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Llesib paboTel: Ha OCHOBE MakeTa MNacTMHYaATOro ABYXMOTOYHOIO
Hacoca Tuna ...bIr12-... 03HaKOMNEHNE C KOHCTPYKUMAMU OBBEMHbIX
rMagpoMalvH AaHHOro Tuna, MNpoLEeccoM ux pas3bopkum — cbopku;
BbiSIBieHWE fAeTaneil M UX  MOBEPXHOCTEN, W3HOC  KOTOPbIX
CyLLEeCTBEHHO BAMSIET Ha TEXHMYECKMe roKasaTenmM ruMapoMallvH
AAHHOM KOHCTPYKUMM; MO KOHCTPYKTMBHbIM pa3MepaM OMpeaenuTb
paboune napameTpbl.

1. TepMuHOIONS KIaCCUUKaLMSs, MPUHLNIT JEUCTBUS

llnacruryarei  (LWHMGEPHBIYI) — TMAPOHACOC  —  OOBEMHASA
(rugpocratuyeckass) rTvapoMalluMHa, B KOTOPOM NpeobpasoBaHue
MEXaHWYECKOY SHEPTUN BPALLEHUSI Bana B /M4paB/IMYECKYO SHEPTUID
nMotoka  paboyen  XKMAOKOCTM  MPOMCXOAMT B pesynbTaTe
B3aUMOAENCTBUS paboynx opraHos (BbITECHUTENEN) B BUAE MNACTUH
(wnbepoB) BHYTPWU MOABWXHBLIX paboyux kamep (nepeMeLlaromxcs
BOKPYF  HEKOTOPOM OCUM  3aMKHYTbIX  M3MEHSIEMbIX  OOBEMOB,
06pa30BaHHbIX BHYTPEHHENW MOBEPXHOCTbIO CTATOpa, HAPYXKHOW
MOBEPXHOCTbIO  pOTOPA, TOPLEBLIMA  MOBEPXHOCTAMWM U [BYMS
COCeAHMMM  NMAaCTMHaMW,  COBEPLIAIOWMMW  OAHOBPEMEHHO  C
BpawaTenbHbIM M BO3BPATHO-MOCTYNaTeNbHOEe  ABWMXKEHWE)  npw
r10MEPEMEHHOM COEQMHEHUM 3TUX Kamep (4Yepe3 pacrnpeaennTenbHoe
YCTPOMCTBO) C NIMHUAMM BCACbIBAHWS U HarHeTaHus.

Puc. 1 MpuHumMnmanbHaa cxema naacTMHYaToro Hacoca
oaHokpaTHoro (a) u aBykpaTHoro (6) aencreums

Mpy BpaweHMn poTopa MNACTUHBI HAcoca MPOXOAST Y4acTKu
npodunbHOM Hanpasnsitowen (puc. 1): yyacTok BcacbiBaHMs A, Ha
KOTOPOM CO3AQETCS pa3pskeHne W BcacbiBaHue pabodelt XUAKOCTU B
MEX/IONacTHOe  NPOCTPAHCTBO  MOA  AABMEHWEM Pz, YYacCTOK
HarHeTaHuss B, Ha KOTOPOM MPOUCXOAWUT BbITECHEHWE paboyel
XKMIAKOCTU U3 MEXI0MNACTHOrO NPOCTPAHCTBA NPy AABNEHUN D2,



Konuuectso y4acTKOB (BcacbiBaHus n HarHeTaHus)
COOTBETCTBYET KpaTHOCTM [ENCTBUS Hacoca. Y  OAHOKPaTHOro
NAaCTMHYATOrO Hacoca - OAMH YYaCTOK BCACbiBaHWSI M HarHETaHUS, Y
[BYKpATHOIo - Mo ABa U T. A.

