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THE IMPLEMENTATION OF QR CODES IN AN
IDENTIFICATION SYSTEM FOR THE STUDENTS
OF NCD (NATIONAL CENTER FOR THE
DISTINGUISHED)

Tamer Emad, Hayan Shkair, Lamees Ali, Aws Shrebah
Grade 11, National Center for the Distinguished (NCD),
Distinction and Creativity Agency, Latakia, Syria

Scientific advisor: Dr. Mothanna Alkubeily, National Center for the Distinguished,
Assistant Professor at Tishreen University, Syria.

Everyday there is a check for students’ attendance in almost any school. In the
NCD, which is a boarding school, there is a need for a fast way to check the
attendance of students, count the number of meals served in the canteen, and view
the students currently staying in the dormitory, etc.

In order to solve this problem, we create an identification system. This system
uses a fast way to encode the student information (Name, Class, Section, number...)
in a compact module that can be decoded easily by any device in the NCD, so it can
present the student's information in a simple form. One of the best coding
algorithms for this problem is QR Codes, which has a big compression ratio and a
very good error correction algorithm.,

The goal of this research is to create a program which:

e Encoding the student’s information in a QR Code and saves it as an image.
e Decoding any student’s QR Code and successfully retrieve all of his/her
information.

The results of this research are:

e Searching and learning about QR Codes and how to encode/decode them.
e Exploring the different error correction algorithms.
e Creating a program that is able to encode and decode QR codes.
Bibliography:
1. Yue Liu, and Mingjun Liu, «Automatic Recognition Algorithm of Quick
Response Code Based on Embedded Systemy. Sixth International Conference
on Intelligent Systems Design and Applications, IEEE 2006.

2. ISO/IEC 18004:2015, Information technology — Automatic identification

and data capture techniques — QR Code bar code symbology specification.

3. A. Ramsden, «The use of QR codes in Education: a getting started guide for
academicsy». Working Paper. University of Bath, Bath, U. K. 2008.


https://ieeexplore.ieee.org/xpl/mostRecentIssue.jsp?punumber=4021381
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STUDYING THE EFFECTS OF DIFFERENT
DESIGNS OF A HYDRAULIC ELASTOMER
ACTUATOR

Aya Sadek, Aya Haji, Lamees Ali,
Ammar Faiad, Majd Ibrahim, Maya Sabbouh
Grade 11, National Center for the Distinguished (NCD),
Distinction and Creativity Agency, Latakia, Syria

Scientific advisor: Dr. Mothanna Alkubeily, National Center for the Distinguished,
Assistant Professor at Tishreen University, Syria.

Recently, interest in soft robots has increased due to its unique characteristics like
flexibility, ability to adapt with the environment to accomplish hard missions, etc.

This research aims to study how the design and use materials of an elastomer
actuator (an example of soft robots) effects on its main characteristics which are
forces generated by the actuator and maximum bending angles by modeling and
simulation. The focus of this study is on actuators driven by a constant pressure
hydraulic supply, therefor we present a detailed explanation of the control method
and the mathematical model of the three types of actuators (cuboid with 6 rooms,
cylindrical shape with one room and semi-cylindrical shape with one room).

We also present the design of the different studied models using SolidWorks and
simulation results in the Abaqus environment which was the main base to make the
comparison between the different models.

Bibliography:

1. Maxime Thieffry, Alexandre Kruszewski, Olivier Goury, Thierry-Marie
Guerra, and Christian Duriez. «Dynamic Control of Soft Robotsy. IFAC
World Congress, Jul 2017, Toulouse, France.

2. Daniela Rus, and T. Tolley Michael. «Design, Fabrication and Control of
Soft Robots». Nature 521, no. 7553: 467-475. May 27, 2015.

3. Pinar Boyraz , Gundula Runge , and Annika Raatz. «An Overview of Novel
Actuators for Soft Robotics», actuators, vol. 7, Issue. 3, 2018.



RECOGNITION LICENSES PLATES USING
ARTIFICIAL NEURAL NETWORKS

Alhadi Zidan
Grade 11, National Center for the Distinguished (NCD),
Distinction and Creativity Agency, Latakia, Syria

Scientific advisor: Dr. Mothanna Alkubeily, National Center for the Distinguished,
Assistant Professor at Tishreen University, Syria.

In our daily life traffic laws are being broken everywhere and every time.
Unfortunately, the number of traffic tickets is increasing, but sometimes it isn’t able
to write down the traffic ticket.

In this paper, we discussed the ability to recognize a car from its license plate
using a camera. To do this, we used image processing using two artificial neural
networks-ANN, one for recognizing the car numbers, and the second for the
registered city. The two ANNSs are of type Multilayer Perceptron Networks (MLP)
with supervised training method.

We used MATLAB to create and train our networks. For the learning procedure,
we took a large number of car plates pictures as a training set which gave an
acceptable narrow error values of the recognition. So we got a quite high level of
accuracy which can be a first step of decreasing the traffic tickets.

Bibliography:

1. Raffaele Parisi, Elio D. Di Claudio, G. Lucarelli and G. Orlandi, «Car plate
recognition by neural networks and image processing». Proceedings of the
1998 IEEE International Symposium on Circuits and Systems, ISCAS '98,
Volume: 3.

2. Anand Sumatilal Jain and Jayshree M. Kundargi, «Automatic Number Plate
Recognition Using Artificial Neural Networky, International Research
Journal of Engineering and Technology (IRJET) 2(4):1072-1078, July-2015.

3. Ibrahim Tiirkyilmaz and Kirami Kacgan, «License Plate Recognition System
Using Artificial Neural Networks», ETRI Journal Vol. 39, Issue. 2, April
2017.

4. K.Venkata Reddy, D.Rajeswara Rao, U.Ankaiah, K.Rajesh, «Handwritten
Character and Digit Recognition Using Artifical Neural Networks»
International Journal of Advanced Research in Computer Science and
Software Engineering, Volume 3, Issue 4, April 2013.


https://www.researchgate.net/profile/Raffaele_Parisi
https://www.researchgate.net/profile/Elio_Di_Claudio
https://www.researchgate.net/scientific-contributions/2038638410_G_Lucarelli
https://www.researchgate.net/profile/G_Orlandi
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=T%C3%BCrky%C4%B1lmaz%2C+%C4%B0brahim
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Ka%C3%A7an%2C+Kirami

RESOURCES ALLOCATION FOR ELECTRIC
VEHICLE CHARGING STATIONS

Ng Ka Chon, Tao Chong, Lai Chak lan
Grade 10/11, Pui Ching Middle School, Macau SAR, China

Teacher Advisor: lan Wu and Venus Chiang, Master’s Degree in Mathematics

The purpose of this paper is to find out the location selection for EV charging
stations and the best time-of-use pricing. We are also required to analyze the
problems during the construction of EV charging stations and come up with
some effective solutions.

In order to solve the first question, we use a model to select locations for
different levels of EV charging stations and we create a program using recursion
to minimize the charging cost for EV users after trying several data sets to figure
out the best answer.

For the second question, we create a model to indicate the different charging
pricing for stations of fast charging mode and with rechargeable power batteries.
We also use six different equations and tables to calculate the charge per minute
of the four levels of stations with two kinds of vehicles using it.

Finally, for the third question, we analyze the problems which deeply impede the
application and the construction of EV charging stations. We refer to various
websites and find out some effective ways to solve the problems.
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_PABPABOTKA CUCTEMbI OIH®POBKHA
TPEXMEPHbLIX OBBEKTOB I10 BUJIEOIIOTOKY
N JATYUKAM ITOJTIOKEHUA KAMEPDI.

Magnaxos Imutpuii AnarojabeBud, [lapycos Biaagumup AJiekceeBuy,
IIpoxonenko Kupuina JImurpueBud, BopoTHukoB AHapeii AjlekceeBuY,
KoaykoB Asekcanap Baagumuposuy, XoasasuH Hukosaii AHapeeBn4
10-11 knacc, 'BOY «Canxm-Ilemepbypeckuii 2ybepuamopckuti puzuxo-
mamemamuyecxkutl auyei Ne 30y, e. Cankm-Ilemepoype

Hayunslif pykoBouTENb: MIpenogaBaTesib HHGOPMATUKUA U IPOTPaMMUPOBAHUS
¢dusnko-matemarnueckoro yuies Ne 30, pyKoBOAUTENTH TPYIIIIBI KOMITBIOTEPHOM
rpaduku, 3am. qupekropa o UT, B.A. lNanunckuit

[lepen aBTOpamu OblIa MOCTABJIEHA 33/aya MO CO3JAHUIO0 CUCTEMbI OLIM(PPOBKU
TpEXMEPHBIX O0BEKTOB. JlaHHas mpoOiema Ha TEKyIIMH MOMEHT pEIIaeTCs IMpH
HOMOIIM MPO(ECCHOHABHBIX JOPOrOCTOSIIIUX CKAaHEPOB, TOATOMY Ba)KHOM 4epTOit
CUCTEMBl JOJDKHA SIBISATHCS OOILIEAOCTYNHOCTh CPEJICTB IOJTYYEHHsS] BXOJHBIX
naHHbpIX. CucTema JO0JDKHA TPHAHTYJIMPOBAaTH U TEKCTYpUPOBaTh OOJAKO TOYEK,
ABJISIIOLIEECS PE3YIbTATOM padOTHl aJrOpUTMa aHAIU3a MOTYYAaEMBbIX TAaHHBIX, JJIS
00paboTKM JaHHBIX HAa DBM npu moMoum COBPEMEHHBIX PEIaKTOPOB TPEXMEPHBIX
monenent. Takum oOpa3om, 3a1aya COCTOUT B TOM, UTOOBI CUCTEMA MOTJIA MOJTYYHUTh
JaHHBIE 00 OOBEKTE, KOTOPhIE MOXKET COOpaTh COBPEMEHHBINH TenedoH (TaKUMH
JaHHBIMU aBTOPHI CUUTAIOT JaHHBIE BHJEOKAaMEpbl, TMPOCKOINA, MarHUTOMETpa M
aKceJepoMeTpa), U CO37aThb TEKCTypUPOBAHHYIO MOJENIb OOBEKTa, KOTOPYIO
coxpassiia Obl B (paitn oOuienpunsaToro gpopmara.

