCJIOMOJIOYHBIA  MPOXYKT
o0oramarwTcsi pacTUTETLHBIMU  KOMIIOHEHTaMHu (ceMeHa pacteHus «TbhIkBa
OObIKHOBEHHas»). BrepBrie B crmocobe MpoM3BOJICTBA CYMIEHHBIX KHCIO-MOJIOYHBIX
MPOAYKTOB UCTIONB3YETCs 3aKBaCKa — aCKOPOMHOBAsE KUCJIOTA.

CylIeHHBI  KUCIOMOJIOYHO — CEMEHHOM TMpPOAYKT «ACKaOKypT» —
AKOJIOTMYECKHUI OC30ITaCHBIN, ¢ BHICOKOM MUTATEILHON U SHEPIeTHICCKON IEHHOCTBIO,
C BBICOKHMH JIe4eOHO-IPODUIAKTUYECKUMU U TMOTPEOUTENHCKUMHU CBOMCTBAMU
(ITarent PK).

XapakTepUCTUKa KOHEYHOro mnpoaykra. Mcmonp30BaHME B CYLIEHHBIX
KHCJIOMOJIOYHBIX MPOAYKTax MPUPOJHO OOOTAIICHHBIX OWOJIOTUYECKH AKTUBHBIMU
BEILIECTBAMH B HEM3MEHEHHOM BHUJIE PACTUTEIIbHBIX KOMIIOHEHTOB B BHU/IE MOBBIIIAET
MATATEIbHYI0 LEHHOCTh KOHEYHOIO MPOAYKTA 3a CUET COJAEpKaHUsA HYTPUEHTOB,
BUTAMUHOB, MHKPOAIJIEMEHTOB. OJTO IO3BOJIMT CYIIEHBIA KHCIOMOJIOYHO-CEMEHHOM
MPOIYKT «ACKaOKYpT» PEKOMEHA0BATh JJIs1 ONTUMHU3AIMU YMCTBEHHOU U (PU3MUECKOM
paboTOCIIOCOOHOCTH B KAueCTBE CIEIUATU3UPOBAHHOTO TPOAYKTAa H JETCKOTO
MATAHUS.

[IpenmyniecrBamMu CYLLIEHHOIO KHCJIOMOJIOYHO-CEMEHHOIO IIPOAYKTa
«ACKaOKypT» SIBJISIFOTCS: BBICOKHE BKYCOBBIE Ka4eCTBA (HATYypabHBIN MOJIOYHBIN BKYC
U BKyC ceMmsiH pacteHusi «TbikBa OOBIKHOBEHHas»), BBICOKHE TMHTAaTelIbHAasi H
DHEpreTudecKkas IEHHOCTh, COAJaHCHPOBAHHOCTh (HAIMYME BCE OCHOBHBIX
HYTPUEHTOB), OTCYTCTBUE NPOTHUBOINOKA3aHWM, JJIMTEIBHOCTh XpaHEHHS 10 6
MECAIIEB, MPOCTOTA IPOU3BOJICTBA, JIETKOCTh TPAHCIIOPTUPOBKHU.

CylE€HHBIA KHCIIOMOJIOYHO-CEMSIHOM MTPOAYKT «ACKaOKypT», M3TOTOBJICHHBIN
10 HHHOBAIIMOHHOMY CII0COOY TPOU3BOJCTBA COAEPKUT [7]:

1. XKupbl, B TOM 4YHCIE KUPHBIE KHUCIOTHl (OJICMHOBAs, JIMHOJEHOBAS,
NMajJbMUTUHOBAs, CTEAPUHOBAS);

2. benku, B TOM 4UCJIE PACTUTENBHBIE;

