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MNOTEHUMAN
BcrynutenbHoe cnoso

YyryHoea Tamapa AneKkceeBHa — dupexmop locydapcmseHH020
06pa308amenbHO20 y4pexdeHus 00N0AHUMENbHO20 06pa3o8aHus demel
«PedepanbHas 3004HASA PUIUKO-MEXHUYECKAA WKOAa npu MOCKOBCKOM
uzuKo-mexHu4yeckom uHcmumyme (2ocydapcmseHHOM yHuUsepcumeme),
3acnyxeHHblld yaumens Pocculickol ®edepayuu.

OkoHyuna ¢usuko-mamemamuyeckull pakynsmem MITIN um. B.U.JleHuHa
8 1954 200y no cneyuansHocmu «gusuxay, sosznasasem 3®TLL npu
M@TU c momenma eé co30aHus 8 1966 2., HazpaxoeHa medasnsto OpdeHa
«3a 3acnyau neped Omeyecmsom» II cmeneHu, naypeam npemuu
edepansHoli yenesol npoepammsbi «00apéxHble demuy npe3udeHmcKol
npoepammsi «Jemu Poccuu» 3a 0cobbili 8k1ad 8 pabomy ¢ 00apEHHbIMU
OembMu.

Nloporue yurarenu!

Bbol pepxute B pyKax u3gaHue, BbIMYCK KOTOPOro HayuMHaT 3aoyHas
tu3nko-TexHuyeckas wkona npu MOTU cosmecTHO € w3paTenbcKko-noaurpaduyeckoit
tupmoit «A3byka». Mbl Hafleemcs, YTO HacToslee M3faHue OyAeT NoNe3HO He TONMbKO
CTapleknaccHUKam M yyutensim obleobpa3oBatenbHblX YYpeXAeHWi, BOBNEYEHHbIM B
y4yebHblit npouecc 3OTW, Ho w ppyrum uutatensm. Yactb nybnukauuit uspaxus Oyayt
ABNATLCA CBOEr0 POfA AOMONHEHUEM U yIyOieHneM MaTepuanoB 3ajaHui 3a04HOA LWKOJbI
No COOTBETCTBYIOLWMM pa3fenaMm obpa3oBaTeNbHbIX NporpaMm. Mbl yBepeHbl, YTo Halue
W3AaHWe OKaXeT NOMOLLb YYEHUKAM B CAaMOCTOATENbHOM paboTe B WKoJe, nofrotoske K ENM
W BCTYNUTENbHbLIM 3K3aMeHaM B BY3bl.

Co3parenu M3paHus He MNAHUPYIOT 3aMblKaTbCs B XOTA M OONbWIOM, HO BCE e
OrpaHW-YeHHOM Kpyre «3/IMTHbIX» 4uTaTenell, a nOCTapalTcs COPUEHTUPOBATH
«[ToTeHunan» Ha Gonee WUPOKYHO ayauToOpUIo «MpUBEPKEHLEB»
eCTecTBeHHO-MaTeMaTUyeCcKnx HaykK, a UMEHHO — PU3KNKK, MaTeMaTukn n nHcbopmatuku. Ha
CTpaHMULAX M3[aHWA CTAPLWEKNACCHUKW W y4uTens CMOryT y3HaTb O 3ameyaTesibHbIX U
aKTyaNbHbIX HAYYHbIX LOCTUXKEHMAX W pa3paboTkax (pybpuka «3arapouHblii mMup»), 06
MHTEPECHbIX UCTOPUYECKUX COOBITUAX M MEpUofax B Pa3BUTUM HAyKM, 0Opa3oBaHUs,
OpraHu3auumn u CTaHOBIEHUS Pa3NnUHbIX y4eOHbIX 3aBefeHuii (pyopuka «CKBO3b BpeMsY),
NOJAYYUTL WAM AOMONHWUTL 3HAHMA MO KOHKPeTHbIM yyebHbiM npegmeTam (py6Gpuku
«®usnkar, «Matematukay, «MHbopmaTnka), 03HaKOMUTLCA C 3afavyaMy BCTYNUTENbHbIX
JK3aMEeHOB B Pa3/inyHble By3bl CTPaHbl U MaTtepuanamu npefMeTHbIX OAMMMMAL, BKOYas
MexgayHapogHole  (pyOpuku  «BcTynutenbHele  3k3ameHbly, «Onumnuagbi»). Ha
WHTepecylwWmuxca Bompocamu npodunbHoro obpasoBaHus paccyuTaHa pybpuka
«MpodunbHoe ob6paszoBaHue», rae GyoyT Nyb6AMKOBAaTbCS METOAMYECKWE MaTepuanbl Mo
pasfenam y4yebGHbIX MpPeLMETOB, OCBEWATbCH TeOpeTUYecKMe W MpaKTUYecKue acmekThl
LOMONHUTENbHOTO NpodUIbHOTO 06pa3oBaHus, WHGOPMALMOHHbIE MaTepuansl 06
yupexaeHusx npounbHOro JOMONHUTENbHOrO obpa3oBaHus. Bonpocam mopepHu3sauum
poccuiickoro obpa3oBaHua nocesweHa pybpuka «Pedopmbl B 06pa3oBaHUm», B KOTOPOI
npeanonaraetcsa ny6auMkKoBatb oduLManbHble MaTepuansl no Bonpocam ENI, npocdunsHomy
o6pa3oBaHuio, 06pa3oBaTeNbHbIM CTaHAAPTAM, NPOrpamMmbl (MPOEKTHI) PA3BUTUSA PasNuyHbIX
BUA0B 06pa30BaHus, a TakKe, MO BO3MOXHOCTU, KOMMNETEHTHbIE KOMMEHTApUM K HUM.

PasymeeTcs, HeM30EKHO BO3HUKHOBEHUE HOBBIX PYOPUK M pa3fnenos W3faHus, B CBA3M
C YeM Mbl OyaeM npusHaTeNbHbl Bam 3a npepnoxeHus U pekoMeHAALMUu Mo yayyweHuto
CTPYKTYpbI U3faHus, ero ohopMAEHUIO, ONTUMU3ALMN U HAMOMHEHMIO €ro pyOpuK, KayecTBy
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¥ TEMaTUKe MaTepuanos, B HUX copepxalymuxca. Kpome atoro, Bbl MoxeTe npepnaratb Ham
CBOU MHTEPECHbIE W NONe3HbIE MATEPUarbl, KOTOPbLIE, HA Baw B3msAd, MoK Gbl HAWTM MECTO
Ha CTpaHMLax faHHOro M3faHuA. Bo3moxHa opraHM3auua B pamKax HacTosAlero usfaHus
CBOEro pOjAa 3a04HOTO KPYMIOro CTo/la No 0OMeHy OMbITOM, MHEHUSAMU U NPEAIOKEeHUAMY,
NoCTyNalowWwMMm1 OT HAWMX YuTaTeNeil Ha MecTax B pPasfuyHbIX pernoHax ctpaHsl. 060 BCEM
3TOM HaM xoTenoch Obl y3HaTh Bawe mHeHue. Muwute Ham!

Vypeautenu u aBTopbl nocobus nosapasnstoT Bac ¢ Hactynuewum 2005 rogom (rofom
tu3sukmu no pewenunto OHECKO) 1 BbIpaxaloT NCKPEHHIOK HafexXay Ha TO, YTO C BLIXOAOM B
CBET Hallero HOBOr0 W3[aHUA WHTENNEKTyanbHbI NOTEHLMaNn CTapleKNacCHUKOB —
OyaylnMX CTYOEHTOB — OyAylWUX Y4YEHbIX OVLET HEYKIOHHO PacTh, a BMECTU C HUM, W
6narogaps 3ToMmy, OyAEeT pacTu U ypoBeHb PAa3BUTUSA HALIEro roCyAapcTea.
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OMXD

TpyxaH Jayapa Muxaitnoeuy

B 1959 2. oKkoH4un paduomexHuyeckull ¢akyasmem

(HbiHe ®PTK) MOTU, 8 1962 2. — acnupanmypy ®MX®.

C 1982 no 1997 22. 6bin OekaHom gaxyibmema
guzuko-xumuyeckoli 6uonozuu (P®X6) MOTU (c 19972. Ha 6ase

u @OXb 66111 c030aH 06beOUHEHHBIL aKyIbmem MoneKyAapHOL
u buonoeudeckoli ¢pusuku, PMb®P). B Hacmoswee spems —
3asedyroujuli kKagedpoli 6UOpU3UKU U 3KOS02UU.

Hoxkmop puszuko-mamemamuyeckux Hayk. lpogpeccop MOTH.

Kpye HayyHbix uHmepecos: ¢usuxa, 6uono2us, IK0A02Us.

BUOIHEPTETUKA
MA3AMU ®PU3UKA

Hay4yHoe noHsTMe OMOIHEpPreTUKM BNosHe
onpefeneHo: 310 — pasgen 6uodusnkm, ces-
3aHHbI C M3yYeHUeM NMPUHLUNOB U MexaHU3-
MOB NpeoOpa3oBaHus 3HEPrUN B KUBbIX 00b-
eKTax. Hapsagy ¢ 3TMM MOXHO YacTo BCTPETUTS,
0COBEHHO B MONYNAPHbIX CTaTbiX W B Cpea-
CTBax MaccoBOI MHGOPMaLUK, fpyroe MeHee
onpefenéHHoe HeHay4yHoe ynoTpebieHue 31o-
ro TepMUHa, BBEAEHHOMO B 06MX0[ LenuTens-
MM, IKCTPACEHCAMM, ACHOBUALAMU. B gaHHoil
cTaTbe peyb NonaeT 0 61o3HepreTUKe B 06bIY-
HOM Hay4YHOM MOHWUMAHWUU.

OcHoBHas 0COBEHHOCTb XMUBOTO OPraHn3-
Ma He3aBMCHUMO OT YPOBHS €ro OpraHu3aLmm —
OfiHa KfIeTKa UAU BbICOKOOPraHW30BaHHAs CU-
cTemMa — C TOYKM 3peHus GU3NUKK, — 3TO ero He-
PaBHOBECHOCTb. 3T0 0C060E COCTOSAHME KMBO-
ro o0beKTa NposiBisfeTcs B ABYX acrnekTax.
Bo-nepsbix, HepaBHOBECHa ero CTpyKTypa. OHa
cneunanbHO OpraHu30BaHa, a 3aKOHbl TEPMO-
AVWHAMUKM NPEeAnosaratT, YTo Npu KOHEYHO
Temneparype BCsKas W30/ MPOBaHHas cucTema
AO/KHA CO BpPEMEHeM XaoTU3MpPOBAThbCs, T.€.
TEPATb CBOK YHWUKANbHOCTb. YTOGBI NPOTUBO-
CTOSATb 3TOM €CTECTBEHHOI TeHAEHUMN U B Te-
YeHWe pauTenbHoro nepuoaa (B 6yKBanbHOM
CMbIC/Ie KBPEMEHU XU3HU») COXPAHATL U pas-
BMBATb CBO YHUKANLHOCTb, 11060 OpraHn3m,
pa3 BO3HUKHYB, He [LOIKEH 0CTaBaTbCs U30/U-
POBaHHbIM: OH AO/KEH HENpepbIBHO YepnaTb
U3 OKpyXKaloLei cpeabl CBOGOAHYIO IHEPTUIO.
MocTeneHHo AWUCCUNUPYsSCb B OpraHu3Me u

npeBpalascy B TEMNOBYI, 3Ta IHEPrua nopg-
[EPXXNBAET HEPABHOBECHYI CTPYKTypy. BTo-
POVt aCNEeKT, TECHO CBA3AHHBIN C NepBbIM, MPO-
ABNAETCA B HEOObIYHbIX, C TOUKM 3PEHUSA «paB-
HOBECHOW» TepMOAMHAMUKM, NYTAX JUcCUna-
LMKn 3Heprumn B opraHusme. Mpexnpe, 4em Ho-
Bas MNOpLMUA 3HEPrUM ycrneeT PaBHOMEPHO
«pa3MasartbCa» N0 BCEM CTEMeHsAM CBo6OAbI,
Kak Toro TpebyeT paBHOBECHAs TEPMOAUHAMMU-
Ka, OHa yCrneBaeT BbI3BaTb XUMUYECKME npe-
BpalLEeHUA, XapaKTEPHble ANA KAXAOMN XUBOW
CTPYKTYpPbI. YHUKANbHAs CTPyKTypa obecneyn-
BaeT ObICTpOe MCMO/ib30BaHWE W3ObITOYHOI
3HEpPruM No HEKOTOPbLIM BLILENEHHbIM CTene-
HAM CBOOOAbI. YCNOBHO rOBOPS, 3TU CTENeHM
cB0GO/bI ABNAIOTCA KOPSAYUMUY», KaK OyaTO UX
Temnepatypa 3Ha4YWUTENbHO BbIWE Temnepary-
pbl OCTanbHOM cucTembl. Takum obpasom, no-
CTOSHHbIA NPUTOK CBOOOAHOW 3HEpPrun U3BHE
B XMBYIO CUCTEMY MOLAEPKMBAET HepPaBHO-
BECHbI XapaKTep He TOIbKO CaMoii CTPYKTYpPbI
KWUBOW MaTepuu, HO M HEPABHOBECHbI Xapak-
Tep NpoTeKaloWmX B HEN NPOLECCOB. 3TO BaX-
Hellee CBOMNCTBO XWUBOW CUCTEMBI.

YMeCTHO BCMOMHUTb, 4TO CBOOOAHASA IHEp-
rUs — 3TO Ta YacTb MOJIHOW 3HEPIUM CUCTEMBI,
KOTOpas MOXeT ObiTb npeBpalieHa B paboTy
npu M30TEpPMUYECKMX ycnoBusax. B npupopge
eCTb MHOro opMm CBOOGOAHOI 3HEPruUM, U Ha
3ape BO3HMKHOBEHWS XWU3HM HA 3emMie Heus-
6eXHO BO3HMK BOMPOC O TOM, Kakas dopma
cB0OGOHOI IHEPrUM HamMNy4YlW UM 06pa3oM Mo-
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et obecneynTs 6onblure 06bEMBI NpeBpalLlye-
HUA 3HEepruu, BewecTsa U MHGOOPMaLUK B XKK-
BOW Mpupoge.

PaccMoTpuM KOHKpeTHble NpUMepbl.

Inekmpuyeckaa 3Hepaua. B npupope
BCTPEYATCA UCTOYHUKM INEKTPUYeCKOoro no-
TEHLWana u aneKTpuyeckue Toku (cTatnyeckoe
aTmMoc(hepHoe 3/1IeKTPUYECTBO, FPO30BbIE Pa3-
psAAbl, Pa3HOCTU NOTEHLMANOB U TOKU MEeXAy
pa3sHbIMK y4yacTKaMu 3€MHON KOpbl BAONAbL NO-
BEPXHOCTM W B MNYOMHHOM HanpasneHuu,
3/IeKTPUYecKne TOKMU B MOPCKOI Bofe). Ho 3Tu
MCTOYHUKM HE UMEIOT HEeoOXO[MMOII perynsp-
HOCTW M CTabUNBLHOCTU, B OCOOEHHOCTU UCTOY-
HUKW pa3pAafHOro Tuna. A rmasHoe, s UX uc-
nofb30BaHWA NoTpeboBanuch 6bl MPOBOJHUKM
K KaX[,OMYy OpraHu3Mmy u K Kaxaon knetke. flc-
HO, YTO 3NEKTPUYECTBO KaK UCTOYHUK CBOGOA-
HOI1 BHELHE 3HEPTUM ANs XKUBOTO 0OBbEKTA HEe
NPUrofHO, XOTS OTAENbHbIE KNETKU U Aaxe op-
raHbl MOFYT OTKAMKATbCA Ha NOABOAMMbIE K
HWUM TOKW 1 HanpaxeHus.

Mexanu4yeckaa 3HepauA. TakoBaa MoOxeT
CylLecTBOBaTb B NPUPOAE B BUAE MexaHU4ec-
KX ycunuin (CKatui, pacTaxeHni, CKpy4YuBa-
HUW), BbI3bIBAIOWMX AedOPMALMM KUBbIX TKa-
Heil, MeMOpaH, 6oNbLIMX MONEKYN W Nepefato-
LWMXCA yepe3 BOAY, BO3AYyX, KOHTaKTHbIE CBS-
31. B npuHLMNe 3TO BO3MOXKHO, HO TPYAHO ce-
6e npencTaBuUTh, KaK 3TO OPraHU30BaTh, COXPa-
HAS HE33aBUCUMOCTb U NOLBUKHOCTb OpPraHu3-
MOB, @ IMaBHoe YTO GyaeT OOLMM UCTOYHUKOM
MexaHWYecKol 3Hepruu, Befb OT Hero Tpedy-
eTCcA JOCTYNHOCTb U CTabuAbHOCTb. XOTA W B

3TOM CNly4ae, Kak 1 B NpefblayLiem, oTaeNbHbIe
KJIETKM W OpraHbl MOTYT XOpOLWO BOCAPUHN-
MaTb MeXaHUYeCKWe BO3LENCTBNSA, HO B Kadec-
TBE CUTHANOB, @ HE UCTOYHUKOB IHEPTUN.

Tennosaa 3HepauA. IHeprus TennoBOro
ABWKEHUA TAKXKE MOXKET CIYKUTb UCTOYHUKOM
cB060AHOI 3Hepruu. BcnomHum xots Gbl na-
pOBYIO MaWWHY WAW [BUraTesb BHYTPEHHEro
cropaHus. Ho ans ero peannsaLnu HyXxHbl OT-
LeNbHble HarpeBaTeNlb U XONOAMNbHUK C 3a-
METHOMN pasHuuen Temnepatyp, T. K. Koadhdu-
LMEHT NOE3HOTO LEiCTBUA TaKOTO YCTPOiiCTBa
NponopLMOHaNeH pasHOCTU TeMnepaTyp Mex-
Ly HarpesaTenem u xonogunbHuKom. W eciun B
npefenax 6uocdepbl Takue YCNOBUS MOXKHO
HaliTM (pa3HOCTb TEMMEepaTyp Mexgy nonsp-
HbIMM W 3KBaTOpPUANbHBIMM 06MACTAMU [O-
BOJILHO 3HAUYNTENIbHBI), TO 06eCNEUYNTD CyLLeCT-
BEeHHble nepenagbl TeMnepaTypbl BHYTpU opra-
HU3Ma, TeM 6ofiee BHYTPU KIETKM, KOHEYHO,
HEBO3MOXHO. [03TOMY NOCTPOUTL XKMBOIA Op-
raHW3M Kak TEnnoByl0 MalWHY BPAL NN BO3-
MOHO.

Amomuaa (unu, moyHee, AdepHas)
3HepauA. B npupope cywecTByloT npoLecch
AAEPHOT0 pacnaja M, HaobopoT, ALEpHOro
CMHTE33, KOTOpbIE COMPOBOXAAITCA Bbiaese-
HUEM 3HEpruK B BUAE KUHETUYECKOW IHEpPrum
NPOAYKTOB 3TUX peakuuit, B Gonblueit coeit
yactu nepexopawei B Tenno. MmeHwo 3ty
3HEPruI UCMOMb3YIT HA COBPEMEHHbIX aTOM-
HbIX 3NEKTPOCTAHLMAX U NAAHWUPYIOT UCMOSb-
30BaTb B OYAYLUX TEPMOAAEPHBIX CTAHLUAX.
0 TPYLHOCTSAX UCMONb30BAHMSA TEMNOBOWN 3HEP-
TUU B XMBBIX CUCTEMAX Mbl TOSIbKO 4TO FOBOPH-
nn. HekoTopas 4acTb pa3neTalowWwmnxcs npoayK-
TOB AJEPHbIX PeaKLUMil UMEET 3NeKTpUYeckuit
3apsg, ¥ UX ABUXKEHUE COMpPOBOXKAAETCA BblAe-
JIEHUEM IHEPTUM INEKTPOMArHUTHOTO U3fyye-
HUA W 3NEKTPUYECKOW 3Hepruu, KoTopble B
NPUHLMNE MOXHO 6bIN0 Obl UCMONL30BATL KAk
MCTOYHWK CBOOOLHOMN IHEPTUU OIS KUBBIX CU-
cTeM. Ho cpefHAf NAOTHOCTb 3TOW 3HEpPrum Ha
MOBEPXHOCTU 3E€MIU HUYTOXKHO Mana U HUKaK
HE MOXET MOKPbITb NOTpeGHOCTU Buocdepbl.
Ho rnaBHoe, KOHEYHO, HE B 3TOM, @ B TOM, YTO
ObICTPO JIETALLME OCKOJIKW AKEP U 3NEeMEHTap-
Hble YacTULbl OYEHb arpecCBHbI MO CBOEMY
XMMUYECKOMY XapaKTepy W ryouTenbHbl Aas



3arapoyHbIn Mup

XUBOW KneTkn. Tak cmepTenbHOe nopaxeHue
yeNOBEKa HacTynaeT Npu [,03€ MOHNU3NpYHOLLe
paguaummn, COOTBETCTBYIOWEH MOMOWEHHON
3Heprum 300 [, B TO BpEMA KaK CyTOYHOE no-
TpeGneHne 3Hepruu YenOBEKOM U3 [pYrux
«MNONe3HbIX» MCTOYHMKOB cocTaBnseT 10 MIx!
IpasumayuoxnHaa 3Hepaus. PeanbHo 310
— MNOTEHLManbHas 3HEprus B MONe TAXKECTH
3emnun. Ita aHeprus MoxeT GbITb NpeBpalieHa
B KMHETWYECKYID WU NOTEHLMANbHYI 3Hep-
rMio gedopMauun XMBOM TKaHWM NULWb NpK
OMNyCKaHUM NepBOHaYyanbHO MOAHATOrO Tena.
TpyaHO cebe npefcTaBUTb MEXaHWU3M eé BOC-
NONHEHMA nocie OJHOKPATHOro WMCMOoJb30Ba-
HUA. 3TO TOXeE HENOAXOAALLMIA BUL, IHEPTUU.
Ixepeusa csema. WcTou-
HWUK TaKOW 3Heprum — 370 npak-
TUYECKN HeuccAKaemoe Halle
csetuno - ConHue. TennoBas
3Heprus ceetosoro loToka co-
30a6T ONA KU3HW GnaronpuaT-
Hble yCNOBWA B BUAe Temnepa-
TYpbl, KOTOPYIO Mbl MO Onpefe-
NEHUI0 Ha3blBaeM HOPManbHOM
n komdopTHoii. Ho 370 elwwé He
MCTOYHUK CBOBOAHOI 3HEprum
LAs 06ecneyeHmns KU3HEHHbIX
npoueccos. O TpyfHOCTAX Npe-
o6pa3oBaHus TEMNOBOW 3Hep-
TMn B CBOOOAHYIO Mbl yXKe ro-
Bopunu Belwe. OfHako nyyunc-
Tas 3HEpPrua COoMHuAa He orpa-
HWYMBAETCA TONBKO TenaoMm.
JHeprua KBaHTOB BWAWUMOTO
CBeTa [J0CTAaTOYHO BeNuKa ans
BO3OYXAEHUA  31EKTPOHHbIX
cTeneHeil cBo6OAbl MONEKYN M MHWULMWUPOBA-
HUA ONpefenéHHbIX GMONOTUYECKM BaXHbIX
XUMUYECKUX peakuuin. B To e Bpema nsnuuw-
He 3HeprUYHbIX KBAHTOB XECTKOro ynsTpacmo-
neTa, BbI3blBAOWMX JECTPYKTUBHbIE MPOLECCHI,
B COJIHEYHOM CBETE, AOCTUTAIOLLEM MOBEPXHO-
cT1 3emnu, HemHoro. Mo3Tomy 3Heprus con-
HEYHOro CBeTa — BMOJIHE NOAXOAALMIA NCTOY-
HUK CBOOGOLHOW 3HEPruM INs KUBbIX 0ObEK-
T0B. Ho y Hero ecTb fiBa 60/blIKMX HefOCTATKA:
NNOTHOCTb NOTOKA 3HEPrUn CONHEYHOrO CBeTa
CPaBHUTENbHO HEBENIMKA M MHTEHCUBHOCTb NO-
TOKa 3HepruM Ha [aHHylo nnowagb 1M3-3a cy-

TOYHOTO BPALLEHUS 3eMIN HEMOCTOAHHA: OKO-
710 NOJOBMHBI CYTOK 3aHMMaeT TEMHbIN Nepu-
og.

lepBbIl HEQOCTAaTOK MPOABNAETCA B TOM,
YTO OpraHM3Mbl, UCMONb3YIOWME ITOT WUCTOY-
HUK 3Heprum (a 3To, Kak U3BECTHO, pacTeHus),
06peyeHbl Ha MOCTOSIHHBIA AedULuUT 3Hepruu.
B 4acTHOCTH, OHM He MOTyT N03BONUTL Cebe ca-
MOCTOATENbHO NepemellaTbCs B NPOCTPAHCTBE,
XOTSl MHOTAA 3TO ObII0 6bl NONE3HO, HAaNpUMep,
yTobbl MepebpatbCs Ha Gonee oCBeWEHHOE
MEeCTO WU CNAcTUCh OT KUBOTHOTO, BO3HaMe-
puBLIErocA CbeCTb pacTeHue. [oaTomy pacTtu-
Te/bHble OpraHu3Mbl OblIM BbIHYXKAEHbI W30-
OpecTn fpyrhe MexaHU3Mbl peleHus nopob-
HbIX NPoGeM.

