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BUKOPUCTAHHA CTPOBOCKOINIYHOI BEPCIi Y HABUAJIBHOMY
EKCHEPUMEHTI ITPU BUBYEHHI 3AKOHIB MEXAHIKHA

Cmammsa npuceaiuena 6npOBAONCEeHHIO 3aco0i8 IHGOpMaYiUHO-KOMYHIKAYIIHUX MEXHON02I Y
HasuanbHull npoyec O AHANI3Y XApaKmepy pyxy cucmemu min Qizuunoeo excnepumenmy. 3anposaotceHo
NOHAMMS | O3HAYEHHST MEPMIHY «CMPOOOCKONIUHA 8epCisny PeanvHo20 (Qi3UUH020 eKCNepUMEHTY.
Poszenanymo npoyec cmeopenns cmpodockoniunoi eepcii Ha npukaadi 1adopamopHoi pobomu no USUEHHIO
3AKOHI8 MeXaHiKu 3a 00nomoz2oio Mawunu Ameyoa winaxom mommadxcy ii eioeo eepcii. Yacmomy kadpis
BUKOPUCTHOBYBAHO20 3HIMANLHO2O anapamy OYI0 6CHMAHOGIEHO eKCHEePUMEHMANbHO 3d OMPUMAHON0
Kaopogo po320pmKoio 8ideo éepcii 1abopamopHoi pobomu.

Ananiz cmpobockoniyHoi gepcii 0036015€ AHANIMUYHO 008eCMU PIBHONPUCKOPEHUL XAPAKmep pyxy
cucmemy ma2apyie ma BUHAYUMU aOCOTOMHe 3HAYeHHA npuckopeHHs ix pyxy. llokazana moosciugicme
CHPOWjeHHsT eKCNEePUMEHMANbHOT YCMAHOBKU MO BUBYEHHIO 3aKOHI6 Mexawixu. [le dae mooiciugicmo
CAMOCMIUHO 8UKOHY8aMU J1AOOPAMOPHY pOoOOMY NO GUBUEHHIO 3AKOHIE MeXaHiKu sK CmyOeHmam
CmMayioHaproeo, max i 3a0uHo2o Hasyauwus. 1100ioHi nabopamopHi pobomu MoxCyms Oymu peKkoMeHO08aHi i
0151 OUCTAHYITIHO20 HABYAHHSL.

Knrouoei cnoea: 6ideo eepcis, cmpobockoniuna 6epcis, HAGYANbHUL QI3UdHUL eKCnepuMeHm,
3AKOHU MEXAHIKU.

IMocTanoBka npobaemu. [HpopMmaiiitHo-komyHikamiitai Texsomorii (IKT) BKIOYAIOTH B
ceOe BCl BUAM ayfio 1 BieooOpoOku iH(opmarii. Mu po3risHeMo BiJjeo Bepcito JabopaTOpHOT
poOOTH TIO BHBUEHHIO 3aKOHIB MEXaHIKM 3a JomoMororo wmamwuHu ATByna. Bimeo Bepcii
1a00paTOpHUX POOIT MOXYTh OyTM BUKOPHUCTaHI B SIKOCTI HIATOTOBUOrO €Tany J0 BUKOHAHHA
peaNbHOrO EeKCIEepUMEHTY. A CTpOOOCKOMIYHI Bepcii, 3pobieHi Ha iX ocHOBi [1], 103BONIAIOTH
CKOPOTHUTH Yac Meperisry Maii’ke Ha OPsI0K, MOPIBHSHO 13 MEeperisaoM BiANOBIAHOI Bieo Bepcii.
CrpobockomniuHi Bepcli ABISAIOTh cO00I0 Bijieo ab0 cucteMy (OTO, CTBOPEHHX 13 CYKYITHOCTI CTOII-
kazapiB. Yac meperisiay KOKHOTO CTOM-Kaapy CKiIaae neKiibka ceKyH. ONTUMalbHUM BapiaHT — 5
CeKyHJI. 3a HEOOXIJHICTIO Lel Yac MO)KHA 30UIbIINTH, 3YNUHUBLIM HEPEriis] cTpoOOCKOMIUHOI
Bepcii.