2. YcioBHbie 0603HaYeHNs

B ruapaBnuuyeckux cxemax nNpYMBOAOB Pa3/IMYHbLIX MaWMWH WU
MEXaHM3MOB HacoCbl MOryT u3o06paxaTtbcs nnMbo B YC/IOBHOM
(cMMBONIMYECKOM, pUC. 2, a...J1), B0 B NOMYKOHCTPYKTUBHOM (puC. 2,
M...T) 0603HaYEHMMN.
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Puc 3. I'pa¢nqecxoe n306pa)keﬁne rMgpomMoropos: a - obuwee

0603HaueHne; 6 - HEpPEryIMpyeMblil C NOCTOSIHHLIM HaMpaBfeHWEM MOTOKa;
B - HEperynupyemblii C peBEPCMBHBLIM TMOTOKOM; I - PErynvMpyeMbiin C
MOCTOSIHHBIM HarpaBfieHWEM MOTOKA; 4 - PErynvpyeMmblii C peBEpPCHBHBIM
MOTOKOM; € - HAacoC-MOTOpP HEPErysMpyeMbli Mpyv OAHOM M TOM Xe
HanpaBNeHUM MOTOKA; M - HAaCOC-MOTOP HEpEerynmpyemblid Npu pasnnyHbIX
HanpaB/ieHWUsIX MOTOKa; 3- HAcOC-MOTOP Heperynvpyemblid npu Jito6oM
HamnpaBneHnM MoTOKa; M - HAaCOC-MOTOP PerynMpyeMbin npu OAHOM U TOM
K& HanpaB/ieHUW MOTOKA; K - HACOC-MOTOP PEryNMpPYeEMbIN NpU pasnndHbIX
HanpaBneHUaX NOTOKa; JI — HAacOC-MOTOP PEBEPCUBHLIN PeEryNnpyeMbIi npu
Pa3NMYHbIX HarnpaBleHUSX NOTOKA; M - LUECTEPEHHbIA; H - BUHTOBOW; 17 -
nnacTuHYaThbin, P - paanalibHO-MOPLUHEBOWU; € - aKCUaJIbHO-MOPLUIHEBOU C
HaAK/IOHHbIM IMCKOM: T - aKCMaJTbHO-TODLLIHEBOMN C HAKIIOHHLIM 6/T0KOM.
[JIOCTOMHCTBOM  YCNOBHbIX 0003HAauYEHU HACOCOB SBNSIETCA  UX
YHVUBEPCA/IbHOCTb, @ TakXKe NpOCTOTa UCMOTHEHUS (BbIYEPUMBAHME).
Ecnm HeobxoaMMo OTpaswuTb MpPUHLUMMN JAEUCTBUA Hacoca, TO
NpUMEHSIOT MOJTYKOHCTPYKTUBHbIE 0603HaveHus.
MONTYKOHCTPYKTMBHOE M306paXkeHne obecneunBaeT yaobCcTBO UTEHUS,
M HarnsaHOCTb FMAPaB/IMYECKON CXeMbl MPUBOAA C TOUKU 3PEHMS
MOHUMAHNSA KOHCTPYKTMBHOW CXeMbl HAacoca W ero B3auMOAENCTBUSA C
BXOAALMMM B TMAPOCXEMY Y3NaMU.
3. O6BeKT u3yqHeHus
3.1 O6ume cBegerns. TMnactuHuatbii (LWUMGEpHBIA) Hacoc -
rmapoMallHa C MOABWXHBbIMM  3NIEMEHTaMM B BUIAE POTOPa,
COBEPLLUAIOLLEr0  BpallaTeNbHOE  [ABMXKEHWE, W MIACTMHAMWU




(wnbepamun),  coBepLlAOWMMM  BpallaTe/lbHOE M BO3BPATHO-
NocTyrnaTesibHOe MN BO3BPaTHO-MOBOPOTHOE ABMXEHUS.

3TN MalwuHbl, NOJyYuBLUIME B TMpaKTUKe TaK >Xe Ha3BaHue
NTONACTHbIX, ABNSIOTCA Hanbonee NpoCTbIMU U3 CYLLECTBYIOWMX TMMOB
1 061agaloT Npu BCEX MPOYMX PaBHbIX YCoBUSIX 60MbWMM 06bEMOM
pabouunx kamep.

3.2 llnactuHyaTsie Hacocs! OAMHAPHOIo  AEVCTBUA.
JBYXr1acTuHYaThiv Hacoc. Hanbonee MpoCTbIM HacocoM
NAacTMHYaToOro TUna SIBNSETCS HacoC C ABYMS niacTuHamm 3 u 5,
NOABMXXHO MOHTUPYEMbIMM B 0OLIEM CKBO3HOM paavasibHOM Masy
potopa 7 (puc. 3, a). 3TV NIACTUHbI, KOTOPbIE MO CYLLECTBY SBASIOTCS
O[IHOM NMAcTUHOW, 06pasyldT C TMOBEPXHOCTAMM potopa 7 W
CMelLLIeHHOro OTHOCUTESTbHO HEro Ha BefnuuHy e ctatopa 1 ¢ ocbio Oz,
ABe ceprnioobpasHble kamepsbl (nonoctn) au b.

