Kybok JIDU

10.503.e05

Xaoc — amo nopadok, Komopwili HYHCHO PAcWUPPoOsamMo.

2Kose Capamazo. J[eotinuk

Xaoc

BBenenue

Paccmorpum Kosiebanus rapMOHUYECKOTO OCIUIIISATOPA.

Ero ypaBHenne JBUKEHUS UMEET BUJL
mi = —kux.
Jlannoe ypaBHeHHE HMeET aHAJIATUYCCKOEe PEIleHHe
z(t) = Acos (wt + o) ;
v(t) = —Awsin (wt + ¢p) ,

e w = y/k/m, a ammuryny Kojaebanuit A u HavasjbHy0 Gazy @y Mbl MOYXKEM HaliTH U3
Ha4aJIbHbIX YCJIOBUIL.

Da30BbIM OPTPETOM MBI OyJIEM HA3BIBATH 3aBUCUMOCTL 1(x). B ciayvae rapMoHHIeCKOro oc-
[UIJISITOPa OHA MOXKeT ObITh HaiijleHa U3 ypaBHEeHUs:
2% + v?/w?® = const.

[TocTogHuyI0 BEIUYMHY, KOTOpas CTOUT B IIPABOM YACTU MbI TaKXKe MOYKEM OIPEJICTUTh U3
HavYaIbHBIX ycsioBuil. 3aBucumoctb v(r), KoTopas Clelyer U3 MOCJeJHer0 ypaBHEeHUs, MPe]l-
CTaBJIeHA HA PUCYHKE.
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JlanHoe peleHne siBIsIeTCA aHAJIUTUIECKUM, HO, K COXKAJICHUIO, B OOJILIINHCTBE 3a/ad MeXa-
HUKH TaKoe PelleHre MOJIYIUTh HEBO3MOXKHO. B 9TOM ciiydae OOBITHO MPUMEHSIIOT UNC/IeHHbIE
METO/IbI.
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Cpena nporpaMMupoBaHus AJs 33a9U

st Toro, 9To0BI BaM He TPUIILIOCH HIAYEro MPOrpaMMIPOBAaTh, MbI TOJTOTOBUIN TETPAIKY| B
cpejsie Google Colab. MokHO uCIO/IB30BATh O€3 CMC, HO C PErUCTPAIIACI.

[TpoxomuTe 110 CCBLIKE Ha TeTPajiKy| (Ha BCSAKUIl ciiydail, BOT OHa elle pas), 3aX0JuTe B CBOIi
IyIVIAKKAyHT, HA2KIMaeTe Ha BBIIOJIHEHNE KOJ/Ia B JII000N d9eiiKn (aTo TakKad KHOIIKa Hﬂeﬁ), BaM
COODIIAIOT PAJIOCTHYIO HOBOCTH O TOM, UTO JIaHHBIN KoJ1 Hanuca Hekuit EymceeB Makcum, BbI
COIJIAITIAETECH C 3TUM U [T€TPa/IKa TOTOBA K HUCIIOJIb30BAHUIO.

[ToxpobHO PO TO, KAK MOJIb30BATHCS TETPAJIKOI PacCKa3aHo B JIAHHOM Buieo| (Tem cambiM Mak-
cumoM Ejmnceesbim). Eesnr Korya y Bac eerattyPest MOABITCS BOIPOCHI O TOM, KaK M10JIb30BATHCS
JIAHHOU TeTpajiblo, TO BBl MOXKETe WX 3aJaTh B JIMTYHBIE COOOINEHUs BOT 9TOMY dejoBeKy. He
CTeCHANTECh, OH TOTOB W 3apsyKeH OTBeYaTh 25 (JBa/IaTh IATh) Ha 7.

3ameuaHue. Bol MoxKeTe UCIOJIB30BAThH JIIO6YIO APYI'YIO CpeESNyY JIJid PpEeIIeHUA ,ZLaHHOfI 3ala4du,
HO MBI HE TapaHTUDYEM, 9TO APYyIrue duCJIC€HHbIE METOIbI COIU/I,ZLYTCH K IIPpaBUJIbBHOMY PEIIECHUIO.
" ectn PHUCK, 9TO MbI HE CMO2KEM BaM C 9THUM HHKaK ITOMOYb.