J7is momydeHusl BXOJHBIX JaHHBIX ucnoib3yeTcss Android mpunosxenue. JlanHbie
oOpaOateiBatoTcsi 1o anroputmy Large-Scale Direct Monocular Simultaneous
Localization and Mapping, KoTopbIii BBIYHCIAECT 00JaKO TOYEK oObekTa. JlaHHOE
00J1aK0 TOYEK HCIIOJIb3YETCS JUIsl CO3AaHUs MPEACTABICHUS TaHHOTO OOBEKTa Yepes
TPEYTOJAbHUKU TPU TOMOIIM aJIrOpUTMa CerMeHTauuu. J[is TekcTypupoBaHHs
MOJIyYUeHHOM MOJENTM HCIOJIBb3YeTCs  pa3padOTaHHBIM aBTOpaMU  AJTOPUTM
HAJIO)KCHUS TEKCTYPHBIX KOOPAMHAT.

B pesynabraTte mnpoBenéHHOM paOOThl aBTOpaMu Oblla cO3JaHa CHCTEMA,
BBIMIOJIHAIONIAS] BCE TMOCTaBleHHble 3aaaud. CpeiacTBaMU TMOJIYYEHHS JIaHHBIX
apisieTrcs:i  oObuHbIE  Android cmaptdon. CucremMa TO3BOJISET MOJMYYUTH
TEKCTypUPOBAaHHYIO TpEXMepHyro Mmojenb B (opmare OBJ, moanepxxuBaeMom
OOJBIITMTHCTBOM TPEXMEPHBIX TpaUuecKrX peaaKTOPOB.

B pesynpraTe mnponenaHHOW paboThl aBTOpaMH ObLI peajr30BaH MPOEKT,
MO3BOJISIIOLIMN  CO3/1aBaTh TPEXMEPHYIO MOJENb MOMEIIEHUH, KOTOpass MOXKET
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HUCIIOJB30BATLCA, HAIIPHUMCD, I IUIAHUPOBAHHUA PACIIOJIOKCHUA MeOeIn WIH

BOCCTAHOBJICHUA J'IaHI[H_IaCbTOB. Ha I[aHHblﬁ MOMCHT CHUCTCMa HCIIOJIB3YCT TOJIBKO

JaHHbIE BUJCOMOTOKA, HO aBTOPAaMHU IUIAHUPYETCS YUUTBHIBAThH IS OLU(PPOBKH H

JAaHHBIC TATIYMKOB TenedoHa.

Cnucox 1umepamypol:

1.

https://developer.android.com

2. https:/Ivision.in.tum.de/research/vslam/Isdslam
3.
4

. Clifford, A. A. «Multivariate error analysis : a handbook of error propagation

http://ethaneade.com/lie_groups.pdf

and calculation in many-parameter systems». New York, John Wiley & Sons,
1973.

Glover, A., Maddern, W., Warren, M., Stephanie, R., Milford, M., Wyeth, G.
«OpenFABMAP: an open source toolbox for appearance-based loop closure
detection.» In: Intl. Conf. on Robotics and Automation (ICRA). pp. 4730—
4735 (2012).

Mark de Berg, Otfried Cheong, Marc van Kreveld, Mark Overmars.
«Computation geometry: Algorithms and Applications», 3rd edition.
Springer-Verlag, Berlin, 2010.

A. T'yadbemnoy, U. benmxkuo, A.KypBuib. «I'mybokoe oOydeHue» / mep. ¢
anri. A.A. Couakuna. M.:JIMK Ilpecc, 2017.

T. Rabbani, F. A. van den Heuvel, G. Vosselman. «Segmentation of point
clouds wusing smoothness constraint», International Archives of
Photogrammetry, Remote Sensing and Spatial Information Sciences -
Commission V' Symposium «Image Engineering and Vision Metrology»,
Dresden, 2006.

Asdrubal Lopez Chau, Xiaoou Li, Wen Yu. «Large data sets classification
using convex—concave hulland support vector machine». Springer-Verlag
Berlin Heidelberg 2012.

10.https://www.fileformat.info/format/wavefrontobj/egff.htm
11.Cemnepc I'. «Vulkan. PykoBomctBo paspabortuukay» / mep. ¢ aHria. A.B.

bopeckoa. M.:/IMK Ilpecc, 2017.
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UHTEJJJIEKTYAJIBHAS CUCTEMA CBOPA 1N
COPTUPOBKH UCITOJIB30BAHHOM TAPBI
«MASTER BIN»

I'naguukoB Tumogeit EquceeBuy
8 knace, I'BOY Llkona Ne 1532, e. Mockea

Hayunsle pykoBoauTenu:
yuutenb napopmatuku ['BOY [lkona Nel1532 P.A. CBupuH,
yuutens aHrmiickoro s3bika ['bOY Ilkoma Nel1532 K.B. ['magnukoBa

Ha Texyiuiit MOMEHT B MUpE CYIIECTBYET TPU OCHOBHBIX CIIOCOOa U30aBJICHUS OT
MYCOPHBIX OTXOJIOB: 3aXOPOHEHHE Ha MYCOPHBIX IIOJIMTOHAX, CHXXUTAHHE Ha
MYCOpPOCKUTaTeIbHBIX 3aBOJAaX M IepepaboTka Ha MycopoliepepadaTbIBarOIIMX
3aBojax. CaMbIM OJaronpusTHBIM JJI SKOJOTUU M OKPYKAlOUEH Cpebl SABISETCS
nepepabotka. CopTUpoBKa Mycopa U OBITOBBIX OTXOJOB MOXKET IOMOYb
CYLIECTBEHHO C3KOHOMHTH Ha BBIBO3€ Mycopa. brarogapss CBOEBpPEMEHHOM
COPTHUPOBKE Mycopa, MOTpEeOUTENb HKOHOMUT CpEICTBA Ha JalbHEUIIYIO
nepepaboTKy UM BBIBO3 U XpaHEHUE MyCOpa Ha CBAJIKE.

BeTynuTh B psAibl 3aIUTHUKOB OKPY’KAIOIIEH cpelipl 04eHb IpocTo. [1loaTomy MBI
NpUAYMaIU «yMHYIO» KOp3uHy «Master Bin» 1 BBenu 3a cady Tapbl CUCTEMY IKO-
O0oHycoB. Kop3nHa He TOJIBKO CaMOCTOATENBHO ONpEENsieT MaTepua, U3 KOTOPOro
CeJlaHa Tapa, HO M MOJCYUTHIBAET KOJMYECTBO Tapbl B OTCEKax, IepenaBas ATy
uH(GOPMAITUIO HA CEPBED.

[enb naHHOM pabOTHI - OPraHMU30BATh B ILIKOJIE CUCTEMY aBTOMAaTHYECKOTO coopa
U COPTUPOBKH Taphl, KOTOpas B JajbHeHIIeM OyeT OTIpaBIsATLCS Ha NepepaboTKy.
JUis nOCTHKEHUSI 3TOM LieaH ObUTM PELICHBI CIETYIOIINE 3aJaun:

1. UccnenoBanrie MUPOBOTO U OTEUYECTBEHHOI'O OIbITa B BOMPOCAX aBTOMAaTU3alUU

Y COPTUPOBKHU TapHhl.

2. Pa3paboTka nmpoToTUIIa YCTPOUCTBA, KOTOPOE aBTOMATUUYECKH OIPEACIISIET COCTAB

Tapbl U IPOU3BOJUT €€ COPTUPOBKY.

3. Pa3zpaboTka cereBoro pexuma, B KOTOPOM YIIpaBJICHHUE TMpoIleccaMu OyaeT
pean30BaHO Ha cepBepe:

a. Opranuzanus Ha cepBepe aJIropuTMa MalIMHHOTO OO0Y4YEHUS, MO3BOJISIOIIETO

o Ha0Opy MPU3HAKOB OIMPEACIUTh BUJI TAPbl C HAMMEHBIIIUM YUCJIOM OIIHUOOK.

b. Peanuszarusi anropurMa MAaIIMHHOTO OOYYeHHsS W OOMEHA JaHHBIMH C

KJIUEHTOM.
4. Peanuzanus  ynpasieHuss mnpoueccaMu ¢ nomompio  RFID-mMomyns ¢

HCIIOJIb30BAaHUEM KapThl IPOXO-NTUTAHUE, COXPAHEHHUE JIaHHBIX HA CEPBEP.

5. TectupoBaHue U OTIAJKa CUCTEMBI.
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PA3ZPABOTKA UT'POBOI'O ITPUJIOXKEHUA
AJIs1 OC ANDROID C UCITOJIBb3OBAHUEM
A3BIKOB
INPOIT'PAMMMUPOBAHUA JAVA U KOTLIN

Kupcanos I'puropuii PomanoBuy4
10 knacc, 'BOY COL Ne2, n.e.m. Yemo-Kunenvckuu, Camapckas obnacms

Hayunsblii pykoBoauTens: yuurenab nHpopmatuku ['BOY COLI Ne2
E.K. IIarpimmna

Tema nanHoO¥ pabOTHI cOnMpsbKEeHA ¢ MPUOPUTETHBIMU HAIIPABICHUSIMH Pa3BUTHUS
HayKd, TexHoJorud u TexHuku Camapckodl oOnactu (uH(pOpMaIMOHHbIE
TEXHOJIOTMM M DJJeKTpoHuWka) u Poccuiickoit ®enepanuu (HaHO-, OHO-,
WH(GOPMAIIMOHHBIE, KOTHUTUBHBIC TEXHOJIOTHH).

