EnekmponocmayaHHsi ma e/1eKmpoycmamkKyeaHHs

VY pe3ynbTati, IPOBEACHI JOCTIHKSHHS TO3BOJISIOTH 3pOOUTH HACTYITHI BUCHOBKH:

- 3MiHa YacTOTH MOAYJILIT TATOBOrO CTaTHYHOTO MEPETBOPIOBAYA MPU3BOIUTE IO 3MiHH CIIEKTPAJILHOTO
CKJIQJly TSATOBOTO CTPYMY €JIEKTPOPYXOMOTO CKIIaIy, a OTXKeE, 10 3MiHH XapakTepy Horo BrumBy Ha koia CLIb;

- HaiOuIpII HeOe3MeYHNMH YaCTOTaAMH MOYJIAIII MepeTBOpIOBada 3 TOUKH 30pYy TEHEPOBAHWX HUM IIe-
pemKos € yacToTH Aiana3onis 3—5 ta 9—11 kl'm.

-y HIepCHeKTHBI PO3BUTKY NEPETBOPIOBAIBFHOI TEXHIKN HaOS3MEUHIIIMMHI YaCTOTAMH MOMIYIIALI] IepeT-
BOpIOBaYa 3 TOYKHU 30py TEHEPOBAaHUX HUM IIepenIkos € 9actotu 12—13 Ta 6 x['m.
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KOHTAKTHBIE KOMITIO3UIINU UISI HU3KOBOJIBbTHBIX
DJIEKTPUYECKUX ANIITAPATOB

Bgenenue. B Hacrosimee BpeMst HET HA OJJHOHM OTpaciH, rae Obl HM NCIIOJIb30BAINCH 3JIEKTPUIECKHUE amlia-
patbl, BEIMOJIHAOMNE (GYHKIIUHU 3aIUTHI, YIIPABJICHUS U KOMMYTALIUHU 3JEKTPUUECKUX IereH [1].

KoHCTpyKInu 37eKTpUYECKUX allapaToB YCIOBHO JENATCS Ha 1Ba
6oipImIMX Kiacca: KOHTAaKTHBIE M OecKOHTakTHBIE. CaMBIMU pacIpocTpa-
HEHHBIMM KaK y Hac B YKpawHe, TaKk U 3a pyOeKOM SIBIISIFOTCS KOHTAKT- Kgggggg\{gﬂ
HbIE HU3KOBOJBTHBIE KOMMYTAI[OHHBIE 3JICKTPUYECKHE allapaThl, Takue
KaK aBTOMAaTHYECKHE BBIKIIOYATENH, JJIEKTPOMArHUTHbIE KOHTAKTOPHI, &
KOMaHJ0anmnapaTsl 1 Jp., KOTOpbIE, B OCHOBHOM, IIPUHHUMAIOT U paclpe- = '
JIEIISIOT BCIO CHJIOBYIO HArPy3Ky SHEPTOCHCTEM. @*/

KonrakTHas cuctema (puc. 1) 3JIeKTpUYECKUX amIapaToB, COCTOUT
W3 KOHTAaKTOJEpKaTelsl M KOHTAaKTHOM Hakiaiaku. st HagexHol paboTh KonrakTogep:xaTens
JIEKTPUUYECKUX allllapaToB B COCTaB KOMIIO3UIMHA KOHTAKTHBIX HAKJIAJOK
(manee KOHTAKTBI) BXOAAT AOPOTOCTOSIIHUE, Ne(QUIMTHBIE, TOKCHYHBIE
3JIEMEHTH U coequHeHus. Hanbonee mupoko UCHOIB3YIOTCA Takue dJie-
MEeHTHl KaKk Haliajuii, miaTthHa, cepebpo, Meib, HUKENb, BOIbhpam, %
OKHCH KaaMUs, PTYTh U Ap. VICTOUHMKOM MOCTaBKH TaKHUX DJIEMEHTOB, B
OCHOBHOM, sBisgeTcs Poccusa u apyrue 3apy0exHbie rocymapcTsa. [1os- Putc.1. KoHCTpYKINH KOHTAKTHBIX
TOMY B YKpaHHE O4CHb OCTPO CTOUT BONPOC 00 SKOHOMHOM HX Paclpe- ... - PHYECKHY ANMAPATOR
JIENIEHUH U HCIOJIb30BAHUU.