Ceuenue Ilyankape

OmH m3 caMbIX TOMYJISIPHBIX METOJIOB YUCJIEHHOTO perie-
Hus JuddepeHnaabHbIX YPABHEHU SABJISETCH METOJ| ceve-
nus [lyankape. [IpogemoncTpupyem paboTy 9TOro Meronia Ha
puMepe rapMOHUYECKOTO OCIUJIISATOPA.

[l
1

Usz06pasum 3aBucumoctb z(t), v(t) B TpexXMepHOM BHJE, TJe \

x(t) u v(t) OTIIOKEHBI IO OCAM T W Y, a MO OCH Z BpeMms t. J——

B ciyuae rapMOHHYECKOrO OCIHMJLIATOPA MBI [OJIy9IHM BHH- - b=t 4 At
g 1=13

TOBYIO JIMHUIO BJOJIb IUIUHJPA. depe3 paBHBIE IPOMEXKYTKI \

BpeMeHH OyJ1eM IIPOBOIUTE CEUEeHMSI ITapaJlieIbHbIe ILTOCKOCTH t3 =ty + At

{z,v} n HAXOUTH TOUKY IepecevdeH sl IIOCKOCTH U BUHTOBOI o ty =t + At

JMHUK (CM. PUCYHOK CIIPaBa), MOCJIe Yero HAaHOCUTH €e Ha OT-
JIeJIBHYIO 1I0CKOCTb {x, v} (cM. pucynok Huxke). OJHAKO MBI \o\ t
BUJIMM, 9TO YHCIEHHBIA METOZ JaeT TOT K€ PEe3yJbTaT, UTo -
n aHaJUTUYeCKuili. B OoJiee CIIOKHBIX CUTyaIudax KapTUHKA

OyIyT JPYTUMU. x

-
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IIpumeyanue. fcHo, 9TO JIg TAPMOHUYIECKOTO OCIMJILIATOPA YUCJICHHBIN METOJI pellleHnus He
HY2KeH, T. K. BO3MOXKHO aHAJIUTUIECKOE PeIeHNeE.

ITpumeuvanue nmpo xkexkon. Y ¢yukimn SolveSystem ecTb APryMeHT a-y-FebsHeT-axaxaxaxa

is_poincare section. Ecyu BbI 3aja/1uTe ero kak is_poincare section = false, 1o cedenus 0y-
JIyT pacrojiaraTbCs MaKCHMaIbHO I0THO (At Oy/ier MaJio, JaHHBIH cIydail Kak pas3 n300pakeH
Ha pucyHke ¢ ¢dazoBbiM moprperoM). Eciin BbI 3ajauTe ero Kak is_poincare section = true,
TO UHTEPBAJI BpeMeHu OyIeT CYIIeCTBEHHO OO0JIbIle U B 6e3pa3MepHBIX IepEMEHHDIX Oy/IeT paBeH
2.


https://colab.research.google.com/drive/1CodJfjmPAbqc-ZcSAdizUvj5tgpLPUrc?usp=sharing
https://colab.research.google.com/drive/1CodJfjmPAbqc-ZcSAdizUvj5tgpLPUrc?usp=sharing
https://colab.research.google.com/drive/1CodJfjmPAbqc-ZcSAdizUvj5tgpLPUrc?usp=sharing
https://colab.research.google.com/drive/1CodJfjmPAbqc-ZcSAdizUvj5tgpLPUrc?usp=sharing
https://youtu.be/E-gaAUctv9k
https://t.me/apBUS_amp_K
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IIpumep. [lycTs Ha ocimIIgTOp JIERCTBYET IMOCTOAHHAA cujia. B 3TOM ciydae, ypaBHEHHE JIBU-
JKeHusl OyeT UMeTh BUJT
mi = —kx + F.

[TonrpobyiiTe OMEHATH BEpHbIE HMAapaMETPhl B TETPAJIKE, ITOOLI MOJIYUYUTH COOTBETCTBYIOIIEE
ceuenne [lyankape. OHO /10/2KHO OBITH TAKNUM, KaK MTOKA3aHO HA PUCYHKE.