AHani3 akTyaJbHHMX JaocailxeHb. Bupasz IKT Bnepme Oyno BHKOpPHCTAaHO y JOHOBIiJI
Hennica CriBeHcoHa i ypsaay Benmkoi bpuranii, sSKkuii NOCHpUSB CTBOPEHHIO HOBOTO
HamionaneHoro HaBwanmpHOro miaHy Bemukoi bpurtanii B 2000 poumi [2]. Humu nutaHHSIMH
3aiiMaich Taki 3apyOikHi mocnigHuku sik: P. Bimbsamc, I'. Kneiiman, C. Ileifinept . a Takox
BiTum3HsHI BueHl [I.C. Atamanuyk, B.lO. bukor, C.II. Bemmuko, M.I. Kanmak, }0.0. Xyx,
O.1. JIsmenko Ta iHIIi.

Mera crarri. CTBOpUTH CTPOOOCKOMIYHY BEpCil0 JIabopaTOpHOi poOOTH MO BHUBUYEHHIO
3aKOHIB MexaHiku. [lokazaTu MOXXIMBOCTI BHUKOPHUCTAaHHS JaHOI CTpOOOCKOMIYHOi Bepcii y
HaBYaJIbHOMY HPOIIECI.

Bukiaa ocHOBHOro marepiasy. J{i1s1 cTBopeHHS Biieo Bepcii 1abopaTopHoi poOOTH MOXKHA
CKOpPHUCTaTHUCS IU(PPOBOIO Bireokameporo, (oTroamapaToM, ailoHOM, ab0 IHIIMMM TaJKETaMU.
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CyuyacHi BijieokaMmepu 37aTHI 3a0e3MeuuTr 4acToTy 3MiHM KaapiB 10 50 — 60 k /¢, a g edekry
VIIOBUIBHEHOTO PyXy MOXYTh 3aCTOCOBYBAaTHCS Ie OuTbin BHCOKi dacToTH [3]. BomgHouac
OOJDKETHI raJKEeTH 3a0e3NedyloTh 4acTOTy 3MiHU KaapiB y mexax 25 — 30 k/c. Takoi wacrotu
JIOCTaTHBO JUISI CTBOPEHHS CTPOOOCKOIIYHOI Bepcii aboparopHOi poOOTH MUISXOM MOHTAXY
BIJIMOBITHOI BiJIe0 Bepcii. A BIIHOCHA I[IHOBA JIOCTYIHICTh TAKWUX TAHKETIB JO3BOJISIE 3QJIy9aTH JI0
Takoi poOOTH CTYJICHTIB.

JInst MOHTaXXy BiJIe0 MM CKOpPHCTAJIUCS ITporpaMoro Vegas Pro, 3aranpHOBH3HAHOTO Jiepa y
cBiTi mudpoBoro Bigeo, kommanii Sony [4]. IlepeBaroro mporpamu € 3pydHICTh 1 MPOCTOTA ii
BUKOpHCTaHHA. llell pemakTop HIMPOKO BUKOPHUCTOBYIOTH Hpodecionamu. Bce Oinbine cBoix
[IaHYBAJILHUKIB BiH 3HAXOJUTh 1 CEpeJ] HOBAUKIB - aMaTOpiB.

PosrnsinemMo MOHTax Bizieo Bepcii 1abopaTOpHOi pOOOTH 110 BUBYEHHIO 3aKOHIB MEXaHIKHU 32
JIOTIOMOTOF0 MaITMHU ATBYy/a. Y KaJapoBiii pO3ropTIli LOTO BiJI€0, 32 JOMOMOTOI0 IporpaMu Sony
Vegas Pro, 3HaiiiemMo kajp, 0 BiJNOBiJa€ MOMEHTY Mo4aTky pyxy. [loznaunmo #oro mudporo 1.
XapakTepHOIO OT0 0COOIMBICTIO € Te, 110 BaYKOK Ha HhOMY 3HaXOJUTHCS y IOYaTKOBOMY CTaHi (Ha

nosHaui S,, =5 cm). Lle 3apikcoBano Ha mnepmomy Kampi A Ha HACTYNHOMY Kaipi Horo
TMIOJIOKCHHS 3MIHIOETHCS.