B snexTpryeckux anmapartax, B OCHOBHOM, IIPUMEHSIOTCS KOHTAKTbI, H3TOTOBJICHHBIE CITIOCOOOM IOPOIIKO-
BOW MeTalrypruu. JJaHHBIH CIIOCOO M3rOTOBJICHHS KOHTaKTOB CIIOCOOCTBYET CO3JaHHIO KOMIIO3MIMHA, COCTOS-
MUX U3 METAJUIMYECKHX IMOPOIIKOB, KOTOPHIE COBMEIIAIOT HEOOXOJIUMbIE CBOMCTBA HEBO3MOJKHBIE MOIYYHUTH
npu ux cruiaBaeHud. CaMbIMH PaclpOCTPAHEHHBIMU KOMIIO3HLMSAMHU JIEKTPUUYECKHX KOHTAKTOB, KOTOPHIE
ompezenstorest [OCT-19725, asnsrorest, Hanpumep: cepedpo—Hukens (KMK A30Mm), cepeOpo—okuch Kaamus
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(KMK A10m), cepedpo — rpapur (KMK A41m) u T.1. (rae "M" —MenKoaucepcHas CTpyKTypa KOMITO3ULIUH KO-
HTakToB). Hanbonee 4acTo B KOHTAKTHBIX CHCTEMaX HU3KOBOJBTHBIX KOMMYTAIIMOHHBIX DJIEKTPHYECKUX aria-
parax npumenstorcss koHTakTHBIe mapel: KMK A30Mm / KMK A10M (moasrokHBIH/ HenoaBmkHbH); KMK A30M/
KMK A41m.

Kax npaBmito, oCHOBHBIMH TPEOOBaHUSIMH KOTOPBIC BBIABUTAIOTCS K TAKMM COCTaBaM KOMIO3HMLIUH JJICKT-
PHYECKHX KOHTAKTOB SIBIIIOTCS BHICOKHME 3HAYCHHS TEMIEPaTyphl IUIaBICHHs, TBEPAOCTH, TyTOCTOUKOCTH, Ipe-
nensHOU KoMMyTannoHHo# ciocooHocTH (ITKC), KoMMyTallHOHHOM W3HOCOCTOMKOCTH U JAP.

Kaxmas u3 KOMIIO3ULUI 3JIEKTPUYECKUX KOHTAKTOB UMEET CBOM JOCTOMHCTBA U HEJOCTAaTKU. DTO 00BsC-
HSIETCS HE TOJBKO MPOLIEHTHBIM COOTHOILIEHUEM HEOOXOMMBIX JIEMEHTOB B COCTaBaX KOMIIO3UIIMHI dIIEKTpHYE-
CKUX KOHTAKTOB, HO U MX (PU3UKO-XUMHYECKOH COBMECTHMOCTBIO.

Kpome Toro, mpakTuuecku Bce HamlpaBlICHHs] MCCIIEAOBaHUI CBs3a- .

HBI C pa3BUTHEM AYTOBOTO pa3psia Ha paboueil MOBEPXHOCTH dIIEKTpHYE- - Ayra

CKUX KOHTAaKTOB M Pa3pyIICHHEM IOBEPXHOCTH MOJ| JEHCTBHEM pa3iny- N
HBIX TPOTEKAOUINX (PU3NKO-XMMHUUYECKHX MpoueccoB. Pa3zBuThe Takmx
IPOLECCOB MPUBOJHUT K 00pa30BaHUIO KATOJHBIX MJIM AHOTHBIX ISATCH Ha
paboueil ITOBEPXHOCTH, KOTOpbIE, B KOHEYHOM HTOTE, IEpPEepacTaroT B
OYary pa3pyIIieHus IIOBEPXHOCTH ¢ 00pa30BaHUEM 3pO3uH (puc. 2).