OTO TOYHO TAKOH Ke QJIJIMIIC, KaK W B IPEAblAYIIEM IIpUMEPE, TOJIBKO €ro LHEeHTP CABUHYT Ha
HEKOTOPYIO BCJINYHUHY, YTO COOTBETCTBYET CMCIICHUIO ITOJIO2KCHHA PaBHOBECHII. HaHpaBJIeHI/Ie
CJBUI'a 3aBUCUT OT 3HaKa CHUJIbI, & BEJIMYMHA OT MO/YJIA F.

ITpumep. BmecTo mocTosiHHOM CUITBI T06ABUM CUJTYy CyXOTO TPEHUS
mi = —kx — pumg - sign (1) .

B srom ciyuae cedenne [Tyankape Gyjaer uMerhb BUJL (CM. PUC. HUXKE).
1.5

0.5

-0.5

-1.5

Ha sTom npmmepe MOXKHO NOKa3aTh, YTO YHUCJIEHHLIE METO/IBLI HE BCETJIa JIAI0T PE3YJILTATHI,
KOTOPBbIE COOTBETCTBYIOT JIEHCTBUTE/ILHOCTH U MOTYT BBIJABATH PA3HOIO POJa «apTedaKThs.
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Ecin veynatno n3mMeHnTsh mar quckperusanmn (Bpemst At), To B 9ToM cirydae cedenne [lyankape
He OyJieT TToCcTpoeHo b0 OyJIeT TOoJIyUeH 3aBeJIoMO abCyp/IHbIN PUCYHOK.

[Ipuunna B omumOKe YUCJACHHOTO CY€Ta B paiioHe Hadasia koopiauHat. IIpoumcxonuT packadka
CHCTEMBbI, U TPy3 BMECTO IMOJTHOI OCTAHOBKM HAUYMHAET PACKAUMBATHLCS CHUJIONH TPEHWs, UTO He
COOTBETCTBYET JIEUCTBUTETHHOCTH.

qI/ICJIeHHbIe METOIbI — 3TO OTJINYHBIN NUHCTPYMEHT, HO K HEMY HY2KHO OTHOCHUTBLCA C OCTOPOZK-
HOCTBIO. ECJH/I y BacC 6y,H‘YT BOBHUKATDH BOIIPOCHI UMEHHO 110 YMCJI€EHHBIM METOJaM, TO BbI MO2KETE
obpalaTbest [Croaal

Yacrp 1. HesamueitnocTnb

Momenb JIMHEHOIO OCIIJLISITOPa He BCEr/Ia OIMCHIBAET BCe 0COOEHHOCTH IMHAMUIECKUX CHCTEM.
Hampumep, gacto sra Mo/esb paboTaeT Ipr HEOOJIBIINX OTKJIOHEHUSIX OT II0JIOYKEHUsI PABHO-
Becus. Kcim Ke OTKJIOHEHUsI OT IOJIOYKEHUS PAaBHOBECHS YBEJIMYUBAIOTCH, TO B 9TOM CJIydae
MOJIeIb JTUHEHHOTO OCITUIJISATOPA CJIeTyeT YTOUHUTD.

CytecTByeT MHOXKECTBO Pa3IMIHBIX MOJIesIeil HeJTmHetHOTO octuaTopa. Mbr Oy1em pacemar-
pUBaTH HEKOTOPYIO ODIIYIO TMHAMUYECKYIO MOJE/h, 3a/IaBAeMYIO CJIeIYIONIM yYpaBHEHTEM

i+ ax + bx® = 0. (1)

1. (1 6asn) Haiinure orennuanbayio saepruto U(x) jyis TaKOH CHCTEMBI.

2. (1 6asn) TlpuBeaure IpUMEPBI CUCTEMbI, 3aBUCUMOCTD TOTEHIMAIBHON SHEPIUH KOTOPOii
OT KOODJIMHATHI BBITVISIUT AHAJOTUIHBIM 00pa30M (C TOUKH 3PEHUsT KOJIMIECTBA MUHUMY-
MOB U MaKCUMYMOB), €CJIH

(a) a>0,b>0, (¢) a<0,b>0,
(b) a>0,b<0, (d) a<0,b<0.

3. (1,5 6aana) J1jist Becex TIPUBEJIEHHBIX BBIIIE CIyYaeB H300pa3uTe Bce BO3MOXKHbIE (ha30Bble
MIOPTPETHI JAHHOU CUCTEMBI JIJIsT PA3IMIHbIX HaYaJbHBIX YCJIOBUIA.

