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YBaxaemble y4acTHUKK!

Mepen samu BTOPASl Bepcusa cnucka 3agay ®epepanbHoro GtyeH4eckoro
TypHupa Tpéx Hayk. B cnucke npuBeaeHbl YeTbipHaaLUath 3a4a4, BOCEMb
npenocrtasneHbl doeaepanbHbiM OprkoMuteToM TypHUPA U LWECTb — CNOHCOPaMM.

YbenutenbHasa npocb6a, cobsnogante Mepbl 6630MacHOCTM NPY NPOBEAEHNI SKCMNEPUMEHTOB.

«I'm an apostrophe
I'm just a symbol to remind you that there's more to see»
Imagine Dragons — Whatever It Takes

5 4R

1. batapeiiku moryT Bcé! (0cCHOBaHO Ha «()ONbKNOPHOI» 3afaye)
[poaenanTe 3MEKTPOXUMUYECKUM NyTEM OTBEPCTIE B MEAHOW NNACTUHE KaK
MOXXHO OO0JbLLEN TOMLLMHBI, NCMONb3YS B KAYECTBE UCTOYHMKA TOKA CONEBYHO
batapeiiky Tuna AA. lprMeHsiemblin B 3TOM NPOLLECCe 3NEKTPOnuT 6e3
NOJKNI0YeHNs baTapeikn Ha Mefb JeMCTBOBAThL HE AO/MKEH. BO3MOXHO Nin
nony4atb OTBEPCTUA PA3NMYHOr0 AMAMETPA, UCMOSb3ya BaLl Cnoco6?
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2. Tbl Y4€HbIN, @ He nocyaomoiika (A. YepBuHckas)

B nonesbIX yCNOBUAX AJ19 MbITbs MOCY/Ibl MHOTAA UCMNONb3YHTCSA PACTEHNS,
Hanpumep, nbipen. N3y4nTe, Kakne PU3NYECKNE N XUMIUYECKINE CBOWCTBA
PACTEHWIA CNOCOOCTBYHOT OTMbIBAHWIO PA3NNYHbIX 3arpa3HeHnid. Pa3paboTaiite
KPUTEPUN KA4eCTBA W HA X OCHOBE BbIOEPUTE PACTEHWE U METOANKY AN1F MbITbS
NOCyAbl; NPW 3TOM AN MbITbsl PA3PELLIAETCS UCNOMNb30BaTh TONLKO BOAY C
Temnepatypoii MeHbe 30°C n camo pacteHue. OnNnLLMTE KONIMYECTBEHHO
NPEnMMYLLECTBA U HEAOCTATKN MbITbS NOCYAbI C MOMOLLbH BbIOPAHHOTO BaMu
PACTEHMS MO CPABHEHMIO C MbITbEM MOCYAb! C MOMOLLbH 00bI4YHbIX MOKLLUX
CPeAacTB 1 ry6ok. /i3y4nTe Takxe 6akTepuLaHble CBOMCTBA BALLEr0 PaCTEHNS
KaK nocyaoMO0e4yHoro cpeacraa.

BHuMaHue: BbIGpaHHOE BaMu pacTeHune JOSIHKHO ObITb 6€30MacHO A/ Yen0BeKa.

3. Heitpomunumym (A. Xapun)

[peanoxute aBToMaTn4ecKuin (6e3 y4actusa oneparopa)
dHUedanorpadpnyecknii MeTo onpeaeneHns Toro, OTKPbITbI Y UCMbITYEMOr0
rnasa unu 3akKpbitbl. Balu MeTon aomkeH 06X0auTLCA ABYMSA 31eKTPOAaMU,
KaXbliA nnoLaapto He 6onee 0,5 cM?, NOAKIIOYaEMbIMU K UCNbITYEMOMY. B
npoLecce onpeaenieHns Heflb3s MeHATb MecTa YCTaHOBKM 3M1eKTPOA0B. Haiaute
XapaKTePUCTUKI BALLIEro MeToa, Hanpumep, BEPOATHOCTb NT0XXHOW TPEBOTM 1
NPOMNycKa, TakXXe N3BECTHbIe KaK OLLNOKK NepBoro U BTOPOro poaa. Beibepute
HEKOTOPbI CTATUCTUYECKNIA KPUTEPUIA N ONTUMUIUPYITE NAPAMETPbI
NPeAsIKEHHOro Bamy MeToa.