[lenbto pabotbl siBnsieTcss co3gaHue RPG urpel ¢ HCNONb30BaHUEM SI3BIKOB
nporpammupoBanus Java u Kotlin g OC Android 6e3 ucnonb30BaHusl CTOPOHHUX
OuOINOTEK.

Jns  pa3paboTKM  HCCIEeNoBalach BO3MOXKHOCTh — pEeaM3ald  UTPOBOTO
npuioxenus noj Android ¢ KMcnonb30BaHUEM SI3BIKOB MPOTPaMMHUpOBaHUs Java u
Kotlin 6e3 croponnux Oubnuorek. IlpeumymecrBom Kotlin sBisercss monnas
COBMECTUMOCTh ¢ Java, B TOM uucie u oOparHad. Kotlin mo3Bosser nucartb
IPOrpaMMBbl ¢ MEHBIIUM KOJIMYECTBOM KOJ1a M UIMEET 0oJiee yA0OHbIH CHHTAKCHUC.

B pabote OblTM paccMOTpeHBI OCHOBBI MOOWJIBHOW pa3pabOTKU: OT BBIOOpA
A3BIKOB U MJIATGOPMBI 10 Co3AaHus. 1 MonyyeHusl yHUKaJIbHOTO IU3aiiHa repoes,
OBLTM  CaMOCTOATENLHO M3TOTOBJIEHB (PUTYPKHM U3 IUIACTWIMHA, QoTorpadun
KOTOpbIX 00paboTaHbl B MpuioxeHuu Prisma ¢ ucnonb3zoBanueM ¢uiibtpa Comic.
CrpoekTrpoBaHa MaTeMaTHUeCKass MOJIeib, HA OCHOBE KOTOpOH Oblia pa3zpaboTaHa
cOamaHCHMpOBaHHAs CHCTEMa WIPOBBIX KIACCOB, a TAaKXKe MEpapXuyeckas CHUCTeMa
KiaccoB dddekToB. OOHUM U3 CIOKHEHIIMX ATanmoB pabOThl OBLIO CO3JIaHHUC
aganTuBHOTO ToBeneHus Al 60Ta, KOTOPBIN cpaxaeTcsi ¢ urpokom. Hampumep: npu
MCIOJIb30BaHUU HUTPOKOM CIIOCOOHOCTH Ha YBEJIWYEHHE YPOHA, OOT HCHOJb3YyeT
CIIOCOOHOCTH  KOHTpPOJsi  (OrjiyiieHue, OTpaKeHHWEe U MOJYaHHWe), TpH
MCTIOJIb30BaHUHN UTPOKOM OTpakeHus Al mepecTaHeT HAHOCUTH YpOoH. {71 KaKaoro
NEepPCOHaXKa peann3oBaHO 5 crocoOHocTel. s XpaHeHuss mapaMeTpoB KaxkIou
crocoOHoCTH ucnoib3dyeTrcs kiaacc Spell. CriocoOHOCTH aKTUBUPYIOT pa3iinyHbIE
s dextel. IMenno Ha 3ddexTax cTpouTcs jJoruka 00s. 3BYKOBOH KOMMEHTATOP
aKLUEHTUPYET BHUMAHHUE HA KIIOYEBBIX MOMEHTAaX UTPHI.

Ucnone3ys s3biku nporpammupoBanus Java u Kotlin B8 Android Studio, Gsuio
co3maHo wurpooe mpuioxkenue «lepom 3aBoeBaHu» 0€3 HCIOIb30BAHMS
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CTOpPOHHHX OnOIMoTeK. J[aHHOE MPUIIOKEHNE TIO3BOJISIET PA3BUBATH JIMYHOCTH Yepes3
UTPOBYIO JCSITEIHHOCTH, CIIOCOOCTBYET Pa3BUTHIO HABBIKA YIPABICHHS PECYpCaMu
Y CHIKACT YPOBEHb arpecCuu.

[Tonmy4yeHHble pe3ybTaThl HWCHOJIB3YIOTCS B paboTe MpeanpusTus, B cdepe
yIpaBJICHUS TEPCOHAIOM, W Ha YpOKaxX BHEYpPOUHOU naesrenpbHocTH «Co3maHue
MOOHMIIPHOTO TIPHIIOKEHUSD).

[Ipunoxkenne  MoxkHO  ckadatb B Google  Play mo  cchuike
https://play.google.com/store/apps/details?id=com.thekingames.hoc&hl=ru WIH
HalTU 1O Ha3BaHUIO — «I'epon 3aBoeBaHUII.

HPUJTOXKEHUE U151 39@PEKTUBHOI'O
B3AMUMOJIENUCTBUA COTPYAHUKOB
B PABOYEM KOJIJVIEKTHUBE

Kocenko Amurtpuii IlaBioBuy
11 knacc, MOY nuyeti No2, 2. Borneozpao

B coBpeMeHHOM Mupe MNpPOW3BOACTBA TOBApPOB W YCIYT MPOU3BOJUTEIBLHOCTH
Tpy/Jla BIUSET HA KOHKYPEHTOCTIOCOOHOCTh MPEANPUSTHS U BHICTYHAeT HA MEPBBI
wiad. Pa3paboTanHoe MpuIoKEHHE MO3BOJISET YBEIUYUBATH MPOU3BOIUTEIHHOCTD
TpyJa Ha MPEANPUSTHU 3a cueT reiimudukanuu padodero mporecca (BHECEHUE B
pabouuii mporiecc DJIEMEHTOB WIPhl, B pe3yJbTaTe€ 4Yero IOBBIIIACTCS
BOBJICUCHHOCTD B PEILICHUE MPUKIIATHBIX 3a7a4).

CymiecTByOIIME aHAJOTU JTAHHOTO TMPUIIOKEHUS HE HUMEIOT IIUPOKOTO
BHeJIpeHusl B cepy, MpecieaytoT JIOKaIbHbIC 1eH (pa3paboTaHbl MHIAWBUAYAIBHO),
a TaKXke He MOryT ObITb MOAM(MUUMPOBAHBI M PACIIMPEHBI MO IOJIb30BATEIEH.
Ilens wmoeit pabOTHI — TOBBICHTH MNPOU3BOJUTEIBHOCTh TpyJda Ha OOJBIIOM
PEANPUATHAN, YUUTHIBAsE 0COOCHHOCTH TICUXOTHUIIOB JTIOJICH.

Pa3paboTka mpuioxkeHusi MPOBOJUIACH C TOMOIIBIO CIEAYIONIUX TEXHOJIOTHIMA
React.js, MongoDB, Node.js, JavaScript ES6, HTML5, CSS3, SASS, Responsive
Web, Express.js, Mongoose.js, npm packages. Kpome Toro, Obutn pa3paboTaHbI
aJTOPUTMBI B3aUMOJICUCTBUSL C CEPBEPOM U 00pabOTKa 3alpOCOB K HEMY, HalKcaH
uHTepdeiic npuioxkeHus U pazpadboTaHa JIOTHKA B3aUMOICHCTBUSI KOMIIOHEHTOB.

B paspaboranHoM Web-mpunoxxennn peanu3oBaHbl TaOJMIA  JIMICPOB;
BO3MOXXHOCTh PEUTHHTOBON CHUCTEMBI Pa3BUTHUSI pabOUYEro aKKayHTa, IMOJyYCHHE
pealbHOM BBIFOJBI 3a BHYTPUUIPOBBIE JOCTHKEHUS COTPYIHHKA; BO3MOXKHOCTH
HacTpoiiku uHTepdeiica. OTaeabHBIM OJOKOM HJET CTAaTHUCTHKA JOCTHXKCHUMH;
BO3MOXHOCTh JJOOPOBOJIBHOT'O y4acTHsl COTPYJAHUKOB B PEUTUHIOBOM cucteme. Bee
COTPYIHHMKHU UMEIOT JOCTYI K «J10CKe OOBSBIICHUI - opraHaiizepy» (IIOCTaBIECHHBIM
3a/1ayaM); BEJETCSl BHYTPEHHUI pabouuii yar; pabota ¢ mpuioxeHueM (popmupyer
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MPUBBIUKY K €XKEIHEBHOMY KOHTPOJIO CBOWX JOCTHKEHUW W BBIPAOOTKE pHUTMa
KU3HU, IPUBA3AHHOMY K OIPEEICHHOMY TEMITy paOOTHI.

[Ipunoxenne MoOXXeT OBITH HCIOJB30BAHO B JIIOO0OH cdepe UYeTOBEUECKOM
nesTenbHOCTH. B cdepe ycayr m mpousBOJCTBE NMPUMEHEHUE TPHUIIOKEHUS UMEET
HKOHOMHUYECKYIO 3HAYMMOCTh — IMOBBIIIICHUE MPOU3BOIUTEILHOCTH TPY/IA.

Cnucok numepamypui.

1. https://www.udemy.com/the-complete-web-developer-zero-to-mastery/

2. https://medium.com/edwisor/how-to-become-a-front-end-developer-in-2018-
fb675d9dcf45

OBYYEHUE KIIACCUOUKALINHN
N30BPAKEHU B PEAJIbHOM BPEMEHU

KsimreimoBa Anna FOpseBna
10 knacc, Cneyuanuzupo8antulil yueOHO-HAYYHbIL YeHmp (hakyibmem) — wKoia-
unmepuam umenu A.H. Koamoeoposa MI'Y umenu M.B. Jlomonocosa,
2. Mocxkea

Hay4HbIi1 pyKOBOIMTEI: CTYIEHT 4 Kypca MEXaHUKO-MaTeMaTHYECKOTO
daxynerera MI'Y JI.A. Baiiryies
Lenpto pabGoThl sBISETCA CO3JaHUE MPOTrpaMMbl JUIsl  KJIacCHU(PUKALUU

M300paKeHH C BO3MOXXHOCTBIO 3aJlaTh IMPOM3BOJIbHBIE Kiacchl. [lonb3oBaTenb
BPYUYHYIO OTMEYAaeT HECKOJIbKO H300pKEHUM Kak TMPUHAICKAINIME K OIHOMY
KJIacCy, MPU HEOOXOJUMOCTH CO37[aBasi HOBbIE KJIACCHI, 1 HA OCHOBE ATHX JIaHHBIX
NPEICKa3bIBAIOTCS KJIACCHI CAEYIOMIMX N300pakKeHUH.