Bropoit HepocTatok npu-
BEN K HeOOXOAMMOCTW co3pa-
HUA B OpraHM3Max, X1ByLKX 3a
CYEeT CONHEYHON 3Hepruun, cuc-
TeMbl 3anacaHus 3Heprum ceeTa
B KaKWX-TO OTHOCWTENbHO CTa-
OuUNbHBIX (hopMax, U3 KOTOPbIX
3Ty 3HEPTUI0 MOXKHO BEPHYTb U
MCNoNb30BaTb B TEMHBIN Nepu-
0f, CyToK. ITa hopMa XpaHeHUs
CBOOOAHOI IHEPTUM — XUMUYe-
ckas. E€ cywHocTb — KoHCcepBa-
1S 4aCTU IHEPTrUU BbI3BAHHO-
ro CBETOM 3/IeKTPOHHOro BO3-
OYKLEHUA MONEKYN B IHEPTUio
XUMUYECKUX CBA3EN NPU CUHTE-
3e NOAXOAALMX AN 3TOW Luenu
HOBbIX coepuHeHuin. [o3tomy
OpraHu3Mbl, WCMoNb3ylolue
JHEeprui CBETOBbIX KBAHTOB
(doToHOB) W HasbIBalOTCA homocuHmesupyto-
wumu. XOpowo WM3BECTHbl COE[UHEHNS ABYX
TUMOB, CNOCOBHbIX 3anacaTb 3Hepruto. 310 Co-
eAuHeHusn, copepxalme docdartHble CBA3M
(Hanpumep, ageHo3MHTpUdocdopHasa Kucno-
T3, AT®) 1 yrneBopbl (YNpolwéHHO rosops, ca-
xapa, Hanpumep, rioko3a). PoctatHas cBA3b
— 0YeHb YA0OHbI NPOMEXYTOUHbIN XPaHUTENb
XUMUYECKOI 3HEeprun: npu ruapoanse ofHoii
TaKol cBA3M (T.e. Npu eé «pa3pbiBe» U nepe-
Hoce doccaTHOM rpynnbl HAa BOAY) BblaenseT-
csi 0K0no 0,5 3neKTpOH-BOALT 3HEPTUK, YTO XO-
pOLIO COOTBETCTBYET IHEPrUM, Tpebyemoit Ans
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pa3HoOOpa3HbIX 3/1EMEHTApHbIX NPOLECCOB B
knetke. Ho MMEHHO NOTOMY, YTO OHa LIMPOKO
BoCTpe6OBaHa BO BHYTPUKAETOUHBIX MpoLEeC-
cax, e€ KOHLEeHTpaLus B XUBOII KNeTke He Mo-
XET ObITb BLICOKON U NPU NPeKpaLLeHUn CUH-
Te3a AT® oHa ruaponusyeTcs NONHOCTbIO 3a
BPEMs 0KOJI0O MUHYTbI. Takum 06pa3om, coefm-
HeHus TMna AT® He MOryT GbITb OATOCPOUHbIM
XpaHuTenem cBOOOLHON 3HEPruun 1, Tem bonee,
NepeHOCYMKOM 3IHEpPruu K ApYyruM OpraHus-
MaM. [lpyroe aeno yrneBopbl, 3T0 3HaYUTENbHO
6osee cTabubHble aKKyMynsTOpbl 3HEpruu,
cnocoGHble 06ecneymnTh 3anac 3Heprum pacTu-
Te/bHOMY OpraHu3My Ha BeCb TEMHOBOII nepu-
OJ L0 ClefyIolLero CBeTOBOTO fiHA, a TaKxe ne-
pPeHOCUTb B CBOEI Macce XMMWUYECKYID 3Hep-
TUI0 B APYrue opraHn3mbl, eCiv TaKoBble cyme-
0T 3TUM BOCNO/Nb30BaThCA. B 3Heprum comx
XUMWUYECKNX CBA3EN YINeBOAbl COAEepKaT OKO-
no 20% 3Heprum GOTOHOB, UCMONb30BAHHBIX
AN UX cuHTe3a. Brpoyem, 06 ncnonb3oBaHuu
XUMWUYECKOI IHEPrin OTAENbHbIA pa3roBop.
Xumuyeckaa 3HepauA. IT0 Ta 4acTb CBO-
60JHON 3HEPruM XMMUYECKNX peareHToB, KO-
TOpas MOXeT ObiTb BbiAeNIeHa NPU U3MEHEHWUM
XMMWUYECKNX CBA3EN B NpoLecce NpeBpaLieHuns
peareHToB MU NPU N3MEHEHUN UX KOHLEeHTpa-
uun (ToyHee, aKTMBHOCTH). locnegHAs YacTb
onpegeneHns (Npo KOHLEHTPALMIO MW aKTUB-
HOCTb) HAMOMWHAET O TOM, 4TO cBObOAHAsA
3HEPrus XMMUYECKOW CUCTEMbl ONpeaenseTcs
He TONIbKO TUMOM XMMUYECKUX COe[MHEHNTI UC-
XOAHbIX BEWeCTB U NPOAYKTOB peakLuuu, HO
UX KOHLeHTpaumei. Npn npounx paBHbIX ycno-
BUAX, YEM BbIlle KOHLLEHTPALMA, TEM Bbllle 3a-
nac «noTeHUManbHOW» 3Hepruu BeliecTBa:
KOHLEHTpaLus BellecTBa B OfHOM MecTe Mpo-
CTPaHCTBA He BbIrOAHA B TEPMOAMHAMUYECKOM
CMbICNE, TENOBOE [IBUXKEHME CTPEMUTCA «pas-
Ma3aTb» BELLECTBO MO BCEMY NPOCTPAHCTBY, M
M3 3TOr0 npoliecca TOXEe MOXHO W3BNeyb
3Hepruio. 0Tcrofa CTaHOBUTCA NOHATHOW W No-
npaBKa Ha akTUBHOCTb peareHToB: 3Ta Jonon-
HUTeNbHAA NOTEHLManbHas IHeprus BewecTsa
onpefenseTca He MOJHbIM KONMYECTBOM Belle-
CTBa B AaHHOM MecCTe, a INLLb KONNYECTBOM Ya-
CTWL, aKTUBHbIX, T. €. CBOOOAHbIX AN ABMXKE-
HUA 1 yyacTus B peakuusax. ITy nonpasBKy vac-
TO He YYMTHIBAIOT, @ MeXAy TeM OHa MOXeT

0Ka3aTbCA OYeHb BAXHOM [/18 MONEKYNAPHOW
6uo3HepreTuku. Bnpouem, B faHHOM cnyyae
Mbl He ByfeM 3TOro KacaTtbCs.

M CTOYHMKOB XMMUYECKO SHEPTUN B OKPY-
Xatowemn cpefe BeANKOE MHOXECTBO: OFPOM-
HOe KONMYeCTBO OKPYXaloWmMX Hac Xummuyec-
KMX COELUHEHWI MOXHO npeobpa3oBaTb B
Apyrue c noayyeHuwem sHepruu. Ho npu 3Tom
BO3HWKAeT 0YeHb CNOXHas npobnema. [ins To-
ro, 4Tobbl 3T Npeobpa3oBaHusA WAK C JoCTa-
TOYHO 6OMbWON CKOPOCTbIO, HEOOXOAMMbI CO-
OTBeTCTBYlOLME KaTanu3aTopsl. B xuson knet-
Ke 370 Gonbline BENKOBbIE MOJIEKYIbI, UMEHYE-
Mble (hepMeHTaMy, BKJIIOYEHHbIE B CIOXHble
KOMNNEeKChl ChneuuanbHon CTpyKTypbl. [ns
KaXgoro Tuna XMMMYECKOro npeBpalieHus
HYXHbl CBOU (pepMeHTHble cucTembl. Pasyme-
eTCA, HU Y KaKOW KNeTKW He XBaTUT pecypcos
COAepaTb TaKoe CNOXHOe 1 pa3HOPOAHOE XO-
3A/iCTBO. B XWBOW KneTke MOXeT peanuso-
BaTbCA TOJIbKO TO, YTO MPOCTO, HAAEXHO U Bbl-
rogHo. CocpepoToumnThCA e Ha WCnonb30Ba-
HUW KaKoro-nMbo ofHOro TUMa peakuuii pns
M3BN€YEHUA SHEPrUM — 3HAYMT 3aBEAOMO Or-
PaHNYUTL BO3MOXHOCTU MONYYEHUA IHEpruu,
HecmoTpsi Ha e€ n3o6unue B OKpyxaloleit
cpege. Kak pewnTs 3Ty npobnemy?

Mpupopa Hawna 6aecTaAwMn Komnpomuc-
CHBbI BbIXOJ, U3 3TOr0 MONOXEHUA.

Heckonbko ynpowas cuTyauuio, MOXHO
CKa3aTb, Y4TO XMBbIE OPraHU3Mbl U3 OFPOMHOrO
pa3Hoo6pasuns XMMUYECKUX peakuuii, cnocob-
HbIX B NPUHLMNE NOCTaBAATb XWUBOW KieTke
NOAXOAAWYIO 3HEPTrUIO, BLIAENUAN NULL Te,
KOTOpble OTHOCATCA K 0JHOMY BonblioMy Knac-
CY OKUCAUTEeNbHO-BOCCTAHOBUTENbHBIX peaK-
umnit. ®usmyeckas CyWHOCTb OKUCIUTENb-
HO-BOCCTaHOBUTE/bHbIX peaKkuuin npu BCEM
MHOro06pasunm UX XMMUYECKUX pasHOBUIHOC-
Tell 3aKNKYaeTcA B NEpeHOCe 3MeKTPoHa OT
MOJIEKYNbl, B KOTOPOIi OH Haxo[uTCA Ha op6u-
Tann, COOTBETCTBYIOULE BbICOKOW 3HEpruun
3/1eKTPOHa (Takue MoNeKynbl, LOHOPbl 3eK-
TPOHA, HA3bIBAlOTCA BOCCTAHOBUTENAMM), Ha
MOJEKy/y, MMeIOLYI0 INEKTPOHHYIO BaKaHCUIO
Ha opbUTany, COOTBETCTBYIOLLEN HU3KOMN IHEP-
TMU 3neKTpoHa (Takue MoNeKynbl, aKLenTopsl
3/IeKTPOHa, Ha3blBAlOTCA OKUCAUTensmu). Ta-
Kana peakuus Ha3blBAeTCA OKUCAUTENbHO-BOC-
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CTaHOBMTENbHOMW, T.K. MPU 3TOM MPOUCXOAUT
OKMCNEeHWe MONeKyNbl-fOHOPA U BOCCTaHOBE-
HUe MoneKynbl-akuenTopa. JHeprus 3NeKTpo-
Ha Ha [LOHOpe U aKLenTope YCNOBHO XapakTe-
pu3yeTcs HEKOTOPbIMU OKWUCAUTENbHO-BOCCTa-
HOBUTENbHbIMM NOTeHUuManamun. bonbwen
JHEPrUW 3/IEKTPOHA COOTBETCTBYET bGonee oT-
puLATeNbHbIA NOTEHLMAN, MEHbLIEA IHEPTUN —
6onee nonoxuTenbHbIN. Anrebpanyeckas pas-
HOCTb NOTEHLMANOB Y4aCTHUKOB TAKOro 3nek-
TPOHHOTO OOMEHa XapaKTepusyeT [BUXYLLYIO
cuny npouecca. loTeHumansl BbipaxawTcs B
BOJIbTAX, @ COOTBETCTBYIOLAA PAa3HOCTb 3Hep-
TMA Nerko BbIPAXAEeTCA B 3NEKTPOH-BOJbTAX.
Tak, pa3HOCTb MOTEHLWANOB MexXny MOneKy-
NAPHBIM KUCNOPOAOM, ABNAIOWMMCA aKLenTo-
pOM, U MONEKynspHbIM BOJOPOLOM, ABNAIO-
wMmMca foHopoM, coctasnser 1,23 BonbTa, a
BblfienaemMan 3Heprusa — 1,23 aneKTpoH-BosbTa
Ha 1 nepeHecéHHbI 3neKTPOH. [oCKoNbKY npu
3TOM cBOOOAHAA IHEPrUs OKUCAUTENbHO-BOC-
CTaHOBMTENbHON Mapbl YMeHbLIAeTCA, TO 3TO
TEPMOANHAMUYECKN BbIFOAHbIN NpoLecc 1 oH
MAET CaMONPOM3BOJIbHO, ECIN €MY He MellatT
KaKne-To KnHeTnyeckne aktopsl.

Tak Kak OKMCIUTEeNbHO-BOCCTAHOBUTENb-
Hble peakuun NMeIoT, C TOUKM 3peHns GU3nkuy,
€AWHBI 3NEKTPOHHbIN XapaKTep, TO B MPUHLM-
ne MOXHO NpeAcTaBuTb cebe YHUBEpPCabHbIN
MOJIEKYNAPHBIA peaKkTop, KOTopblil byneT ocy-
WeCcTBAATb NEepeHOC 3NEeKTPOHOB OT pa3HbIX
LOHOPOB Ha OfMH NIerko AOCTYMHbIKA U yao6-
HbI/ aKLenTop. 3T0 BaXHOe 06CTOATENBCTBO U
ucnonb3oBana xueas npupopa. OHa pasgenu-
na BCe NOAXOAALME UCTOYHUKU XUMUYECKOM
IHEpPruM Ha Tpu BOMbIIMX Knacca opraHuyec-
KWX COeAMHEHWNIA: YINeBOabl, XNUPbl U Benkn u
BbiOpana B npolecce ecTecTBEHHOro 0T60pa
addeKTUBHbIE (hepMeHTHbIE CUCTEMbI NPeos-
pa3oBaHMA BeLWecTB 3TUX TPEX KIaccoBs, Ha-
npaBnsiolMe BbICOKOIHEPrUYHbIE 3N1EKTPOHbI
“3 npeobpasyeMbix BELECTB Ha YHMBEpPCanb-
Hble MPOMEXYTOYHbIE MEPEHOCYNKM INEKTPO-
HOB (6MOXMUMUKM 0603HAYAIT UX COKPALLEHHO
HAL). Mpu 3TOM 3afaya cBenacb K CO3[aHMI0
VHUBEPCaNbHOTO OKUCIWUTENbHO-BOCCTaHOBU-
TeNbHOTo (PepMeHTHOro KOMMIEKCa, KOTOPbIii
LOJKEH NEepeHOCUTb 3MEeKTPOHbI OT BOCCTa-
HoBneHHoi monekynbl HAL, (e€ obo3HavatoT

HALLH) Ha HeKoTOpbIi yHUBEpPCaNbHbIA akuen-
Top, nepesoaa monekyny HAJl BHOBb B OKuC-
neHHoe cocTosHue (ero o6osHavatoT HAL®).
B kauyecTBe yHMBepcanbHOro akuenTopa
(okucnuTens) BbiOpaH MoONeKyNspHbIA KUCIO-
pof. Monyyas 3NeKTPOHbI U3 3TOr0 PepMeHT-
HOro KOMMNfeKca U NPUCOeAMNHAA NOHbI BOJO-
pOAa 13 OKpyXaroLero BOAHOIo pacTBopa, Mo-
NeKysbl KUCTOPOAA NpeBpaLlaTcs B 06bIKHO-
BEHHYI0 BOAY, KaK KOHEeYHbI NPOAYKT OKUCIH-
TeNbHO-BOCCTaHOBMTENBHOIO NpoLiecca. Takum
06pa3omM, NoayyeHme XMMUYeCcKoN 3Heprum n3
OrpOMHOT0 YWCNa Pas3fMYHbIX OpPraHUyeckux
COeaMHeHN 06ecneynBaeTcs BCEro YETbIPbMS
pa3HbIMU BMOXUMUYECKUMU CUCTEMAMN: TPEMS
cucTeMaMu npefBapuTenbHOW nepepaboTku
KMPOB, YrNeBofoB U GENKOB U OJHON 0bLeit
CUCTEMOI OKOHYATENIbHOrO OKUCNEHUs npome-
YTOYHOrO NepeHoCcYMKa 3neKTpoHoB. OcTaéT-
CA TONbKO VAMBAATLCA TaKOMy M3ALLHOMY pe-

LWEHUIO CNIOXKHOI npobnemsl.
Ho 3Tum peno He orpaHuuymsaercs. Beab

HYXHO He TONbKO NOAYYUTb IHEPTUI0 OT OKUC-
NIAEMOro BeLLecTBa, HO U He pacTepsATb €€ B BU-
[e TeN/a, a COXpaHuTb B KaKoii-To bosee bna-
ropogHoi opme, NonesHom ans KnNetku. 3Ta
3afiaya pelleHa XWBOW NPUPOAON He MeHee
MHTepecHo. B noBceaHEBHON AeNCTBUTENBHO-
CTU Mbl UMEEM BO3MOXXHOCTb 4acTo HabnoaaTh
OKMCINTENIbHO-BOCCTAHOBUTENbHbIE MpoLiec-
Cbl: TOpPeHue, B3pbiBbl, KOPPO3UIO METANNO0B U
1. n. OfHaKo BO BCex 3TUX NpoLieccax Bbligens-
emMas 3Heprus auccunupyetca B Tenno. ITo
MPOUCXOAMUT U3-3a TOrO, YTO ABUKEHUE NeK-
TPOHOB OT JOHOPOB K aKLEenTopam NpoucxonuT
XaO0TUYHO W He MMeeT NPOCTPAHCTBEHHOW Op-
raHusauuu. Ecnm xe npouecc opraHu3oBatb
TaK, yToObl BCE 3NEKTPOHbI MPWU 3TOM [BUra-
JINCb B OLHY CTOPOHY, TO UX ABUKEHME CO3[acCT
3NIeKTPUYECKUI TOK, @ Pa3HOCTb OKUCIUTENb-
HO-BOCCTaHOBMUTENbHbIX MOTEHLMANOB peanu-
3yeTcs B BUAE 3EKTPOABMXKYLEN CUAbI.
IMeHHO TaK caenaHo B ranbBaHUYeCKOM 3ne-
MeHTe — 3NeKTpuYeckoi Gatapeiike, TaM Befib
TOXe NpOMCXOAUT OKWUCNeHUe AOoHOopa U BOC-
CTaHOBNEHMe aKLenTopa, U KOraa ux 3amac B
3/leMeHTe KOoHYaeTcs, batapeika «pa3psaer-
ca». CxofHble NpoLecckl NPOUCXOAAT U B INEK-
TPUYECKOM aKKyMynfTope, B KOTOPOM BOCCO-
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34aHNE OKMCAUTENbHO-BOCCTAHOBUTENbHO
napbl NPONCXOAUT NEPUOJANYECKU NPU «3apAaa-
Ke» 3JIeMeHTa OT [pyroro UCTOYHWKa TOKaA.

MIMeHHO 3TOT NpMHLMN NPOCTPAHCTBEHHOM
YNOPALOYEHHOCTU OKUCIAUTENbHO-BOCCTAHO-
BUTENBHOTO MpoLecca U UCNonb3oBana XuBas
KneTka. 3aknuuTenbHas CTafuA nepeHoca
anekTpoHoB oT HALl Ha KNCNOPOA NPOMCXOAUT
BO BHYTPEHHUX MeMOpaHax MUTOXOHAPUI —
3TUX MWHUWATIOPHBIX 3HEProcTaHLUMA KNeTKu.
Mpn 3TOM JOHOPbLI 3NEKTPOHOB U COOTBETCTBY-
fowmne (epmeHTbl pacnonaralTcs Ha OAHOM
MAOCKOCTM MeMOpaHbl, a aKLEenTopbl 3eKTpo-
HOB 1 (hepMeHTbI, OpraHu3ytoLe Npuém anek-
TPOHOB,— HA NPOTMBONONOXHON. B pe3ynbrate
MeXay LBYMs MIOCKOCTAMU MEMOPaHbI BO3HN-
KaeT pa3HOCTb 3MEKTPUYECKUX MOTEHLManos,
T. €. XMMU4Yeckas 3Heprus napsl TOMAM-
BO-OKWUCIUTENb NpeobpasyeTcs B aNeKTpuyec-
Kyto 3Hepruio. KoadduuneHT nonesHoro pei-
CTBUS TAKOTO yCTpoiicTBa 61130k kK 100%, T. €.
3HauutenbHo npesocxoauT KM 3HaKOMBbIX
HaM TEeMI0BbIX 3NEKTPOCTAHLMIA.