JlobaBuM B MCXOHOE ypaBHEHUE JIMCCUTIAITATO
i+ +ar+br* =0, v>0. (2)

4. (0,5 6aan) Nz06pasure Bce BO3MOKHBIE (ha30BbIEe OPTPETHI JJIsT PA3JINIHBIX HAIATBHBIX
yeqioBuit, ecom a < 0,6 > 0.
5. (1 6aan) lycts a = =2, b =1, v = 0,15.
(a) Haiigure mosioykeHusi paBHOBECHSI CHCTEMBI.

[Iycrs mavganbhas ckopocthb £(0) = 10, a HavambHas koopiuHata x(0) € [—2,5;2,5].

(b) Ilombepure 3nadenue x(0) Takoe, ITOOLI CHCTEMA HPUXO/IH/IA K [TOJOKEHUIO PABHO-
BecHs CJIeBa. YKayKUTe ¢ TOYHOCTBIO JI0 COTBIX IPAHUIIBI OTPE3KA, B KOTOPOM JICZKHUT
z(0) 1 B KOTOPOM cucTeMa U3 JI0O0i TOUKK IPUXOUT B ITO TIOJ0KEHNE PABHOBECHSI.


https://t.me/apBUS_amp_K

(c) Ionbepure snauenne x(0) Takoe, ITOOBI CHCTEMA IPUXONIA K IIPABOMY TOJIOKEHUIO
PpaBHOBeCHI. yKa}KI/ITe C TOYHOCTBIO JO COTBIX I'PaHMUIIbI OTPE3Ka, B KOTOPOM JIE2KUT
z(0) 1 B KOTOPOM CHCTeMa U3 000N TOUKH IPUXOJUT B 3TO MOJIOKEHNE DABHOBECHSI.

rHO6ELBI/IM K YypaBHEHUIO BHEIIHIOIO NTapMOHHNYECKYIO CUJIY

i +y® + ar + br® = esint. (3)
6. (1 6aan) Ilycrs a = —1,b = 1. Iocrpoiite cevenns [lyankape /s cireayromux 3HaYCHU
TapaMeTpoB:
(a) v=0;e=0, (c) y=0;e=0,01, (e) v=0,15; ¢ =0,3.
(b) v =0; e = 0,005, (d) v=0;=0,1,

[TocTpotiTe nx npu ob6ouxX 3HaYEHUAX IMapaMeTpa is_ poincare section.

7. (0 6annos) Kaxoit BEIBOJ BbI MOXKeTe CJeJaTh U3 TIOCTPOEHHBIX cedennii [Iyankape?

YHactp 2. /IluckperHasi Moaeb

Yacro ObiBaeT yJI00HO MEPEXOUTH K JUCKPETHOMY BpPeMEHU W HabJIIOIaTh 3a JIMHAMUKON M3-
MeHeHMs HEKOTOPOil BetmynHbl. Hampumep, Mbl MO2KeM 0003HAYUTD &, TOMYJISIIAI0 HEKOTOPOT'O
OHOJIONMYECKOr0O BU/a B MOMEHT BpeMeHH t,, (K nmpuMepy, B roj ¢ HomepoMm n). Toria ypasHeHue,
OIMCHIBAIOIIEe TUHAMUKY U3MEHEHUs IMOIYJISAIIN B CAMOM IIPOCTOM CJIydae, MOYKeT MMETh BH]T

Tpi1 = AT,

re A = const > 0 — K03 DUIMEHT, KOTOPBII OmpeaesseT YCI0BUs KU3HU JAHHOIO BHJIA.
dcuo, aro ecim A > 1, To nonysisanuga OyeT HEOrPAHUIEHHO PACTHU, ecJii A = 1, TO ee 3HAUEHUE
Oy/leT U3 rojia B roJl MOCTOAHHDBIM, ecin A < 1, TO HOmy/dius BeiMpeT. B sToit wactu 3a1a4u
MBI Oy/IeM aHaJM3UPOBATH CXOXKIE MOJIEIH.

[TpaByto yacThb ypaBHeHUsi Mbl Oyjem obo3uadars f(x,). Ecin HekoTopoe 3Havenune ©* yuoBiie-
TBOpsieT ycsoBuio f(z*) = x*, To Takoit £* Mbl 6y/ieM Ha3bIBATH MOJIOKEHUEM PABHOBECHS.