Pemenue ucnonb3yer transfer learning Ha ocHoBe HelipoHHOM ceTu SqueezeNet, a
takke SVM. ChHauana wu3o0pakeHue o0OpaOaThIBaeTCs HEUPOHHOW CEThIO,
BbIIENsONIEeH ero mpusHaku. C momonpio uHpopmanuu od yxxe 00paboTaHHBIX
n3o0paxkeHusix ctpoutcss SVM, W Ha OCHOBE BBIJICJICHHBIX MPU3HAKOB
ompenensieTcss Kiacc HoBoro u3zoOpaxkeHus. Ilonb3oBaTenb MNOATBEPKAAET
MPaBUJILHOCTh WJIM WCIPABISET BBIOOP, W OTH JaHHBIE WCIOJB3YIOTCS B
nanpHeimeMm. C yBenmuueHuWeM 4ducia o00paboTaHHBIX (oTorpaduii TOYHOCTH
KJaccuukanuy pacTeT.

[Iporpamma Hanucana Ha Python ¢ wucnons3oBanuem Oubnunorek Keras,
Tensorflow u Sklearn. Ha nannublii MOMEHT pa3pa®oTaH MPOTOTHUI MPOTPAMMBI U
croco0 pabotsl ¢ m3oOpaxkeHusiMu. [IporpamMma mporecTupoBaHa Ha Pa3IUMYHBIX
Habopax u3o0paxkeHuit. PazpabateiBaercs rpadudeckuit unrepdeiic st yaoocTra
paboThI C MPOTPAMMOIA.

Cnucok aumepamypbwi’.
1. https://keras.io
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https://www.udemy.com/the-complete-web-developer-zero-to-mastery/
https://medium.com/edwisor/how-to-become-a-front-end-developer-in-2018-fb675d9dcf45
https://medium.com/edwisor/how-to-become-a-front-end-developer-in-2018-fb675d9dcf45
https://keras.io/

2. https://scikit-learn.org/stable/modules/generated/sklearn.svm.SVC.html
3. https://arxiv.org/abs/1712.03541

KOHIENINSA U APXUTEKTYPA CEPBUCA
KOCMUYECKOI'O MOHUTOPHUHT A C/X
MPOU3BOJUTEJIEN

Marwxkosa Exarepuna Biaagumuposna, Measeaes I1érp ImurpueBuny,
IHonos Apremuii BurajabeBuy, Sliiouxknna Mapus KupuiiioBua
11 knace, Ynusepcumemcxkas ecumuasus (wxona-unmepuam) MI'Y, 2. Mockea

Hayunsiit pykoBoaurens: T. B. Opnos, AO PKC, TeppaTex

Lenpro Hameidl pabOThl ABISIETCS pa3padOTKa KOHLENIUU M apXUTEKTYpPBI
cepBUCAa KOCMHMYECKOTO MOHHUTOPHMHIA  CEJIbCKOXO3SIMCTBEHHBIX INOJIEH W
TEXHUYECKasl peau3alus ero padoTsl.

B kauecTBe MCXOAHBIX JaHHBIX JUIs IOCTPOEHUS CepBUCA Opalnch KOCMUYECKHE
CHUMKHM U3 JIByX HCTOYHHMKOB: cmyTHUKM Landsat 8 u Sentinel 2A. Ilepuon
paccMoTpeHust — ¢ amnpens 1mo okTssops 2016-2018 romoB. CHUMKHU CO CIyTHHKA
Sentinel ObulM NpuBenEHBI K YpOBHIO 00paboTKM 2A (arMmocdepHas KOppeKuus
CHUMKOB, I€pecyeT 3HA4eHUl B U3JIy4YeHHE Ha ceHcope), cHUMKM Landsat
MOJIYYEHBI Cpa3y ¢ YpoBHEM 00paboTKH 2A.

Jlanee nnsi CHUMKOB ObUIM MPOBEACHBI: NPUMEHEHHUE MAcKU 00JIaKOB, pacyéT
BereraliioHHbIX  uMHIEekcoB (NDVI, SAVI, TDVI), BweiOOp HauydImero,
KJaccuduKaius mojei mo KyiabTypaM (MalmHHOE 00y4YeHHUE) U TTOCTPOEHUE KapT U
rpagukoB Ha ocHoBe NDVI, koTOpble HarjisgHO NPEACTaBISAIN HH(GOpPMALHIO,
KOTOpasi HeoOxoiuma Jijisa aHaym3a 3(PPEKTUBHOCTH CEILCKOTO X0351UCTRA.

brina ompeneneHa apxuTeKkTypa cepBUca, KOTOpas BKIHOYaeT 0a3y JTaHHBIX
(PostGIS), kaprorpaduueckuii ceppep (Geoserver) U KIMSHTCKYIO 4acThb, front end
(JavaScript).

boun ucnonb3oBaHHBIE JaHHbBIE, TOJyYEHHbIE Ha ydacTke PocToBckoil oOnactu
momanbio 461 Teicsya ra, Ha KOTOPOM IO JTaHHBIM Pocpeectpa 3apeructpupoBaHa
21 TeICSYa MOTNEN.

B pesynprare ObUIM OMNpEACICHb OCHOBHBIE TMOTPEOUTENTU CepBHUCA: OaHKH,
KOTOpbIE BBIJAIOT KPEAUTHl (epMepaM, MHUHUCTEPCTBO CEIBCKOIO XO3SICTBA,
KOTOpO€ BbIAAeT cyocuanu depmepaMm u camu GepMmepbl, KOTOPhIE XOTAT HA4aTh
OpPraHUYECKOE CEJIbCKO-X03AiCTBEHHOE MTPOU3BOCTBO.

OCHOBHBIMU pe3y/bTaTaMu PabOTHI CEpBUCA SBISIOTCS:

® IIPOTrHO3 YPOKAaMHOCTH MoJiel pepMepa, 1 COOTBETCTBEHHO €TI0 NPUOBILIN;
2
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https://scikit-learn.org/stable/modules/generated/sklearn.svm.SVC.html
https://arxiv.org/abs/1712.03541

® BBIJCICHUE XO3SMCTB, MNOAXOAAIIMX TNOJ KPUTEPUHM TMOJYYEHUS] KPEAUTOB,
cyOocuanii ¥ mojeid Ha KOTOPBIX BO3MOKHO BEJICHHE OPTaHUYECKOTIO CEIbCKOTO
XO35IMCTBA.
bouio  mpoBeseHO reoMH(OpPMAIMOHHOE  MOJECIMPOBAHWE JJIS  [POTHO3a
ypOKaltHOCTH TOJIel HAa OCHOBE UMEIOIINXCS AAaHHBIX (YpOXKAWHOCTH B MPOILJIOM U
JTAHHBIX KOCMUYECKON CHEMKH).

Cnucox 1umepamypol:

1. https://cyberleninka.ru/article/n/primenenie-vegetatsionnyh-indeksov-dlya-
kartografirovaniya-landshaftov-bolshogo-kavkaza

2. http://mapexpert.com.ua/index_ru.php?id=20&table=news

NCCIIEAOBAHUE ' PAHUYHbBIX
XAPAKTEPUCTUK TPOU3BOJUTEJIBHOCTHA
KOMIIBIOTEPHBIX CUCTEM IIPU ATAKAX TUIIA
«OTKA3 B OBCJUIYKUBAHUN»

IIpombiciaos I'eopruit Buraasesuy, llunusaos Imutpuit BukropoBu4
10 knacc, 'BOY «lllkona 171» Cmpykmyproe noopaszoenenue 15 (wkona 54),
2. Mockea

Hayunsiit pykoBoautens: yuntenb mateMatuku ['bOY «Illkona 171»
P. A. NBaHOMIKHUH

[lenbto maHHOUN paOOTHI SBISETCS MOUCK T'PAHUYHBIX XAPAKTEPUCTUK 3aJECPKKU
CUTHAjJa Ha BBIXOAE CHUCTEMbI TMPU HU3BECTHBIX OrPAHMYCHUSX HA BXOJHOU H
BBIXOJHOHU ITOTOK.

JIJist TOCTH>KEHUS TaHHOM 1€ ObUTH MTOCTABJICHBI CIICAYIOIIHNE 3a0a9n:

e lccrnenoBaTh M3MEHEHUSI MAKCUMAaJbHOM 3aJ€pKKH CUTHAJa MPU HU3MEHEHHUH
napaMeTpoB BXOAHOTO MTOTOKA U XapaKTEPUCTUK CUCTEMBI.

e IByunTh uU3MEHEHMUs] MaKCUMAJbHOW 3aJCPKKW CUTHajla TIPU H3MEHECHUU
napaMeTpoOB BXOJHOTO MOTOKA U XapaKTEPUCTUK CUCTEMBI.

e Onucarh JOCTYIMHOCTh CUCTEMBI MPU PA3TUIHBIX KHOEpaTaKax.
DTamnbl UCCIIEIOBAHUS:

o DopMyIHpPOBKA Yepe3 3aBUCUMOCTD Tpex (pyHKumii: A(t), S(t) u D(t).

e BriBoa dhopmyiibl A1 pacueTa rpaHUYHBIX XapaKTEPUCTUK CUCTEMBI.

o Jluneapusanusa smnupudecku 3agaHHbIX GyHKnu A(t) u S(t). JokazaTenbcTBO
yTBEpKAeHUS, uTO S(t), mpeacTaBiIeHHAas B BUJE JUHEAPU30BaHHOM (DYHKIIMHU, TaK

xe oynet S’(t).
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e Pacuer MakcMManbHOM 3a€pKKU JJII KOMIBIOTEPHON cucTteMbl Tuma IntServ u

HCCJIEI0BAHNE U3MEHEHUS 3a/IEPKKH [IPU PA3IHYHBIX [TapaMeTpax.

e lccnenoBanue M3MEHEHUSI MAKCUMAJIbHOM 3aI€pKKH P BapUalMy I1apaMeTpOB

BXOJIHOT'O ITIOTOKA U ITAPaMETPOB CUCTEMBI.