EcTb, ogHako, fBa 0TIMYMA 3TOrO Npeob-
pasoBatens 0T 00bIYHOrO ranbBaHUYECKOro
anemeHTa. llepBoe 3aknOyaeTcs B TOM, YTO B
[aHHOM Cly4yae peareHTbl NOABOAATCA Henpe-
PbIBHO, M 37IEMEHT paboTaeT [0 Tex Nop, NOKa K
HeMy MoCTynaeT TONAWBO U OKUCAUTENb, T. €.
MoKa OpraHu3M MMeeT BO3MOXHOCTb MOAYYaTh
nuwy u kucnopof. o3ToMy MUTOXOHAPUIO
npaBuabHee Obl0 Obl HAa3bIBaTh HE rajibBaHu-
YeCcKWM, a TOMNUBHbLIM 3NeMeHTOM. Takue ycT-
poicTBa ceityac ycuneHHo paspabaTbiBatoTcs
LNA NPOMbILWEHHBIX LeNel, Tak Kak OHW UMe-

0T GonbluMe 3KONOrMYecKue W IKOHOMUYEC-
KMe npeumyllectBa nepep TPAAULUOHHbLIMY
3fleKTpocTaHuuamMu. Btopoe otnuune 6onee
npuHumMnuansHoe. OHO CBA3AHO C TEM, YTO NpH
okucnenun HALH noxbl BogopoLa, CBA3aHHbIe
C BocCTaHoBeHHoiW dopmoit HAJl, ocBobOX-
[A0TCA U OCTAKTCA Y MOBEPXHOCTU MUTOXOHA-
puanbHON MembpaHbl, B TO BPEMSs KakK Ha Npo-
TUBOMOJIOKHO NOBEPXHOCTU MeMOpaHbl KuC-
JIOPOA, MONYYMBLIMIA 3INEKTPOHbI, CBA3bIBAET
Apyrue cBoGOAHbIE MOHbI BOAOPOAA, 06pasys
MoJeKynbl Bofabl. B pe3ynbrate mexpy AByMS
MOBEPXHOCTAMU MeMOpaHbl Hapsay C pasHo-
CTbIO 3NEKTPUYECKUX NOTeHUManos (naoc Ha
CTOPOHE, rie OKUCNAETCA TOMIMBO, U MUHYC HA
CTOPOHE, roe BOCCTAHABIMBAETCA KUCIOPOA)
o6pasyeTcs U36bITOK CBOOOHBIX MOHOB BOfO-
pofa Ha CTOPOHE, Ha KOTOPOW BO3HUK +, U UX
HeA0CTaTOK Ha CTOPOHE, HAa KOTOPOW BO3HUK —.
Bo3HuMKWas pa3HOCTb KOHLEHTpauuii nbiTaer-
€A NPOTOJIKHYTb MOHbI BOAOPOAA CKBO3b MEM-
GpaHy B TOM ke HanpaBNeHWU, Kyaa Ux BNeYET
06pa30BaBWANACA PA3HOCTb 3EKTPUYECKUX
noteHunanoB! KoHLEHTPALMOHHbIA NOTEHLMU-

an CyMMUpYeTCs C 3NEKTPUYECKUM W 0bpasyeT
00N 31EKTPOXMMUYECKUIA NOTeHLMan, no-
OyxpaoWwmin MoHbI BOJOPOAA NPEOAOSETL TON-
wy mem6paHsl. OH 1 ABAAETCA Mepoil CBOGOA-
HOW 3Hepruu, 3anacéHHon membpaHoii 3a CYET
oKuUCneHus Tonauea. Ero BenuunHa 6an3ka K
pPa3HOCTU OKUCNUTENbHO-BOCCTAHOBUTENbHbIX
noteHumnanos HALL n kucnopoga (okono 1,1
BonibTa). [anbHeilwas cynbba 3TON 3HEpPrum
3aBUCUT OT GUONOTNYECKOi DYHKLMUU KNETKM U
OT €€ TeKylLero CoCTOAHUSA.

Ecnun, kak 370 06bIYHO GbIBAET, MaTEpUa
MeMbpaHbl He MO3BOJAET WOHAM BOAOPOAA
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MPOHWKATb 4Yepe3 Heé, 3NeKTPOXUMUYECKUN
noTeHLMan GyneT COXpaHATbCA HEOrpaHWUyeH-
HO [LONIr0, COXPaHAA 3anacéHHyto sHepruio. Ec-
My MeMbpaHbl BO3HUKHET MPOTOHHAsA NPOBO-
AMMOCTb, TO 4yepe3 Heé NOoTeY&ET GaHasbHbIA
3NEKTPUYECKUIA TOK M HAYHET BbIAENATHCS
Joyneso Tenno. Takue npoueccsl, uMmeloLme
NpUCnocoOuTeNbHbIA XapakTep, AedCcTBUTeNb-
HO BO3HMKAlOT B OpraHu3me npu X0N0[0BOM
BO3eicTBMK. B bonblMHCTBE Xe cyyaeB 3a-
nacéHHas 3Heprus WCnonb3yeTcsa cneuuans-
HbIMU (hepMeHTaML, BCTPOEHHLIMU B MeMOpa-
Hy, ans cunTesa AT u3 AP v HeopraHuyec-
koro cocara. ITa peakuus, Kak U3BECTHO, He
MOXET MATW CaMONpPOM3BOJILHO U TPpebyeT Noa-
Bofia cBo6oaHOM 3Heprun. Ho, okasbiBaeTcs, B
3ToM (hepmeHTe (OH Ha3blBaeT-

ca ATd-cuHTasa) ectb cneuu- .
anbHbI KaHan Ana nponycka- £ 20\
HUS NPOTOHOB CKBO3b MeMOpa- 2
Hy. pu 3TOM 3Heprus He ne-
PExXOAMT B Tenno, a MAET Ha Ha-
npaBlieHHOe BpalleHne oT-
nenbHbix yacteir ATO-cuHTasbI.
MocpeacTBOM 3TUX CUAOBBIX
OBWXEHUIA W NpUHYXpaetca
cuHTe3 AT, aToro anemeHTap-
HOro HocuTtens 6uonorunyec-
Knx KBaHTOB 3Heprumn. Kcraty,
KaK BbIACHUNOCH, CUHTe3 ATO
nof Aeicrsmem cBeTa B pacrte-
HWAX, KOTOPbIN YyNOMWUHANCA
paHee, Toxe WAET 4epe3 mno-
CPeACTBO 3NEKTPOXMMUYECKOro MNoTeHuuana
Ha MeMOpaHe OTOCMHTETUYECKOrO annapara,
TOJIbKO 3TOT MOTeHLMan obpasyeTtcs 34ech 3a
CYET 3Heprum GoTOHOB.

[onroe Bpems nocne oTKpbITUA GUO3IHEP-
retmyeckoin ponu AT® cyutanoch, 4To BCA
JHepreTKa 3NeMeHTapHbIX NPOLECCOB B XU-
BOIl KneTKe 006ecreynBaeTCs LUKAUYECKUM
npoueccom: cuHTe3 AT® (3anacaHue 3Hepruu) —
rugponn3 AT® (peanusauus aHepruu). OTKpbI-
TWe npouecca 06pa3oBaHus NeKTPOXUMUYeC-
KOro noTeHuuana Ha MUTOXOHAPUANbHOM MeM-
OpaHe (a Takke Ha MemMbpaHax 6akTepuii, mem-
6paHax GoToCMHTETMYECKOrO annapaTta) fano
NOBOA NepecMOTpeTb 3TO MONOXKEHNE U 0bHa-
PYXUTb Lenbll pAL NpoOLeccoB, 3HepreTuka

KOTOpbIX 0becneynBaeTcss HenocpefCcTBEHHO
3NeKTPOXMMUYECKMM NOTEHLUANOM UOHOB BO-
popoaa Ha MmembpaHax 6e3 nocpegHuyecTsa
AT®. MomuMO yxKe yNoMAHYTOrO BhIle [OMNOJ-
HUTENBHOrO NOAOrpeBa MeMOpaHbl MOXHO Ha-
3BaTb B 3TON CBA3M MexaHWYeckyl pabory,
obecneunBawlLlyl0 NepeaBuKeHne 0HO- U
MHOTFOKNETOYHBIX MWUKPOOPraHW3MOB, MpPUHY-
OWUTeNbHOe nepemelleHne HEeKOTOPbIX MOHOB
Yepe3 MeMOpaHy NPOTUB UX 3IEKTPOXUMUYEC-
KOro noTeHuuana, pacnpefeneHune 3Heprum no
BHYTPEHHUM 3HEPreTUYECKUM CeTAM Mocpen-
CTBOM Mepefayn NoTeHLUMana Ha 3HauyuTenb-
Hble PAaCcCTOAHUA U HEKOTOpble pyrue.

Takum 06pa3om, HalAeHHbI XUBON Npu-
POAOI UCTOYHUK CBOGOAHOI 3Heprun B BUAE
OKUCNUTENbHO-BOCCTAaHOBU-
TeNbHOTO NoTeHuMana, Kak of-
HOFO M3 BWAOB XUMUYECKOIA
JHepruu, okasanca BecbMa
ynayHeiM. OH nerko npeepallaert-
ca B (bu3nyeckyio (opMmy BHYT-
PU-KJETOYHOW 3HEprM, KOTOpas B
CBOIO Oyepefb OKa3blBaeTcA f0-
BOJIbHO YHUBEPCANIbHON U MOXET
ObITb MCMOMb30BaHA BO MHOIUX
3/1IeMeHTapHbIX npoleccax, a npu
HeobxoaMMOoCTM ObiTb Npeobpaso-
BaHHOI B elLE Gosiee YHUBEPCab-
HYI0 XMMUYECKyIo 3Hepruio ATO.

06006Lwas ONUCAHHYIO Bbl-
e cuTyauuio, MOXHO Hapwuco-
BaTb NpPOCTyl0 (U3NYECKYIo
KapTUHY npeobpa3oBaHUs 3HEPrUM B XKMBOW
npupoge. JHeprua CoNHeYHOro CBeTa B pacTu-
TEbHbIX OPraHW3Max 3aTpaynBaeTcs Ha Mpu-
HYAMTEsIbHbII NePEHOC 3NEKTPOHOB U3 aTOMOB
KMUCNOPOA], B KOTOPbIX NPeOLIBAIOT BA/IEHTHbIE
3NeKTPOHbI MOJIEKY/bl BOAbI, HA aTOMbl BOAO-
POAa, pa3pbiBas TEM CaMblM MEXATOMHbIE CBSi-
31 BOAbl U 0cBOGOXAAA B UTOre HelTpanbHble
MONeKynbl KUCNoOpoAa 1 Bogopona. To, 4To Bo-
LOpOJ, Ha CaMOM fiefie He BbIjeNsfeTcs B BUAE
rasa (xoTa HekoTopble (hOTOCMHTE3MpYIOLNE
6aKTepUW [enatT UMEHHO 3TO) HE MeHseT Je-
no B npuHuune. Mo ppyrum 6UoOrMYECKUM
npuynHam sogopop ceasbieaetca ¢ CO, (npu
3TOM OH NepexofuT B caxap, T. €. HeneTyuyio
thopMy U Nerko yaepxuBaeTcs B OpraHusMe),
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HO 3TO NPaKTUYECKM HUKAK He BAWUAET Ha no-
TEHUMANbHYIO 3HEpruio ero 3nektpoHos. 06-
Pa3HO roBOPs, KBaHTbl CBETA HATATMBAIOT Mpy-
XWHY, NEePeHOCs 31eKTPOHbl OT KNCNOPOAA Ha
BOAOPOA. JTO 3HEpreTMyeckn HanpaxeHHoe
COCTOAIHWE HeyCTOWYMBO U CTPEMUTCA penak-
cnpoBaTtb 06paTHoO (3T0 OTYETNIMBO NpoABAAET-
CA Npu B3pbIBE rPeMyyero ra3a — CMecu BOJ0-
pofa ¢ kucnopogom). Ho B 06bIYHbIX YCIOBUAX
3TOT MpoLecc OYeHb 3aTPYAHEH, MPyXUHA
VOEPKMUBAETCA «4YeKOW» (Caxap MOXeT JOoNro
npebbiBaTh Ha BO3ayxe 63 XMMUYeCKux n3me-
HEeHWit). W nuwb B KMBOW KneTke hepMeHTHble

Teopema o cyuwecTtBoBaHuu. Kakywo 6bl my-
NoCTb Bbl HW MPUAYManu, HalgeTcs YenoBex,
KOTOpbIi 3Ty yNOCTb CAeNaeT.

*3TO Teopema IMMbl HETep. HéTep, Kak n3BecT-
HO, 6bINA XKEHIUHOMN.

hTO6bI BbIBECTU 3Ty (hOPMYNY, MHE AOCTATOYHO
CMWUHHOrO MO3ra. +

*}J,ocua ABAACTCA KONEepPaTUBHO NaMATbION PU-
31Ka-TeopeTuKa.

*,D,yman: Hago 6bino Ha I u IT kypcax, Ha III Ha-
[0 V3Ke 3HaTb!

*33‘~IGM MHe OoyMatb O 3HaKe? fl xe He CTYOEHT.

+
*

<+

+

KOMNJEeKCHl MUTOXOHAPWUANbHOW MeMOpaHbl
BbITACKUBAIOT «4YeKy», 0CBOOOXAAs NOTOK
3N1eKTPOHOB OT BOAOPOJA HA KUCNOPOA, HO
NpUAAIT 3TOMY NPOLECCY HaMpaBAEHHbIA Xa-
paKTep M NepeBOAAT U30bITOYHYIO IHEPTUIO B
topMy MeMbpaHHOro noteHuuana. A kucno-
poj4 1 BOLLOPOA CHOBA BOCCOEAMHAIOTCS B MO-
JIeKynax BOAbl, 3TOr0 OCHOBHOIO «paboyero Te-
Nay XWUBOW NPUPOLbl. JHEPrUA 3TUX dEMeH-
TapHbIX aKTOB NepeMeLleHNs 3NEKTPOHOB HUY-
TOXHO Mana, NnopAfKa OAHOr0 3NEKTPOH-BOJb-
Ta, HO Ha UX CyMMe AEpPXKMUTCA BCA XU3Hb Ha-
weit 6uoctepsl.

*

Y3 1 He 3Hal0, KaK Bbl TaM NMPUBbIKNM PUCOBATL
(n-1)-MepHyl0 rUNepnaoCKOCTb.

TO 5 ¥ [1OKa3aJ, C NPUCYILAM MHE OCTPOYMUEM.
cAu Mbl Gyiem 3afaBath YTO-HUOYAb COBCEM
no-6ecToNKOBOMY, TO 3T0 OYAET HU Ha YTO He

Nnoxoxe.

[LaiiTe-Ka s nokpynHee Hapucylo 6eCKOHEYHO
Masnble TPeyronbHUKK.

...[logTacoBka - Nnoa AeATENLHOCTM MOKose-
HUSA MaTeMaTUKOB.

*BOT YXKe NATb MUHYT A HUYEro He roBOPIo, a Bbl

BCE NULIETE U NULLETE...

*



CkBO3b BpemsA

Kapnos Hukonait BacunbeBuy
yneH-kopp. PAH, npe3udeHm 2ymaHumapHoz2o ¢poHoa «llemp
Benukuti», pekmop MOTU 8 1987-1997 22.

B 3TOM HOMepe xypHana nomelleHa C COKpalleHUAMU NepBas rMasa UCTOPUKO-UCCe0BaTe N b-
ckoro npousseneHus H.B. Kapnosa «MosecTb fpeBHUX BpeMEH unu npeabictopus Oustexar.
OcTanbHble WecTb mae OyayT NeyataTbCs B CefyoWmux HoMepax ypHana.

«/[Ja Bedatom nomomKu NpagoCAaBHbIX. ..»
A.C. MywkuH

BeBepeHue

B 3tux 3ameTkax fenaercs NOMbITKAa M3N0XWUTb paHHiol uctopuio MockoBckoro ®usu-
Ko-TexHuyeckoro Muctutyta (MOTU) Ha 3Tane opraHn3aunmn ®nu3nko-tTexHMYeckoro hakynsTeta
(®T®) B Mockosckom locynapcteeHHoM YHuepcutete (MIY) umenn M.B. JlomoHocoBa.

K Tomy BpemeHu, 0 KOTOPOM, B OCHOBHOM, NOWAET peyb, B CCCP nonHoCTbI0 3aBeplumnacs co-
unanbHasa pesontoums. KynetypHasa pesontoumns B Cosetckoi Poccum Takxe yxe coctoanack. Ha
oyepeny CTos/a Hay4YHo-TexHUYecKas peBoniolus. E& HeobxoanMMocTb 6bina oueBuaHa. OHa He-
O[0NIMMO HAa3peBasa, BAACTHO Tpebys CBepleHUs peBonoLMK obpasoBaTtenbHoil. OHa 3aHsana
OKONO ABYX fecaTunetunii, npumepHo ¢ 1930 no 1950 rogbl.

Buicwum goctuxkeHnem obpasosatensHoit pesontouuu B CCCP aBunock cospanue Mockos-
ckoro ®usTtexa, UICTOPUA KOTOPOTO MHTEPECHA U NOYyYUTENbHA.

aea nepBas. lpeabicTopus

...HemHorum Gonee aByx CTONETUI HA3aZ CTANO ACHO, YTO OYEBUAHOE UCUEPMAHO U YTO Ha
NOBEPXHOCTU BeLLeil 1 SBAEHNI He 0CTANOCh HUYETO LIEHHOTO, eLE He UCNONb30BAHHOTO Yeso-
BEKOM AesaTenbHbIM. TOrga e Hayano BO3HUKATb MOHUMAHUE TOro, YTO ANS AanbHeNlWero npo-
OBUXXEHUA Bnepép, HEO6XOJJ,I/IMO naTn BF}'Iy6b, 4YTO NOJIy4UTb HOBbIE CYLLECTBEHHbIE BO3SMOXHOC-
TW, HAITV NPAKTUYECKN 3HAYUMble HOBbIE PelleHMs HEBO3MOXHO 6e3 MOCTUKEHUA NPUPOALI Be-
Wwen u cyTv aBneHnin. ImeHHO No3TOMy NPUMEPHO ABa CTONETUS HACUYMTLIBAET UCTOPUA COBpe-
MEHHOrO 3/INTAPHOMO WUHMKEHEPHOTO U eCTECTBEHHOHAYYHOTO 06pa3oBaHus. MyHKTUPHO nerko
0603Ha‘4I/ITb OCHOBHbl€ 3Tanbl CTAHOBNIEHMA 3TOT0 3NMTAPHOIO BbICWIEr0 HAay4YHO-TEXHUYECKOro
o6pa3oBaHus.

1795-1804 rr.

CHayana Tepmugopuanckuii KonseHT ®paHLy3ckoii Pecny6anku 3an0xmn 0CHOBaHMs, a 3aTeM
nepsblii KOHCyN HanoneoH boHanapT 3aBepwun cozganue B [apuke 3HameHuTow MNonutexHuyec-
KOW LWKONbI, NepPBOI B pAAY BbICLWIKUX y4eOHbIX 3aBefeHnit HoBoro Tuna. HanoneoH aan wkone rop-
abin nesus «Bo umsa Otevectsa, Hayku u CnaBbi» M AeKPeTUpPOBaN el BbICOKMIA roCYAapPCTBEHHbIN
cTartyc.
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1861r.

Mpe3ugeHt CLWA JInnkonsH yupeaun MaccauyceTckuin TexHONOrMYeCKUn VIHCTUTYT, OCHOBO-
nonaratoLuii cTaTyT KOTOPOro NPeANMCHIBaA OPraHUYHO CoYeTaTb B npoLecce obyyeHus pyHaa-
MEHTaNbHOE U3Y4YeHUe eCTECTBEHHOHAYYHbIX, MHXEHEPHbIX, COLMANbHLIX AUCLUMIUH C NMPaKTU-
YecKoil fesTeNbHOCTbI0 00y4YaeMbix U 06yYaoLLmX.

1899 r.

Wmnepatop Hukonan II no uHuuymatnee muHuctpa uHaHcor Poccuiickoit umnepun C.HO.
Butte yupegun Metepbyprckuii MonutexHuyeckuit MHCTUTYT, ABUBLWIUIA COBON HOBBIN TN BbIC-
Lero TexHU4Yeckoro y4yebHOro 3aBefeHns Kak no hyHAAMeHTaNbHOCTH 06LWenHKeHepHoro obpa-
30BaHMA, TaK U N0 COCTaBy (haKyIbTETOB.

1921r.

lpynna KpynHbix GUHAHCUCTOB U NpeAnpUHUMaTENeit TuXo-okeaHckoro nobepexbs CLUA op-
ranusosana Coet noneuynTtenei, npoBo3rnacuBLLni yupexaeHue KanudopHuiickoro TexHonoru-
yeckoro MHCTUTYTa, «NPU3BAHHOTO TOTOBUTL YYEHbLIX U MHXKEHEPOB TBOPYECKOrO TUMA, NPOBOAA
OCHOBATE/IbHYI0 MOArOTOBKY NO WHXEHEPHONM W YMCTOI HayKe, 6a3upys 3Ty NOATOTOBKY Ha UC-
KN0YnTeNbHO ry6oKoM 00yyeHUn dyHAAMEHTaNbHbIM HAayKaM — MaTeMaTuKe, hU3nKe, XUMUK 1
aKTUBU3NPYS [eATeNbHOCTb MHCTUTYTA WeapbiM BAMBAHWEM UCCIE0BATENbCKOMO AyXay.

1946-1951 rr.

leHepanuccumyc W.B. Cranuu no nHuuymnatmee akagemuka M.J1. Kanuubl gns noaroToBKW UH-
eHepoB-(hU3NKOB 1 Hay4YHbIX PAOOTHMKOB B OCTPO aKTyaNbHbIX 06/1aCTAX HOBOI TEXHUKM yype-
ann OTO MTY, a 3atem Ha ero 6a3e cosgan MOTU.

1960 r.

Koponesa bputaHuu Enusaseta II o6baBuna Xaptuio OcHoBaHus Yepuunnb-konneaxa B co-
cTaBe KemMOGpMaKCKOro YHUBEPCUTETA C JOCTOCNABHOM LENbI0 FOTOBUTL «MPOABUHYTbIX TEXHOJO-
rOB», HALLeNIEHHBIX Ha YCUIEHUE KOHKYPEHTOCNOCOOHOCTH HALMOHANbHOW HAyKOEMKOI NPOMBbILL-
JIEHHOCTU W YBENIMYEHME YeNIbHOTO BECA BbICOKUX TEXHOJOMNIA B Hell.

Ha Haweit uctopuueckoit apere, B Poccun, MOTU HenocpencTBeHHO NpenWwecTBOBA
CaHkT-MNeTepbyprckuit, o xe MeTporpagckuit, MonutexHuyeckuit MHCTUTYT. PaccmoTpum 3To 60-
Nee AeTanbHo.

19-ro dpeBpans 1899-ro ropa locynape Umnepatop Hukonai AnekcaHgpoBuy BhicoyaiLle yT-
BepAMN BcenopaaHHenwmnin foknag Muuuctpa duHancos nmnepum C.1H0. Butre. B 3ToM foknape
MuHUCTp B sicHO (hopMe aprymMeHTMpoBan HeoOGXOAMMOCTb opraHusauumn B Metepbypre Monu-
TEXHWUYECKOro MHCTUTYTA. XapaKTepHo, YTo JOKNad 3T0T Aenan He MUHUCTP NPOCBELEHMs, Y4TO
Obi10 6bl, Ka3an0Ch, ECTECTBEHHBIM, @ MUHUCTP hUHAHCOB, KOTOPBIK CMOr ybeauTs focyaaps npu-
HATb MO CYTU CBOEN PEBONIOLMOHHOE pelleHne 0 CO3AaHNN B CTONMLLE MMNIEPUM BbICILErO TEXHU-
YecKoro y4eOHoro 3aBefeHu1s HOBOTO TUMaA.