4. XeBaTb — He nepexuBatb (A. XapuH)

)KeBatenbHas pesnHKa unu npocTo »XBavka — 3T0 U3AENNEe, KOTOPOe COCTOMT
N3 HECLEL06HOWN N HEPACTBOPMMOI OCHOBbI (HEe 0053aTeNIbHO U3 PE3NHbI), a
TaKXe Pas3finyHbIX 000aBOK. PazpaboTaiiTe onTManbHYH XXBadky Ans
yaaneHus 6akTepuanbHOro Haneta ¢ NoBepxHocTu 3y60B. MuHuMuanpynte
HeXXenartesibHble N060Y4HbIE APEKTLI OT yNOTPEedbIeHns BaLlero n3aenus.
Onpeaenute oNTUMasIbHOE BPEMS XXEBAHWS NMPEAN0XEeHHON BAMMN XBaYKM.
YnanqaeT nu Balle n3aenue HaneT ¢ Apyrux nosepxHocTei nonoctu pra? Ang
NPOBEeAEeHNA IKCMEPUMEHTOB pa3paboTanTe MexaHMKO-XUMUYECKY MOJENb
npoLecca XeBaHus NpPeanoXXeHHOW BaMmn XXBAYKK.
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5. 06wmTenbHbie E. coli (C. bo3poBa, A. Eropos)

HekoTtopble Wwtammbl 6aktepum E. coli npoayuupytot 6enok-aHTUONOTUK
KONUUWH. [JaHHbIN aHTMOMOTUK UrPAET BAXXHYH POJIb B NMOAAEPXKAHUN
MUKpod)siopbl YenoBeka. OgHaKo KONULMH cnocobeH noaasnsdTh pocT 6akTepui
CBOEro0 Xe B1aa, Ho Apyroro wramma. M3y4ute akcnepuMeHTanbHo 1
TEOPETMYECKN (B T. 4. C NOMOLLbIO MOAENUPOBAHNSA) B3aMMOAEICTBME
NPOAYLMPYIOLLEro 1 He MPOAYLUPYHOLLEro KonuuuH wrammos E. coli.
BHMMaHue: B X0/1e 9KCMEPUMEHTOB PA3PELLIAETCSH UCMOMb30BaTh TOSbKO
be3onacHble )19 YesioBeka LWTaMMbl MUKPOOPraH3mMOB.

6. Fpn6oykm k yato (H. Mananus, [1. LLabaHos, E. LLla6aHoBa)

Kak 13BECTHO, YaWHbIi rpnb, NpeacTaBNALLIMA COO0N CUMONO3 APOXOKEN U
HEKOTOPbIX YKCYCHOKUCIbIX 6aKTepuin, ABNAETCA UCTOYHMKOM (DEPMEHTOB,
AMUHOKWCINOT, a TAKXXe MHOTUX MOJSIE3HbIX MPOMEXYTO4HbIX NPOAYKTOB
rnmukonusa. Paspabortante MeTOAMKY NONYYEHUA YailHOro rpuba 3 OTAeNbHbIX
COCTaBNALLMX 1 UccneayiiTe npoLecc 06pa3oBaHns JaHHOo CMOM03a.
[MpeanoxuTe 1 060CHYINTE KpUTEPUN AP PEKTUBHOCTMN KYNIbTUBUPOBAHNS
[aHHOro cumobuoHTa. OnpenenuTe ycnosus, Npu KOTOPbIX KyNbTUBMPOBAHNE
Oyaet Hanbonee 3PEKTUBHO.