B pesynbrare wuccienoBaHuss ObLIO MOJIYYEHO, 4YTO, HU3MEHSA pa3IUYHbIE
napameTpbl MOJEJIH, MOKHO OLIEHUTh JOCTYIHOCTh CUCTEMBI U €€ MOBEICHUE MpHU
aTakax BHYTPEHHETO M BHEIIHETO HAPYIIMTEIS.

B kadecTtBe mpuMepa MHpoaHaIM3WpPOBaHA CHCTEMa YIPAaBJIEHHS, ONUCHIBaEMas
mozensto  INtServ, ¢ umensro ompeneneHus TOro, Kak KuOepataku U
COOTBETCTBYIOILIME W3MEHEHHs MAapaMETPOB BXOJAIIEIO MOTOKA M OOCITYKMBaHMS
BJIMSIOT HA JOCTYITHOCTb.

B pabote nokazaHo, 4TO JAOCTYNHOCTb MH(GOPMALMOHHBIX AKTUBOB IO-Pa3HOMY
3aBUCUT OT HW3MEHEHHMS pPa3IuYHbIX [apaMeTpPOB MOJIEIU, YTO HEOO0XOIUMO
YUHUTBIBATH MPU aHAIU3€E BIUSHUA KHOEpaTak Ha KHOepOe30MacHOCTb.

B nmanmpHelmem IuIaHUpyeTCsl UCCIENOBATh BOIPOC O TOYHOCTU pacd€Ta, Koraa
KOHBEPTHI NOTOKOB OMHUCBIBAIOTCSI HE BOTHYTBIMU (DYHKIUSIMH, U PE3YIbTUPYIOLIHI
KOHBEpPT IMOTOKA HA BBIXOAEC KOMIIOHEHTAa CUCTEMBI SBIISIETCS ANMPOKCHUMALUEN
peanbHOro KOHBEpTa NOTOKA. Takke paHHas TeMa 3acily’)KMBAaeT OTAEJIBHOTO
UCCIIEIOBaHUS JIsl 00JIee CIIOKHBIX CUCTEM.

BUPTYAJIbBHASA JIABOPATOPHUA 110 ®PUSUKE

TepenTbeB AjlIeKCaHAP AJIEKCAHAPOBUY
10 knacc, I'BOY Jlyeanckoii napoonoti pecnyonuxu «Anuesckas Cpeonsis
Obweobpazosamenvuas Lllkona Ne22y, . Anuesck.

Hayunsiit pykoBoauTens: accucteHT-coBmecturesib 'bOY Beiciiero
npodeccuonansHoro oopazosanus Jlyranckoit Hapoanoii PecryOnmku

«Jlonbacckuii rocyapCTBEHHBIM TEXHUUECKUN YHUBEPCUTET
A. A. I'yTHuK

Lenpro wucciienoBaHUs SIBISETCS CO3JaHUE MPOTPaMMHOTO OOecredeHus Jis
BUPTYaJILHOTO MPOBECHUS JTAOOPATOPHBIX padOT 1O (hU3BHUKE.

B nanHOW BHUpTyaslbHOW Ja0OpaTOpUU JIOJKHA OBITh BO3MOXHOCTh CO3/aTh
JT00bIe  YCTOBHS JUIsl TIOJYYEHMsI JKEJIaeMOro pe3ynibTara BIUIOTH J0 BbIOOpa
IUTAHEThI, HA KOTOPOW IIApUK JOJDKEH OYIeT MPOU3BECTH Kakoe-TnOO JABMXKEHUE,
BO3MOKHOCTh yKa3aTh JIIOObIE YCJIOBHS U MapaMETphbl U MIAPUK B COOTBETCTBHHU C
HUMHU Tak >ke OyJeT coBepliaTh IBUKEHHE, T.€. MCIOJIb3YIOTCS YHHBEpPCaJIbHBIC
(opMyJibl BBIBEJICHHBIE B PYUHYIO U MPUOOLIEHHBIE K Iiporpamme. Bee 310 ya00HO
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IPUMEHSTh B IIKOJAaX, C HEIOCTATOYHBIM KOJIMYECTBOM OOOPYIOBaHH, JTUOO XKe
€CJIM HEBO3MOXKHO CO3/1aTh JKEJIAEMbIE YCIOBUS BXKHUBYIO.

Jlnsa peanuzanuu TpeOyeTcs MOJOTHO, TIe 0ToOpaxkaeTcs 1abopaTopHas padora,
CIHICOK JIa0OpaTOpPHBIX paboT (BhIpakeHHBIN B Habope (¢ailioB), MaHedb 3aMETOK,
KaJbKyJIATOp IEpEeBOJia EIUHUIl H3MEpPEHHs, PYKOBOJACTBO IO TPEM 3aKOHaM
Herlorona. Ha naHHBII MOMEHT TeMmaTHKa J1a0OpaTOpHBIX pabOT OrpaHUYEHa
(u3nYeCKUMU MpolLEeccaMu C IIAPUKOM: BEPTUKAJIBHOE IMaJCHUE IIapuKa BHHU3,
OpOCOK IIapuKa BEPTHKAIbHO BBEpX, OPOCOK IIapuKa MOJ yIIOM K TOPH3O0HTY.
[locne peanuzanuu BceX MPOLIECCOB Ha TEMy IIApUKa IUIAHUPYETCS 100aBUTH
paboThl Ha npyrue TeMbl. Bee mabopatopabie pabOTh MOXKHO CKadaTh C cepBepa ¢
ITIOMOLIBI0 CIIEHMAIIBHOW KHONKU. B pykoBoactBe mo 3akoHam HbrooToHa, Bece
3aKOHBl NPOWJUTIOCTPUPOBAHBI, a OAMH HMMeEeT naxe aHumainuio. Kpome Toro,
UMEIOTCS Bce (POPMYJIMPOBKHU 3aKOHOB, 00BSACHEHUS, (POPMYJIbI, KPATKUE MMOSICHEHUSI
K HUM M YCJIOBUSAM, IPHU KOTOPBIX JAHHBIN 3aKOH BBINOJIHAETCA. Bech TekcT c
3aMETOK COXPAHSETCs, 3aMETKH — CBOEOOPa3HbI UEPHOBUK ISl I1OJIb30BATEIIS.

Takum o00pa3oM, co3gaHa BHUpTyadbHas JiabopaTtopus Il MPOBEICHUS
1a00paTOPHBIX padOT Mo (PU3UKE, KOTOPOU MOKHO 3aMEHUTh HEKOTOPbIE PA0OTHI U3
IIKOJIBHOTO  Kypca, OCOOEHHO ecld sl  paboThl TpeOYIOTCS Kakue-Iuoo
CHELHAJIbHBIE YCIIOBUS, KOTOPBIE HEJIb3s CO3/1aTh B ILIKOJIE.

Cnucok ucnonb308aHHOU IUMEPAMYPbL:

1. IlonGenvckuii B.B. 3pik C++: VYuyeOnoe mnocodue — M.: dunHaHce u
cratuctuka, 1995. — 560c.

2. Ctpayctyn b. S3bik mporpammupoBanus C++/b. — CII6.: HeBckuil nuanexr,
M.:bunowm, 2008. — 1104c.

3. Meitepc C. DddextuBHoe wucnomb3oBanue C++. 50 pekoMmeHmanwii 1o
yIy4dlIEeHHI0 Bamux nmporpamMm 1 npoektoB — M.: JIMK Ilpecc, 2000. — 240c.
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PA3ZPABOTKA CUCTEMBbI BU3YAJIM3AIIUN
OOTOPEAIMCTUYHLIX TPEXMEPHbLIX CIIEH B
PEAJIBHOM BPEMEHHU C UCITIOJTb3OBAHUEM
GPU

HNBanoB Tumodeiit AuapeeBud, Ypocoa Copbsi AnekcaHIpoBHA,
AmoOpocosckasn /lapbst BukropoBHa, I'puroposnu Bsaiuecsias IMmuTpueBny,
Iucapes EBrennii Asekcanaposuy, Cunsakos Ctenan EBrenbeBny,
Mocsirun Ouier CepreeBu4
9-11 xnaccwi, 'FOY «Canxm-Ilemepbypeckuii 2ybepHamopckuil (pusuxo-
mamemamuyecxkutl auyei Ne 30y, e. Cankm-Ilemepoype

Hayunsiit pykoBoAUTENb: TpENoaBaTelb MHPOPMATUKU U IPOTPAMMHUPOBAHUS
busuko-matemaTuueckoro ymiest No 30, pyKoBOJUTEb TPYNIbI KOMITBIOTEPHOU
rpaduky, 3am. qupekropa no UT B.A. Nanunckwii

[Ipobnema penpepuHra (mpouecc MOIYYEHUs H300pakeHHs C IOMOIIBIO
KOMIIBIOTEPHOM MPOrpaMMbl) (POTOPEANUCTUYHBIX CIIEH B pEalbHOM BPEMEHH
ABJISIETCSI OAHOW M3 CaMbIX aKTyaJlbHBIX MPOOJEM KOMIBIOTEPHON Trpauku Ha
CerogHsAHuMN aeHb. OHa ABIIETCS 3HAUMMOM ISl TakuX cep Kak KuHemarorpad,
CUMYJIALIMS HEKOTOPBIX (DU3NYECKUX SIBJICHUH, pa3BieKaTenabHas cepa u ap.