B Poccuu k ToMy BpeMeHM CNOXMUnach YCTOWYMBAS CUCTEMA YHUBEPCUTETCKOrO 06pa3oBa-
Husa. Ho VHUBEPCUTETbLI HE MO TOTOBUTb WUHXEHEPOB.

«[paBMABHO MOCTPOEHHBI YHUBEPCUTET €CTb CaMblii TyYLnii MEXaHU3M ANA HayYHOro pas-
BUTUA. ... Ecnu yHUBepCUTET He KMUBET CBOOOAHON HAyKOIA, TO B TAKOM CJly4ae OH He [LOCTOUH
3BaHWA YHUBEPCUTETA», — COBEPLIEHHO cnpaBeanneo nucan rpad Butre. Knaccuuecknin, pagm-
LMOHHBII YHUBEPCUTET, MO aHMOoA3bIYHON TepMuHonorumn, The comprehensive university, 1. e.
«YHUBEPCUTET MOHUMAHUAY», B TO BpeMA OblN JanéK OT NpsAMbIX 3aNpocoB xu3HU. Ero «cBobop-
Has» HayKa, Tenepb Mbl Obl CKa3anu, ero GpyHAaMeHTanbHas HayKa, pa3BuBanach nNo cBoeil cob-
CTBEHHOMI NIOTMKe 1 GblNa 3aKOHOMEPHO abCTPAKTHOIA.

ITo ObiNO NPaBMIBHO, 3TO BbLINO XOPOLWO, 3TO YAOBJETBOPANO MPUCYILEE YeNOBEYECTBY
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CTpeMeHne K 3HaHUI0 Kak K TaKOBOMY, CTpeM/ieH1e NOoHATb 3ambicen TBOpLA BCEro Cyliero.
Ho uHxeHep fomKeH OblTb KOHKPETEH W XWTb XU3HbIO NPON3BOACTBA MaTEPUAsIbHO OCA3aEMbIX
onar — MaluH, KOHCTPYKLMIA, TEXHONOTUI, TOBAPOB U yCyr. XOpowWmnii UHXeHEp AOMKEH ObITh
HoBaTOpoM. Ho HOBaTOpPCKas KOHKPETHOCTb MHXEeHepa TONbKO TOrAa NOLOTBOPHA, KOrfa oHa
onupaetcs Ha hyHOAMeHTaNbHYI0 06pa30BaHHOCTb JOCTATOYHO 06LEro naaHa.

TyT BbI3peBano cepbE3HOe NpoTUBOpeYme.

[Jenosble kpyrn Poccun, nogaepxuBaemble, B YaCTHOCTH, TaKUMK yuéHbiMn Kak [./. MeHge-
nees, UMeHHO rpadom BuTTe HasHaueHHbI Ynpasnsiowmm Manatoii mep U BeCOB, CTPEMUNUCH
BBECTW B yHUBEPCUTETax NpenojaBaHune TexHUyeckux aucumnnnut. Mpegnaranocb co3aatb B yHU-
BepcuTeTax cneumasnbHble hakynbTeTbl NPOMBILAEHHOMO 06pa3oBaHuUsA HanofobUe MeANLIMHCKO-
ro UNU PUANYECKOTO.

HecomHeHHO, cam takT npebbiBaHUA B yHUBepcUTETE B rofbl HOPMUPOBAHUA NTUYHOCTU
MOJIO[IOTO YesoBEeKa CYLECTBEHHO PacLIMpUT Kpyro3op Oyayuiero cneuyuannucra, npuaacT emy
00LLyt0 KyNbTYPHOCTb, CAENAeT ero GpyHAaMeHTabHO 06pa30BaHHbIM, LUIMPOKO MbICAALLUM U BCe-
CTOPOHHE Pa3BUTbIM TBOPLIOM HOBOIM TEXHUKM, OPraHN3aTopoM W pyKOBOAMTENEM NPOM3BOJCTBA.
Co6CTBEHHO YHUBEPCUTETY, B €70 TPAAULMOHHOI YaCcTH, 3TO TOXe nowno 6bl Ha nonb3y. K coxa-
NEHUIO, YHUBEPCUTETCKAA 06LLECTBEHHOCTb, HAYaBLIAs V)Ke K TOMY BPEMEHM 3aMblKaTbCs B CBOEM
Y3KOM Kpyry yHUBepcuTeTcKas npodeccypa, 3Ty WAt He BOCNPUHANKU. MUHWUCTepCTBO NpocBe-
LWeHus OblN0 pe3Ko NpoTuMB.

A BmecTe c TeM, TaKoe pelueHue, Byab OHO NPUHATO W peann3oBaHo, MOMIO Obl CyLECTBEHHO
M3MEHUTb UCTOPUIO BbICWEN WKoNbl B Poccuun. B nepsoit TpeTu XX BeKa, Kak 40 peBOMOLMM, TaK
M nocne He€, y Hac B CTPaHe COXKMNOCh MHEHMEe O HeaKTyaNbHOCTU NOJrOTOBKM CMELMUannCcToB €
YHUBEPCUTETCKUM 06pa3oBaHneM. OHM Hayanu CTaHOBUTLCA COLMANBHO He BOCTPeGOBAHHbLIMY,
3TU MOJIOLbIE NIOSM C YHUBEPCUTETCKUMU AUNAOMAMU. 3TO C OFHON CTOPOHBI.

C Apyroi CTOpPOHbI, B NPOMBbILAEHHOCTM Ha (hOHE NEPBbIX YCNEXOB €€ CTAHOBJIEHUSA, AOCTU-
FHYTbIX, NPaBAa, B CEPbE3HON Mepe 3a CYET 3aéMHOr0 YMa MHOCTPAHHbIX CNeLuanucToB, CTano
BO3HMKATb OLylleHUe NOTPEOHOCTM NWb B UHXKEHepax, NOATOTOBNEHHbIX A1 y3Konpodeccuo-
HaNbHOW [eATeNbHOCTU.

Co3paHue nHxeHepHbIX haKyNbTETOB B COCTABE HALIMX JYYLIUX YHUBEPCUTETOB CMOTIIO Obl B
CTpaTerMyeckoi nepcnekTUBe peanbHO NPOTUBOAEHCTBOBATL NarybHOMY pasBUTUIO pemecneH-
HUYECKM y3KOI cneumanu3aumm nHxerHepos. Kctatu ckasarb, narybHocTb 31a B Poccuu oTyémiu-
BO npossunack B 70-80-x rofax XX seka.

MpoTuBopeyne mexay HeoOXoAUMOCTbIO WUPOKOro 06pa3oBaHus U NOTPEOHOCTbIO B KOH-
KpPeTHOW cneumanusannmu Morno ObiTb B CEPbE3HOI Mepe pa3pelleHo NyTEM CO3AaHUsA NouTex-
HUYEeCKUX MHCTUTYTOB. [le/CTBUTENBHO, TaKMe MHCTUTYTHI C WMPOKWUM CMEKTPOM (aKylbTeToB,
rmbKas CTPYKTYpa KOTOPbIX ONEepaTUBHO OTKJMKAETCA Ha 3anpochl peanbHOM MU3HM, N0 CaMoii
CBOEM CyTV (YHKLMOHANBbHO 3KBUBANEHTHbI yHUBEepcUTeTaM. Mo naee, AENCTBUTENBHO NONUTEX-
HUYECKMit MHCTUTYT eCTb HE YTO UHOE, KaK TeXHUYECKUA YyHUBEPCUTET.

C. H0. ButTe, no xofy CBOMX NPOCTPaHHbIX «BOCNOMUHAHUI» XapaKTEPU3ys TeX UK UHBIX yC-
NeLHbIX FOCYAapCTBEHHBIX MNKU (DMHAHCOBO-3KOHOMUYECKUX AeATeneil CBOei 3noxu, HUKOrAa He
3a0blBaeT OTMETUTb, €CIM K TOMY €CTb OCHOBAHUS, YHUBEPCUTETCKYIO NPUPOAY KYNbTYPHOCTU -
rypaHTa cBoux memyapoB. [0BOps 0 cebe, OH 4acTo NOAYEPKMBAET, YTO NONYYEHHOE UM CTPOroe
n byHLaMeHTaNbHOe MaTemaTuyeckoe 06pa3oBaHMe CyLLECTBEHHO MOMOrano emy CTPOUTb ero
XU3Hb.

Mo nosopy CankT-Metepbyprckoro MonutexHuyeckoro MHCTUTYTA OH NUIET:

«Pa3BuB ceTb KOMMepYecKoro 0bpa3oBaHus B Poccum, y MeHs iBUNACH MbIC/b YCTPOUTb BbIC-
Wwue 3aBefleHNs — KOMMepYecKkue U TexHuYeckne yHueepcutetsl B Poccun — B hopme nonutex-
HUYECKWUX WHCTUTYTOB, KOTOpble cofepxann Obl B cebe pasnuyHble OTHENeHUS YeNOBEYECKUX
3HAHUI, HO UMenU Gbl OPraHM3aLmnio He TEXHUYECKUX LWKOJ, @ YHUBEPCUTETOB, T. €. TaKyl opra-
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HU3aLMI0, KOTOpas Hanbonee cnocobHa bbina Gbl pa3BKBaTL MONOABIX NIOAEN, AaBaTb UM 0OLe-
yesoBeYeCKMe 3HaHMA BCNeACTBME CONPUKOCHOBEHUA C TOBApULLAMK, 3aHUMAIOWMMUCS Pa3nuny-
HbIMW CELNaNbHOCTAMMUY.

He Mory He oTMeTUTb, CUNbHO 3aberas BNepéf, CXOXKeCTb aprymeHTauun rpadom Butre He-
00X0[1MMOCTU CO3[aHUS UHIKEHEPHOTO By3a HOBOTO TUMA, C TOI CUCTEMON [LOBOAOB, KOTOPLIE MO-
4Tu yepe3s nonseka passuean M.J1. Kanuua, aprymeHTUpys HeM3bexHoCTb opraHusauum Guste-
xa. 06palaert Ha cebs BHUMaHWE TaKXKe U, B U3BECTHOM CMbIC/IE, OANHAKOBBINA XapaKTep Tex npe-
NATCTBMIA, KOTOPbIE rOpofUNa BbiCWAs BIOPOKpaTUsA Ha NyTU OPOPMAEHUSA U Peanu3aLumn NpuHu-
MaeMOoro BepPXOBHOI BNACTbIO pelleHus.

BuTTe co3aaBan 3NUTHLIA, OYEHb HYXKHbIA Poccum nonutexHuyeckuit uHCTUTYT. OCOGEHHO
BXXHO ObINO TO, YTO AAMUHUCTPATUBHO ITOT UHCTUTYT HAXOAUNICA BHE MOAYUHEHHOCTU MuHUC-
TepcTBY NPOCBELLEHNs, @ BXOAMN B cucTeMy ynpasneHusa Munuctepctea guHaHcos. K coxane-
HUIO, HeU36bIBHOE CBOe0Opa3ne Poccun coCTONT, B YaCTHOCTH, U B TOM, 4TO NpakTudecku sce 200
NeT CBOEro CywecTsoBaHUs MUHWUCTEPCTBO NPOCBELLEeHNA B OCHOBHOM Melano Aeny npocselle-
HUS, TM6O CONPOTUBAAACH Pa3yMHbIM HOBALMAM, MO0 6E30MALHO NYCKAACh B HeJenble, HO Mo-
GanbHble pedopmsl.

OT NMYHOCTU pYKOBOAMTENA 3aBUCUT O4EHb MHOTOE, KakK 1 OT BOBPEMSA CKa3aHHOTo MyLpOro
cnoBa. 0co6eHHO B TOM TPafMLMOHHOM coobLiecTBe Ntoaei, KoTopoe obbeanHset Poccus. Us-
BeCTeH TaKoii 3n1304. Bo Bpems nobefoHOCHO pyccKo-TypeLKoii BoiHbI 1877-1878 rofos Tor-
JawHuin MuHncTp HapogHoro npocsewenus rpad . A. ToncToit U3 NnaTpuoTUYECKMX BULOB Npes-
JIOXWN ype3aTb CMETY CBOEr0 MUHUCTEPCTBA — BOWHA, A€ MOJ, HAAO 3KOHOMUTb; NyCTb Gosblue
Ka3EHHbIX AeHer MAET B BOEHHbIH Gtogxer. EMy pe3ko BO3pasun BOeHHbId MUHUCTP reHe-
pan-cdenbamapwan rpad A.A. MunioTuH, MAEONOr U OPraHM3aTop BENMKONENHON BOEHHOI pe-
topmbl 1860-1870 rofoB, 33aABUB, 4TO KaK BOEHHbI MUHUCTP OH YYBCTBYET HYXAY B pacnpo-
CTPaHEHWUM 3HAHWIA U YTO [N BOEHHbIX 3HAHWA — 3T0 nepaeillwee geno. Cmeta MuHnpoca 6bina
COXpaHeHa.

He mory He npu6aBuTh, YTO COBpeMeHHUK MUNOTUHA, KHA3b BucMapk npuMepHoO B TO camoe
BpPeMs, HO MO LpYyroMy, XoTs 1 61M3KoMy NoBOAY 3asBWI, YTO UMNEPUIO (FEPMAHCKYIO) CO3fan U
BOIiHY (c ®paHLmeit) BbIUrpan NPYCCKMiA HAPOAHbIN yuuTENb.

Y70 yXK TYT rOBOpPUTbL O TO PEAKOW, HO BOXAENEHHO NPEeKPaCHOW CUMTyauuu, B KOTOpoin Mu-
HUCTEepPCTBO (MHAHCOB NpeofiofeBaeT NpoTUBOAeicTBMe MUHUCTEpCTBAa NPOCBELLEHNs, CO3fa-
Bas He TONbKO UHAHCOBO-3KOHOMUYECKUE, HO U NEPefoBble NHXEHepHble By3bl!

[lanee ButTe noguépkuBaeT, 4to, XoTs MUHUCTPY DUHAHCOB «OblI0, KOHEYHO, NIETYE, YeM Lpy-
rMm MuHKUCTpam, MMeTb CpefCcTBa Ha YCTPOMCTBO 3TOr0 MHCTUTYTa», OH «BCTPeYan 3aTpyaHeHUA B
OpraHu3alumu u yCTpOMCTBE 3TOr0 MHCTUTYTA He TONIbKO B CMbICNe [ieHeXHbIX 3aTpart». Kpome
NpoYMX, OH BCTPeYan 3aTpyAHEHUA U NONUTUYECKUE:

«MHe yKa3blBanu, YTO A yCTPanBalo TaKoe 3aBefleHne, KOTOpPoe BNOCAEACTBUN MOXKET BHECTU
CMyTY; FOBOPUAU: Pa3Be Mano y HaC YHMBEPCUTETOB, U C YHUBEPCUTETCKUMU CTYAEHTAMU Mbl He
MOXEeM CNpaBMUTbCS, NOCTOSAHHbIE Gecnopsaaku, a TyT Butte noa HOCOM enaet ycTpouThb elwé
HOBbI FPOMAHENINIA YHUBEPCUTET, KOTOPbIA OYAET HOBBIM UCTOYHUKOM BCAKUX 6ECNOPAAKOBY.

B 370N CBA3M BO3HMK BaXHbIi BONPOC O TOM, KOrO0 Ha3HayuTb AWUPEKTOPOM HOBOIO
MHCTUTYTA, KOTOPbI He MOXET He MOJIb30BaTbCA BCEOOLMM YBAXKEHUEM U, UMes ONpPeLeNeHHbIi
«LEH3 3HaHWI, OCTAaéTCA BeCbMa CKAOHHbLIM MO CBOEN HAaType K YYEHbIM TEXHUYECKUM
nccnepoBaHUAM».

3apjaya, ckaxem npamo, TpyaHas. Butte c Heit cnpasuncs. Mo ero npeactasnexuto focynapb
VTBEPAWA B AOMKHOCTU AnpekTopa [TonutexHMYecKoro MHCTUTYTa KHA3A [arapuHa.

[Ins ctyneHToB U npodeccopoB MHCTUTYTA, A BCE MOCTAHOBKM feNna B UHCTUTYTE ObiNoO
BAXKHO, YTO ero nepablii AUPEKTOP, KHA3b AHApei TpuropbeBuy farapuH Gbin BbigAKWUMCS YYE-
HbIM, MHXEHepoM-UCCnefoBaTeNemM U noib3oBancs Bceobwum yeaxeHuem. Korga B UHcTutyTe
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OblNI0 NPUMEHEHO BLIGOPHOE HaYaso, OH COXpaHWUN NOCT AUpPeKTOpa, Oyayyu U3GpaH efUHOMACHO.

Hapo ckasaTb, 4To y4éHblit Mup noapepxan Munuctpa ¢uHaHcos. B coctaBneHun Ycrasa
WHcTuTyTa, onpegeneHnmn coctasa ero akynsTeTos, BbIpaboTke y4e6HOro niaHa, HabnogeHuu
33 CTPOMTENbCTBOM y4acTBOBANU Hanbosee ApKMUe NPeaCcTaBUTENN UHKEHEPHON U HAYYHON MbiC-
nu MeTepbypra, cNeumanucTbl No Haykam No3MTUBHOTO TONMKA. B Ux uncno Bxoaunu Takue Kpyn-
Hble IOAN KaK NOYETHbI YneH CaHKT-MeTepbyprckoit Akagemumn Hayk, BOEHHbIA UHXXEHEP U YNeH
locypapcTBeHHoro coseta, reHepan H.[. Metpos, Haw Benukuit metannypr [.K. YepHos v kopab-
NecTpouTeNb, MaTeMATUK, U MeXaHUK, KOpPANHapHbIA» akanemMuk A.H. Kpbinos.

3[ecb HeNb3s He CKa3aTb, YTO BOT VXK KTO Obl He OfMHAPEH B UCTOPUM Haleil Akafemuu, Tak
3T0 e€ «OpAMHapHbLIA couneH» Anekcein Hukonaesuy Kpbinos! [loctaTouHO COCnatbca Ha ero
«BocnomuHaHnsA», HEOLHOKPATHO, C Pa3HOW MEpPOii LieH3ypHbIX Kyniop, U3faBaBlunecs npu co-
BETCKOM BNACTU.

CoctaB dakyneteToB (OTAENEHUI) MHCTUTYTA YETKO OTpaxan 061acT npotheccMoHanbHbIX
MHTEPECOB BbILIEYNOMAHYTHIX NEPCOH, K KOUM clefyeT f06aBnTb 1 camoro Butte. 3tu dakynbre-
Tbl CYTb KOMMepYeckuil, KopabnecTpouTeNbHbIi, METANNYPrUYECKUl U 3NEKTPOMEXAHUYECKUIA.
Hapo v cneumanbHo NoAYEpKMBaTh, 4TO UMEHHO 3TW (haKyNbTETbI OblIM OPraHU30BaHbI He NOTO-
My, YTO TaKOB 6bln Habop cneyuanu3aLmnin 3Tux Niogeil. HA060poT, UMEHHO 3TU NIOAM ObIIW NpPU-
3BaHbl MOJA 3HAMEHa CO3A4aHWs BY3a HOBOFO TUMA MOTOMY, YTO MX CMELWANbHOCTU GblIU OCTPO
BOCTpe6oBaHbI BpEMEHEM.

laraput npeanoxun KpblioBy cTaTh ieKaHOM KOpabnecTpouTenbHoro dhakynsteTa, HO TOT OT-
Kasascs, XoTs M aKTUBHO paboTan B y4ebHON kKoMuccum reHepana MNetposa, NpUHUMAR «AEATENb-
HOe yyacTue B pa3paboTke yyeOHbIX MNAHOB U NPOrpaMM, 0COBEHHO NO MaTeMaTUKe U TEOPeTU-
YeCKON MexaHuKex.

ConocTtaBnenune gaHHbeix «BocnomuHaHmiiy Butte n Kpbinosa nUiwHMn pa3 nog4YE€pKuUBaeT Ty
MPOCTYIO MbIC/b, YTO K CAMOMY Hayajy MpoLLioro BeKa HeobX0AMMOCTb CO3faHua B Poccumn uH-
)KEHEePHOTO BbICLIETO YYebHOro 3aBefieHNs HOBOTO TUNA ACHO MOHWUMANACh Kak NepefoBbIMU YYé-
HbIMU, PABOTABIIMMMK B MHTEPeCax 0OOPOHbI CTPaHbI, TaK U MyAPbIMU rOCYAAPCTBEHHBIMU AesTe-
namu.

YupexéHHbI B 1899 rofly MHCTUTYT peanbHo oTKpbiaca B 1902 rogy. Cosnano Tak, 4to 29
mas 1902 ropa ctatc-cekpetapb C.10. Butte nogrotosun ans focymaps «Cnpasky no Bonpocy 06
yAyulleHnn cnoco6oB nepeasuxeHus Hacenenus B C.-MetepOypre u Mocksey, rhe B uncie apy-
rMX BOMPOCOB BECbMA KBAAU(ULMPOBAHHO 0OCYXAAETCA BONPOC O NEPEBOJE FOPOACKUX Kefes-
HbIX OPOT Ha 3neKTpuyeckyio Tary. CoBnageHne no BpeMeHU, HECOMHEHHO, Cly4alHoO, HO aKTy-
anbHOCTb CO3[aHMA 3JeKTpOMeXaHMyeckoro (akynbreta B NOAUTEXHUYECKOM WHCTUTYTE Ceil
(haKT OTTEHAET KpacHOPEeYuBoO.

3ameyy, YTO CBOWM paccka3 06 opraHu3auun UHXEHepHOro By3a HOBOro Tuna Butre 3aknto-
yaeT ab63auem: «Kpome C.-TMeTepbyprckoro NOMTEXHUYECKOTO UHCTUTYTA, B TO BPEMs, KOraa s
Obl1 MUHUCTPOM (DUHAHCOB, NPUBAN3UTENLHO MO TOMY e MPUHLMUMY MHE YAAN0Ch OCHOBATH el
[Ba NONUTEXHWYECKMUX MHCTUTYTa: oauH B Baplwase, a fpyroii B Kuesex.

Bbiwe nogpobHo, B AETANAX M C MHOXECTBOM LiUTaT pacckasaHa UCTOpUA yupexaeHus 6onee
cTa net Hasag B CaHkT-MNeTepbypre MoanMTEXHNYECKOTO MHCTUTYTA. ITO CAENAHO He TOIbKO NOTO-
My, YTO B 3TOM MHCTUTYTE 6bln cHhOpMYAMPOBaAHbI U Pa3BUThI OCHOBbI Uaen Pu3Texa, HO U NOTO-
My, 4TO OHa, 3Ta UcTopus, L0 60NN B CephLe HAMOMUHAET UCTOPUIO BO3HWKHOBEHNA MOTH.