7. Bl Bce ewe kunsatute? (A. Xapuh)

PaspaboTaiTe reHeparop aneKTpu4eckoro HanpsKeHus, crnocoobHbIN
YHUYTOXUTb BCE MUKPOOPraHn3Mbl B MaKCMManbHOM 00bEME XXIUAKOr0
NPOBOAALLEro BeLlecTsa (Hanpumep, BOAHOr0 pacTeopa conu). Temnepatypa u
COCTaB Cpejibl JOJHKHbI 0CTABATbCA A0NYCTUMbIMU NS BbKUBAHNS
MWKPOOPraHn3mMoB. B Ka4ecTBe NCTOYHNKA SHEPrUK AJ18 reHeparopa
pa3peLLaeTca UCnosib30BaTh TONIbKO OAMH 3neMeHT nutanua PP3 («KpoHa»).
dopmy cocyaa, B KOTOPOM HAXOAUTCA XXUAKOE NPOBOJSLLEe BELLECTBO, BUA U
LUTAMM MUKPOOPraH1M3ma, NoAsiexalllero YHUYTOXEH!0, a Takxke popmy
3/1IEKTPO/I0B MOXKETE BblOpaTh M0 BaLLeMy YCMOTPEeHUH0. Kak JO/MKHO MEHATLCS
BO BPEMEHW 3NEKTPUYECKOe HanpshKeHne, BbipabatbiBaeMOE reHepaTopom,
4TOOb! PELUNTb NOCTABNEHHYIO 3a4a4y?

BHMMaHKe: B X016 9KCNEPUMEHTOB Pa3peLUAeTCs UCNoNb30BaTh TOMLKO
be3onacHble 451 YefioBeka WTaMMbl MUKPOOPraH3MOB.
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8. YTekan (fl. bpees)

[13BECTHO AABNEHME, KOrAa HEKAS XKNOKOCTb MOXET MPAKTUYECKN MOTHOCTbHO
BbINBATLCA U3 COCYAA, MOJIOXEHNE KOTOPOro 6/IM3K0 K BEPTUKASIbHOMY (CM.
Bnaeo https://youtu.be/b0OSVX8z0Pkc ). 06bsicHUTE ABNEHNE. BbiscHuTe, Kakue
eLLe XUAKoCTW NPUrodHb! Ans Bocnpon3sedeHns apdekra. Onpegennte, Kak
3aBUCUT CKOPOCTb BbIIMBAHUSA 1 KOSIMYECTBO OCTABLLEICS B COCYE XXNAKOCTU
0T XapakKTePHbIX NAPAMETPOB CUCTEMbI.

BHUMaHKe, B X046 3KCMEPUMEHTOB Pa3peLLAeTCs MCNONb30BaTh TOMbKO
6e30MacHbIe Ans 340POBbS YEN0BEKA BELLECTBA.

9. Bropas 6eaa (IAO «CUbYP Xonpuur»)

B HacTOALLMIA MOMEHT 4151 MOANMUKALIML JOPOXHbIX OUTYMOB NPUMEHSIETCS
OyTaANeH-CTUPONbHbIA TEPMO3IACTONNACT, KOTOPbIA 06eCne4nBaeT BbICOKNME
9KCMyaTtaLnoHHbIe CBONCTBA acanbTOOETOHHOr0 NMOKPbITUS B LUXPOKOM
ananasoxe temneparyp. OQHaKo B NPOLECCe TPAHCMOPTUPOBKM U XPAHEHNS
NoONMMEpPHO-OMTYMHOrO BAXYyLLero ([1bB) HabnoaaeTca Npouecc paccnoeHus.
B 60bLUMHCTBE Cy4aeB nMosMMepHas MatpuLa KOHLEHTPUPYETCS B BEPXHUX
crnosix 06bema cmecu. llpouecc paccnoeHus 3aTpyaHseT nosyyeHue
0JHOPOAHOr0 Mo CBOMCTBAM MPOAYKTA, 4TO OTPULIATENLHO CKA3blBAETCA HA
Ka4eCTBE AOPOXXHOr0 MOKPbITUA. [1peanoXnTe MeToabl, CMArdatoLLIMe pUCKu
NAHHOW NPOo6NeMbI.

10. Oenb Tpurnuuepunos (MK «3®KO0» )

[A3BECTHO, 4TO KyJIMHAPHBbIE XMUPbI NMOMY4aKT NyTEM rMaporeHn3aLum n
nepeatepuduKkaLmnm pactutenbHbix Maces. [peanonoXxunTensHo, Hanbonee
MacCCOBbI€ XUPbI CMNeLanbHOro Ha3HaveHns (MaprapuHbl) MOXHO NOSYYUTb
NyTeM KynaxmpoBaHWUA pasnuyHbIX pakLuii NanbmMoBoro mMacna, 6e3
NCMONb30BAHUA AOPOrOCTOALLMX TEXHONOIWiA. MpoLecc pa3paboTKM TEXHONOMK
KynaXnpoBaHus TpebyeT [eTanbHOro N3y4eHns CBOWCTB UHANBUAYANbHbIX
Tpurnuuepuaos. Mpeanoxure crnocodbl Nony4eHns 04HOr0 MHANBUAYANbHOMO
Tpurnuuepunaa ¢ yuctoton He meHee 90 %.
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11. Oxota Ha nuc (AO «KoHuepH «Co3Be3fue»)