Ilenpto mpoekTa sBisieTcs  pa3paboTKa MIpOrpaMMHOrO  obecreyeHwus,
MO3BOJISIIOIIETO CO37aBaThb TPEXMEPHBIE CLEHBbl U BBIBOAUTH (HOTOpEATUCTUUHBIC
n300pakeHus ¢ BbICOKOM vactoToil kamapoB (FPS). [Ins moctpoeHus xaapoB ObLI
ucnoJib3oBaH rpadudeckuii mporeccop (GPU). Takum ob6pazom, perieHa mpodiaema
HU3KOM  CKOpocTH  paboOThl  anroputmMa oOpaTHOM  TPACCHPOBKH  Jy4eH,
MCIIOJIb30BAaHHOTO aBTOpamMu. B naHHON 0051acTH CyHIECTBYIOT ajJbTE€pPHATHUBHBIC
pelnieHusi, HO OHW HampaBJeHbl Ha MNPOQPECCHOHATBHBIA CErMEHT M TpeOyrOT
OO0JIBIINX BBIYUCIUTENBHBIX MOIIIHOCTEH.

JUis yMEHbILIEHUS BpPEMEHU TIOCTPOEHHUS KajJpa aBTOpaMH pa3paboTaHo H
MCIIOJIb30BaHO HECKOJIBKO METOA0B ONTHUMH3AIMH. DTO pa30rueHue NpOoCTpaHCTBA Ha
MIPSAMOYTOJIBHBIE TTApAJUIENICTIUIIEbI ()11 YCKOPEHUS NTOMCKA NEPECEUECHUN JTyUeH C
00BbEKTaMH CIIEHbl), OWHApHOE MPOCTPAHCTBEHHOE pa30ueHue, NEPEeHOC BCeX
BBIUMCIICHUNA Ha Trpaduyeckuil mpoueccop W T.n. s mpocToro 3ajgaHusi CIEH
pa3paboTaH MPOLEAYPHBIM SI3bIK, ISl KOTOPOTO peaiu30BaH OJIHONPOXOIHBIN
QJITOPUTM CUHTaKCHUUECKOTO paz0opa.

B pesynbrate paboThl HajJ MPOEKTOM aBTOpaM yAajoCh HaIlMcaTh MpOrpammy,
MO3BOJIAIONIYIO CO3/1aBaTh (HOTOPEAMCTUUHBIE U300pAKEHUSI B peabHOM BPEMEHH
Ha COOCTBEHHOM s3bIKE€ MporpamMMupoBaHus. B xoze uccrienoBanus HaMHu ObLIH
U3y4€Hbl MHO’KECTBO AJIFTOPUTMOB, CBSI3aHHBIX C 0OpAaTHOW TPacCUPOBKOM JIydei, U
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METOJIbl MX peanu3auud. B OynayimieM aBTOpbl IUIAHUPYIOT A00aBUTH HOBBIE
CHOCOOBI ONTUMU3ALMHM BBIYMCICHHUM, YJIy4IIUTh (PU3HUYECKOE B3aUMOJCHCTBHUE
00BEKTOB U PaCIPOCTPAHUTh JAHHBIN MTPOEKT.

Cnucox 1umepamypol:
1. Matt Pharr, Wenzel Jacob, Greb Humphreys. «Physically based rendering

from theory to Implementation», 3rd ed., Morgan Kaufmann , Elsevier,
Book Aid Internation, 2017.

2. Tomas Akenine Moller, Eric Haines, Naty Hoffman, Angelo Pesce, Michal
Iwanicki, Sebastien Hillaire. «Real-time rendering», 4th ed., CRC Press,
Taylor & Francis Group, A K Peters Book, 2018.

3. David Wolff, «OpenGL Shading Language Cookbooky, Packt Publishing,
2018.

4. A. B. bopeckos, «Ilapamnensubie BeiunciaeHuss Ha GPU. Apxurektypa u
nporpammuasi mojaens CUDA: yue0. [locobue», MoK HM3zgarenbcTBo
MockoBckoro ynuepcurera, 2012.

MOJIEJJUPOBAHUE CPAXKEHUN

®uiaros Erop bopucosuu
9 knacce, I'BOY «lllxona na FOz2o0-Bocmoxe um. Mapwana B. U. Yyiikosa»
(xnaccol «Cunas’opr), . Mocksa

Hayunblii pyKoBOIUTENB: aCCUCTEHT Kadenpsl anreOpsl 1 PyHIaMEHTaTBHOM
uHndopmatuku Ypanbckoro @enepaibHoro YHuBepcuteTa um. [leporo
IIpe3uaenra Poccun b.H. Enpuuna,

K.p.-m.H. A. JI. [TomoBuu

B pabote npoBeneHO MOJIETUPOBAHUE CPAKEHUS C LIETbIO ONPENEIEeHUs JTyUllIei
cTtpateruu s noOenwl. [log cpaxkeHueM MblI MMOHMMAaEeM CTOJIKHOBEHHUE [IBYX
apMHUii, TJIaBHBIMM LEJISIMA KOTOPBIX SIBJISIETCSI HAHECEHHWE YpOHa Jpyr ApYry.
MopenvpoBaHue CpaX€eHUW MOXKET ObITh aKTyalbHO JUISI MOJACIHUPOBAHUS U
WCCJICIOBAHMS TIOBEICHHS Pa3HBIX OWOJOTUYECKUX TOMYJSIUNA, CPaKEHHA B
KOMITBIOTEPHBIX WIPax WIIN K€ CPAXKECHUM PEaJbHBIX apMUUA B MPOLLIOM, OIJHAKO
TJIaBHOM TI€JIBI0 MBI CTAaBUM Pa3pabOTKy METOJO0B MOMCKA JyUIIeH CTpaTeruu Cpen
CEMENCTBA CTPATETUM, KaXK/1asi U3 KOTOPBIX ONMPEACIISETCS TapaMeTpaMHu.

Mogenupyercst cleaymromas CHUTyalusd: JBE€ apMUU HaXOIATCS Ha TPaHUIAX
NPSIMOYTOJIbHUKA. APMHUM BOIOIOT B MOIIArOBOM PEXUME, OJJHAKO BPEMEHHOM IIar
JI0CTaTOYHO MaJl, YTOOBI CMOACIIUPOBATH HEMPEePhIBHOE ABUKEHUE. CONIIaThl UMEIOT
Ha0Op mapamMeTpoB, OMPEACISIONIUX UX COCTOSIHUE: 3JI0POBbE, HAHOCHMBIN YPOH,
pagnyc BUAMMOCTH, HAIPaBICHUE ABMXKEHUA. [l Kaxaoum apMuu OIpeaesieHa
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eMHas KOJUIEKTUBHAS CTPATErus, KOTOopas B KaXIbli MOMEHT BPEMEHU OMPEACIISIET
3a KaXJIOTO CoJijjaTa €ro JMEeWCTBHs. A UMEHHO, COJIaT Ha KaXJAOM X0y cooOImaeT
CBOECH CTpaTeTruu CBOW HOMEp, PACIIONIOKEHHE, 0030p BParoB B paJNyce BUANMOCTH,
Y MOJTy4YaeT OT CTpaTeruu Habop NeUCTBUM, KOTOPHIEC OH JEAacT B TEUYECHUE X0/1a.

To 00CTOATENbCTBO, UTO BCS apMHUs HMMEET €IUMHYI0 H3HA4YaJIbHO 3aJaHHYIO
CTpaTeruio Ha Bech 0OH, HalIOMUHACT NEHCTBUS Pa3HBIX OMOJOTHYECKUX BHUIOB, Y
KOTOPBIX 3Ta CTpaTervs 3aJI0KeHa B T€HaX W BbIpaboTajiach B X0JI€ JBOJIOIMHU.
[TosToMy 3Ta cuTyanusi HE KaxkeTcsi HeecTeCTBeHHOU. C Apyroil CTOpOHBI, Takas
MO/IEJIb MO3BOJISIET JIETKO MOJIEIIMPOBATh CPAKECHUE TOCTATOYHO KPYIHBIX apMHH, a
cama CTpaTerusi MOXKET MPU 3TOM OCTaBATHCS JIOBOJBHO MPOCTOM.

B xone mpoekrta ObUIO 3amporpaMMHUpPOBAHO HECKOJIBKO CTpaTerwii, HauboJsiee
TUMAYHBIX JUIS pPeajbHBIX CPaKCHHUH: MPOCTO JBUTATHCS BIIEPE]l, COOHMpAThCS B
TapaH, COBepIIaTh (IAHTOBBIC YIaphbl U T.A. B LeNIX UCTIBITAHUS CUMYJISIIUKA OBLIT
MIPOBEJICH TYPHUP TaKUX CTPATETHM.