Bonee yem yepes fecATb NeT Nocne BbIHYXAEHHOW oTCTaBku rpacda Butre ot BCex ero rocy-
[apCTBEHHBIX AO/KHOCTEN, B pasrap nepsoil MUPOBON BOIHbI Hanbonee fanbHOBUAHbIM Npef-
CTaBUTENAM NMpPaBALLENA INUTbI CTANO ACHBIM, YTO 63 KOPEHHOW pedopMbl BbICLIETO UHXEHEPHO-
ro obpasoBaHus Poccus HenzbexHo BbiNagaeT U3 Yucna BeUKUX Aepxas. B 1916-m rogy no cy-
LWecTBY NOCNEAHUIA LapcKuii MUHUCTP HApPOAHOrO MPOCBELLEHUsA, Ha3HAYEHHbIA Ha 3TOT NOCT B
Mae 1915-ro roaa v BbicoYalille OTNPaB/EHHbI B 0TCTaBKY 28-ro aekabps 1916-ro roga 3a Aga
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mecsua po otctaBku camoro locynaps, rpad M.H. VirnatbeB HanpaBua Lapto BcenoanaHHEN W nii
poknag. B atom goknage MuHMCTp, apryMeHTUpYs HEOOXO[MMOCTb KOPEHHOTO Npeobpa3oBaHus
WHXEeHEepHOro 06pa3oBaHus, NOAYEPKUBAN, YTO BCS TEXHUKA, BCE NMPUKIALHbIE HAyKK, BCE KOH-
KpeTHble NPOU3BOAMTENbHbIE MPOECCUM NMOKOATCA HA YNCTOM Hayke, pa3pabaTbiBaeMoii B YHU-
BepcuTeTax. OH COBEPLIEHHO CMPABEANMBO YTBEPKAAN, YTO pa3BuUTUE 06PA30BAHUA B TEXHUKE
HEMbICIMMO 6€3 CO3[aHUs U YKPEMIEHNUA BbICLIUX TEXHUYECKUX y4eOHbIX 3aBefleHUi YyHUBEPCH-
TETCKOro Tuna. BocnpuHAT NonoXMTeNbHO 3TOT [OKNAA NOCNEAHUM POCCUACKUM MMNEepaTopoM
He 6bi1. HerofoBaHue npasbix kpyros locyaapcTeeHHoi lymbl, rHeB «Coto3a pycckoro Hapoaay , He-
npuatue uaeit MMHNCTPa YUHOBHMKAMM LileHTPaNbHOro annapara MUHUCTEpCTBA HAPOAHOTO Npo-
CBELEHUs B €MHOAYLIHOM NOPbIBE CAUANUCH C BoNei MoHapxa. MUHUCTP Gbin yBONEH.

TakoBa npepbicTOpua noseiaeHus Ha cBeT boxuit Mockosckoro ®ustexa, Hayana ucTopuu
KOTOpOro NpoCMaTpMBAlOTCA BO BpeMEHa, HemoCpPeAcTBEHHO Ccheayiolue 3a BeAUKON U
CTpalwHomn pesontoumein 1917 roga.

(npoponxeHwue cnepyer)
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Yueunés Bukrop MBaHoBUY

K.¢h.-M.H., OoueHm Kagedpsi obweli pusuxu MPTH,
3ac/yKeHHbIU pabomHUK Bbicluell WKObI,

3amecmumers npedcedamesisi HaQy4YHO-MemoOUYecKo20 cosema
3OTIL npu MOTH, yneH xiopu Bcepoccutickol onumnuadsi
WUKO/IbHUKOB No pu3uKe.

Koneb6aHuus

B cTatbe AaH 00wWwmit NOAX04 K KonebaHUAM pasfnyHON dusnyeckon npupogbl. BHayane BBo-
AATCA U YTOUHAITCA NOHATUA KoJebaHue, nepuoduyeckoe KonebaHue, 2apMoHUYecKoe Koieba-
Hue. 3aTeM NPUBOAMUTCA anroputMm (NpaBuio) AN AOKa3aTenbCTBa FApMOHUYHOCTU U HaXOXAe-
HUSA nepuoda KonebaHuit, UMEIOLWNX PasinyHyI0 GU3nYeckyto npupoay. Ha npumepax KoHKpert-
HbIX CUCTEM NPOLEMOHCTPUPOBAHO NPUMEHEHUE aNropuTMa.

[lns noHMMaHWs M3naraemoro marepuana Heobxofuma HEKOTOpas MaTeMaTMyeckas KynbTypa:
3HaHue cBOMCTB PyHKUMIA Y(x)=asin(ox+@) n y(x)=acos(wx+ @) n ymenue guddepeHum-

POBaTh CNOXHYIO GYHKLMIO, B YaCTHOCTM 3HaTh, 4TO AnA ByHKUMM y(X) cnpaBeannso (y°) =2yy'.

CraTbs NoAroToBneHa Ha 6a3e 3agaHus N2 4 ans 11-x knaccos 3T npu MOTH.

§1. Kone6artenbHble npouecchbl

KonebaHusmu HasbiBalOTCA NMPOLECCH, B TOM
AN UHO CTeNeHM, NOBTOPSIOLLMECS BO BPEMEHU.

Korpa rosopst, uto cuctema Konebnetcs, T0
nog 3TUM NOAPA3yMEBAETCs, YTO HEKOTopas
du3nYecKan BeAMUYMHA, XapaKTepu3yiollas
cucTeMy, coBepluaeT KonebaHus, T. e. U3MeHs-
€TCs, HEOLHOKPATHO MPUHUMAsA OFHO U TO e
3HaueHue. Mpu KonebaHNAX MaTEMATUYECKOTO
masTHUKa (puc. 1) konebniowmumucs usmnye-
CKUMU BeNWYUHAMKU GYAYT yron « OTKJIOHe-
HUSA HWUTW OT BEPTUKANMW, KOOPAMHATHI MAATHU-
Ka X U Y, pacctosiHue BRONMb TpaekTopuu (no
pyre okpyxHoctu) ot 7. A go 1. 0 u 1. . Korpa
BEpXyllKa [epeBa Kayaetcs nop feicTBMEM
BeTpa, TO  KonebnioTcs KOOpAMHATI

YA

Puc.1

<y

Bepxywku. [pu pacnpocTpaHeHuu 3ByKa B
BO3flyxe Konebnetcs AaBfieHWe U MNOTHOCTb
BO3JyXa B KaX[AOW TOYKe BO3AYLWHON Cpepbl.
Mpu AbixaHuu yenoseka Konebnioweiics u-
3MYECKOW BENMYMHON MOXET CNYKUTb 06BEM
rpyaHoi Knetku. B KonebaTenbHOM KOHType
coBeplaloT KonebaHus 3apaj KOHAEHCATopa,
Hanps)keHne Ha KOHAEHCaTOpe, TOK B KOHType
n T. A. HanpsikeHne Ha ropsuien namnoyke B
KBapTUpe W TOK Yepe3 Heé Toxe KonebTCs.
Takue pusnyeckne BeNUUMHBI, Kak JaBeHune 1
TemnepaTypa, XapakTepusyiolme COCTOSHUE
aTmocdepsl, B TeYeHUE, CKaXeM, Mecsua, He-
OAHOKPaTHO NPUHWUMAIOT OfHU U Te e 3Haye-
HUSA, T. €. COBEpLIAIOT KosebaHus.

KonebatenbHble NpoLecchl BCTpeyaloTcs B
pasHOOOpasHbIX (U3UYECKUX SBAEHUAX U LIU-
POKO pacnpocTpaHeHbl B OKpyXalwliem Hac
Mupe. HecmoTps Ha To, YTO KOnebaHus MoryT
MMeTb PasfnyHy0 GU3MYECKYID NPUPOJY, OHM
4acTo MOJYMHAIOTCA OAHWUM W TEM e 3aKOHO-
MEPHOCTAM, OMUCHIBAIOTCA OfMHAKOBBIMU MaTe-
MaTu4yeckumm opMmynamm u ypaBHeHUAMU. 3TO
No3BONAET C eANHON TOYKM 3PEHUs MaTemaTu-
YecKM ommcaTh OTaNYaloWwMeca no Gu3nyeckon
npupoae KonebaHus .
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§2. Nepuopmnueckue KonebaHus

N3 mHOxecTBa konebaHuii BbILeNUM W pac-
CMOTPUM nepuoduyecKue KonebaHus.

KonebaHus HekoTopoi (husMyecKoit Benu-
YMHBI S Ha3bIBAKOTCA NEPUOANYECKUMU, eCu
BCE 3HAYEHMsA 3TOI BENUYUHBI NMOJHOCTLIO NO-
BTOPAIOTCA Yepe3 OAHO M TO e Bpems T, Ha-
3biBaeMoe nepuodom, T. e. S(t+T)=S(t) ans

noboro 3HaueHus spemenn t. Ecam T - ne-
puog, o 2T, 3T, 4T, ... Toxe nepuogbl. lMo-
3TOMy B (hM3MKe NOA NePUOAOM 0ObIYHO MOHM-
MalT HaUMEHbLW WA NepUos, T. €. HaAMMEeHbLW NN
NOJOXMUTENbHBIA OTPE30K BpEMEHM, uepe3
KOTOpbIi (hM3nyeckas BelMyMHa S noBTOpA-
etcA. py 3TOM roBopAT, 4TO 33 BpEMA OLHOrO
nepuoaa coepLiaeTcs O4HO KonebaHue.

Yacmomoli nepuopmyeckux KkonebaHuin v
Ha3blBAETCA 4MUCNO KonebaHU B efuHULY
BpemMeHMu. Jlerko nokasarb, 4T0

V=—.

T
[lencTeuTensHo, ecin 3a Bpema t coseplie-

. N
Ho N KonebaHui, TO yacToTa v =?, a nepuopg

t 1
T:N. OTciopa BUAHO, YTO V:f' B cucreme

CN epuHuuelt M3MepeHMA YaCTOTbl CAYXKUT
Fepy (My), 1ry=c.

MycTb nepuoanyeckn Konebnwowasca senu-
4nHa S uM3meHseTcs B npefenax oT S, —A no

So+A, rae A>0. Toraa roBopat, 4To Benu-

ynHa S Konebnercs ¢ amnaumydol A oKono
3HayeHus S, .

§3. FapMoHMyecKue KonebaHus

BaKHbIM YacTHbIM ClyyaeM NepuosUYecKux
KonebGaHUN ABNAIOTCA 2apMOHUYecKue Koneba-
Hufi, T. €. TaKMe W3MEHEeHUs BO BpeMeHu t
(U3NYECKOI BeNMYMHBI S, KOTOpble MAyT no
33aKOHY

S5(t)=Acos(w t+¢,), (1)

rne A>0, @>0. W3 Kypca matemaTuku u3-
BECTHO, 4TO (yHKuUMA BuAa (1) n3meHseTca B
npegenax ot —A [o A, 1 4TO HauMeHbLI Nt

. . 2
NOJOXUTENbHbIA nepuog y Heé — . Mo3atomy
w

rapMoHuyeckoe Konebarue Buga (1) npowuc-
XOAWT C amnAnTyLoN A v nepmofom

=
[
He cnepyer nytate yukaudeckyro (Kpyeo-

8YI0) 4acmomy @ W 4acToTy v KonebaHwii.

2
Mexgy HMMK npocTas cBA3b. TaK Kak aJ:T

B cucteme CU pasmepHOCTb Kak @, Tak U v
paBHa ¢ '. HaumeHosaHne [y 06bI4HO
NPUMEHSAETCS TONbKO A BENUYUHBI V, @ eC/un
HeoOXOAMMO yKas3aTb Pa3MepHOCTb @, TO Ni-
wyT npocTo ¢ .

BennunHa o t+¢, HasbiBaetca gasol Ko-
nebarud. Mpu t=0 dasa pasHa ¢,, 1 NO3TOMY
@, HasblBaeTca Ha4anbHol ¢pasol. HavanbHas
thasa AN KOHKPETHOTO KonebaHus ¢ HEKOTOPOii
amnauTygon (Hanpumep, KonebaHWUs KOOpANHa-
Tbl Fpy3a, NOABELIEHHOTO Ha MPYXUHE) 3aBUCUT
OT MOMEHTa Hayana 0TCYETa BpeMeHu (MoMeHTa
BKJTIOYEHUA CEKYHAO0Mepa).

OtmeTum, yTO Npu nobom t cnpaBeannBo
Acos(w t+@,) = Acos[m t + (¢, +2zn)], rtRe
n=0, 1, 2, BugHo, uyTO HavanbHas
tasa Ans 0fJHOro M TOro e KonebaHus ecTb
BE/IMYMHA, ONpefenéHHas C TOYHOCTbIO [0
2zn. T[03TOMy M3 MHOXeCTBa BO3MOXHbIX
3HAYeHUN HayanbHoiW hasbl BHIGUPAOT 0ObIY-
HO 3HayeHue HayanbHOW d)a3bl HauUMeHbllee
no MOAYAI0 UMW HaUMeHbLIee NONOXUTENbHOE.
Ho penate 310 He obszaTtenbHo. Hanpumep,

13
ec/n JaHo KonebaHue S:Acos(a)t+?7r),

To yaoGHee 3anucatb ero B Bufae

S=Acos(w t+%) 1 paboTaTb B fanbHellweMm

C NOCNeAHUM BUAOM 3anucK 3TOro KonebaHus.
MoXHO nokasatb, 4To KonebaHua Buaa

S=asin(y t+a,) n S=acos(y t+e,), (2)

TAe a u ¥ moryT 6bITb N1060r0 3HaKa, C NoOMo-

b0 MPOCTbIX TPUFOHOMETPUYECKUX Npeobpa-
30BaHMil BCcerfa npusoaatcs k sugy (1), npu-

uém A=la|, w=ly|,a ¢, He pasHo a, B0OG-

Wwe roBops. Takum obpa3oM, konebaHus Buaa
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(2) ABNAIOTCA rAPMOHUYECKUMMU, C aAMMIUTYAON
|a| v umknndeckoit vactotoit |y| . He npusoas

oblero [0Ka3aTenbCTBa, NPOUNIIIOCTPUPYEM
3TO Ha KOHKPETHOM NpUMepe.
Myctb TpebyeTcs nokasaTb, 4TO KonebaHue

S:—lﬁsin(zom‘—%) OyLeT rapMoHUYECKUM

U HaWTW amnauTtyay A, UMKNMYECKYI0 4acToTy
@, nepuop T 1 HauansHyio Basy ¢, (ofHO 13

BO3MOXHbIX 3HAYEHUN @, ).
JencreutensHo,

§ =—16sin(20t —%) - 16sin(§—20ﬂt) =

- 16cos(%— (%— 207t)) = 16c0s (207t +%) .

Buaum, uto KoneGaHue BeNMYMHLI S yAanoch
3anucatb B c¢opme (1). Mpu 3tom A=16,
2r 1 V4
w=207, T=—=—, g, =+—.
o 107 "%

MonpobyitTe camocTosTeNbHO ybeauTbCs,

4yto X = —23cos(£— 4t)=23cos(4t +9—”) ,
10 10

S=7sin(9t —%) =7cos(9t —5?7[) .

EcTecTBeHHO, u4TO 3anucb rapMOHUYECKMX
KonebaHuit B hpopme (2) HUYEM He XyxKe 3anu-
cu B dopme (1), U NEPEXOAUTb B KOHKPETHOI
3ajlaye OT 3anucu B 0AHOI (opmMe K 3anucu B
Apyroit 06blYHO HET HeobxoaumocTu. HymHo
TONbKO YMeTb Cpa3y HaxoLuTb aMmnauTyay,
UMKMYECKYIO YacToTy M nepuog, uMes nepep
coboii nobyio GopMy 3anucK rapMoHUYECKOro
KonebaHus.

IKBMUBANEHTHOCTLIO 3aMUCKU rAPMOHUYECKOTO
KoneGaHus yepes KOCUHYC WK CUHYC 0bbsC-
HAETCS TO, YTO B OLHUX yyeOHUKaxX AaeTcs on-
peneneHue rapMoHUYecKUx KonebaHuii yepes
KOCUHYC, @ B LpYrux — Yepes CUHYC.

§4. MpousBoaHbIe N0 BpeMeHM
OT Koneoniowenca BeAUYnHbI

WHorpa nonesHo 3HaTb XapakTep M3MeHe-
HUSA NEepBO W BTOPOI NPOU3BOLHBIX MO Bpe-
MEHW OT BeNWYMHBl S, KOTOpas coBepLaeTr
rapmMoHuyeckne konebaHus (konebaHusa no
rapMoOHMYECKOMY 3aKOHY) C amnauTygoin A w
LMKNMYeCcKon 4acToTon @ . Ecnu
S=Acos(wt+@,), T0 anddepeHunpoBaHue

S no BpemeHn t paérS'=-Awsin(ot+q,),
S"=—Aw’cos(w t+¢,) .

Bupum, yto nepeas u BTOpas NpOMU3BOAHbIE
no BpemeHu t Konebnioweics BeaUYUHbI S
M3MEHAIOTCSA N0 rapMOHUYECKOMY 3aKOHY C TOW
Xe LMKAMYeCKON 4acToTon @ v aMnauTygamu
Ao n Aw’.

Mpumep. lyctb KoopauHata x Tena, co-
BeplAloWero  rapMoHuyeckne  KonebaHus
BOONMb oOCM X, U3MEHAeTCA MO  3aKOHYy
Xx =2sin6t, rge x — B CaHTUMETpax, Bpems t
— B CeKyHaax. TpebyeTcs 3anucaTtb 3aKOH U3-
MeHEHWs CKOPOCTW M YCKOPEeHUsA Tena 1 HaiTy
MX MAaKCMManbHble 3HaYeHus.

[lns oTBeTa Ha NoCTaBNEeHHbIN BONPOC 3ame-
TWM, YTO NepBas NPOM3BOAHAsA NO BPEMEHU OT
BE/IMYMHBI X €CTb NPOEKLMA CKOPOCTY Tena Ha
ocb X, a BTOpas NpoM3BOfHas OT X eCTb Npo-
eKumus ycKopeHus Haock X: x'=v,, x"=a,.
MpopnddepeHunpoBaB BbIpAKEHNA ANA X NO
BpemeHy,  noayyaem:  x'=v, =12cos6t,
x"=a,=-72sin6t . MakcMManbHble 3Ha4eHUs

CKOpPOCTM M ycKopeHusa v, =12cm/c,

a,..=72cm/c’.

§5. AndpdepeHymanbHoe ypaBHeHHe rap-
MOHUYECKUX KonebaHuit
ANropuTM HaxoXpAeHMA nepuoaa rapMoHu-
YyecKux KonedaHui

MycTb HekoTopas u3MyecKkas BeanyuHa S
coBepliaeT rapMmoHuyeckue KonebaHus:

S(t)y=Acos(w t+@,) . (3)

Jlerko nokasarb, YT0 BTOpPas NPoOU3BOAHAs OT
S no BpemeH#u t paBHa

S"=—Aw’ cos(w t+¢,) . C yuétom (3) nony-

yaem, uto S"=-0’S, 1. e. (4)

WTak, MOXHO cenaTb BbIBOA: €ClW BeAUYU-
Ha S W3MeHsAEeTCA MO rapMOHUYECKOMY 3aKOHY
(3), To oTciopa cnegyeT cnpaBefnMBOCTb Pa-
BeHcTBa (4). B matematuke nokasbiBaetcs w
obpaTHoe: ecnu ans BenuumnHel S =S(t) cnpa-
BeA/IMBO PaBeHCTBO (4) Mpu BCEX [OMYCTUMbIX
3HaueHusax t, 1o S(t) umeet TonbKO BUA (3) U

HUKaKoW apyroii. Mpuyem A u ¢, B (3) ectb

NpoK3BONIbHbIE MOCTOAHHbIE, KOHKPETHbIE 3Ha-
YeHMA KOTOPbIX 3aBUCAT OT TaK Ha3biBaeMbIX
HayaNbHbIX YCNOBUW, T. €. OT 3HaYeHUn S u eé
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npou3BOAHON S’ B HEKOTOpbIA MOMEHT Bpe-
MeHu t (0bblyHO npu t=0).

PaBeHcTBa, cBA3bIBaOWME DYHKLMIO, €€ ap-
TYMEHT U NPOW3BOAHbIE (YHKLWM NO 3TOMY
apryMeHTy, Ha3blBaKTCA B MaTematuke Aud-
thepeHUManbHbIMU - ypaBHeHUAMU.  [lo3ToMy
paBEHCTBO (4) Ha3bIBalOT OughhepeHyuanbHbIM
YpasHeHueM 2apMOHUYeCKUX KoebaHud.

Takum 06pa3oM, Mbl NONYYUAK YPE3BbIYANHO
BaXHOe KaK ANA TeOpWU, TaK U ANA pelleHuns
3afjay cnepylolee yTBepxaeHue.

Ecnu ¢ nomowbio 3aKOHO8 (uU3UKU ONA pu3u-
yeckol senuyuHbl S yodanock 3anucams ougge-
peHyuansHoe ypasHeHue suda S"+w°S =0, mo
omctoda 6ydem credosams, Ymo S u3MeHsemcs
00653amenibHO N0 2APMOHUYECKOMY — 3GKOHY
S(t)=Acos(w t+¢,) ¢ uurkauyeckol 4dacmo-

moii @ (w=~aw’>0). KoHkpemHsie 3Haye-
Hus amnaumyosl A u Ha4anbHol ¢assl @, 3a-

BUCAM OM HAYANbHbBIX YCA08UL.

IT0 yTBEpXKAEHUE MOXET CIYKWUTb asneo-
pummom  (NpaBuaoM) Ans  [OKa3aTenbCTBa
rapMOHUYHOCTU KONEBaHUN W  HaXOXLEHUS
nepuopa KonebaHuii NoObIX KOHKPETHbIX KO-
neGaTenbHbIX CUCTEM. ANTOPUTM MOXHO MpU-
MeHATb K KonebaHWAM pasnuyHon ¢usmnye-
CKOM NpUpoabl.

Huxe Ha npumepax, NpeACTaBIEHHbIX B
BUAE 3ajay, NOKa3aHO NpUMeHeHWe anro-
putMa.

86. MpyXUHHBIA MAATHUK

3apaya 1. Ha rnagkom ropu3oHTanbHOM
CTOJle rpy3 Maccol m coBeplaeT KonebaHus
BAONb OCU X HA NETKON NPYXUHE XKECTKOCTbIO
k, NPUKpenseHHON OAHUM KOHLOM K rpy3y, a
opyrum K cteHe (puc. 2). lokasatb, YTo cBO-
6ofHble KoNebaHUs TaKoro NPYXUHHOIO MasT-
HUKa TapMOHUYECKME W HaWTU MX mepuop.
(C80600HbIMU KONEOAHUAMU HA3bIBAKOTCA KO-
nebaHus, KOTOpble BO3HMKAIOT B CUCTEME B
pe3ynbTaTeé OAHOKPATHOrO BbIBEAEHUA €€ U3
COCTOSIHUA YCTOYMBOTO paBHOBECHS ).