VcTOYHMKOM HEPIHH, BEI3BIBAIOIIMM 3PO3HI0 Pa00YUX IOBEPXHOC-
TeW JNEKTPUYECKUX KOHTAKTOB, SBIIOTCS MPOLECCHI, MPOUCXOASAIINE B
TPHAICKTPOIHBIX 00IacTAX. boJplias yacTh NPUKIAIHBIX UCCIIEIOBAaHUI

| masmel

cocTaea

MOCBSIIAETCS] MPUKATOHON 00nacTu, T.K. IMEHHO 3Ta 00J1acTh SIBIISETCS Crensl 3po3HI Ha
OCHOBHBIM IIOCTAaBIIUKOM 3apsUKCHHBIX YAaCTHILL (JIEKTPOHOB) B cpely, B ITOBEPXHOCTIH KOHTAKTOB
KOTOPOH TOPHUT DJIEKTPUYECKas Jyra, a TaKKe IMPOMCXOOUT IEPEXON OT Puc.2. ®u3HuecKne NPOLECCH HA
BI)ICOKOTeMHepaTypHOfI IJ1a3MbI K pa6oqe171 TMOBEPXHOCTHU IJICKTPUUCCKUX paﬁoqeﬁ NMOBEPXHOCTH KOHTAKTOB
KOHTaKTOB.

Karoansle nsiTHa, 1o MHEHUIO uccnenosatenei [2, 3], cymectBytoT [ — III poga u mo Mepe noBbILIEHUS Te-
MIIEpaTypbl, CHOCOOCTBYIOT 00pa30BaHMIO PACIUIABICHHBIX YYaCTKOB paboueil MOBEpXHOCTH KaTo/a dIEKTpHYe-
CKUX KOHTaKTOB, YTO B CBOIO OUYepelb MPUBOAUT K NMEPEHOCY COCTaBa KOMITO3HILIMH C OZHOTO KOHTaKTa Ha JpY-
TOH, K €ro pa30OpBI3rMBAaHMIO IIPH JalbHEHIIEM KOHTAKTHPOBAHUH WII CBAPUBAHHIO KOHTAKTHBIX Map.

[TosTOMYy, YTOOBI HE IPOUCXOHUIIO IEPEUHCICHHBIX BBIIE SBJICHHH, HEOOX0IMMO CTPEMUTHCS K 00pa3oBa-
HHIO Ha pabodell MOBEPXHOCTH KaTOAHBIX IATEH | poja, KOTOphIe MPUBOIAT K PAaBHOMEPHOMY W3HOCY M HE3Ha-
YUTENILHOH 3p0o3un pabovrX MOBEPXHOCTEH, KaK KaToa, TaK U aHOA.

Lens paboTbl — uccnenoBaHue GpU3NIECKUX MPOLECCOB Ha paboyell MOBEPXHOCTH HIEKTPHYECKUX KOHTAK-
TOB M CO3/IaHHE COCTAaBOB KOMIIO3UIIMI MOBBIIIEHHOW JTyrOCTOMKOCTH ISl HU3KOBOJIBTHBIX KOMMYTALIHOHHBIX
3NEKTPUUECKHX ANIapaToB.

AHanu3 pe3ybTaToOB Hccaed0BaHuil. B HacTosmee BpeMs Ipu MPOrHO3€ M3MEHEHHs CBOMCTB COCTaBOB
KOMITO3UINH 3JIEKTPHUECKUX KOHTAKTOB, HCIIOIB3YIOT OOBIYHO, SMIHPHUUECKNE MOJIETTH M KOHIEIIUN, OCHOBaH-
HbIE Ha CUCTEMATH3allny HAaKOIJICHHBIX SKCIIEPUMEHTANILHBIX JaHHbIX. Ho, He Bce MozemnH, B LIeJIOM, MOTYT IT0-
Ka3aTh CBOWCTBA M XapaKTEPHCTHUKH COCTABOB KOMIO3WIMH 3JIEKTPHUUYECKUX KOHTAKTOB, T.K. TPYIHOCTH, B OC-
HOBHOM, CBSI3aHBI ¢ 00BEKTaMH HccienoBaHuil. B paccmarpuBaemoil paboTe TOKa3aHbl HOBBIE COCTABBI KOMIIO-
3UIUH JIEKTPUUECKUX KOHTAKTOB C OCOOBIMHM TEPMOIMHCCHOHHBIMH CBOMCTBaMHU, KOTOpBIE HE COJEPXKAT AOPO-
TMX ¥ TOKCHYHBIX 3J1eMeHTOB [4, 5]. PaboTa Takux KOHTaKTOB OCHOBaHa Ha NMPUMEHEHUH Pa3JIMYHOTO POJa aK-
TUBUPYIOIIUX H00aBOK B Pa3sHOM INPOILEHTHOM COOTHOIIEHHH, KOTOPBIE COBMECTUMEI C OCHOBHBIM MaTE€pHaJIOM
KOMITO3HIIH KOHTaKTOB. 3a CUeT M3MEHEHUs! (pa30BOr0 COCTaBa M pa3BUTHs npouecca Aupdy3nu noa JeHCTBU-
€M TeMIIepaTyphl IPOUCXOJUT aKTHBUPOBAHHE KOHTAKTHONH KOMIIO3UIIMH B 1IeJIoM [5 — 6].