Mpn nosBopoTe poTopa 7 OTHOcUTeNbHO ocn Oi, B HanpasneHuu,
YKa3aHHOM CTpenkoi, 06beM Kamepbl a (To4yeyHas LITPUXOBKA),
COeAMHEHHOMN C BCaCbIBAIOLLEN NOJIOCTbIO 6, YBETMUYMBAETCS], @ KAMEpb
b, coeaMHEHHON C HarHeTaTenbHOW MOMOCTbIO 4, YMEHbLLUAETCA, B
COOTBETCTBMM C YeM MpOUCXOAMT BCacbiBaHMe (4epe3 KaHan 6) u
HarHeTaHue (4epe3 KaHan 4) XuakocTu. Mockonbky poTop 7 UMeeT
MAOTHBIA KOHTAKT C HMXXHEN 4acTblo ctatopa 1, ogHa M3 nnactuH 3
unn 5 B NoboM nonoxeHun poTtopa 7 OTAENsieT BCaChIBAOLLYHO
nonoctb 6 OT HarHeTaTenbHon 4. [nsi BO3MOXHOCTWU paauasibHoro
nepeMeLleHmMs naactmH n obecnedeHnss MAOTHOrO KOHTaKTa  Co
CTaTOpOM, MNMACTUHbI  PacnupaloTcs  MPY>XUHOW 2, MOAXUMasiCb K
ctatopy 1. Tak Kkak Tekywas nnowagb BbITECHEHNS B
paccMaTpuBaeMOM ABYXMNaCTUHYATOM Hacoce 3HAYUTENBHO
M3MEHsIETCA MO Yriy MoBOpoTa Bajna, NEPEMEHHON MO Yy NoBopoTa
poTopa SBASETCS Takxke M nogada. Hanuume nynbcaumm nogaym
ABNSETCS OAHMM M3  (DAaKTOPOB, OrpPaHU4YMBAIOLIMX BO3MOXHOCTb
LUMPOKOrO MPUMEHEHUS1 HAcOCOB 3TOM cxeMbl. KpoMme Toro, Takom
Hacoc npurogeH ans pabotbl Npyu He6ONbLINMX AaBNEHUSIX, BBUAY YEro
OH MpPUMEHSIETCA AN BCMOMOraTenbHbIX Uenein (nogada cMasku u
Ap.).

3.3 MHoronnactvHyaTsele Hacocel. [Ans CHWXeHus nynbcaumm
noJayv NPUMEHSIIOT HacoCbl C HECKOSIbKMMU MnacTuHamu, Ha puc. 4
npuvBefeHbl CXeMbl TakMX HacOCOB, MPUMEHSIIOWNXCS B cUCTEMax
NOAMUTKN OCHOBHbIX HACOCOB M B CMCTEMAaX CMa3KMu.



Puc. 3 TlpuHuMnuanbHass cxeMa ABYXNJacTUHYaTOro
Hacoca 0HOKPATHOro AENCTBUS

I b * a
Puc. 4 MHoronnaCcTMH4YaThI Hacoc: TopLoBoe K Landosoe
pacrnipeneneHune.

Hacoc coctouT u3 Bpalaiouwerocs poTopa 2, B paauasbHbIX
npope3sXx KOTOpPOro MoOMeLleHbl NnacTuHbl (BblTecHUTENN) 1, u
CTaTOpHOro Kombua 3, OCb KOTOPOro CMelleHa OTHOCUTESIbHO OCH
poTopa Ha BenuuMHy €. lNuTaHne Hacoca XMAKOCTbIo (BCackiBaHUE)
OCyLLecTBNseTca 4Jepe3 ceprioobpa3Hoe OkHO & (4nsd  AaHHOro
HanpaBneHus BPalleHus), @ BbiTeCHeHWE (HarHeTaHue) - Yepe3 OKHO
b OkHa BbINONHEHbI Ha BOKOBbLIX KpbILWKax Hacoca.