PELWIEHME. Havano koopguHat (x=0) no-
MeCTUM B TOUKY, COOTBETCTBYIOLYIO PaBHOBEC-
HOMY MONOXeHWI0 Tpy3a. 3a Konebntuyiocs
(U3NYeCKYI0 BENMYMHY BO3BMEM KOOPAMHATY X

rpysa.

1-0 cnocob peweHus. Wcnosb3yemcs smo-
poli 3akoH HeromoHa.

MycTb rpy3 npu KonebGaHUsX B HEKOTOPbIN
MOMEHT BpemeHu t uMeeT KoophuHaty

N

x =x(t). Torga npoekuus Ha ocb x cuibl F,

LeNnCcTByloLWEeNn Ha rpy3 CO CTOPOHbI MPYXUHBI,
Fo=—kx (5)

npu Nto6OM 3HaKe X, YTO JIErKO NPOBEPUTS.

AN
2=
rmg
]
0 x(t) X

Puc.2

=

Ha puc. 2 nokasaHo HanpaeneHue cunbl F
npu x>0. Ha rpy3 ewé pencreyer cuna

N

TAXECTM mg W cuna HOpPMaJNbHOro AaBlieHUA

5
N co cropoHbl cTtona. [lo BTOpOMY 3aKOHY
- — - - -

Hetotona ma=F+mg+N, roe a — yckope-

HWe rpysa.
JTO BEKTOpPHOe paBeHCTBO, 3anuCcaHHOe B

npoekuuax Ha ocb X, umeet Bup ma, =F,.
n
3pech a, =x" — npoekuns Ha ocb X yckope-
HusA. YuutbiBas (5), umeem mx" =—kx . Otcio-
k
jga x"+—x=0.
m

MocnepHee ypaBHeHue ecTb AuddepeHum-
aNnbHoe ypaBHEHMe rapMOHUYeCKUX Koneba-

y y y /k
HUU C UMKINYeCKoU 4actoTou w=,[— "
m

nepuopom T = oz = 27r\/E .
1) k

2-l_cnocob peweHus. Micnonb3yemcs 3aKOH
COXPAHeHUA 3Hepeuu.

B MoMeHT, Korga rpy3 MMeeT KOOpPAMHATY X
U NPOeKLMo Ha ocb X CKOpoCTU X', KUHeTU-

1 "2
yeckas 3Heprus rpysa Oyper Em(x) , a no-

TeHUManbHas  3Heprus  fedopMUPOBAHHOM

1
NPYXMUHSI Ekxz. Tak Kak nonHas 3Heprus cuc-



TeMbl NpWU  KonebGaHWUAX COXpaHAETCH, TO
n2 2

m(x kx

%+T=const. Mpoanddeperunpyem

nocnefHee paBeHCTBO NO BPEMEHU:

1 1
—m-2x'x"+=k-2xx'=0.
2 2

Otkypa x" +£x =0.
m

Kak 1 B nepBoM cnocobe peleHus, HO yxe
Apyrum nyTém, Mbl nosyuunu pucddepeHuu-
aNbHOe ypaBHEHME rapMOHUYeCcKUx Koneba-

. y y [k
HUN C UMKNn4yeCcKoun 4actoton w=,|— W ne-

m
puogom T = 272'\/%.

3apaya 2. Ha nérkoi npyxuHe XECTKOCTbIO
k nopBeweH rpy3 maccoit m. lMokasaTb, 4To
BepTUKaNbHble COBCTBEHHbIE KoNebaHNs TaKo-
ro NPYXWHHOTO MAasTHUKA FapMOHUYECKME W
HaliTu ux nepuog. (Co6cmeeHHble KonebaHus
— 370 cBOGOAHbIE KoNebaHus Ge3 3aTyxaHus,
T. €. KonebaHus, KOrfa HeT cun (MpuyuH),
NPEenATCTBYIOLWMX CBOOOLHBIM KONEOaHUAM).
PELWEHME. Hanpasum ocb X BHU3 (puc. 3),
Hayano KOOPAMHAT NOMECTUM B TOYKY, COOTBET-
CTBYIOLLYIO PABHOBECHOMY MOJIOXEHHUIO rpy3a. B
3TOM MOJIOXKEHUM NPYKMHA PACTAHYTA NO CpaB-
HEHUIO C HEHaNpsXEHHbIM COCTOSIHMEM Ha Be-
NNYUHY X, , NPUYEM
kx, =mg . (6)
1-i cnocob peweHus. Yicnonb3yemcs smo-
pou 3akoH HblomoHa.

Ecnm Tekywas koopauHata x=x(t), TO

N
npoekumsa Ha ocb X cuabl F, pelicTByiowwein
Ha rpy3 CO CTOPOHbI NPYXKMUHBI,
Fo==k(x, +x). 7)
PaBeHcTBO (7) cnpaBeanueo Ans Nto6oro 3Ha-
YeHWs KOOpAMHATbl X KoneGnowerocs rpysa,
4yTO, BOOOLLE rOBOPS, HYXKHO NMPOBEPUT, T. K. Mbl
XOTUM Nony4nTh AnddepeHLnanHoe ypasHe-
HUe KoneGaHUi, cnpaBefnUBOE HE TObKO AJI
OfLHOTO 3HAYEHUA X, a A1A BCEX 3HAYEHWIA.
3anuwem ypaBHeHWe [ABMXKEHUA  rpy3a
(ypaBHeHwue BTOporo 3akoHa HeloToHa) B npo-
eKLMAX Ha OCb X, YYUTbIBASA, YTO NPOEKUUA Ha
oCb X yCKOpeHWs rpysa ecTb BTOpas Npous-
BOfIHaA x" OT KOOPAWHATLI N0 BPEMEHMU:

mx"=F, +mg . (8)
C yuétom (6) u (7) ypaBHeHue (8) npuHu-
Maet Bup:

k
x"+—x=0. (9)
m
HeHanpsi»KEHHasi
- XglnpyxuHa
'F' A (- rmonoxexue
pasHosecusi

— |—'—=|mekywas koop-
OuHama epy3a

BupHo, uto 3710 AuddepeHunansHoe ypas-
HEHWe TrapMOHWYECKUX KonebaHuit, nepuog

KOTOpbIX:
T=2n n .
\ k

2-0 _cnocob peweHus. Yicnosib3yemcs 3aKoH
CoXpaHeHUsA 3Hepeuu.

3a HyneBOW ypoBeHb NOTEHLMANbHON 3Hep-
TMU rpy3a B nofie TAXKECTU yao6HO B3ATb no-
NoXeHWe paBHoBecus. lMonHas MexaHu4ecKas
3Heprus KonebaHuit cuctembl npeacTaBaseT
co60i CyMMy KWUHETUYECKOW 3HEpruu rpysa

(10)

1 o
Em(x')z, NOTEHLMANbHOW 3HEpruM rpysa B

none TAXeCTM mg(—x)=—mgx u NoTeHuManb-

HOW  3Hepruum  pedopMmauuu  MpPYKUHBI

1
Ek(x0 +x)?. 3necb x' - MpPOEKLMA CKOPOCTH

rpy3a Ha ocb X, eé KBafpaT paBeH, eCTECTBEH-
HO, KBaZpaTy MOLY/A CKOPOCTU.

MonHas MexaHW4yeckas 3Heprus npu Kone-
DaHUsAX [LOMKHA COXPaHATLCA:

m(x')’ . k(x, + x)?
2 2
Iunddeperunpyem (11) no BpemeHu:
mx'x" + k(x, + x)x'—mgx"=0 .
C yyétom (6) nocne npocTeix npeobpasosa-

—mgx =const . (11)

y k
HUIA nonydaeM x"+—x =0, 4yTo coBnagaert C
m

(9). WTak, konebaHus rapmoHuyeckue c ne-
puopoMm, aasaembim (10).
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MpoaHanu3MpoBaB OTBETHl K 33fayam 1 v 2,
NPUXOLUM K BbIBOLY: COOCMBeHHble KOMebaHus
NPYXUHHO20 MASMHUKA 2apMOHUYecKue C ne-

puodom
T=2r /ﬂ .
k

I'Ipm 3TOM Ipy3 MaATHUKA MOXKET CKOJIb3UTb NO raj-
KOMy CTONy Unu ObITb NOABELEHHbIM Ha NPYXKNHE.

§7. MaTteMaTyeCKnin MaaTHUK

3apaua 3. lokasatb, YTO B OLHOPOAHOM MO-
JIe TAXeCT cCOBCTBEHHbIE Mable KonebaHus B
BEPTUKANbHOM NJOCKOCTU MaTeMaTUyecKoro
MasTHUKA ANUHON [ ABNAKTCA rapmoHuye-
CKMMM 1 HAWTM UX NEPUOA.

Puc.4 =0

PELWEHME. MycTb y MasATHUKA AANHA HUTK [
M Macca wapuka m. 3a konebnwuwyiocs du-
3U4eCKylo BeNuuMHy YAOGHO B3ATb yron «
OTKNOHEHUs HUTW OT BepTukanu (puc. 4). by-
LeM CYMTaTb ¢ MONOXMUTENbHbIM, €CU MaAT-
HUK OTKJOHEH BNPaBO OT MONIOXEHUA PaBHO-
BECUS, U OTPULATENbHLIM, €CAIN OH OTKOHEH
B/IeBO. Bbipasum KMHeTMYECKYl U MOTeHLM-
aNbHYI0 3HEPruu Wapuka Maccoit m B Npous-
BOJIbHbI MOMEHT BpemeHu ¢ uepe3 yron
a=qa(t) 1 nNpousBOAHYI yrna no BpeMeHU
a'=a'(t). YrnoBas cKopocTb Wwapuka o',
€ro JIMHeHasa CKopocTb ¥ = 'l U KuHeTUYe-
CKas 3Heprus

1 1
K==mv’==ml’(a')’.
2 2

Ecnu 3a HyneBoi ypoBeHb NOTEHLMANbHOM
3Heprun (/1=0) B3ATb YpOBEHb, COOTBETCT-
BYIOWMA HAaxXOXAEHUIO LAapUKa B MOMOXKEHUN
paBHOBECHMS MasTHMKA, TO MNOTeHLUWanbHas
JHEPrus WapMUKa B MOMEHT OTKNOHEHUA HUTK
Ha yron o« okaxetrca [1=mg(l—-lcosa).

.,
MocKonbKy 1—cosa=25m2?,

.,
/7:2mglsm2?. [na manbix yrnos MOXHO

CYMTaTb, YTO 3HAYEHMUS UX CUHYCOB NPUBAU3N-
TeNbHO PpaBHbl camum yrnam (B paguaHax).

.a «a
Moatomy SmE:E 1 MOXKHO NPUHATD, YTO

2
a 1
M=2mgl| — | ==mgla’ .
ol 4] ~5ma
MonHas 3Heprua cuctembl, paBHas K+11,
npu Kone6aHusx coxpaHsercs. CrefoBaTenbHO
1 1
Emlz(oc’)2 +Emgloc2 =const .

MpopnddepeHypyem nociegHee paBeHCT-
BO M0 BPEMEHN:

1 1
Em[2 2a'a” +Emg12aa' =0.

Mocne ynpoueHus umeem: o” +%a =0.

Hamu nonyyeHo aunddepeHumansHoe ypas-
HEHME TapMOHUYECKUX KonebaHuit BennYMHbI

a C UMKINYEeCKOW 4acToTon @ = }% n ne-

puopom T =27/ w .
WTaK, mansie KonebaHus mMamemamuyecko2o
MAAMHUKA ABNIAIOMCA 2APMOHUYECKUMU C he-

g

puodom |T =2x

§8. Kone6atenbHblit KOHTYp

3apava 4. [laH koneGaTenbHbI KOHTYP Ge3
3aTyxaHus (COMpOTUBAEHWE PABHO HyJO) C
NOCTOAAHHBIMKU EMKOCTBIO € U WMHAYKTUBHO-
ctbio L. Mokasatb, 4To CBOGOAHLIE 3MEKTPU-
Yeckue KonebaHus B KOHType rapMoHuyeckue
W HaiiTu ux nepuoa. (HanomHum, 4yto cBobog-
Hble KofeGaHus 6e3 3aTyxaHWs Ha3blBAKTCS
COBCTBEHHbIMU KolebaHUAMN).

K
| C

Nebxos ~

Puc.5



PEWEHUE. Ecnu 3apagutb KOHAEHCATOp K
3aTeM 3aMKHYTb KJl0Y, TO B CXEMe Ha puc. 5
BO3HWUKHYT KonebaHus 3apsafa Ha KOHAeHca-
Tope, KonebaHWs ToKa B Lenu, KonebaHus
3.0.C. CaMOMHAYKUMM B KaTylwke U T. 4. 3a
Konebnolyocs BeNUYMHY YA0BHO B3ATb 3a-
pAL Ha ofiHOI U3 0OKNAAOK KOHAEHcaTopa.

1-i cnocob peweHus. Ucnonb3yem 3akoH Oma.

BbiGepem nonoxuTtensHoe HanpasneHue 06-
XOfia KOHTYpa, Hanpumep N0  4acoBOM
CTpesnKe, KaK NOKasaHo Ha puc. 5. ITo o3Hava-
€T, YTO TOK I MONOKUTENEH, eC/IU ero Hanpas-
NeHWe COBNAfaeT C MONOXKUTENbHBIM Hanpas-
neHuem 06x04a, U OTpULATESNEH, eCU He COB-
nagaer. AHaNOrMYyHoOe MOXHO CKas3aTb M Npo
3HaK 3. A. C. CaMOMHAyKuuKM &, npu pacyéte
KoTopoi no ctopmyne & =—LI" aBTOMaTMye-
CKM GypeT nosyyaTtbCs 3HaK y 3.4.C., COMNAco-
BaHHbI C HanpasneHnem 06xoaa.

0603HauYMM yepes g 3apag TOM 0BKNAAKM

KOHAEeHcaTopa, Ana Kotopon q'=1I (ana ppy-
roit 06knapkn q'=—I, 4To He o4YeHb yROOHO).

_Ag
370 nerko cpenatb, €CIN YYecTb, 4T0 g =i
npu At — 0. [Ina cxembl Ha puc. 5 g cnepyet
B3ATb Ha HUXKHEN obKnagKe.
Mo 3akoHy Oma gnsA yyactka 1—-L—2
((pl _¢z)+g:IR .
MocKkonbKy CONPOTMBAEHME B KOHTYpE
q
R=0, ¢, — ¢, :_E'
& =—LI"=-L(q")'=-Lg" , T0 umeem:
1
"+—g=0.
q ch
Wtak, nonyyeHo guddepeHumnansHoe ypas-
HEHWe rapMOHMYECKUX KonebaHuil BenUYUHBI

(12)

o . 1
g C UMKNN4YeCKou 4actoTom w=——»MWn ne-

Jie

puopom T=2zJLC.

MonesHo 3aMeTWUTb, YTO MNpU WU3MEHEHWUU
3apsga Mo TapMOHUYECKOMY  3aKOHY
g=gq,cos(wt+e@,) TOK

I=q¢'=—g,wsin(w t+¢@,)=q,wcos(w t + (po+7—21),

3.4.C. CAMOMHAYKLMM
& =—LI'=Lqgw’ cos(w t +¢,) v HanpsxeHue

Ha KOHAeHcaTope

Takum 06pa3omM, 3apA0 Ha KOHOeHcamope, MoK
8 KOHMype, 3. 0. C. CaMOUHOYKYUU B8 KamylKe
U HanpsxeHue Ha KoHOeHcamope cosepuwarwm
2apMoOHUYecKue KojaebaHus ¢ nepuodom

T=2z4LC.
Mpu 3tom g, &, U konebniotcs B dase, a Kone-
GaHKA TOKa onepexaloT KonebaHus 3apsaa no
tdazeHa 7 /2.

2-li cnocob peuieHus. Yicnosib3yemcs 3aKoH
COXpaHeHus 3Hepauu.

BbibepeM nonoxuTenbHoe HanpasneHue 06-
XOfia KOHTypa W 0603HauyMM 4yepes g 3apsj

TOW 06KNapkuM KoHAeHcaTopa, AN KOTOPOW
g’ =1I . Tlo 3aKOHY COXpaHeHNs IHepruu

LIZ 2

—+q—:const.

2 20
MpognddepeHunpyem 3T0 paBeHCTBO MO

BpeMeHu: LII’+%qq'=O. YuutbiBas, uTO

I=q",aI'=(q")=q", nonyuum q"+%q:0.

NocneaHee ypaBHeHMe COBMano, Yto M cleno-
Baso OXWAATb, C ypaBHeHuem (12), u panb-
HelWwKe paccyKaeHus Te e, YTO U B NMEepPBOM
cnocobe pelueHus.

§9. [1BM>KeHue Tena B runoTeTUYEeCKOM
TOHHeJse BAO/Ib AnameTpa 3emnu

3apaua 5. Boobpasute, 4To BAONL AMAMETPA
3emMauM MpopbIT TOHHeNAb U B Hero cOpoleH
KaMeHb. Yepe3 KaKkoe BpeMs KaMeHb OKaXeTcs
Ha NPOTUBOMONOXHOMN CTOPOHE 3eMnn?

ConpoTtuBneHve Bo3ayxa v BpalleHue 3emin He
yumuTbiBaTh. [1NOTHOCTL 3eMaM cuuTaTh MOCTOSH-
Hoil no BceMy 06bEMY, paguyc 3emaun R = 6400 kM.

Puc.6
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PEWIEHUE. HanpaBum ocb X BAOAbL TOHHENA
1 NOMECTUM Hayano KOOpAUHAT B LEHTP 3emau
(puc. 6). MycTb B NPON3BONbHbLIA MOMEHT Bpe-
MeHU KOOpAuHaTa KaMHsA Xx. Pa3obbéM Mbic-
JleHHO Becb 00bEM 3eMn Ha ToHKKe cepuye-
CKue cnou ¢ ueHTpom B Touke 0. MoxHO noka-
3aTb (caenaite 3TO CaMOCTOATENBHO), YTO Jit0-
6oit cnoit ¢ paguycom Gonblue x feiCTBOBATL
Ha KaMmeHb He OyAeT, a CNoM C paauycoMm
MeHblue x OyayT feiicTBOBaTL C cunoil F, pas-
HOW CuUne MPUTSKEHUS MEXAY WapoM paguy-
COM X 1 KamHeM. Ecnu nnotHoCTb 3emnu p, TO

Macca Takoro wapa pasHa M=47zx’p/3u no
3aKOHY BCEMUPHOTO TATOTEHUS

Mm 4
F= G—T =—Gnpmx,
X 3

roe m — macca KamHs, G — rpaBuTaLMOHHas
noctosHHas. [lns noboro Tena maccoit m, Ha

NOBEPXHOCTU 3eMIM MOXHO 3anucatb

my(47mpR* /3
mog — G 0( pz / )’
R
4
0TKyAa g= ;GﬂpR.
Torpa F= ﬂx.
R

3anuwem ypaBHEHWE [ABUXKEHUA KaMHA B
NpoeKLnaAX Ha oCb X:

mx"=—F.

MopctaBuBs clofa BblpaxeHue ana F u ynpo-
cTuB, nonyyum AuddepeHumanbHoe ypaBHe-
HUE TapMOHUYECKUX KOoNebaHWii Ans KOOpAM-
HaTbl X KaMHA:

x”+2x =0.
R

Otcioga cnefyert, 4To KameHb B TOHHeNe by-
AEeT COBepliaTb rapMOHUYecKue KonebaHusa ¢

nepuosom
T:27r\/E
g

M LOCTUIHET NPOTMBOMNOJIOXKHON CTOPOHbI 3eM-
NN Yepes Bpems

t:I:ﬁ 5242 MUH.
2 g

§10. KoHcTpyKuMA U3 MaTeMaTU4YECKOro
MasATHUKA W MPYXUHbI

3apauva 6. Ha nérkom ctepxxHe anuHoii [ Bu-
cuT HebonblWwoii wapuk maccoit m (puc. 7). K
CTEPXHIO NpUKpenneHa NErkaa npyxuHa xe-
CTKOCTbIO Kk Ha paccTosiHuu 2[/3 0T TOYkM O
noaseca. [lpyroit KoHew, NpyXWHbl NpuUKpen-
NéH K cTeHe. Cuctema MoxeT Bpalwatbes Ges
TpPeHWs BOKPYr ropusoHTtansHon ocn 0. B no-
JIOXEHWUN paBHOBECUS CTepeHb BepTUKaneH,
NpYXWHA rOPU30HTaNbHa, U He fedopmMupoBa-
Ha. Haipgute nepuog manbix KonebaHuit cuc-
TeMbl B NJ1OCKOCTW YepTexa.

21
i 3 k
A
Puc.7 o

PEWEHUE. 3a konebniouytocs Gusnyeckyto
BEJINYMHY BO3bMEM YO/l @@ OTKJIOHEHUSA CTEPX-
HA OT BepTuKanu (puc. 8). Bbipasum KuHetnye-
CKYI0O U MOTEHUMANbHYI 3HEpruuM CUCTEMbI B
NPOW3BOJIbHbIA MOMEHT BpEMeHU t yepe3 yron
a =« (t) (bynem cunTaTtb €ro MasbiM) 1 Npoms-
BOJHYIO yrna no spemMenn o' =a'(t).