[IpoBeneHHBIE TEOpETHYECKHE U SKCIEPUMEHTAIbHbBIE UCCIEA0BaHNA [2 — 6] IOATBEPANIN HMPABIIBHOCTh
BBIOPAHHOT'O MMyTH, KOTOPBIH 0000I1a€T MHOTHE MPOLECCHI, NPOUCXOSIIIE HAa padodyell MOBEPXHOCTH DIIEKTPH-
YEeCKUX KOHTAKTOB M BHYTPH CaMOW KOHTaKTHOM KoMmo3uiyu. [lomydeHHbIe COCTaBbl KOMIO3UIMN JJIEKTpUYe-
CKHX KOHTAaKTOB IIPEJCTABISIOT CO00I HEOAHOPOIHYIO CTPYKTYPY € PA3INYHBIMU I'PAaHSIMH MUKPOKPHUCTAIIIOB U
C TI0JIEM KOHTAKTHBIX Pa3HOCTEH MOTEHIINANIOB.

HccnenoBanus CBOMCTB M MapaMeTpoB 00pa3IioB KOHTAKTHBIX KOMIIO3UIIMI C aKTUBHBIMHU COCTABIISIOIIUMHA
MPOBOJIMIINCH TTapajlIeNIbHO BMECTE ¢ OTPAOOTKOM TEXHOJIOTMH WX M3rOoTOBIEHUs. [ mocTikeHns HeoOXoau-
MBIX CBOMCTB M IapaMeTpoOB (TBEPIOCTH U IFIOTHOCTH) COCTABOB KOMITO3MILIMH 3JIEKTPUIECKUX KOHTAKTOB C aK-
TUBHpYIomel nobaskoi, mpexycMoTpeHHBIX [[OCT 19725 u TeXHWYECKHMHU YCIIOBHSIMH, 0Opa3Isl KOHTAKTOB
MIPOXOIMIIN TBOWHOE CIIEKaHUE M JBOIHYIO KaJHOPOBKY Mocie ux npeccoBaHus. Criekanne o0pasmoB MPOBOIH-
JIOCh B BaKyyMHOM KOHTEWHEpE MHIYKIMOHHOM meun mpu Temmeparype 860 — 1000°C. IpoaormkuTensHOCT
CHeKaHHUA 00pa3llOB KOHTAKTHBIX KOMIO3WIMI COCTaBisIa B Ipeaesax 1 Jaca ¢ MocieyromnuM OCTHIBAaHHEM B
KOHTelHepe 0e3 IPUHYIUTEITHHOTO OXJIaXICHUS.

Meraitorpaduueckue n300-payKeHUs] COCTAaBOB KOMITO3HILIMI TIOBTOPSIIOTCS Ha NMPOTSDKEHNH OT Havaja U3-
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TOTOBJICHUSA 3JICKTPUICCKUX KOHTAKTOB 0 PE3YyJIbTAaTOB, MOJYYCHHBIX MIOCJIC UX HCIBbITAaHUA (pI/IC. 3)

3epHO HuKens (Ni)

dasa cepebpa (Ag)

" N

PLKTIIBaTOp 1T €TI0 CKOIUIEHIIA 10 I'paHIIaM 3€epeH
a) 0)
Puc. 3. MUKpPOCTPYKTYpa COCTABOB KOMIO3UIHi{ 3IeKTPHYECKHX KOHTAKTOB
YBeJIMYEHHASYIEKTPHYECKHX KOHTAKTOB yBeaunueHHasaB 500 (a) u B 100 (0) pa3

Kax noxasanu pe3ynbTaThl HCCIEIOBAHUN, aKTUBATOP II0 BceMy 00beMy COCTaBOB KOMIIO3MIIUI pacpere-
JsIeTCsl pABHOMEPHO B BUJIE Pa3IMYHBIX KOH(UTypanuii (Touek, KproukoB U T.11.) pazmepom 0,001...0,05 mm.