Pa3paboTaiiTe komaHay 1“3 [BYX aBTOHOMHbIX p0O0TOB, KOTOpas Obl AaBana
Hauny4Llne pesynbTathl B NPUBELAEHHOW HIKE aaanTMpOBaHHOW BEPCUM
CMOPTWBHOW paguoneneHrauun. Heobxoammo, 4To0bl CUCTEMA YNPABIIEHUS
KaXK[0ro poboTa 6b11a NOCTPOEHA HA HelPOCETEBbIX MPUHLIMNAX.
lpumeyanue: npu peLieHnn 3adadu Ha 0T6opo4HOM aTane TypHupa
[0NYCKAETCA 3aMeHa 3KCnepumeHTa MaTemati4eckiuM MoennpoBaHmem, npu
PeLLeHnn 3a4a4n Ha OnHaANbHOM 3Tane TypHupa Takas 3aMeHa He 10MYyCKaeTCs.
[1paBuna urpbi:

1. Yucno pagnonepenatymkoB paBHO [ABYM.

2. [lepenatymki pacnosioXeHbl U 3aKpenneHbl Ha NNOoLAKe.

3. [lepenatymku nuTaOTCAa OT aBTOHOMHOIO UCTOYHUKA nuTaHms. MoOLLHOCTb
n3nyyeHns nepeparymka Ha 6onee 100 munmearr.

4. TInowaaka — poBHas NPAMOYronbHas MOBEPXHOCTb PA3MEPOM 2X3 M.

9. [abapuTbl poboTos He 6onee BLUI =10x10x10 cm.

6. [abapuTbl nepenatynkoB He 6onee BLUT =10x10x10 cm.

/. P060Tbl MOTyT 00LLIATHCA TOMNBKO APYr C APYroMm.

8 llepenaryvkn pacnonaratoTcs B Cy4anHbIX HEU3BECTHbIX PO60TAM MeCTax Ha
PACCTOAHMM He MeHee 1 M OT Kaa0ro 13 poboToB (OrpaHnMyeHmne Ha
MUHManNbHOE PacCTOAHNE MeXay nepefatinkami 1 poboTamu TakxKe
HEen3BeCcTHO poboTam).

9. Po6oTbl ocHaLaroTes HEHanpaBieHHbIMI aHTEHHAMK, NPUEMHUKAMK Y
CUCTEMOWA ynpaBNieHUs.

10. MNepepatyvkn ocHawarotcs HEHanpaBneHHbIMI aHTEHHAMUA.

11. Kaxablii 13 nepenaTykoB 13My4aeT rayCCoBCKMA GENbIN LLyM
(AOCTaTO4HO, 4TOObI CNEKTPasibHas MOTHOCTb MOLLHOCTH LLyMa Oblnia
NOCTOAHHOW 1 OTNIMYHOW OT HyNd B nosioce YacTtot Ao 10 Mlwu).

12. CnekTpasibHas nioTHOCTb MOLLIHOCTM LUYMa KaXX0ro 13 nepeaaTymkoB He
N3BECTHA pobOTaM.

13. HavyanbHOoe nosioxeHne po60TOB — B NPOTUBOMONOXKHbIX Yrnax ninoLaaku.
14. CkopocTb Kaxxaoro po6ota orpaHuyera 0.01m/c.

15. P0O0OTbI HE MOTYT OTPbIBATHCA OT NMOBEPXHOCTH.

16. ®akT nobebl B Urpe — HaxoXxaeHne KOMaHa0i poboToB 060MX
nepeaarymKos.
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17. QAKT HAX0X/AeHMa nepeaaTynkoB — X0Ts Obl 04UH M3 POOOTOB NOAbLEIKAET
K nepeaatyuky 1 Kacaetcs ero no60on CBOEN 4acTblo.