3a OTpUMaHOI0 KaJApPOBOIO PO3TOPTKOIO 3 TOAMHHUKOM Yy KaJpaxX BiJeo, EKCIIEPUMEHTaIbHO
BCTAHOBMMO YacTOTY 3MiHH KaJIpiB BUKOPUCTOBYBaHOi (poTokamepu. YacTora 3MiHH KaJIpiB:

S_N-1_73-1
t 240

ne N —uucno xanpis Big3HaTux 3a yac { .

=30 xanpis/c; (1)

Toni, mepion T — 9ac Mix ABOMa CYCIIHIMU KaJpaMHu:

1 t 1

—=—=—c. @)
v N-1 30

Po316’emo Bci 73 kanpu (72 iHTepBaJIM MK KaJpaMu) cTpoOOCKOMIYHOI Bepcii Ha 6 cepiil. Y
KokHIH cepii mo 12 kaapiB. Toxi, yac NPOXOJKEHHS KOXKHOI cepii, 13 ypaxyBaHHsAM (2),

CKJIaJIaTHMe:
AT =12.T =04 c. @3)
[Ipu piBHONPUCKOPEHOMY pYyCi BIJHOLIEHHA WIIAXIB, MPOWIEHMX TIIOM 3a OJIHAKOBI
MIPOMDKKH Yacy, JOPIBHIOE BITHOLIEHHIO HEMApHUX YUCEIT:

S,:S,:S,:...:S =1:3:5:...:(2n-1). 4)

Y namomy Bunaaky S, ne 1=1,2,3, -+ N, ne muisxu, mo NpoxoauTh cHCTEMA BAKKIB 3a

gac AT 3iioMKM KOXHOI cepii KaapiB. 3a3Ha4nMO, IO Yac 3MOMKHU KOXKHOI cepii Kaapis, 3TigHO 3
(3), AT =0,4 c.

Ha xampax NeNe 13, 25, 37, 49, 61 Ta 73 (puc. 1) 3adikcoBaHO IUISIXH SK13’ SKZS, SK37,

S S

oi, 2-0i, 3-oi, 4-0i, 5-0i Ta 6-0i cepiil kajpis, BiAMOBiAHO. BoHN MatoTh 3HaueHus: S, , =8 oM,

Si;s=14cm, S,,,=24cm, S,,,=375cm, S,,,=545cm, Ta S, ,,=755cm,

BinoBiAHO. [lpyn 1poMy BiUIIK MPOBOIWTHCS BiJ HYJNS, Y TOM 4Yac KOJM PyX IMOYHMHAETHCS 13

SK73 , IO TIPOMIIITIA CUCTEMA BaXKKiB BiJl HYJIbOBOI MO3HAYKH_JT0 3aKIHYCHHS 3MOMKH 1 -

K497 K61’

K25 K37 K49 K73

nosHauku 5 eM (S, =5 em). Toni, wusixu S, S,, S;, S,, S, S, mo npoxoauts cucrema Baxkis
3a 9ac 3ioMKkH 1-0i, 2-0i, 3-0i, 4-0i, 5-01 Ta 6-0i cepiii kaapis AT , BU3HAUUMO SK:
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S,=S,,,—S,,=8-5=3 (cm);
S,=S,,,—S,,,=14—-8=6 (cm);
S,=S,,,—S,,, =24-14=10 (cm);

S, =S, =S, =37,5-24=135 (cm);
S, =S4, — Sy =94,5-37,5=17,0 (cm);
n==6 S, =S, — Sy, =755-54,5=210 (cm).

AOconroTHa MOXMOKa BUMIpIOBaHHS HUIAXY ckimanae 0,5 cm (IOJIOBUHA I[IHU HAWMEHIIOL

5 53 5 S5 S
Il
o ~h W NP

MOAUIKU IIKAIM JIiHIMKK). ToMmy, /Ui 3MEHIIEHHS BIJHOCHOI MOXWOKH BHMIPIOBaHHS, 00EpeMo
ocranHi (4-Ty, 5-Ty 1 6-Ty) cepii, 3a 4ac IKUX cCHCTEMa BaXKiB mpoiiia muisxu ouneim 10 em. Tomi
BiJTHOCHA NMOXMOKa BUMIPIOBaHHs HE mepeBuiryBatume 5%. OTxe, crmiBBiAHOIIEHHS (4), sKe MU
Ma€eMO MEPEBIPUTH, y HAIIOMY BUIIAJIKy, MATUME BUTJISI:

S,:S,:S,=7:9:11. (5)
[TizcTaBisiroun YMCIIOBI 1aHi, OTPUMAEMO:
135:17:21~7:9:11. (6)

0,79~0,78;0,81~0,82;0,64 =0,64.