JinHeitHas ckopocTb wapwuka pasHa a'(t)!(,
KMHeTUyecKas 3Heprus —

Puc.8 | o~



3a HyneBoOI ypoBeHb MOTEHLMUANLHON 3HEPrUn
WapMKa BO3bMEM YpPOBEHb, COOTBETCTBYIOLIUI
NONOXeHWI0 paBHOBeCUs lapuka. Toraa no-
TEHLMaNbHas 3Heprus Wapuka B noje TAXKECTH
oyaet
2
E, :mg(l—lcosac):2mglsin2£:M
2 2
3pecb BOCNoNb30BaNUCh TEM, YTO NPU MasnbIx
yrnax sin(a/2)~a /2.
Mpu OTKNOHEHUN MAATHUKA LJIMHA MPYXUHbI
cokpatuTcs Ha x = (2[ sin @)/3 = 2la /3 u
e€é noTeHUManbHas 3Heprua craHeT

kx*  2kl*a’
T Ty
MonHasa 3Heprua cucTembl, pasHas

E+E, +E, ,npu KoneGaHUsAX COXpaHseTcs:
lz "2 l 2 2k12 2
m (2a ) N mgza | 2kl

MpopuddepeHLpyem 3T0 paBeHCTBO N0 Bpe-
MEHU:

=const.

klao'

mli’a'a” + mglaa' + 4 =0.

a"+[g+i£ja20.
[ 9m

Bugum, uto nonyyeHo auddepeHunansHoe
YpaBHEHWE FapMOHUYECKMUX KonebaHuii, nepu-
Of, KOTOPbIX PaBeH

OTciopa

§11. KoneGaHus XXUAKOCTU B U3OTHYTOI TPYOKe
3apaya 7. ToHKas u30rHyTas Tpybka nocro-
SHHOTO CeYeHUs PacrnoioXeHa B BEPTUKANIbHOI
nnockoctn (puc.9). Kaxpoe KoneHo TpyOkw
HaKIOHEHO K TFOPU30HTY nop yrioM «. OnauHa
yact TpyOKW, 3aHATOW KMAKOCTbIO, paBHa [.
Haitgute nepuop KonebaHuit XuaKkoctm B Tpy6-
ke. Mpu KonebaHWsx onycKalowasca noBepx-
HOCTb 3KWJKOCTU He JOCTUTaeT U30rHYTOro yya-
CTKa TpybKM. TpeHue Mexay CAosMU KULKOCTH
W XKUIKOCTW O TPYOKY HE yUUTbIBATE.
PELLEHUE. 3a konebniowytocs Gusnyeckyto
BENNYNHY BO3bMEM KoopanHaty X NOBEPXHO-
CTW XWOKOCTU B /IEBOM KOJIEHE, HAanpaBuUB OCb
X BROJMb KONEHA UM MOMECTUB HAYano KOOpPAM-

HaT B PaBHOBECHOE MOJIOXKEHWNE MOBEPXHOCTU
XUOKOCTU B 3TOM KoneHe (cm. puc.9). Myctb
Macca eAnHULbI ANVHbI XKUOKOCTU B TpyOKe p.
Torpa macca Bceit xugkoctu pl. Mpu koneba-
HUAX CKOPOCTb WUAKOCTU PaBHA NPOWU3BOAHO
x' OT KoopAuHaThl X no BpemeHu. KnHetnue-
CKas 3Heprus BCeW XMAKOCTW paBHa

Puc.9

Tenepb BbIpa3MM MOTEHLUANBHYIO 3HEPrUio
XUJKOCTU Yepe3 KoopauHaTy x. Ecnu B sesom
KoneHe ypoBeHb XWAKOCTM CMECTUICA BAOMb
TPYOKU Ha X BHM3, TO MO BEPTUKANM OH OMNyC-
TUNCA Ha H = x sin & B NIeBOM KOJIeHe U noj-
HANCA Ha H B NpaBOM. 3TO 3KBMBANIEHTHO TOMY,
4YTO XMAKOCTb MAccoi px Gbina nepeHeceHa u3
NeBOro KofieHa B NpaBoe, NOJHABIUNCH HA Bbl-
coty H. loTeHUMaNbHYO 3HEPTUID XKUJKOCTU B
NOOXEHUN PAaBHOBECUSA NPUMEM 3a HYNb.
Torpa E, = pxgH = pgx*sina.

MonHas 3Heprus xuakoctn E, +E npu Ko-
nebaHusax coxpaHseTcs:

pUXY

2
OuddepeHymnpyem ypaBHEHWE NO BPEMEHU:

plx'x" +2pgxx'sina =0.

+ pgx” sina = const.

Otciopa nonyyaem puddepeHumansHoe ypas-
HEHWe TapMOHUYECKUX KonebaHuii ana senu-
YMHBI X:
N 2gsina
l
WTak, KonebaHus xugkoctu B TpybKe rap-
MOHMYECKUE C NePUOAOM

T=2x ;
2gsina

x=0.

27
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Konecuukosa Coba UnbuHnyHa

cmapuwuli npenodasamesib Kageopsl

sbicwel mamemamuku MOTH, cneyuanucm 3®TLL npu MOTH.
OxoHyuna My, umeem 6onswoli onsim pabomsi

CO CMapuweKnaccHUKamu, asmop KHue

«MHmeHcusHbIl Kypc nod2omosku k EM3»

u «M36paHHbie BONPOChI anz2ebpbix».

WppaumnoHanbHble ypaBHEHUA

My6nukyemblii MaTepuan fABaseTcA aonofHeHnem k 3aaanuto 3OTLI N°1 ans 10 knacca.
B Hém paccmaTpuBaeTcs ABa TMNA MPPaLMOHaNbHBIX YypaBHEHUN:

JF) =g(x) nJF(x) =g (x) .

YpasHenus tuna /f(x)=g(x) paccmatpuaioTcs ans Toro, YToGhl ewé pas o6patuth Bawe

BHUMaHME Ha TO, YTO MPU PelleHUN TakuX ypaBHEHUI HeT HeobXORMMOCTU HaxoauTb ux O[3,
TOT[}a Kak HeoTpULATENbHOCTL NPaBOM YaCTW YPaBHEHWIH NPOBEPATL HYXHO 0643aTeNbHO.

Kpome Toro, paccmatpuBaloTcs pasnnyHble cnocobbl pelleHns NpocTerilero BUAa 3TUX ypaBHe-
Huit: Nax+b =cx+d . Noka3biBaeTca aHanUTUYeCKM U rpaduyecku, oTkyaa bepyTca NoCTopoH-
Hue («NULHMEN) KOPHM.

[ns ypasHeHuit BToporo Tina 4/ f (x) =,/g(X) noKasblBaeTcs, 4TO MPU UX PeleHUM HeT HeoBXo-

f(x)=0

4
AMMOCTU pewartb cucTemy HepaseHcts (O[3) , @ [AOCTAaTOYHO MOACTABUTL HANAEHHbIE
g(x)=0.
KopHu ypaBHeHns f(x)=g(x) BOAHO U3 HuX.

MpuBeaEHHbIE MaNeHbKME 3aMeyaHUs NO3BOJAIOT COKPATUTb BPEMs Ha peLleHMe TaKnux CTaH-
AapTHBIX 334ay, @ NOTOMY [Al0T BO3MOXHOCTb YCNEWHEee CNPaBAsATLCSA C 334a4aMMi HA KOHTPOJIb-
HbIX W BbIMYCKHbIX 3K3aMEHaX B WKOJE, BCTYNUTENbHbIX IK3aMEHAX B BY3, NPU PelleHnn 3aaaHunii
El nio6oro ypoBHs.

MaTepuan pekomMeHAyeTCs yyalyumcs, HaumHas ¢ 9 knacca.

§1. YpasHenus Bupa |/f(x)=g(x). Kax uncnosoit ocu: /f(x)=g(x)- Tam, rae
Mpu pelieHnN ypaBHEHUA 3TOMO BUA OYEHb g(x)20, u JF(x)=-g(x) - Tam, rpe

MHOTME WKOMbHUKM MpEeXAe BCEro HaxomaT

0[13: f(x)>0, 3arem pelwaiot nosy4usLeecs g(x)<0. «/luwHne» KOPHM — 3TO KOPHY BTO-

KBampaTHoE ypaBHeHue, nposepsior, nocne  POTO YPABHEHNS, TEOMETPUUECKY 3TO nepece-

HaXOXAeHUs pelweHuii, ycnoue f(x)>0 u HEHNE rpagmka dyHkunn y=g(x) c rpacdu-

ycnokaumsatotcs. OTBET MOXET 0Ka3aTbCA He-  KOM (yHKLWK y=—,/f(x) .

BepHbIM. Modyemy? MOTOMY YTO MOTYT NOABUTS-

cA «uwHue» KopHu. Mouemy? MoToMmy uTO

nocsie BO3BEAEHUs B KBagpaT  peLaoTcs

Kak 6biTb?
[leno B ToM, 4To 06e YacTu N06Oro ypasHeHuUs
BCErga MOXHO BO3BECTM B KBagpaT, HO Mpu

cpasy fABa ypaBHeHua: /f(x)=g(x) W 3ToM MOXeT NONYYNTbCA HEpPaBHOCMIbHOE
\/— YpaBHEHUE, 3, 3HAYMT, MOTYT MOABUTHLCA MO-
28 F(x)==g(x), Ho Ha pasHbix npomexyr- CTOPOHHUE KOpHU. B Hawem cnydae noayuutcs
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ypasHenne f(x)=g*(x), npu 3ToM oyeHb

BaXxHo, yTo O[13 ypaBHeHUs BbinonHAeTCA aB-
TOMaTUYEeCKHU - No3TOMY NpU TakoMm cnocobe
pelleHns He HaA0 TPaTUTb 3HEPruio Ha pelle-

Hue HepaBeHcTBa f(x)>0!

3ametum, uto ypaBHeHue ./f(x)=g(x)mo-
KeT UMeTb peweHne ana g(x)>0, Ho He UMe-
eT peluenuit, ecnn g(x)<O0.

Bcnomuum, uto, ecin f(x)>0, g(x)=0,
10 F(x)=g(x) > £(x)=g"(x).
Tak Kak ypasHenne [f(x)=g(x) Moxer

peleHune npu  yCioBuM
g(x)ZO(T. e. 0o6e vactv B 0[13 ypaBHeHUs

NUMeTb Nnb

HeoTpuuaren beI), TO

f(x)=g"(x).

fx)=g(x)= g(x)20.

(1)

370 oYeHb BaXKHOE YC/IOBME PAaBHOCUIbHOCTH.

Bo-nepBblx, OHO 0CBOGOXAAET yualerocs OT
HE06X0AMMOCTM UCCIEA0BaTh, @ NOC/E HAX0X-
AEHUS  peleHWit U npoBepATb  yCaoBue

f(x)=0- HeoTpuuatenbHOCTM MOAKOPEHHO-

ro BbIPAKEHMSA, T. K. 3TO YCIOBUE BbINONHSET-
CA aBTOMATUYECKM.

Bo-BTOpbIX, AaKLEHTUPYET BHUMaHME Ha Npo-
Bepke ycnosua g(x)>0- HeoTpuuaTenbHo-

CTU MPaABOWM YacTW — 3TO YCJOBUE KOTCEKAET»
MOCTOPOHHUE KOPHM — KOPHU ypaBHEHUS

f(x)=g(x). Npu s1omM cHayana pewaercs

ypaBHEHWE, a 3aTeM HalfeHHble KOPHU MOA-
CTaBNAIOTCA B HepaBeHCTBO. HepaBeHcTBO (3a
PeAKUM UCKIKYEHMEM, KOTAA KOPHM «mjio-
XMe») 3apaHee pewarb He Hago.

Hawe ycnosue paBHOCMABHOCTU OCOBEHHO
NoNe3HO NpY pelleH TPUrOHOMETPUYECKUX
ypaBHEHUI, B KOTOpbIX HaxoxpaeHune 03 cBs-
3aHO C peleHuem TPUroHOMETPUYECKUX Hepa-
BEHCTB, YTO ropas3fo CJOXHee, YeM pelieHue
TPUTOHOMETPUYECKMUX YpaBHEeHU. MpoBepky B
TPUTOHOMETPUYECKUX YPaBHEHUAX [aXe ycno-
BUA g(x)>0 He BCerja npocro caenarb.

3ameuaHue. Npu peweHnn ntobbIX YpaBHEHNI,
rae ectb XoTa Obl OfIMH HEPAaBHOCMAbHBINA ne-

pexoj, Hago fenatb NpPOBEpPKY, NOACTaBAASA
HalLeHHble KOPHU B UCXOLHOE ypaBHeHMe!

Mpumep 1. \2x> +2x* —3x+3=x+1.

/\ B 3TOM npumepe 0co6EHHO XOPOLWO BUAHO,
YTO BaXHbIM MPU PelleHnn ABASETCS yCioBue
x+12>0,a0[]3 KopHs uckaTb He Hago, fa u
HaNTW TPYAHO.

Vexi+2xt -3x+3=x+1<

x+1=0,
g 3 2 2 g
2X° +2x° =3x+3=x"+2x+1.
X+1>0,
= 3 2
2x"+x°=5x+2=0.
xX+1>0,
1
(x—l)(x+2)(x—5jzo.
Cymma Ko3dpduuMeHTOB ypaBHeHUHA

2x° +x* —5x+2=0 pasHa 0, 3HauuT, x = 1

ABNAGTCA KOpHeM. Tenepb MOXHO BbILENUTb

MHOXUTeNb (x — 1) AeneHuem yraom, npu no-

mowu cxembl [opHepa uAM rpynnupoOBKOWA,

BblAeNAs NnocnefoBaTeNibHO CNnaraeMmble, KOTO-

pble genatcs Ha (x — 1).

2 -1+ (x*-1)-5(x-1)=0<

SE-DRX*+x+1)+x+1-5)=0<

& (x-1)(2x* +3x-2)=0 &

1 L

<:>(x—1)(x+2)(x—5j:0<:>x= 1
2

Jlio6onbiTHO, yTo X =—2 npuHagnexut 0113 kop-

HA (—16+8+6+3>0), HO He ABNAETCS peLIEHUEM,

T. K. /191 HEro He BbINOSIHEeHO ycnoBue X +1>0.

Oteer. 0,5;1. A

Mpumep 2. PewnTte ypaBHeHne

45x—x2—6=x—1.

ANbd\Bx—x"—6=x-1<

16(5x—x2 —6):(x—1)2,

= =
x—1=>0.
17x* —82x+97 =0, 41++/212
= S X=—.
x>1. 17
1++/212
OTBerT. 4T A

29

B 3TOM npumepe He 0Ka3anoch JINLHUX KOPHEN.
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Mpumep 3. Pewnte ypaBHeHue

VX —5x+13=x+2.
Xx+220,
AVX —5x+13=x+2<:>{

=
X —5x+13:(x+2)2.

X -x-9x+9=0

X>-2,
<

(x=1)(x—-3)(x+3)=0.
OtBet. 1; 3. A
Npumep 4. (MY, 1974, 3koH. ¢-T) HaitTu Bce
LeiCTBUTENIbHbIE peleHus ypaBHeHNs
Vox? —4x =X +1++/x* -1
/\ B 013 ob6e 4acTu ypaBHeHWs HeoTpuuaTeNb-
Hbl, MO3TOMY BO3BefeHME B KBaapaT obenx yac-
Tell NPUBOAMT K PaBHOCU/IbHOMY YPaBHEHWIO:
Vox' —4x =\x +1+x¥ -1

—hx=2x"+2Nx"-1<

S Vx*-1=-2x< (3mecb Mbl BOCNO/b3O-
Ba/IMCb YCNIOBUEM PaBHOCUIIBHOCTH)

x<0,
@{ @x:—\/2+\/§

o 2x°

X —1=4x" < X =2+5.
OtBer. —2++5 . A
Mpumep 5. (MY, 1999) Pewute ypaBHeHue
X +14x+47|-1=|x+7|-

A 3pecb yaobHO CHayana cpenatb 3ameHy
nepemeHHsbIx. MNycts t= , TOTAa ypaBHe-

Hue [x+7|-1= ‘(x+7)2—2‘—1 npuMeT BUA
|t2—2|—1=t—1.PELLIVIM ero.

t=>1,

|t2—2|—1:-’f_1<:>{|t?—;z|—1=1_“2—2t+1<:>

t>1,
©{|t2—2|=t2—2t+2 (t-

t>1,
= —2=t’-2t+2, <
tP—2=—t"+2t-2.

L

’

’

= CJ N

1)+

t>
t

{t
t

’

x=-5,

{t 2 |x+7] x=-9,
= = =

t=1. ||x+7|=1. {x:—@

- 8.

OtBet. -5; —6; -8; -9. A

Mpumep 6. Pewnte ypaBHeHne

V7—Cc0sx —6C0s2x =4sinx
AT —cosx—6c0s2x =4sinx <

sinx >0,
= s
7—cosx—6cos2x =16sin” x.
sinx >0,
A 2
4c0s" x—cosx—3=0.
sinx >0,
1!
p=
cosx=| 3
4

cosx=1< x=2xk;

3
cosx=——,

= 3
(' o x= arccos(—z) +27k.

sinx>0;

OTBeT. 27k; arccos(—%) +2zk,keZ . A

§2. YpaBHeHue BUAA vax+b=cx+d .
PaccmoTpum nogpobHee camoe npocToe ypas-

fx)=g(x) -
Nax+b=cx+d, a=0 (1).

Ero MOXHO pewwaTtb pa3nnyHbIMKU cnocobamu.

[pnBeaEm Tpu U3 HUX.

1. MoxHO BOCMO/NIb30BATLCA NPUBEAEHHBIM
BbiE  YCNOBUEM  PABHOCMSIbHOCTU:

x+d=>0,
\/ax+b:cx+d<:>{

ax+b=(cx+d).
2. MoxHo

pewuTsb

HeHna BUAa YpaBHEHUe

cpasy
ax+b=(cx+d)

ypaBHeHue
(03 ypaBHeHua BbI-

MOJIHAETCA aBTOMATUYECKM), @ 3aTeM cae-
naTb MpPOBEpPKY: NMOACTaBUTb HaWeHHble
peweHus B  3ajaHHOe  ypaBHeHuWe

Jax+b=cx+d.
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06s3atenbHa i nposepka? [a, Hago oTceyb

pelleHus ypaBHeHUs —Jax+b=cx+d .
PaccmoTpum pelweHuns ypaBHeHuMa Ha rpaduke.
HayepTum 3cKu3bl neBoW U NpaBon Yacten —
Hanpumep, puc.1.

c(tz—b)
a

3ajjaya CBenacb K HaxOMAeHMIO HeoTpuua-

TeNbHbIX pelleHnii KBapaTHOro ypaBHeHUs

ct? —at—bc+ad =0, yto nop cuny n6omy
WKONbHUKY.

t= +d et —at—bc+ad=0.

Npumep 7. (MOTW, 2000) Haiitn BCe 3Haue-
HUA napameTpa a, NMpU KaXAOM U3 KOTOPbIX
ypaBHeHUEe /x —8 =—ax + 3a+2 UMeeT eauH-
CTBEHHOe pelleHue.

A Pewwum 3agavy TpeTbum cnocobom. MycTb

y=cx+d,c>0, _ﬂ>_é
VA c a
=+ax+b,a>0,b>0y
A | R
>?/ ol B 4

Puc. 1

B naHHom cnyyae xopowo BupHo (puc.l), 4to
y=+ax+b

NWWbL C TOW yYacTblo nmpsMoil y=cx+d, rge

nonynapa6ona nepecekaercs
¥ NPUHMMAET HeOoTpULATENbHbIE 3HAYeHUs, a
Ta yYacTb NpAMOi y=cx+d, rAe y NpuUHUMA-
€T OTpULaTeNbHbIE 3HAYEHUS, NEpeceKaeTcs ¢
nonynapabonoit y=—ax+b,a>0,b>0.

Ho «IMWHUE» KOPHM MOTYT U HE MOSBUTLCA
(puc.2.) — BCe 3aBMCUT OT KO3(HULUEHTOB B
VYPaBHEHWM, @, 3HAYWT, OT B3aMMHOrO pacno-
NOXeHUs NpAMOit U nonynapadonsl.

A
y=cx+d Y
\ y=+ax+b
A o| B X

Puc. 2

3. YpaBHeHue Buaa ~ax+b =cx+d MOXHO
TaKXe pewarb C NoMOLLbi0 3aMeHbl nepe-

MEHHbIX, NONOXMUB t =~Jax+b, t=>0.

Torpa ax+b=t*, n 0[13 ypaBHeHUA BbINONHS-

eTcA dBTOMATUYECKHU. I'IpM 3TOM
2

ax+b=t' < x= u ypaBHeHue (1) B

HOBbIX nepeMeHHbIX npumer BUL

Jx—-8=t, t>0, Torpa x=t*+8 u ypasHe-
Hue npumeT Bua at’ +t+5a—2=0. Tenepsb
3alaya COCTOMT B TOM, 4YTOObl HailTU BCe a,
Npu KOTOpbIX ypaBHeHne at’+t+5a—2=0
MMeeT eMHCTBEHHOEe HeoTpuLaTenbHoe pe-

WweHue. IT0 UMEeT MEeCTO B cnepylowux cnyya-
ax.

1. a=0,t=2.
2. a#0,0=1-20°+8=0<
1
a=——=1t=5,
= 10 = 0[HO HeoTpuua-
1
a=—=t=-1.
2
1
TENbHOE pelleHue Npu a =10
3. a#0,0>0&ae€ —i;1 ,
10 2
-2 2
bt =22 SO@GE(O;—}:
a 5

MMeeM €eOuHCTBEHHOE HeOoTpuuaTenbHoe pe-

2
WweHue npu ae(o;g} .

Wtak, umeem OTBeT. {—i}u[o;g} . A
10 5

§3. VYpaBHeHus Bupa m:m

MycTb 3aaHO ypaBHeHHe m = W .
f(x)=0
g(x)=0

BEHCTBA (3a PEAKUM UCKIOYEHNEM) He HAfO.

3anuwem 0[13: { ", HO pewarb Hepa-

31
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B 0[3 obe yacTu HeoTpuLATENbHbI, U BO3-
BeJeHWe B KBAaApaT JaeT paBHOCUIbHOE ypaB-
HeHue. [oaTomy

mz\/m@f(x)zg(x) 8043 (2)

Tenepb BUAHO, 4TO [A  BCEX peLeHui
f(x) mg(x) nmeloT oguHaKoBble 3HaKM, no-
3TOMY MpU TaKOM CNoco6e peleHns HeT Heob-
XOAMMOCTU  MPOBEPSATb  HEOTPULATENLHOCTD
06enx yHKUMIl — KOCTATOUHO NPOBEPUTL He-
OTPULATENBHOCTE ORZHOM U3 HUX: BbIOMPAIOT Ty,
/1A KOTOPOIl HEPABEHCTBO NpPOLLE NPOBEPHT.

MOXHO 3anucatb NOJIHOE YC/IOBUE PABHOCUIILHO-
CTi, KoTopoe BKtoyaeT B cebs O[3 ypasHeHus:

o) =
fflrmsto (15t

f(x)=o0. g(x)=0.

(3)

Bbi6MpaloT Ty cucTeMy, B KOTOPOIl HepaBeH-
CTBO NpoLye NpoBepuTb (pewwatb ero He Hapo!).

Mpumep 8. Pewnte ypasHeHue
X+ x+1=x —4x2 +x+7.
/\ BUAHO, 4TO NOJKOPEHHOE BbipaXkeHue B 1EBOM
4acTU HaMHOTO NpoLle, YeM B MPaBoii, NO3TOMY
3anuueM TakK MOIHOE YCNOBUE PAaBHOCWILHOCTY:

Vi +x+1=x" —4xX +x+7 <
X +x+1>0<xeR,
{xz +x+1=x" —4x* +x+7 < x* —5x* +6=0.
x2=3, x =143,
c{ Tl oz,

OtBet. +/2;+/3. A

xt=2.

NMpumep 9. (MOTIN,1984) Pewute ypaBHeHne

J6sinxcos2x =+/—7sin2x .
ABocnonb3yemcs NOMHbIM YCNOBUEM pPaBHO-
cunbHocTy (3):

J6sinxcos2x =+/-7sin2x <
sin2x <0,
6sinxcos2x =—7sin2x.

sin2x <0,
=9 2 &
smx(6cos X+7cosx —3) =0.
sinx=0; X=7n,
2sinxcosx <0, sinx <0,
R <
1 1
coSX =—. CcoSX =—.
3 3
X=7n;
=

1
X =—arccos—+ 2zn.
3
1
OTBeT. 7n; —arccos§+ 2zn,neZ . A

§84. MpumeHeHue rpacguyeckoro uccnepo-
BaHUA K pelieHunto 3aaay EMN yposHs A.
YMeTb CTPOMTH 3CKM3bI 1EBOI M NPaBO YacTei

ypaBHeHUs ~ax+b =cx+d oyeHb nonesHo.

lpaduyeckas UHTEPNpPETaLMA PeLIeHUs TaKoro

YpaBHEHUs NOMOraeT GbICTPO PelwmnTb HEKOTO-

pble 3apaun EM.