Kpome Toro, akTHBaTOp CKaIUIMBaeTCs MO TPaHUIIAM 3€peH 3a cueT mpoueccoB Nuddy3uu, 4To NOATBEp-
KIACTCS TCOPETHUESCKUMH HcciieoBaHUsIMU. CKOIUICHHS aKTHBHBIX COCTaBILIFOIIMX Ha TPaHMIIC MaTepHaia Oc-
HOBBI TOBOPUT O TOM, YTO MPOUCXOJUT YIPOYHEHHE KOHTAKTHOH KOMIIO3WIMM M IOBBIMIACTCS €€ IYroCTOM-
KkocTb. O0 3TOM TOBOPUT M OCOOCHHBIH XapakTep M3HOCAa pabOvMX MOBEPXHOCTEH IJIEKTPHYSCKHX KOHTAKTOB
NP Pa3IMYHBIX BUJAX UX UCIBITAHMI, YTO TAKKE MOATBEPIKAACTCS MHOTOYHMCIICHHBIMH SKCIICPUMEHTAMHU (pHC.
4) [7].

VuaceTki TTyOOKIIX KpaTepoB

PaBHOMEpHBIII METKOTOUSYHEIT VyacTKIT OTITABIEHIS
pembed I3HOCA IOBEPXHOCTII HOBCPXHOCTH

a) 0)
Puc. 4. MakpocTpyKTypa NOBEePXHOCTH 3JIEKTPHYECKHX KOHTAKTOB IOCJIe HCIBITAHUIA:
AKTHBHPOBAHHBIN COCTAB KOMIO3HINH (2), He AKTUBUPOBAHHBII coCcTaB KOMIIO3UIUH (0)

Pe3ynbraThl UCTIBITAHUN M MCCIIEAOBAHUI aKTHBUPOBAHHBIX KOHTAKTHBIX KOMIO3UIMHI TOKA3alH, 4ToO 3¢-
(exT akTBHpOBaHuUs paboraet. [Ipu akTHBUPOBaHWU OCHOBHOTO MaTepualia OlopHas TOUKa YT HaXOAUTCS Ha
paboyeil MOBEPXHOCTH HE3HAYMTENHLHOE BPEMsI U IIPU OIpPEJENICHHbIX 3HaYeHusx temueparyp (750...850 °C),
YTO HOATBEPKIACTCS IKCIIEpUMEHTaMH [5, 7]. OOBsACHEHHE 3TOTO SIBICHHUA 3aKJII0YAaeTCsl B TOM, YTO IPOILIECC aK-
TUBUPOBAHMA W TOBBIIICHHE TEMIIEPATyphl IPUBOIUT K YBEJIWYECHHIO YHCIA CKAaYKOB aTOMOB M3 OJHOTO y3Ia
pemeTKH B Apyroi. B pe3ynbTare Takux CKa4KOB YBEIMYHBAETCS SHEPTHs U ANEKTPOHEBI, IPEOA0NeBas MOTCH-
IMaJIbHBINA Oapbep, BEIXOAAT B OKpY’Karolllee MPOCTPaHCTBO. TemrepaTypa B JaHHOW TOYKE ITOBEPXHOCTH CHU-
xaetcs. [loaToMy omopHast Touka Ayru MEPEeXOJUT Ha APYTYI0 aKTHBHYIO 001acTh. COBOKYITHOCTh TaKHX CKad-
KOB IIPUBOJMT K MEJIKO3EPHUCTOMY pelibepy MOBEPXHOCTH, YTO TOBOPHUT O HE3HAYUTEIHHOM €€ U3HOCE.

3a cueT akTUBHPOBAHMUS 110 BceMy 00beMy M MexaHu3Ma An(¢$y3nu Ha aTOMHBIN OCTOB ITOCTYNAIOT APYTHe
aKTHBHBIE YaCTHIIBI U T.JI. poLiecc MoBTopsiercs.. HeznaumnrensHas 3po3ust pabouei MoOBEepXHOCTH SBISIETCS J10-
Ka3aTeIbCTBOM Pa3BUTHUSA HA HEHl kaToaHBIX msaTeH [ poxa.