CriBBinHOmEeHHS (6) BUKOHYETHCS 3 TOYHICTIO HAaBiTh OLIBIIOK B PO3pPaxyHKOBOI
(BimHOCHA MOXMOKa BUMIipIOBaHHS He mepeBHInye 2%). Lle cBiAUnTh Npo piBHOMPUCKOPEHHUH PYX
CUCTeMH TATapiiB. Sk OaumMo, JJs MEPeBIpKH IbOr0, HAM HE 3HAJ00MIACh BEITUYHHA YaCTOTH
KaJpiB 3HIMAIbHOIO amapaTy, a BIANOBIZHO 1 Yac MPOXO/PKEHHS KOXKHOI cepii KalpiB
CTpOOOCKOMIIYHOT Bepcii. AJle i1 BA3HAYEHHS BEJIMYMHU TPUCKOPEHHS BOHU HEOOXiIHi:

2S, 2§, 2S
a=2% 2% _ B @
AT®  3AT (2n—-DAT
ne AT =12-T =12 io =0,4 ¢ — wac mpPOXOMKEHHS KOXKHOI cepii KajpiB

CTpOOOCKOMNIYHOI Bepcii.
[TincraBnstoun B (7) 4UCIOBI JaHi, OTPUMAEMO:

. 0,122 _006_ a0 e
1-AT 0,16

a - 0,1202 _ 0120 _op e
3-AT 3-0,16

a, = 0'2002 _ 0,200 =0,250 m/c?;
5.AT? 5.0.16

a = 0,2702 _ 0,270 _ 0.2 s
7-AT 7-016

- 0,3402 _ 0340 (o0 e
9.AT 9.0,16

a = 0,420 B 0,420 —0.24 wic

° 11-AT? 11.016
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Sx 3a3HadyeHO BHUINE, I 3MEHIIEHHS BITHOCHOI IMOXMOKHW BUMIpPIOBaHHS, HEOOXITHO
oGuparu 4-Ty, 5-Ty Ta 6-Ty cepii Kaapis. M BiINOBiNAIOTH 3HAYEHHS IPUCKOPEHHS 8, 8, &, . A ix
cepe/iHe 3HAUCHHS J100pe y3TOKYETHCS 3 €KCIIEPUMEHTAIbHO BU3HAYEHUM MPUCKOPEHHSAM Yy XOJi
BHUKOHAHHs J1abopaTtopHoi pobotu (aus. [1]).

BucHoBku. OTxe MOXHa 3poOUTH BHUCHOBOK, mo BrpoBamkeHHs IKT y nHaBuanbHuit
mpouec, y JACsIKUX BHUMNAAKaX, JO3BOJISI€ CIPOCTUTH BHUMIPIOBAJbHY  YCTaHOBKY, IO
BUKOPUCTOBYEThCS y JabopaTopHiii poboti. Hampukiazn, y po3risayBaHiii HaMu MamnHi ATBYna,
BCIO CHHXPOHI3allif0 MOXe B34TH Ha cebe mudpoBuii Goroanapar abo BijleoKaMepa, BJIAIITOBAHA Y
MOOUTEHUH TenedoH. Y pe3ynbTari BCs MamiMHa ATBYAA CIPOUIYETHCS JO JIHIMKK 1 ONOKY 3
MEPEKUHYTOI0 Yepe3 HbOTO KarpOHOBOI HUTKHU 3 BaXKKaMHU.

Take crpoIeHHs! YCTaHOBKY J1a€ TOABIMHUN e(eKT:

1. Hewmae moTpeOu B criemiaii3oBaHOMY JJOPOrOMY HaBYaIbHOMY 00JIaTHAHHI.

2. Yac, BUBUIbHEHHUH 13 HETIEPEPBHOTO HAJIATO/PKEHHsI KOHTAKTIB 1 CHHXPOHI3aIlil POIIeCiB
B YCTaHOBIll, MO)X€ OYTH BHUKOPHUCTAaHMA Ha BHUBYCHHS (I3MUHOI CYTHOCTI TMpOIECIB, IO
BiIOYBarOTHCS.