MOCKOSIbKY FeOMETPUYECKAs OCb LMAMHAPUYECKON MOBEPXHOCTU
CTaTOPHOro Kombua 3 3KCLUEHTPUYHA OTHOCMTENBHO OCU poTopa 2,
obbeMbl pabounx Kamep, OrpaHWYeHHbIX [ABYMSl  COCeAHMMM



nnactmHamm (lwmnbepamm) 1 NOBEPXHOCTSMKM pOTOpa M CTaTopa, Npu
BpaLLEHNN POTOpa M3MEHSAIOTCS.

Tak, Npu HanpaBfieHUW BpaLLEeHMS], NOKa3aHHOM CTPESIKOW, 06beM
Kamepbl b, Haxoaswencs B TeKyLWM MOMEHT MO MpaByld CTOPOHY
BEpTUKanbHOM ocn (Mexay nnactuHamu 4 u 5), 6yaeT yMeHbLLaTbCa U1
paboyas XXMAKOCTb BbIAABAMBATLCS Yepe3 HarHeTaTeNbHOe OKHO b
06beM K& CMMMETPUYHOM KaMepbl, HaXOASLENCS B AaHHbLIA MOMEHT
no neByld CTOPOHY ocu, OyaeT yBenuuuBaTbCs, B pe3ynbTaTte
XMAKOCTb BYAET 3acacbiBaTbCs B HEE U3 BCACHIBAIOLLErO OKHA 4.

BaxkHbiIM  (bakTOpOM  ABNSIETCS  HagexHoe  (repMeTMYHOE)
pasaeneHue okoH (NOMoCTei) BcacbiBaHUSI @ U HarHeTaHusl b, KOTopoe
OCYLLECTBNSAETCS MAacTMHaMM Mpu  MPOXoAe WMW  MepeBasbHOM
(pasmenuTenibHoM) NepeMbluKM Mexay 3TUMM OKHaMu. [1s 3TOro OKHa
pacrionaratoT no obe CTOpOHbI HeNTpasibHOM (BEpPTUKaNbHOM) OCK Ha
TAKOM pacCTosHUK, 4TOObl Mpu MOOOM MOMNOXEHUM pOTOpa MeXay
HVMMMW HAXOAWIOCb HE MEHEE OAHOM MacTUHBI.

[lnsi NOBbIWEHUSI FEPMETUYHOCTU MNACTUHBI 5 HEKOTOPbIX HACOCOB
CHabalT cBO6OAHO MOCAXEHHBIM  YMNJIOTHUTENbHBIMI/IEMEHTOM 6,
KPVBMW3HA BHELLHEN MOBEPXHOCTU KOTOPOr0 COOTBETCTBYET KPUBU3HE
CTaTOPHOro KoMblLa

B 3TMXx Hacocax ObBbIMHO  MPUMEHSIIOT  MONOXKUTENbHOE
nepekpbIThe, Npu KoTopoM paboyas kamepa (Ha puc. 3,@ OTMe4YeHa
TOYEYHOM LUTPUXOBKOM) B €e cpeaHeM nonoxeHun (puc.3,6)
pasMellaeTcs Ha nepeBasibHOM  (pa3AenuTenbHOM)  NepeMblyke,
6yayun oTceyeHHol (M30MMPOBaHHOM) Kak OT MOMOCTM BCacbiBaHUs a,
Tak W OT MOMOCTM HarHeTaHusi b. Bo u3bexaHue KoMMpeccum
XMAKOCTU B paboyen kamMepe Mpu Mpoxofe ee yepe3 nepeBasibHyto
MepeMblyKy, OBYC/MOBMIEHHON W3MEHEHMEM MpW 3TOM 3aMKHYTOrO
obbeMa KaMepbl 3TO NepeKpbITUE KaMepbl NepeMbIYKoin (NpeBbllLeHue
pa3Mepa NepeMbl4KN Hag pacTBOPOM KOHLIOB MIACTUH) AO0/MKHO 6biTb
BO3MOXHO ManblM, OAHAKO TakuM, u4Tobbl 6bI1O0  0becneyeHo
pasfgeneHve MONoCTel  BcacbliBaHWsl WM HarHeTaHwusi.  [onHoe
YCTPaHEeHNe KOMMpeccun AOCTUraeTcs Npu YCNOBWM paBeHCTBa Yria
Mexay OBYMSI CMEXHbIMM nnacTMHamu (cMm.puc.4) yrny a mexay
OKHamMu BcacblBaHWs W HarHetaHus (a=p). [MoaobHoe ycnosue
COOTBETCTBYET TaK Ha3blBAEMOMY HYNEBOMY MEPEKPLITHIO.