18. HYem ObicTpee po60Tbl HAXOAAT NepeaaTynkm, TeM NyyLlie OHW UrpatoT.
*BLUIM=BbicoTa x LLupuHa x ['nybuHa

12. [pa3Hblit pesepsyap (000 «JIYKONII-YepHo3embeHetTenpoayKT»)
PernameHTHbIMI NpoLesypamu npeaycmMoTpPeHO NPoBeeHe nepuoanyeckon
324UCTKM TONSIMBHbLIX pe3epByapos. OAHAKO, HA AAHHbIA MOMEHT OTCYTCTBYET
METO[MKA OLEHKW CTENEeHN 3arpsA3HEHHOCTM TOMMMBHbIX Pe3epByapoB.
3arpsA3HeHHbIe 0CTaTKM B Pe3epByapax coCToAT U3 BoAbl (0T 3 40 38 %),
MexaHn4eckux npumeceii (0T 2 4o 28%), opraHu4eckux BeLLecTs (ot 1 1o
45%) n Tak panee.

Pa3paboTainte onTumManbHy0 METOAUKY OLIEHKW CTeNeHn 3arpsA3HeHHOCTH
HEOMOPOXHEHHbIX TOMMMBHbIX Pe3epByapoB.

13. HetouHblit nnotHomep (000 «JTYKOWN-YepHosembenediTenpoayKT»)

Ha A3C cyLLecTBYOT CUCTEMbI M3MEPEHWIA MAcChbl HE(PTENPOIYKTOB,
npeaHa3Ha4YeHHbIe AN HENPEpPbIBHbIX U3MEPEHUNIA YPOBHS, TeMnepaTypbl I
NI0THOCTN HEPTENPOAYKTOB B Pe3epByapax Ha aBT03anpaB04HbIX CTAHLMAX,
BbI4MCNEHNI A 06bemMa U MACChbl HEDTENPOLYKTOB NPN XPaHEHUMN.

Camon HecTabunbHOI BENIMYNHOIA, ONPEaensiemon CUCTEMOIN U3MEPEHNS,
ABNAETCA MNOTHOCTD.

[lonfiaBoK Na0THOCTA (MIOTHOMEP) HA M3MEPUTENbHOI CUCTEME COCTOUT U3
Kopnyca u nonnaeka. Kopnyc npukpensieH K nonnaeky Bofbl. Kopnyc MoXet
CBOOO/IHO ABWraTbCA HA CTEPXXHE 30HAA, NOMNIABOK — HAXOAUTCA BHYTPU
Kopnyca n MOXeT nepemeLyartsca. [1pn 3TOM ero nepemeLLeHne 3aBucut ot
NI0THOCTU HedpTenpoaykra. [N0THOMEp YCTaHABNMBAETCA HA CTEPXKHE 30HA B
30HE HVKHEro ypoBHA HeddTenpoayKra.

[py 0ONroBpeMEHHOI 3KcnyaTauun U3mepuTesibHON CUCTEMbI HEM3OEXHO
3arpsA3HeHne MaTepuanos, HAXOAALLMXCA B KOHTAKTE ¢ NPoAyKToM. Kpome TOro,
BO3MOXXHO 3acTpeBaHue nomnsaBKoB BCNEACTBUE BbILLEyKa3aHHOro pakTopa.
13-3a cpaBHMTENbHO HEOOSbLUMX Pa3MepPOB BbITaJIKMBAOLLASA CNA MEHbLLE, 1
NOnNMaBKn NIOTHOCTU YYBCTBUTESIbHbLI K 16CTAOMNTM3NPYIOLLMM (dakTopam. Ha
AW3eNbHbIX NonaBkax naoTHOCTW, B MOMEHT CNBa 6EH30B03a
00pa30BbIBAOTCA NMY3bIPbKI BO3AYXa, KOTOPbIE MOTYT BbIXOAWUTb A0 CYTOK.
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Kakue Ha Bawl B3rnsag MOXHO NPUHATL Mepbl, YTOObI 1opaboTaTth camy
N3MEPUTENbHYIO CUCTEMY W UMEIOLLIMECA AATYMKIN NAOTHOCTW 10
BO3MOXXHOCTWN MUHUMASIbHOTO BSIMAHMSA CO CTOPOHbI BbILLENEPEYNCIIEHHbIX
AecTabunuanpyowmx akTopos Npu BbIMOSHEHNIA N3MEPEHWNIA?