3aTeM OBLIM OIpeJeeHbl KIIFOYEBbIE MOMEHTHI I KaXKJI0W CTpaTeruu, B XOJe
KOTOPBIX OBbUIM BBIPAOOTaHBI TMApPaMETPhI, ONPEICIAIONINE KKIYI0 CTPATETHIO:
KOJIMYECTBO YacTel, Ha KOTOphIE pa3OMBaeTcsl apMusi, NJIUTEIbHOCTh pa3HbIX (a3
CpakeHUs, HAMpaBJICHUS JBIKCHUS 4acTed, 00eBOM mopsiaok u T.4. Becero ObL10
ompenesieHo 0oJiee JBYX JIECSITKOB Pa3IMYHBIX IapaMeTpoB. M3MeHEHHE KaKuX-
100 mapamMeTpPoB KaueCTBEHHBIM 00pa30oM OTPakaJloCh Ha CTPATETHHU.

beuta mocraBiieHa 3amada HAXOMKIAEHHS CaMOM BBITOJHOM KOMOHWHAIMHA
apaMeTpoB MPH YCIOBUM, YTO CTpaTerusi CONEpHUKA Hu3BecTHA. Beiroma mpu
KOHKpPETHOM Habope TMapaMeTpoB OMNpEAesisuiach B pe3yJbTaTe CUMYJISIIUU
cpaxenus. s pemeHus 3TOW 3aJayd KCHOJIb30BAIMCh 3BPUCTUUYECKHUE METOMbI
nojadbopa mapamMeTpoB, a TakKe METOJ TpaJUeHTHOTO chycka. B wurtore Obuia
HaIlMCcaHa MporpaMma IMorcKa MoOeIHON cTpaTeruy, KOTopas TOKa3bIBaeT XOPOIIIHE
pe3yJIbTaThl Ja)K€ Ha CTPATETUsX, CHJIbHO OTJIMYAIOIIMXCS OT U3HAYAIbHBIX.

Cnucox 1umepamypul:

1. Mitchell, Melanie (1996). An Introduction to Genetic Algorithms.
Cambridge, MA: MIT Press. ISBN 9780585030944.

2. Page, Smith (1998). Introduction to military training simulation: a guide for
discrete event simulationists Proceeding WSC 98 Proceedings of the 30th
conference on Winter simulation, pp. 53-60.

3. Hartley D.S. (2001) BATTLE MODELING. In: Encyclopedia of Operations
Research and Management Science. Springer, Boston, MA.

4. Axymuu W. JI. MatemaTudyeckoe MNporpaMMUpPOBaHUE B TMpUMEpax U
3amadyax. — M.: Breiciras mkoita, 1986. — C. 298-310.
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RECORD INSURANCE

Luo On Ki, Chiu Jerone, Yao Hanying
Grade 9/11, Pui Ching Middle School, Hong Kong, China

Teacher Advisor: LEE Ho Fung, Master of Philosophy in Mathematics

In the International Mathematical Modeling Challenge 2016, teams are required
to design a model for the effective planning for payments and insurance for record-
breaking performances. With revision and improvement, we are going to present the
paper which is one of the outstanding papers in IMMC 2016 written by students of
Pui Ching Middle School.

First, we calculate the average cost of bonus. We obtain the cost by calculating
the average interval of breaking the world records of men and women. We
determine the additional cost for the insurance company. Using the binomial
theorem, we solve the inequality uv and thus obtain the final answer.

Then, we determine whether the organizing committee should purchase the
insurance. We first compare the value of the cost of self-insuring CS and purchasing
the insurance CP. We use matrix D to calculate the probability that the committee
have to pay bonus for certain times in a specific year.

We will determine whether or not to buy the insurance for each of the 40 events.
Therefore, we mainly focus on the bonuses and probability on breaking the records
of each event. We first listed out factors affecting the chance of breaking records,
including quality of tracks and facilities, techniques of contestants etc. To consider
the risk of each event having the record refreshed, we evaluated a risk index Z;.

Lastly, we gave out The General Decision-Scheme.

SIMULATION MODEL OF NEWS SPREAD
ON SOCIAL MEDIA

Ng Chit Long Isaac, Yeung Man Tsung, Yao Yuanyue
Grade 9/11, Pui Ching Middle School, Hong Kong, China

Teacher Advisor: LEE Ho Fung, Master of Philosophy in Mathematics

The problem is originated from AoCMM 2018. We are facing a situation that
fake news was spread in Twitter. A fact-checking website then posted that the news
was fake. We need to determine the time it took to inform 90% of Twitter users that
the news was fake.

After analyzing the operation of Twitter, we built a simulation model on the
information spread in Twitter, before and after a tweet became a trending tweet.
Before the tweet became trending, we analyzed the detailed process of spreading,
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using predefined variables such as probabilities of sharing or commenting tweets.
We used a heap to store data to increase the efficiency. In the process, we recorded
the view count to obtain the time needed. Modular equations were used to calculate
the spread of a trending tweet. Lastly we generated data by concluding the range of
variables and the friendship network and applied the implemented solution. Finally,
we analyzed the relationship between the spreading time and the time required to
spread the fact to 90% users. The graph produced a line with damped oscillation but
had harsh turning points. We explained why this would happen.

A MARKOV MODEL OF BUSY
FOOTBRIDGE PROBLEM

Yuen Lok Kan
Grade 11, Pui Ching Middle School, Hong Kong, China

Teacher Advisor: LEE Ho Fung, Master of Philosophy in Mathematics

The central problem we are investigating is based on a problem from the 2018
Singapore International Mathematics Challenge. It is about a mathematical model of
the probabilities that the people on a footbridge from two sides meet. In our paper,
we generalize the contest problem in various cases.

We develop a Markov model then formulate a transition matrix to solve the
generalized problem. Also, we define an expansion rule of the transition matrices to
reduce the time complexity to compute. Furthermore, we propose a new topic on the
expected number of collisions. We tackle the problem by performing Jordan
decomposition. Lastly, we optimize the method of finding eigenvalues by observing
the recursive relationships in transition matrices.
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THE BEST HOSPITAL

Ho Kit San, Wong U Long, Kwong Yin Wa, Leung Ka Hin
Grade 10/11, Pui Ching Middle School, Macau SAR, China

Teacher Advisor: lan Wu and Venus Chiang, Master’s Degree in Mathematics

This paper can be divided into three parts:
e mortality rate model for hospital quality;
e overall model for hospital quality;

o «user-friendly memoy.

For the first question, we use two methods, a scoring system and mathematical
modeling to define whether a case is inevitable or avoidable, and utilize the results
for ranking hospitals. The former one is a set of standards which include different
aspects of a death case to define its properties, whereas the latter one is built on the
basis of Gini Index.

To solve the second question, we create two grading system which have different
pros and cons. The difference between them is that grading system 1 adopts data
from the whole US while grading system 2 uses data from particular hospitals.

Finally, for «user-friendly» memo, we choose the criteria of grading system 1.
Users need to give a grade on the hospital performance, and they can deduce the
quality of a hospital after their marks are calculated under the given standard.

WHAT IS THE EARTH’S CARRYING CAPACITY
FOR HUMAN LIFE?

Ao leong Weng Chi, Chao Chi Kuan, Leung Hoi Ching, Wong Sut |
Grade 10/11, Sacred Heart Canossian College, Macau SAR, China

Teacher advisor: SOU Chon Wa, Master’s Degree in Mathematics,
CHAN Ka Kit, Master’s Degree in Mathematics

In response to the rapid increase in human population within these half century,
many environmental protection associations and scientific organizations have
warned that the resources on Earth are more than halfway taken up and human have
to take action in order to save up the resources. The main reasons for the rapid
increase in human population are the loosen «One- child Policy» in China and the
improvement in living standard worldwide with the help of technology. Statistics
shows that this move accelerated the growth of human population as families tend to
give birth to at least 3 children averagely. They are able to afford higher standards
of living and education for their kids and especially in China, with the loosen «One-
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child Policyy, the families living in rural areas or villages tend to give birth to even
more children as they can help to farm when they grow up.

To start with, the carrying capacity of a biological species in an environment is
the maximum population size of the species that the environment can sustain
indefinitely, given the food, habitat, water, and other necessities available in the
environment. In order to obtain more accurate results, we developed 2 different
approaches: Logistic Regression and Factor Analysis. Through the researches we
made and the review of different papers at different point of views, we can conclude
a few limiting factors that will deter the carrying capacity of Earth, and cause a
significant change towards the human population, such as, freshwater, natural
disasters, wars, global warming and medical treatment level.

For Approach 1, through several research papers we have been investigating on, it
can be concluded that population growth can be based on the logistic regression
curve, where the carrying capacity is at the position that curve eventually levels off.
Likewise, we use the programme, OriginPro, to fit a similar function which can best
fit the actual data.

For Approach 2, Factor Analysis is used. We first take the present factors like
land, freshwater and food into account separately. By dividing the current
population on Earth by current used land, freshwater and food percentage, we can
know the maximum people that can survive on Earth when the resources are 100%
fully utilized and the maximum carrying capacity of planet Earth can be obtained
through calculations.

In a nutshell, although there are constraints that limit human population from
growing, innovation in technology can help to overcome the obstacles and distribute
the utilization of resources. Consequently, we are going to conduct investigation and
build a mathematical model to obtain the maximum value.
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POSITIONING AND TREATMENT
OF AIR POLLUTION SOURCES

Cheang Weng Man, Koc Cheng In, Mak Sin Lam, Wong Pui Man
Grade 11, Macau Sacred Heart Canossian College, Macau SAR, China

Teacher Advisor: SOU Chon Wa, Master’s Degree in Mathematics,
CHAN Ka Kit, Master’s Degree in Mathematics

Due to the fast growing industrial and technological development around the
world, the increasing air pollution sources such as machinery, power stations and
vehicles have significantly strengthened the adverse effects of global warming on
the environment, not only on the habitats of animals, but also on the health of the
citizens. Air pollutants like carbon dioxide, sulphur dioxide and nitrogen oxides can
cause one-third of death due to stroke, lung cancers and heart disease.

In order to reduce the effect of air pollution, we need to determine the exact
locations of the top three air pollution sources in the city with the analysis of the city
layout grid. By dividing the areas with serious air pollution into two oval parts, we
can locate the approximate locations of the three sources by finding out the foci of
the ovals. With different simple calculations assessing the values of the major and
minor axes, the foci can be located and so do the air pollution sources.