3. YmeBoabl, B TOM YHCIJIE PACTUTEIIBHBIE;

4. I'pynnbl BATAMUHOB: KapoTuH, «B», «Cy», «PPy»;

5. MUKpO3IEMEHTBI — MO/T, ME/b, LIUHK, KEJIE30, XJIOP, HATPUM;

6. buonornyecku akTuBHBIE BemiecTBa (purocTepuHbl — KyKypouTon C,7Hy60,
okcuueporuHoBast kuciora CrsHs;O3 aMMHOKHCI0TA — KYKypOUTHH).
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B or1oil cBSI3M, MO CBOMM OPraHoOJENTHYECKUM U (U3UKO-XMMUYECKUM
CBOMCTBAM CYIIEHHOTO KHCJIOMOJIOUHO-CEMSTHOTO MPOAYKTa «ACKaOKypT» OTBeuYaeT
NpEeNbsABIAEMbIM TpPEOOBaHMSIM K HpOAyKTamM Takoro kimacca. CoyeraHue
OTEUECTBEHHBIX [ICIIEBBIX COCTABHBIX YacTE€d MPOAYKTa — MOJIOYHOTO CHIpb U
CYLIEHHBIX CeMsAH pacTeHUs «TbIkBa OOBIKHOBEHHas», MPOCTOTAa MPOU3BOJCTBA M
JOCTYIHOCTh MO LI€HE TOTOBOTO MPOAYKTAa MO3BOJSET PEKOMEHIOBATh MPOU3BOIUTH
CYIIEHHOTO KHCJIOMOJIOUHO-CEMSIHOTO MPOAYKTa «ACKaOKypT» B MPOMBIIUICHHOM
MaciTabe B KaueCcTBe (PyHKIIMOHATLHOTO, CIIOPTUBHOTO JIETCKOTO TUTAHUS.

Croco6 mpou3BOACTBA CYIMIEHHOTO KHUCIOMOJOYHO-CEMSIHOTO  IMPOIYKTa
«ACKaOKypT» SBJISIETCS WHHOBAIMOHHBIM. 1. BmepBele B KkadecTBe 3aKBacCKH JJis
MOJIYYEHHUS KUCIIOMOJIOUHOTO ChIPhs UCTIOJIb3YETCsl aCKOPOMHOBAsSI KMCJIOTA, BIIEPBLIE B
Ka4eCTBE PACTUTEIHHOIO KOMIIOHEHTA HCIOJIb3YeTCSl CYLIEHHBIE CEMEHAa PacCTEHUs
«TrikBa  OObIKHOBeHHas». 2. [IpuCyTCTBYIOT BC€ OCHOBHBIE HYTPHUEHTHI
cOaJIaHCUPOBaHbI U BIEPBBIC TaHHBIN MPOAYKT MPEAHA3HAUYCH I (PYHKIIMOHAIBHOTO,
CIIOPTUBHOTO, JETCKOTO muTaHus. 3. KucioMoaouHo-ceMssHOM MPOAYKT «ACKaOKypT»
MMEET B CBOEM COCTABE KOMIIOHEHTBHI B CJEAYIOUIEM COOTHOIIEHHMM Macc. %o:
Kucnomonounoe ceippe — 87,5; cemena pactenust « TrikBa oObikHOBeHHaAs» — 9; Conb
MUIIEBAst MapKu «DKcTpa» — 3,5;

Takum oOpa3zoM, pa3paOOTaHHBIA COCTaB CIEHHATU3UPOBAHHOTO MUTAHUS J1aCT
BO3MOXXHOCTh  TOSIBJICHHIO  HOBOTO,  OTEUECTBEHHOIO,  COAJIAHCUPOBAHOTO,
O0OOTaIlIEHHOTO PACTUTEIbHBIM KOMIIOHEHTOM, OPUTHHAJIBHOTO 110 BKYCOBBIM
KadecTBaM, 0€30mMacHOe JIJIsl 370POBbsS (PYHKIIMOHATLHOE MUTAHUE JUIsI CTIOPTCMEHOB
BCEX BO3PACTHBIX IPYIIIL
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