Eci MbI 1Ba pasa mojieiicTByem Haieil «pyHKueii», 1. e. 3ammiiem Boipazxkenue sujia f(f(x)),
TO TaKoe IIpeobpasoBanue Mbl Oy/eM Ha3bIBaTh KBaIpaTHIHBIM 1 OyeM 0b6o3HauaTh Kak f2(z).
[Tpu jeiicTBun Hareit byHKIHER 1 pa3 Mbl 6yeM UCIOIL30BaTh 0bo3Hadenue f"(x). fcHo, aro
CTEIEHb B JJAHHOM CJIydae HE PABHOCH/IbLHA MOHATHUIO CTEIICHU U3 ajreOphl.

IIyTs Touku. JIuHeitHbIi caydaii.

Paccmotpure B Terpasin kiterky «llyts Toukwm». B neit 3amana «pyHkimss

@)= A-min[(L—a),a], u = fe)

rie A = const > (. Bo Bcex myHKTax 3Toif 4acTW 3aJa9l MBI Oy/IeM pPacCMaTpPUBATH TOJBKO
snauenns z € [0,1].

7. (0,2 6asra) B Kakux mpejieax MOXKeT U3MEHATLCsI apaMeTp A, 4TOObI X, TP JI0O0M n
npuHaJIe)Kaa orpe3ky or [0, 1]7



10.

11.

12.

13.

14.

15.

(0 6annos) Uzobpasure f(x).
(0,2 6anna) Kauecrsenno uzobpasure f2(x) u f4(x) npu snauenusax napamerpa A # 0.

(0,2 6aanra) Haiigure 3aBUCMMOCTD YHC/IA TOJIOKEHUIT DABHOBECHsI OT HapaMerpa A y
cucreMbl, 3ajaBaeMoit «dyukrmeity f(x). JQag Tex 3uadeHuit A, rje IUCIO MOJOXKEHUIT
paBHOBecusl HauOOJIblIlee, HAMIUTe 3aBUCUMOCTD MOJIOXKEeHUiT paBHOBecus T (\).

(0,1 6asna) Haiture 3aBUCHMOCTD IHCIIA TTOJOXKEHIH DABHOBECHSI OT TTapamMmerpa A y CH-
creMbl, 3a/1aBaeMoii «bynkuueits f2(x). st moboro napamerpa A, Ijie 9ucIo HoJI0KeHuit
paBHOBeCcHs MaKCHUMAJIbHO, pa3paboTaiite rpadudecKnii METO OThICKAHUS ITUX ITOJIOKE-
HUIl PaBHOBECHA.

(0,3 6annra) Hemy paBHO MaKCHMaJbHOE KOHEUTHOE HYUC/IO TIOJIOXKEHUT DABHOBECHSI Y CH-
cTeMbl, 3aj1aBaeMoii «pynknueit» f"(x)?

(0,5 6ann) Hna «byukumms f(z) mw A = 1.5 nosydure HOCIeI0BATEIBHOCTD Ty, €C-
mm xg = 0,6, xr9g = 0,4 u xog = 0,139. Pesysprar npeacrasbre B Bujie rpaduka, Ha KO-
TopoM OyyT m3o6paxkensl f(z), a Takke ¢(xr) = & WM B BHJIE TEPBBIX COPOKa 3HATCHUI
nocaeoBaresbHoCTH X (). OObICHUTE Oy IeHHBI Pe3YIbTAT.

(0,5 barna) Ona «pyuxmun» f2(x) u A = 1.5 mosydnre 10CIeJ10BaATe/ILHOCTD Ty, €CJIH
xo = 0,6, xo = 0,61. Pesynbrar npejicraBbre B Bujie rpaduka, Ha KOTOpoM Oy1yT nzobpa-
)enbl f(x), a Takxke g(r) = & Win B BUJie EPBLIX COPOKA 3HAYEHMUIT [IOC/IE0BATEIbHOCTH
z(n). OObsCHATE PE3YIIHTAT.

[TonpobyiiTe HaiiTn (Mim n300pa3UTh) 3aBUCHMOCTH JIJIsl IPYTUX HAYAIbHBIX 3HAUEHUIL.