To additionally minimize the air pollutants, the diffusion properties and values of
concentration unit under specific wind factors should be identified. We have
proposed two approaches that can be used to evaluate the condition of air pollutant
diffusion under a specific wind condition. Therefore, we can use the methods to find
out the diffusion concentration under any specific conditions. In addition, in order to
improve the living condition and standard of the citizens, the government imposed a
5-year plan to reduce and control pollution. The minimum government expenses for
imposing the plan is established in this paper. We have adopted LINGO to assist us
to find out the minimum government expenses.

In the end, we try to assess the strengths and weaknesses of our algorithms and
mathematical models. There are several strengths in our paper such as we consist of
not only one approach, but two. Bugs do exist in our algorithms and models; for
instance, we do not take the differences in mass and density of different air
pollutants into account. Our team hopes to further improve the accuracy and
precision of our mathematical model in the future by reviewing on our weaknesses,
so that more effectual solutions can be imposed at an even lower cost.
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OLIEHKA MNONYJSILMOHHOU EMKOCTHU 3EMJIN
JIJIS1 YEJJOBEYECTBA

AnToxuHa Kcenuss EBrenbeBHa, buiabaanos PaBuiab PunaroBuy,
ITaBaoB Makcum OuieroBud, IlanoB Hukura BuranbeBuu
10 knace, CYHI] HI'Y, Hosocubupck
Hayunslii pykoBoautens: K.¢.-M.H, c.H.c. UI' CO PAH M. H. JlaBbinos

Llenpto paOoOThl SBASETCS BBIUMCICHUE MOMYJISIIMOHHON EMKOCTH 3eMJIM IS
YeJioBeKa PasyMHOI0, TO €CTh MAaKCHMMAJbHOM pa3Mep MOIMyJsIus 3TOro BHUA,
MOTPEOHOCTH KOTOPOM cpefia MOKET yIOBIETBOPSITH HEOTPAHHYECHHO JIOJITO.

JI71s1 3TOTO OBUIM ONIPEEICHBI M MPOAHATIU3UPOBAHBI (DAKTOPHI, OTPAHUYUBAIOIIHE
MOMYJISITUOHHYI0 €MKOCTh IUIAaHETHl, CO3/laHa MaTeMaThYecKas MOJeNb s
ONpPEIEIICHUS] MAKCUMAIBHO BO3MOYKHOW YHMCIEHHOCTH HACEJICHHUSI B COBPEMEHHBIX
ycloBUsX M B Oyaymiem. OrpaHuduBaromdMu (akTopaMyd B CO3JAaHHOW MOJENU
SBJISIFOTCSI BO3MO>KHASI TIJIOIIA/b MAITHU, BOJHBIE PECYPCHI U TOTPEOICHUE IHEPTUH,
npuuéM HamOOJBIIYIO POJb WUrpaeT NoTpediieHne mNpecHod Bojbl. Kpome Toro,
OBUIM PaCCMOTPEHBI JIBE MOJICNIA POCTa HACEJICHUS, BBIBEICHBI COOTBETCTBYIOIINE
(GYHKIIMU, ONMUCHIBAIONIME JAHHBIA POCT U  ONPEACNSAIONINEe MaKCUMAJIbHYIO
BO3MOXXHYIO YHCJEHHOCTb JIIOACH, KOTOpass He OyAeT MEHSThCA C TEUYCHUEM
BpeMeHU. Takxe NpeIIoKeHbl BO3MOXKHBIC OYIyIIMe MEpbl I yBEIHMYCHHUS
MOMYJISIIUOHHON EMKOCTH 3€MJIM C COXpaHeHHEM KOM(OPTHOTO MPOXKUBAHUA U
yJIOBJIETBOPEHUS CBOMX MEPBUYHBIX TOTPEOHOCTEH.

B xo0/1e paGoThI MOTyYEHBI CIEAYIONINE OIICHKU:

1. B mepBoil Mojenu, rie YYUTHIBACTCS TOJIBKO MOTPEOJICHHE PHEPrUM W TUIIIH,
MONYJISIUUOHHAs EMKOCTh MPUOIM3UTENBHO paBHa 65-70 mipa.

2. Bo BTOpO#l Momenu, Te TaKKe YYHUTHIBAETCS COATaHCUPOBAHHOCTH MHTAHMS,
NOMYJISIIMOHHAs EMKOCTh MTPUOJIM3UTENBHO paBHa 27-28 MIIp/I.

3. B Tpetwelt Monenu, rae TakKe YUUTHIBACTCS MOTPEOICHUE SHEPTHH, MUHEPAJIOB,
MIPECHOM BOJIbI U IIACTMACCHI, TTOMYJISIIMOHHAA EMKOCTh MPUOIM3UTEIILHO paBHA
9,2 mnp.

4. MakcuMaabHO BO3MOXHas CTaOWiIbHAs C TEYECHUEM BPEMEHHM YHUCICHHOCTh
HaceJeHus paBHa 19 Mipz yemoBexk.

5. IlepBas u BTOpasi MOJEIM MPEAIONAraloT CTaOMIBHOE Pa3BUTHE YEIOBEUECKOTO
BUJIa ¢ wucnosib3oBaHueM K-crpareruu. TpeTbs MOJEIb COOTBETCTBYET I-
cTpareruu (HeCTaOMIIbHON YHCIICHHOCTH HACEICHHS 3eMJITH ).

Cnucok numepamypeo.

1. JI. Menoys, Y. Pauzepc, JI. Menoys, «IIpexenst pocta. 30 et crycts», 2007.
2. B.N.Bepnaackuii, «cABTOTpoHOCTH uemoBekay, 1993.

3. Pumckuii kiry0, nokmag «Come on!», 2017.
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«BMECTUMOCTDb» 3EMJIN

3aiinysniuHa Penara PoOeproBHa, Kammua AJsiekcanapa AHIpeeBHA,
MapkoBa Mapus AsnexkceesHa, Manrwrua Muxauni I[laBioBuu
10/11 knaccol, Cneyuanuzuposanmwlil yueOHO-HAYUHbIIL YeHmp (paxyiomem) —
wxona-unmepuam umenu A.H. Konimozoposa MI'Y umenu M.B. Jlomonocosa,
2. Mockea

Hayunblii pykoBoauTesb: K.(p.M.H., AoueHT kKadgeapsl matematuku CYHI MI'Y
HNpuna Uropesna Hapanenkosa

[IpobGnema nepenacenenus 3eMiIM — OJIHA U3 CEPhE3HBIX III00ATBHBIX POOIIEM,
OOyCIIOBIIEHHBIX, C OJHOW CTOPOHBI, HWCTOIICHUEM TPUPOIHBIX PECYPCOB,
HEOOXOAMMBIX ISl JKU3HEACITCIIBHOCTH YEJOBEKa, C IPYrod — 3arps3HEHUEM
OKpYXKalome cpeapl W APYTHMH aHTPOMOTCHHBIMU (akTopaMu. B OTAENbHBIX
palioHaX TIUIAaHEThl OTPOMHOE KOJUYECTBO JIIOACH YK€ HCIBITHIBAET Ha cebe
HEXBATKy YMCTON BOJBI, TUIIH, KPUTHUECKOE 3arpsi3HEHUE BO3/IyXa.

[lenp Hamiero mpoekTa ONpeAesiuTh TaK Ha3bIBAEMYIO «BMECTUMOCTBY» 3eMIIU —
MaKCHUMaJIbHOE KOJIMYECTBO YEJIOBEK, KOTOPBIX IUIaHETa CIOCOOHAa OOECIEYHTH
HEOOXOAMMBIMH ISl KU3HH pecypcamu (IIPU COXPAHEHUH TEKYIIETO YpPOBHS
AQHTPOIIOTCHHOTO BIUSHUS), a TaKKe HaWTH CHOCOOBI YBEIMYCHHSI OTOU
«BMECTUMOCTHY.

JIns  »sToro Hamu  Obula  pa3paboTaHa  MaTeMaTHYeCcKass  MOJECIb,
IpeICKa3bIBAOIIAsi HA OCHOBE PA3IMYHBIX PAHEE UCCIEIOBAHHBIX 3aBUCUMOCTEH U
CTATUCTUYECKUX JIAHHBIX HM3MEHEHHME KayeCcTBa >KM3HM Ha 3emsie U pocT e€
HacesleHus. B Monenu Takke YYTEHbl HEKOTOpBIE DPETyIHpyeMble MapameTphl,
HE0OXO0AMMBIE JUIsl MOMCKA pelIeHus: TPOOIeMbl TepeHaceIeHUs 3eMIIN.

Hamu BBIZICIIEHBI HECKOJIBKO TMapaMEeTPOB U PACCMOTPEHBI 3aBUCUMOCTH MEXKITY
HuMmu. Ha ocHOBe BbIENICHHBIX (HakTOpoB 3emiis ObUla pasjeliecHa HamMu Ha
HECKOJIbKO 30H; Ha OCHOBE aHAJIN3a CTATUCTUYECKHUX JAHHBIX COCTABJICHBI (DOPMYJIBI
3aBUCUMOCTH MEXIy Tmapamerpamu. Mcmons3ys GoOpMymbl, MBI pPaccMOTpPENH
pa3BuTHE Kaxkmod 30HBL. OCHOBHBIC HAIIM PE3yJIbTaThl — 3TO OIpPEACIICHHUE
«BMECTUMOCTH» U PA3BUTHS KaXIOU U3 30H.

Cnucok numepamypbi:

1. Hoxmang OOH o cocTossHMM BOJHBIX PECYpPCOB MHUpa: [ DIEKTPOHHBIN pecypc]
/I URL.: https://unesdoc.unesco.org/ark:/48223/pf0000129556 rus

2. MupoBoit  atmac  ganHbix ~ Knoema. [DnekTtpoHHbI  pecypc| //
URL:https://knoema.ru/atlas
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