Toni naboparopHa po6oTa Mo BUBYCHHIO 3aKOHIB MEXaHIKH 32 JOIOMOI0I0 MalluHU ATBy/a
MOKe OyTH BUKOHAHA CAMOCTIHHO SIK CTYJCHTAaMU CTaI[lOHAPHOTO, TaK 1 3a04HOr0 HaBYaHHA. Kpim
TOT0, BOHA MOKe OYTH peKOMEH0BaHa 1 AJisl AUCTAHIIHHOTO HABUAHHSI.
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Tkadyenko Boaogumup MukosnaioBu4
Lenmpanbroykpaunckutl 20cydapcmeeHtbvlil nedazo2uieckutl ynugepcumem umenu Baraoumupa Bunnuyenko
Yepepanb EBrennst AjiekcaHIpoBHA
JBH3 "Jlonbacvruil 0epoicasHnuii neoazociynuil yrnigepcumem”"
HCIOJIb30BAHUE CTPOBOCKOINWYECKOI BEPCUW B YYEBHOM 3KCIIEPUMEHTE
NPU N3YYEHUUN 3AKOHOB MEXAHUKHA

Cmamus nocsesaujena 6HeOpeHUur) Ccpeocms UHPOPMAYUOHHO-KOMMYHUKAYUOHHBIX MEXHON02Ul
YuebHblll npoyecc OJisk AHAAU3A XAPAKMEPA OBUNCEHUS CUCTeMbl Mell (hU3ULecKo20 IKcnepumenma. Beedeno
nonamue u onpedenerue mepmurna « Cmpooockonuyeckas 6epcusy pedarbHo20 Quauiecko2o IKChepumenma.
Paccmompen npoyecc cozdanus cmpobockonuueckoll gepcuu Ha npumepe 1abdOpamopHolu pabomsl no
U3YYEHUIO 3aKOHO8 MEXAHUKU C NOMOWbIO Mawunbl Ameyoa nymem moumasica ee gudeo gepcuu. Yacmoma
KAOPO8 UCNONb3YEeMO20 CHEMOUHO20 annapama Oblid YCMAHOBNEeHA IKCHePUMEHMATbHO NO NOJYYEeHHOL
Kaopoeoll pazeepmie 6U0eo 8epcuu 1abopamopHol pabomol.

Ananuz cmpoboCcKonu4eckol 6epcuu No3eoJiAem AHAIUMUYECKU OO0KA3amb PABHOYCKOPEHHbIL
Xapaxmep O8UICEHUSL CUCTEMbL 2PY3UKO8 U ONpedeaumb adCOTOMHOe 3HAYEHUE YCKOPEHUS UX OBUICEHUSL.
Toxazana 603mM0HCHOCL YAPOUEHUST DKCNEPUMEHMATbHOU YCMAHOBKY NO USYYEHUIO 3AKOHO8 MEXAHUKU.
Omo Odaem BO3MONICHOCMb CAMOCMOAMENLHO GbINOIHAMY AAOOPAMOPHYI0 pabomy no U3V4eHuro 3aKOHO8
MEXAHUKU KaK cmyOeHmam cmayuoHapHo20, mak u 3a04no2o ooyuenus. [1o0obuvie nabopamopHuvle pabomol
Mo2ym 0biimb PEKOMEHO08AHbL U OJ151 OUCMAHYUOHHO20 0OVHeHUsL.

Knioueewie cnosa: sudeo sepcus, cmpobockonuyeckas 8epcusi, y4eonviti (pusuyeckull IKCnepumeHm,
3AKOHbI MEXAHUKU.
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Volodymyr Tkachenko
Central Ukraine State Pedagogical University named after Vladimir Vinnichenko
Evgeniya Cherevan
State Higher Education Institute "Donbass State Pedagogical University"
USING STROBOSKOPIC VERSION IN AN EDUCATIONAL EXPERIMENT IN THE STUDY OF
THE LAWS OF MECHANICS

The article is devoted to the introduction of information and communication technologies in the
educational process for analyzing nature of the motion of weights system in the physical experiment .

The concept and definition of the term "Stroboscopic version" of the reality physical experiment are
given. The process of creating stroboscopic version on the example of the laboratory work on the study of the
laws of mechanics with a machine Atwood by mounting it video version was examined. The frame rate of the
used camera was established experimentally by the received video scan of the video version of the laboratory
work.