(0,5 6asn) Orkpoiite KIeTKy TeTpaju B paszjere «/luckpernas Mojesb. JIuHelHblii ciry-
Jaity. OHa ymeeT CTPOUTDH 3aBUCUMOCTD 3HAYEHUN TOUEK, OTBEYAIONIUX TOJIOKEHUSIM PaB-
HoBecust it dbyskimn f(z) or nmapamerpa A. Ilocrpoiite nanustii rpaduk. Kakume oco-
OeHHOCTHU JJAHHOTO rpaduka BeI MoxKeTe BbiiemTh! [lepednciimre Bee cBOiiCTBa, KOTOPBIE
CMOXKeTe HailTu.

IIyts Touku. KBajmpaTudnsblii ciaydaii.

Moaudunupys kox B kietke «Ilyrs Toukus, npoanajmmsupyiite ciaegayomnyo «@yHKITO»

f(@) = (1 — =),

rjge A = const > 0.

ITpumevanme. Ita «byHKIUI» BCTPEIACTCSI B CAMBIX Pa3HbIX pasjienax Hayku. Ot quddy3un
JI0 SKOHOMUKH.

Bo Bcex myHKTax 3TOH 4acTu 3aa4uu Mbl OyJieM paccMaTpuBaTh TOJbKO 3HadeHust x € [0, 1].

16.

17.

18.

(0,2 6asna) B Kakux npejieax MOxKeT U3MEHATLCS TapaMeTp A, 9TOObI X, TIpU JI0O0M n
npuHaJIe)Kaa orpe3ky or [0, 1]7

(0,2 6annos) Nzobpasure f(x). Haiiaure, mpu KaKux A 9UCIIO MOJOKEHUI paBHOBECHI
Haubosibiee. Kak 3aBucsaT JaHHbIe MOJOKEHHsI PABHOBECHSI OT A

(0,2 6aana) Nzobpasure f2(z) npu mobom 3nadenn napamerpa A # 0.



19. (0,2 6anna) Hus «byskmuny f(z) 1 A = 2 U HOIydATe MOCIEIOBATEIBHOCTD Xy, €CIIN
xo = 0,5, rg = 0,4 u x¢y = 0,33. Pesysbrar 1npejcrasbTe B Bujie rpaduka, Ha KOTOPOM
OymyT m3obpazkensl f(x), a Takxke ¢(r) = T WK B BUJE TIEPBBIX COPOKA 3HAYEHUI TOCIe-
joBaresibHocTu (n). O6bsICHUTE MOy YeHHBIH Pe3yJIbTar.

20. (0,2 6anna) dnsa «bynkimuns f2(x) m A = 2 mojiyduTe 110C/IEI0BATEILHOCTD Ty, €CJIU
xo = 0,1, xo = 0,16. Pe3ysbrar npejcrasbre B Buje rpacduka, Ha KOTOPOM Oy IyT u3obpa-
xkenbl f(z), a Takxke ¢g(r) = o WM B BUjE NEPBBIX COPOKA 3HAUCHUIT IIOCIIET0BATE/ILHOCTH
z(n). OObsCHATE PE3YIIBTAT.

[TonpobyiiTe HaiiTh (MM U300PA3UTD) 3ABUCUMOCTH JIJIs JIPYTUX HAUYAJILHBIX 3HAYEHUH .

21. (0,5 6asna) OTKpoiiTe KIeTKy TeTpajn B pasjene «/luckpernas mMozerb. Kpagparuaubrii
caydaity. OHa yMeeT CTPOUTH 3aBUCUMOCTD 3HAYEHUI TOYEK, OTBEYAIOIINX MTOJIOKEHIIM
paBHOBecust st byHKImu f(z) or mapamerpa . 3ajaiite MakcuMasbHOE 3HAYEHHE A U
nocTpoiite maHHbI rpaduk. Kakme ocobeHHOCTH JaHHOrO I'paduKa BBl MOXKETE BbIIe-
sinth? Ilepeunciiure Bce cBoOiCTBa, KOTOPbIE CMOXKETE HANTH.

[TepBas mojckaska — 16.05.2022 14:00 (MCK)
Bropast mogckaska — 18.05.2022 14:00 (MCK)

Oxkonuanue ngroro typa — 20.05.2022 22:00 (MCK)