MNOTHOCTb KOHTAKTa NiacTUH CO CTaTopoM obecneunBaeTcs npu
MOMOLLUM MPYXXMH M MPOYMX MEXAHWUECKMX CPEeACTB, WM AaBJIEHVEM
XXMAKOCTU. B Hacoce, cxemMa KOTOpOro npeacraBneHa Ha puc. 5,



YKMAKOCTb MO/l AaBNEHNEM MOABOANTCA Yepe3 0CeBOE K (He MoKa3aHo)
W paamnasnbHble CBEPEHMS B MPOPE3N poTopa Mo MiacTUHbI.

MopgobHble Hacocbl 06bIMHO wMelT 6- 12 nnactuH. [pu
YBESIMYEHMN UMCNA NNACTUH YMEHbLUAETC  AENCTBYOWAsi Ha HUX
TaHreHuManbHas Harpy3ka W MOBbILAETCS PaBHOMEPHOCTb MOTOKA
HarHETaeMOW XMUAKOCTY.

CyliecTByeT pas3fnnyHble CXeMbl pacrnpegeneHus xuakoctu. Ha
puc. 4 Takke wu30bpaxkeHa cxeMa C UandoBbIM pacnpeaeneHnem.
HanopHoe & 1 BcacbiBatowee bH OKHa pa3MelleHbl B HEMOABWXXHOM
uandge. C paboummm kamepamu (KNETAMWU) 3TM OKHA COEAMHEHDI
pagvanbHbiMM oTBepcTUaMM d B poTope f. PoTop B 3TOM CxeMme
CoeauHsIeTcs C  Ba/loM Mpu  MOMOWM TOPLOBOrO  COEAMHEHUS.
M3mMeHeHMe nofaun OCyLeCTBASIETCS MyTeM MepeMeLLEHUs] BHELIHEro
6apabaHa (cTaTopa) ¢

B naHHoW paboTe paccMaTpvBalOTCS LUMPOKO MPUMEHSIEMbIE B
CTQHOYHbIX TMAPOMPUBOAAX CABOEHHblE MJIACTMHYaTblE  HACOChl
(pnc.6).
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Puc. 6. CABOEHHbI NAacTUHYaTbi Hacoc Tuna ..bri2-.. LII-
HacocHsle 6s10ku; 1- kopriyc;, 2,17 — ripyxvHa, 3, 12- yrioTHeHNE, 4-
noguwnnuuK; — 5-  kpelwka;  6,11-4MCk  pacripegemMTe IbHbIN
(HarHetanus), 7, 10- porop, 8, 9- AUCK pacripefesnTesibHbiv
(BcacoiBaumns); 13- grianey,; 14 -Basn; 15- maHxera;, 16- rpok/iagka,
18 — kpbiwka, 19,20 - cTaTopHoe Ko/ibLIO



4. Pacyer paboyunx rnapameTpos
4.1 B oblweM cnyYyae pacyeTHbIN (TeopeTudyeckuin) pabouuii
06bEM g, M3, Hacoca ABYKPATHOro AEMCTBUS MOXET BbiTh onpeaeneH

N3 3aBUCUMOCTU.
q=zb‘ﬁ6§_qﬂ)_cb_ﬁ)sz (1)

1 cosa
rae bHuvpuHa potopa, M;

r1, rz—Manblil 1 6ONbLIOKN paanychl, M,

S, Z— TOJIWMNHa N KONNYECTBO NNactuH, M,

@ — yrof Hak/oHa NnacTuH K paguycy, ° (rpag).
4.2 MpousBoanTenbHOCTb (MoAaya) mnactuHYaToro Hacoca @, M3/c,
3aBMCUT OT ero pabodero obbvémMa g, M3, 1 onpeaenseTcs 4acToToi
BpaLLleHMsa BXOAHOro 3BeHa 7, 06/c. C yuétom ob6bémHoro KA o :