Analysis stroboscopic version allows you to analytically prove the character of a uniformly
accelerated motion of the system of weights and determine the absolute value of acceleration of their
movement. The possibility of simplifying the experimental setup for studying the laws of mechanics is shown.
This makes it possible to independently carry out laboratory work on studying the laws of mechanics both for
students of in-patient and correspondence courses. Similar laboratory works can be recommended for
distance learning.

Keywords: video version, stroboscopic version, educational physics experiment, the laws of
mechanics.

BIJOMOCTI ITPO ABTOPIB

Tkavyenko Bosonumup MukogaaiioBud — kaHauaar ¢(i3MKO-MaTeMaTUYHUX HAyK, JOIICHT,
TOKTOpaHT LleHTpanbHOYKpaiHCHKOTO JAEp)KaBHOTO TII€AroridHOro YHiBepcuTeTy imeHi Bomommmupa
BunHHueHKa.

Yepeanb €Brenis OuexcaHapiBHa — cTyaeHTKa (i3MKO-MaTeMaTHYHOro (akyJIbTeTy OYHOI
dopmMu HaBuanHs Ha 2-My (Maricrepchkomy) piBHi JIBH3 "JloHOachkuii aep>kaBHHM IeAaroriqHuUi
yHiBepcHureTt'.

Kono nayxosux inmepecis: Bukopuctanus 3aco6iB iHPOpMaILiiHO-KOMYHIKAIIHHAX TEXHOJOTIH Y
CUCTEMi HaBYAILHOTO (DI3MIHOTO EKCIIEPUMEHTY.

YK 372.853
C.B. lllyabra, C.I1. Beauuxko
LlenmpanbHoyKpaincoKuil 0epicasruii neda2o2iyHull yHigepcumem
imeni Bonooumupa Bunnuuenka

MNOCHUJIEHHS POJII IHIAUBIJIYAJIBHOI TOITYKOBOI JISIJIBHOCTI
CTYJAEHTIB Y ®I3UUHOMY NPAKTUKYMI 3 ATOMHOI ®I13UKH

Hlupore 6npoeaodcenHs CyyacHux I[HHOBAYIUHUX MEXHOA02IU HABYAHHA ) HNpoyeci Ni020moeKu
BUCOKOKBANIPIKOBAHUX (haxieyie 3 GUWOI0 OCBIMOI0 Nnepedbauac 3HAUHe PO3WUPEHHS Ma NIOBUUEHHS
SHauUywocmi ni3HABANbHOI OIILHOCMI ) HABYAILHO-BUXOBHOMY NPOYECi KOMCHO2O0 CmyOeHma, i 30Kpema
iHOUBIOYaIbHOI Y X00T BUKOHAHHSL (DI3UYHO20 NPAKMUKYMY 3 PO30ILy (hi3uKka amoma i amomHo2o s0pa.

Hawi wnayxosi nowyku npuseiu 00 BUCHOBKY NpO OOYIIbHICMb PO3GUMKY  CAMOCMIUHOT
IHOUBIOYANbHOI  OisIbHOCI  cmyOeHmie 3 @i3uKku Ha OCHO8I WUPOKO20 6NPOBAOCEHH 3aco0i8
IHGOPMAYTIHO-KOMYHIKAYIUHUX ~MEXHOA02IU, WO aKmyaizylome npobiemy inmeepayii peanvHo2o i
BIPMYANILHO20 eKCNEPUMEHMY 3 PO30INY (Pi3uku amoma i amomuo2o s0pa. 3 yico memoio po3pooieHi HOGI
npocpamHi - NpoOyKmu, WO  6pPAX08VIOMb  HAAGHICMbL  pIHUX — MOOYAi6 1 3abe3neuyioms
bacamohyHKYiOHAIbHICMb — 3ANPONOHOBAHO20  HABYANLHO20 KOMWIEKMY Ol GUKOHAHHA  (Di3UUHO20
NPAKMUKymy i npaKmudHux Has4aibHux 3a80ansb 3 8i0N0BI0H020 PO30iny AK IHOUBIOYAILHO, MAK | HA OCHOBI
CYUACHUX IHHOBAYIIHUX MEXHON02I HABYAHHS 8 AGMOMAMUYHOM) DENCUMI.
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