BHMMaAHKE: npuMeHEHNEe eMKOCTHbIX AaTYMKOB MIOTHOCTU HE pacCMaTPUBAETCA.

14. be3onacHblii ra3 (®oHa UHGIPACTPYKTYPHLIX U 06pa30BaTeNbHbIX
nporpamm POCHAHO, 000 «LieHTp HaHOTEXHONOr Wit U HAaHOMaTepuanos
Pecny6nukn Moppaosus»)

[nsa npugaHns pasnnyHbiM NONUMEPHbLIM U3ENNAM (B Ka4ecTse npumepa
MOXXHO pacCMOTPETb MOAOLLBY 00YBMW UNK NONMMEPHble femndiepbl) bonee
BbICOKIX XapaKTepUCTUK, TAKUX Kak YNpyrocTb/amopTi3aLns, BO3MOXHOCTb
BO3BPALLATLCA B UCXOAHYO (DOPMY MOCNEe MHOMMX LIMKIIOB Aedhopmauun,
CHKeHune nokasartenen [, B, [, T ([optoyecTb, BocnnameHsemocTs,
[biMo0o6pasytoLas cnocoOHOCTb, TOKCUYHOCTD), @ TAKXXE CHUDKEHUSA UX
Ce6eCTOMMOCTI B COCTaB BBOAAT NMOSIMMEPHbIE MUKPOCHEPLI Pa3MEPOM He
0onee 10 MKM, 3aM0SIHEHHbIE Fa30oM.

MNon6epwuTe ras, KOTOPbIA NPEANOYTUTENLHO UCNOMNb30BATh 418 NPUAAHUA UM
Haunbosee 6e30nacHbIX NoXapHbIx xapakrepuctuk (I, B, [, T). Y4utbiBas 3To,
Ha NPUMeEpPE HECKONbKMUX BbIOPAHHbLIX NONMMEPOB AOKAXMTE, YTO OJUH U3 HUX
UMEEeT Hanbosiee ONTUManbHbIe XapakTePUCTUKIA A1 U3rOTOBNEHMS JAHHbIX
MUKpPOCep, NpeaHa3Ha4YeHHbIX NS UCMOSb30BAHUSA B TOTOBbIX U3AENNAX NPK
TeMnepaType akcnnyatauum ot -35 10 +55 C'.

[lo BCeM BONpocam, CBA3aHHbIM C YCIIOBMAMI 3a1a4 OT OPrkOMUTETA, MOXXHO 00paLLATLCS
K AnekcaHapy XapuHy

VK: vk.com/a_kharin

e-mail: phys.vsu@gmail.com

[lo BCeM BONpoOCcam, CBA3aHHbIM C YCIOBUAMM 33124 OT CMOHCOPOB, MOXHO 00paLLaThcs K
Anekceto llonosy

VK: vk.com/popovalex74

1 fkoBy bpeesy

VK: vk.com/yakovbreev
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OprkomuTeT 6narogaput KOMaHay pa3paboTynMKoB 3af1ay, KOTOpble paboTanu COBMECTHO
C aBTOpaMu Hap TeM, YT0ObI 3aJa4M CTANN TaKUMW, KAKUMU Bbl UX BUIUTE.

CocTtaB KOomaHfbl pa3paboTynMKoB 3a1a4 OT OPrKOMMUTETA:

7. bpees, A. BepnuHa, E. Napudpynnuna, A. I'puwenko, O. Jopodees, E. Kucenesa,
0. Kosagépos, B. Jlap4yenkos, A. Macnakosa, A. Hanees, A. lMonos, K. Cnagkos,

A. YepsuHckasa, M. Hyrpees, [. LLesuos, B. LLymaes

KoppekTopbl: B. [lepeBo3HukoBa, A. Tennosa

Hay4Hbiit peaakTop (3agayum ot oprkomureTa): A. XapuH
Hay4Hbiit pepgakTop (3agaym ot cnoHcopos): A. [Monos, H. bpees
Ochopmnenue: H. Ky3HeLioBa

L iturnir.ru @
@ vk.com/iturnir m

g @iturnir @

dOHA
NMPE3NAEHTCKUX NPESUNAEHTCKUEITPAHTDI.P®D

FPAHTOB
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