Q= qn1, (2)
4.3 [OvameTp Bana d, M, V3 CPEAHEYITIEDOANCTON CTasM

(0:=500...800 MMa) B cnyyae AENCTBUS IEDEMEHHON HArPY3KU u
MasibIX  U3rMGaroWYMX MOMEHTOB TNPUBIMKEHHO OMNpeaensiioT Mo

dopmyne /4/:
/ M
d =0.0033 E =0.0033 @ _ 0.003327zM  (3)
n n

rae NV-nepegaBaeMast MOWHOCTb, BT,

N —4acToTa BpalleHus Bana, o6/c;

M - nepenaBaeMblli KPYTALWMIA MOMEHT, Hen,

CnepoBaTtenbHO, MO AMAMETPY BXOAHOMO Bajia Hacoca MOXHO
NPEABaPUTE/IbHO OLEHWUTb KPYTALWMUA MOMEHT M, ans nepeaauu
KOTOPOro OH CNpOEKTUPOBaH:

M=59-10°d". (4)

4.4 MonHbit KMNA £ Hacoca onpedensieTcss U3 COOTHOLIEHMS
BbIXOAHON MOLHOCTN Nros (FMAPABINYECKOMN, NOABEAEHHON KO BbIXOAY
Hacoca) U MOLIHOCTW 3aTpadeHHOW Asap (Ha ero NpuBOAHOM Basny) U
onpeaensieTcs Kak:

Nnon ApQ

== 5
g N Mo ©)

3amp

roe Ap — neprnaa [aBneHus paboudelt XWAKOCTM MexZy BXOAOM M
BbIXOAOM Hacoca.




TTopsAaok npoBegerHns 1a60pPaTopHoOY paboTs!

1. C nomoupblo MakeTa M WMEOLWENCS NUTepaTypbl M3Y4YnUTb
KOHCTPYKUMIO ~ paccMaTpvBaeMoro ABYMOTOYHOIO  MIACTUHYaTOro
Hacoca.

2. MN306pasnTb KMHEMATMYECKYID WM MPUHLUMNUANBHYIO CXEMY
Hacoca, OMMcaTb MNPUHUMM €ro AeWCTBMS W BbIMOJHUTb  3CKM3
OTAENbHOro 3neMeHTa (N0 yKasaHWo npenogasaTens).

3. OnpepennTb pabounii 06bEM @ Hacoca

4. Mo pavaMeTpy Bana OMNPEeaenuTb BO3MOXHbIA KPYTALWNA
MOMEHT.

5.Mo pabouemy 06bEMY M nepesaBaeMOMy KpPYTSLLEMY MOMEHTY
onpeaenuTb BO3MOXHOE NnpupalleHne aasneHust B Hacoce (n=0,82).

6. CoCTaBWUTb TEXHOMOrMYeCKyl0 KapTy mnpoueccoB c6opku u
pa3bopku Hacoca.

7. B 3aKIIOYMTENbHOM YacTU M3M0XKWUTb BbIBOAbI O CTEMEHU
n3Hoca paboumx NOBEPXHOCTEN Hacoca

KOHTPO/IbHbIE BOMPOCHI

1. ObnacTtb NpMMEHeHNs NNACTUHYATbLIX HACOCOB.

2. MpuHUMnN pencTBus U ocobeHHocTn pabodero npouecca
NAACTMHYATbIX HACOCOB.

3. ObpaTMMOCTb, peBEepCMpyeMOCTb, PerynnpyemMoctb 06beMHbIX
rMAPOMALUVH.

4, KOHCTpYKTMBHbIE 0COH6EHHOCTM paccMaTpvBaeMoro
NAacTMHYaToOro Hacoca: noapobHas knaccudukaums.

5. Tvn pacnpegenvTenbHOro ysna W ero  KOHCTPYKTUBHbIE
0COHEHHOCTM.

6. YcnoBHble 0603HaueHNs1 06bEMHbIX MMAPOMALLMH.

7. OcHoBHble paboune napameTpbl 06BEMHbBIX MMAPOMALLNH N UX
pacuér.

8. MI3HOC 3/1eMeHTOB NNaCcTUHYATLIX HACOCOB: NMPUYUHBI U CTEMNEHb
B/IMSIHMA Ha paboune napameTpsl.
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