[Tomy4yeHHBIE KOHTAKTHBIE KOMIIOZHITUH C OCOOBIMH TEPMO3MHUCCHOHHBIMU CBOHCTBAMH IPOILIN HCIIBITA-
HUS Ha YCTAaHOBKAaX M B KOHCTPYKIHUSAX JIEKTPHUYECKHUX ammapaTtoB. HekoTopele mapaMeTpbl, MOTyYeHHBIE MPH
WCTIBITAaHUM 00pa3I[0B KOHTAKTHBIX KOMIIO3HMIIMH ITOKa3aHkI B Ta0. 1. 1 Ha puc. 5.
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Tabimna 1.
Pe3yabTaThl HCOBITAHUI 3JIEKTPHYECKHX KOHTAKTOB B aBTOMATHYECKHX
BBIKJIIOUaTessix Tuna BA 59-39 (I, = 630 A, U, = 660B)
Buj KoMmmno3unun 3JieKTpUYeCKUX KOHTAKTOB
HCIBITAHUSA MOABMKHBIN / HEMOABMKHBI I
KMKA30M C aKTUBHBIMH KMKA30Mm C aKTUBHBIMH
KMKA10m COCTAaBJIIOIIUMU KMKA10m COCTAaBIISIIOIIIUMHU
HomunanbeHe1i Bpewms ropenust CpenHue 3HaYCHUS TTaJCHAS
pexum AIEKTPHUYECKON IyTH, MC HanpspkeHus (mociue 200 nukioB),MB
6, 7, 6, 6, 8, 6,
7.5 5. 6 90 67
3Ha4YeHHsT TOKOB, KA ITanenue HanpspkeHus, MB
10 172 122
15 160 120
20 165 118
Pexxum ITKC 30 180 110
Hcnerranns
CHSTBI C UCIIBITa-
TIPOTOJKCHEI
HHS M3-32a [IOJIHO-
75 Bpewms ropenus nyru
ro U3HOca pabo-
. tmax = 12 mc
Yeil MOBEPXHOCTH.
110 HarpeBy — HOpMa

BHGRIPI']."IGCK[IG KOHTAKTEI aBTOMATHUYECKOI'0 BEIFKTIFOUIATEILL

TMoperssnbit HenonsrokHeii [Toneroxneiii Herosi
‘ o~ ~ - ~
AKTHBHpOBaHHbIe Konvmostp  KMK A3Om KMK Al0m

LKHBITT

Bz padowix ropepxHocTeit moce mcrmrradmii Ha [TKC
Puc. 5. BHemiHui B KOHTAKTOB IOCJI€ HCNILITAHUS B
aBTOMAaTH4YeCKOM BbikiIouareie BA 59-39 na IIKC.

BLIBOII. B Ppe3yiibTaTe NPOBEACHHBIX TCOPECTHUUCCKUX U DKCIICPUMCHTAJIbHBIX (1)I/ISI/IKO—XI/IMI/I‘I€CKI/IX 4 (o) (g
,HOBaHI/Iﬁ ObLIN CO31aHbl COCTaBhbI KOMHOSI/II_[I/Iﬁ DJICKTPUYCCKUX KOHTAKTOB, HWMCHONIUC pr60,IlI/ICHepCHy}O
CTPYKTYPY, HE COACPIKAINC TOKCUYIHBIX 3JIEMEHTOB U YAOBJCTBOPAIOIINC OCHOBHBIM TCXHUYCCKUM TpC6OBaHI/I—
M. HpOBeZ[eHHLIC HCIIBITAHUS TAKUX KOHTAKTOB IOKAa3aJId YMCHBIICHUC 3PO3UN pa60qel71 TOBEPXHOCTHU B 1,5 -
2,5 pa3a, 4TO rOBOPUT O I[yFOCTOﬁKOCTH KOHTaKTHOH KOMIIO3UIIHH. HaHHHC COCTaBbl KOMHO3I/IL[Hﬁ MOTYT IIpH-
MCHATHCA B KOMMYTAIIMOHHBIX JJICKTPHUUCCKUX aIlraparax ¢ JIyFOBOfI KOMMyTaHHeﬁ TOKa IpH HAJIMYUU Ayrora-
CUTCIIBHOI'O yCTpOﬁCTBa, YTO NOATBEPIKIACHO pE3YyJIbTaTaMU MHOTI'OUYMCIICHHBIX HCIIBITAaHUM.
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