Mpumep 10. Kakoe yTBepxpaeHune

1) ypaBHeHWe UMeeT ABa KOPHA OJHOrO 3HaKa
(0oba KOpHA MM MONOKUTENbHBI, UAKU 06a
KOpHSA OTpULaTENbHbI);

2) ypaBHeHWe MMeeT TOJNbKO OfMH KOPEHb,
OH OTpULATeNEeH;

3) ypaBHeHWe UMeeT [1Ba KOPHS Pa3HbIX 3HAKOB;

4) ypaBHEHME MMeeT TONbKO OfMH KOpeHb, U
OH NMONOXUTENEH;
BEPHO MO OTHOLUEHWIO K KOPHSAM YpaBHEHUS

a)Vx+4=3(x+1),

6)\7—x=x+1,

B) 3W10-x=12—-x,

)57 —x=13-x?
/\ [lns oTBETa Ha MOCTaBNIEHHbIi BOMPOC He
06s3aTenbHO pewwatb ypaBHeHue. YacTto poc-

TaTOYHO aKKypaTHO HauyepTuTb 3CKWU3bl €BON
1 NpaBoW YacTeil.

a)Vx+4=3(x+1).
y
Puc. 3

v
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Ha yepTexxe Hajo OTMETUTb TOYKM nepeceye-
HUIA nosynapabonbl U NPAMON C OCAMU KOOp-
AWHAT. W3 pucyHKa 3 sicHO, YTO nepeceyeHue
MPOUCXOAMT Ha OTPULLATENLHOM NONYOCH — 3TO
obecneynBaeTcs TeM, YTO NpsMas nepecekaet
ocb Ox npasee nonynapabonsl, a ocb Oy Bbiwe
nosynapabonsi.

OtBer. 2).
0)V7—-x=x+1.

VA
SE——

v

Puc. 4

N3 pucyHKa 4 AcHO, YTO nepeceveHue npowuc-
XOAMWT Ha NOJNOXUTENbHON NONYOCH.

ITo obecneynBaeTcs TeM, YTO NpsAMas nepece-
KaeT oTpuuatenpHyto nonyock Ox, a ocb Oy
npsAMas nepecekaeT HUXe noaynapabonsl.

OtBer. 4).

B)3v10—x =12—x.

37
N2

- <

5410

>

<y

10 12

Puc. 5

3710 Gonee TpygHbI NpUMep, T. K. HE ACHO,
npsMas nepecekaetca c nonynapabosnont (a
TOrga ABaX[bl), KAcaeTcs UMW BOBCE He UMeeT
o6wwux Toyek ¢ nonynapabonoit. Hago uto-TO
cfenatb AOMONHWUTENbHO, Hanmpumep, MOACTa-
BUTb TaKWEe 3HAYEHUS X, NPU KOTOPbLIX KOPHM
M3BNEKAIOTCA HALeNno, WAM NOUCKaTb TOYKY
(x=5), B KOTOPOW AICHO, 4TO PACMOJIOKEHO
BbILIE — NpAMas UK nonynapabona.

OrBert. 1).

r)5v7—x=13-x.

ﬁ%ﬁ

13

S
N
~
(OF)
<y

Puc. 6

N3 pucyHka 6 ACHO, 4TO KOpHEM [Ba, U OHU
pasHbiX 3HaKOB. ITO obecneymBaeTcs TeM, YTO
npamas nepecekaet ocb Ox npasee, a ocb Oy
HUXe nonynapabosnbi.

OtBert. 3). A

33



WHdopmaTtuka

BopoxxuoB ApTém BuktopoBuy,
cmapuwuli npenodasamesib Kagedpsl
sbicwel mamemamuku MOTH,
cneyuanucm 3®TLL npu MOTU.

WHOOPMALIUA, JHTPONUA
W 060G EHHBIE BPYHbI

Mano B HaleM MUpe OCTaNoCh TOro, YTO HeJsb-
38 uudpoBaTh U 3a3MNOBaTh.

KHuru, wepespbl XMBOMUCHK, My3blKa, BULEO,
3D-06beKTbl, KpaCuBble AEBYIIKY ...

Bcio peanbHOCTb LennKoM MogenupyioT, Lud-
pylOT, KOLMPYIOT, NONy4as Ha BbIXOLE BUPTY-
aNbHOCTb.

Tpy4HO NOBEPUTL, YTO BCE 3TO NNWbL OUTHI, Ou-
Thl, OUTBI ... HEUCYUCTUMBIF NOTOK eUHUYEK U1
Hynen.

Mbl HaunHaem paspen «Teopus uHdbopmaLum u
KOLMPOBaHUA» C 06CYKAEHUA «YTO TaKoe UH-
dbopmauma n Kak e€ n3mepaTby.

Yto takoe UHOOPMALUA?

lpuwa cnpawwusaet y Metu: «Kakow y Hac Tpe-
Uit ypoKk?» — «Matematuka» — otseyaer llets.
OH nepepan lpuwe HyxHyto MHdopmaumio. A
CKONIbKO UMEHHO MH(OPMALMM 3aKN04anoch B
otseTe eTn? Ha 3TOT BONPOC MOXET OTBETUTD
Teopusa uHgopmauuu.

[lpyras BaxKHas 3afaya, KOTOPYIO pellaeT Teo-
pus MHbOpMaLUK N KOTOpas UMEeeT Henocpes-
CTBEHHOE OTHOWEHMEe K COBPEMEHHbIM Npob-
NleMamM Tene- U pagnocBa3u, Takas: «[la yeno-
BeKa coefMHeHbl NpoBoAOM (paguocBA3bi0).
CkonbKo MHOPMaLMKN OHKM CMOTYT APYT ApYry
nepefasarb B eJUHULY BPEMEHMU, eC/IM U3BECT-
Hbl XapaKTepUCTUKM NOMEX, BO3HUKAKLWMX B
3TOM npoBoge (B 3dupe)?»

Kak 1 B Kakux egnHuuax uamepsaTb MHGopma-

34 UMio CTaHeT ACHO 13 TaKom cnepytoLien urpbl.

WUrpa «VYrapaii uucno».

Bedywut 3a2adsisaem HamypasnbHoe 4ucio
om 1 do 100. OcmansHbie ueparwue 3a0a-
fom emy BONPOCbl, HA KOMOpPbIE MOXHO Om-
semums nUb0 «0a», nU60 «Hemy. HyxHO
yeadams 4ucsio, 30008 KAK MOXHO MeHblie
BONPOCOSB.

MoxHo, Hanpumep, 3afaBaTb Tak1Me BOMPOChI:
«BepHo nn, uTo 3TO YMcno 277», «3aragaHHoe
yucno meHblue 507», «3aragaHHoe Yncno
YETHOE?».

CKkonbko BOMpOCOB TpebyeTcs Ans yraablBaHus
OLHOTrO M3 NepBbIX N HaTypanbHbix yucen? He-
TPYAHO AOrafaThCs YTO AN N=2 HEOOXOAUM
POBHO 0AuH Bonpoc. [na n =3 unu 4 gea Bo-
npoca.

Pewnm 31y 3apayy ana cnyyas n=16. Mepsbinn
Bonpoc: «BepHo nin, 4To 3arafaHHoe yncno ne-
XWUT CNpaBa OT BEPTUKANbHON ManoyKku?»:

12345678 |9 10111213 141516

Mocrne oTBeTa Ha 3TOT BONPOC, Mbl GyAeM 3HaT,
B KaKOM NONOBWHE HAxoAMTCA 3arafaHHoe
yucno. lyctb cnesa. Torga BTOpoi Bonpoc:
«BepHo nu, 4yTo 3arafjaHHOe YUCNO NEXUT
Cnpasa OT BEPTUKANbHOW NANOYKU MEXAY 4 W
5?» Ecnu 3aragaHHoe Yucno HaxoAuTca cnpa-
Ba OT 8, TO BTOPOM Bonpoc byaeT Takum: «Bep-
HO /W, YTO 3arafiaHHoe YNCNO NEXUT crnpasa oT
BEPTMKaNbHOM Nanouku mexay 12 n 13?»

1234|5678 |9 10111213 14 15 16
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Mocne BTOporo Bonpoca Mbl Gyfem 3HaTh B Ka-
KOW M3 YeTbIpEX YacTel NeXuT 3arafaHHoe
4yncno. 3Ty YacTb Mbl TOXE pasfenum Ha jse
NOJOBMHKMW, U NOC/ie TpeTbero BONpoca y3Ha-
€M, B KaKOM U3 HUX NeXWT 3arafaHHoe 4yucno.
A nocne yeTBépTOro Bonpoca Mol Byaem 3HaTh
camo yucno. Mtak, mbl noKasanu, 4To YeTbipex
BOPOCOB A0CTATOYHO, YTOO yrafath 3arafaH-
HOe Yncno u3 16 BO3MOXHbIX. 3a NATb BONpO-
COB Mbl CMOXeM HaBepHAKa y3HaTb MpaBW/b-
Hbll OTBET 13 32 BO3MOXHbIX:

25=2:2-2-2-2=32.

Bonpoc Ha3biBaeTcs 3J1eMe@HTapHbIM, eCU OH
noApa3ymMeBaeT fBa BO3MOXHbIX OTBeTa, Ha-
npumep «fa» unnn «Het».

KonuuectBo unopmauuu onpegensercs mu-
HUMasbHbIM KONMYECTBOM 3fIeMEHTApHbIX BO-
NPOCOB, KOTOPbIE HYXHO 3afaTk, YTOObI Hasep-
HAKa BbIBEAATh 3Ty MHdopmauuto. Konnyectso
uHbopmauum nsmepsercs B GUTax.

YTo6bl BbIBEAATH O4MH OUT MHDOPMALMY, HYXK-
HO NpaBWIbHO 33AaTb 3/IEMEHTapPHbIA BOMPOC
W MONYYUTb Ha Hero oTBeT.

Ecnn uncbopmaums npeacrasnser coboit oauH
M3 N BO3MOXHbIX PaBHOMPABHbIX BAapWUaHTOB,
TO €€ Be/IMYMHa paBHa Norapudmy 1 No 0CHO-
BaHUo 2:

I=log, n.

B uactHocTi, 5=1log,32. JNlorapum Mmoxet

NPUHMMaTb Jtobble 3HayeHus, B TOM 4Yucie U
Heuenble. Mbl He MOXeM 3apaTb NonTopa BO-
npoca MAM T BOMPOCOB, HO TEM He MeHee
LpobHOEe KonuyectBO MHGbOpMaLUM umeeT
CMbICA. 3agaB BONPOC, [OMYCKAKWMA TpK BO3-
MOXHbIX OTBETa, Mbl Nosly4nM log, 3~ 1.5848...

6uT uHdbopmauun. Knog Insyg LeHHoH?, co-
34aTenb TeOpUW MHGOpMaLMK, onpegenun B
1945 ropgy Kak cnepyer MHTepnpeTupoBaTb
LpobHoe (nioboe HeoTpuuaTeNbHOE BeLLeCT-
BEHHOE) KONMYeCcTBO UHOpMaLMH.

3apava 1. lpuwe ckaszanu, 4To CnepyloLnii
YPOK Matematuka. [lo 3Toro oH 3Han, Yto cie-
ZVIoLLMii ypoK NM6O MaTeMaTuka, 6o husnka,
nmbo pucosaHue, nn6o reorpacus. CKoMbKo
6uT MHbopmaLuu coobwmnn Mpuwe?
PeweHue: KonnyecTBo BO3MOXHbIX BapUaHTOB
CNeayIoLLero YypoKa paBHo 4.

Omsem: I=log, 4=2.

3apaua 2. Y Bacu ectb ofHa gomuHowKa. OH
npu3Hancs, 4to y Hero ay6nb. Ckonbko nHdop-
MaLumn OH Ham coobumn?

Pewerue: Tlocne npusHanua puwbl 0CTanochb
7 BapwuanToB. Konuuyectso wuHdopmayuu,
KOTOPYIO OH MO NpeXHeMy OT HaC CKpbiBaeT
pagHo log, (7). A 40 NpU3HAHMA OH CKpbIBaN

log,(28). Mostomy [puwa coobuun Ham
log, (28) - log, (7) = 2 6ur.

Mmoeo: konndyectso uHdopmaumn I(a), Heob-
XOLUMOE ANs ONUCaHUsA 0ObEKTa a paBHO No-

rapudmy No OCHOBAHMIO [Ba OT KO/MMYECTBa
BO3MOXHbIX 06beKToB N:

I(a) =log, N. (1)

Konuyectso nHbopmauum o Kakom-To o6bek-
T€, KOTOPYIO Mbl NOAYYMAN B COOBLIEHMN, PaB-
HO NorapudMy OT OTHOLIEHMS KOMYECTBA BO3-
MOXHbIX BapUAHTOB O COOBLIEHNUS HA KOJU-
4eCTBO BO3MOXHBIX MOCTE.

Ecnu 0603HaunTh coobuieHune byKBOi ®, TO

N 0 NoJiy4eHusa
I(0) = log, (-0 ).
nocne nonyvyeHnsa o

Hanpumep, ecnu puwa Ham mpu3Hancs, 4to
06a yMcna Ha ero JOMUHOLLKe HEYETHbIE, TO OH
Ham coobwmn log,? ~ 2.22 6uT Hdopmauuu.

3HaunTenbHas 4acTb MPOCTbIX 3aAay Teopuu
NHDOPMALMM CBOAUTCA K KOMOMHATOPHBIM
3ajilayaM, TO eCTb K BbIYMCIEHWIO YNCNa 0ObEK-
TOB C HEKOTOPOW [AHHOM KOHdUrypaumeit.
[lpyras 4actb 3agay CBA3aHa C BblYMCNEHUEM
tyHKuun IHTPOMNN.

! Knop 3nByp Wennon (Claude Shannon), 1916-2001 — panbhuit poacTeeHHnk Tomaca IancoHa, Gbin cotpyaHukom Bell Laboratories
€ 1941 po 1972 r. B ero paboTe «Matematuyeckas Teopusi KOMMyHuKauuit» (scriptsize http://cm.bell-labs.com/cm/ms/what/shannon-
day/), ony6nukosaHHoW B 1948 r., BepBble onpesensnach Mepa MHMOPMaLUOHHOTO coaepxKaHua NI060ro coobLEeHNs U NOHATUE KBAH-
Ta UHdopMauumu — 6uTa. ITM naeu nermu B OCHOBY TEOPUM COBPEMEHHOI LdpoBoil cBa3u. [lpyras padota LleHHoHa «Communication
Theory of Secrecy Systems», ony6nukosaHHas B 1949 r., cnoco6cTBOBaNa npespatieHnio KpUnTorpaum B HayuHyio AUCLUNINHY.

35
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JHTPONMUA kak mepa He3HaHUs

3apauva 3. lepep Hamu 5 4€pHbIX AWMKOB. B
KaXX[OM U3 HUX HaxoauTcs MO0 YEPHbIN, TM60
Oenblii wapuk. Mepa HeM3BeCTHOCTU (Hen3Be-
CTHOi MHdOpMaLuMK) paBHa 5 6uT. Ham roso-
pAT, uTo 3 U3 HUX Genble. CKONbKO MHGOPMa-
UMM Ham coobwmunu? CKONbKO HaM OCTanoch
y3HaTb?

Pewetrue: CHayana 6bi10 2° BApUAHTOB 1 Mepa
HeM3BeCTHOCTW paBHanack log,(2°) =5. Korga

HaM CKasanu, 4To 3 Wwapuka benble, Y1CNo BO3-
MOXHbIX BapMaHTOB CTaNo PaBHO KONWUYECTBY
BO3MOJXHbIX pacnpefeneHnit 3 6enbix u 2 4ép-
HbIX Wapukos no 5 awukam. Nx 10 wryk (1 -
6enbiit, a 0 — YEpHBINA):

(11100), (11010), (11001), (10110), (10101),
(10011), (01110), (01101), (01011), (00111).

370 Ymncno pacnpepenenuit pasto C, ,=(2=Cin
Ha3blBAETCA TaKXKe YUC/IOM CoYeTaHWit 3 ane-
MEHTOB W3 5, UNK 2 31eMeHTOB U3 5, Unu GUHo-
MUanbHbIM Ko3dduumenTom (2, 3). 310 yucno
C, ,= 10 nonyyaetcs TaK: nepsblit HOMK MOXHO

noMecTUTb Ha Noboe n3 5 MecT, BTOpoil — Ha
ntoboe u3 ocTaBlwmxca 4. Bcero nonyyaetcsa 20
BapuaHTOB. HO cpefy HUX KaXablit BApMaHT no-
BTOPEH ABAX[bl — CHAYana Mecta Ans HOJMKOB
BbIOpaHbl B O4HOM NOPAJKE, NOTOM — B JpyroMm.
A HaMm HeBaXHO, B KaKoM nopsake 6bin BblOpa-
Hbl MeCTa A1l HoNKMKOB. 03TOMY peanbHbixX Ba-
PUAHTOB B [iBa pa3a MeHble —10 WTyK.

Omsem: Bbino Hen3BecTHo 5 6UT, NOTOM CTano
HeussecTHo log,(C, ,) = log,(10)~3.32 6wur,

3HauuT Ham coobwmnn 5 - log,(10) = 1.68 6ut
MH(opMauum.

[laBaiiTe 0606wWuMM 3Ty 3aauy.

3apaya 4. llepep HamMKU CKONMbKO-TO YEPHBIX
AWMKOB. B Kax[oM M3 HWUX Haxoputcs nnbo
YEpHbI, NM6O Genbii Wapuk. Ham rosopsaT, 4TO
60% 13 Hux 6enble. CKOMbKO MHGOPMALUM HaM
ocTanocb y3Hate? To ecTb, Yemy paBHa Mepa
Hawero He3HaHuA? PewwuTe 3Ty 3agadvy, korga
4nCNOo ALNKOB paBHO

a) 10; 6) 100; B8) 1000; r) n.

PeweHue: Mo aHanoruu nonyyaem a) log,(C; ),
6) l092((60, 40)' B) l092(('},00,400)’ r) lOgZ(CO.én, O./m)'
Hapo nonogpobHee usyunts uncna Cp, m, — 370
KONMYeCTBO CNoco60B pasMecTUTh m, efnHu-
4YeK 1 m, HONMKOB No m_+m, mecTam. Kakosa
obuwas dopmyna ans Cry m,? LN BbIYMCNIEHNA
yao6HO Nonb30BaThCA Takoi hopmynoii
lelm2= ij—l,m2+ my my=1-

Dokaxem 3ty dopmyny. [laBaidiTe NOMECTUM Ha
nepBoe MeCTo eMHUYKY U Pa3MeCTUM B OCTaB-
WKXCA NO3ULMAX M —1 eAUHNUYKY U M, HONUK.

310 MOXHO caenatb Cy, _1 , CNocobamu. 3atem

nocTtaBnM Ha nepBoe MeCTO HOJIMK U pa3mec-
TUM B OCTABLIMXCA NO3MLMNAX M, €AUHUYKY U

m,=1 HONNK. 3TO MOXHO caienarb le'm?_—l cno-
co6amu. B utore mbl nepebepém Bce BO3MOX-
Hble Pa3MelleHns m, efMHUYEK U m, HoNUKa.
3T1a dopmyna no3BoaseT HaM NPOCTO BblYUC-
NATH le,mz

0 1

1 1 1

2 1 2 1

3 1 3 3 1

4 1 4 6 4 1

5 1 5 10 10 5 1
6|1 6 15 20 15 6 1

3710 TpeyronbHuk Mackana. Kaxpgoe yucno B
3TOM TpeyrofibHUKe ecTb CyMMa ABYX HaL HUM

croauux. Ytobel y3HaTh yeMy pasBHO C, ,, HaM

HYXHO B3MAHYTb Ha 2+ 3 =5-yi0 CTpouKy. Ha

nepBoM mecTe CTouT 1 — 3710 C5 or MCNO Cnoco-

60B pasmelleHUs NATM eiUHNYEK NO NATH Me-
ctam. [lanee C, ,= 5, 4ncno cnoco6os pasmec-

TUTb 4 €AMHUYKM U OJUH HOMb NO NATU MeCTaM.
Hanee cnepyet HyxHoe Ham C, ,= 10, 4ucno

CNocobOB pPa3MecTUTb 3 eAUHUYKM U 2 HYNUKA
no 5 mecram.

? ?
3apaua 5. Yemy pasto C, ,? Yemy pasHo C, ,?

3apava 6. Yemy paHO Halue He3HaHUE, eCNU Mbl
3HaeM, 4yTo 3 6uTa U3 8 BUT 6ailTa eAnHUYKY, a
ocTanbHble Hynu? baiT — 370 BOCEMb MecT, B
KOTOPbIX CTOAT HYNN U efUHULbI.
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Ecnu mbl B TpeyronbHuke lNackana gongém go
11 cTpoUKM, TO NOAYYUM

{1, 11, 55,165,330, 462, 462,330, 165, 55,11, 1}.
3TV yucna HapucoBaHbl B BUAE TMCTOTPAMMbI
Ha puc.1, a norapudmsl 3TUX YUCEN, AeNEHHbIE
Ha 11, Ha puc. 2

ViBepxkpeHnue 1. Eciu Ham coobuwarom, Yymo
600 u3 HeuzsecmHbix Ham 1000 6um eduHUYKU,
mo Mepa HaWe20 He3HAHUS, PABHAA U3HAYAb-
Ho 1000, ymersbwaemcs 0o log,(Cy, ,o,) UM 8
obwem cnyyae, koeda p - n (e 0<p<1) u3 He-
U3BeCMHbIX HaM n 6um ecms eOUHUYKU, Mepa
Haweeo He3HAHUsA, PABHAA U3HAYANbHO N,
yMeHbwaemcs 00 logz(Cp,nr 1oy ). Mepa Hawe-
20 HE3HAHUSA YMHOXaemcsa Ha Yucao meHbue 1,
Komopoe pasHo

10g,(C, 1)

n
[laBaiiTe paccMOTpMM 3TO COOTHOLIEHWE NO-
apobree. 0603Hauum ero H (p). 3T uucno
MOXHO MHTEPNPETUPOBATb KaK HE3HAHWe, Npu-
XofAlleecss Ha Kaxablih u3 n 6ut. Unu Tak:
CTONbKO MH(OpMaLUMM HaM OCTanoCh y3HaTb
Npo KaXAablit OUT, Nocne TOro, KaK HaM CKasa-
1, 4to p-100% 6UT paBHbI 1.

400
300

200

100
Puc. 1: «fpacmk» 11-01 CTPOYKM TPeyronbHu-
ka [Mackans.

1

0.75¢

-

Onpedenerue. Inmponuel cay4aliHol senu-
YuHbl ¢ sepoamHocmamu {p,1-p} HasbiBaemca
QyHKYUA

H(p) =-(p-log, p +(1-p)- log, (1-p)).

VTBepxaeHue 2. Yem Gosbwe n, mem 6osee
cxoXu GyHKyus H (p) u @yHKyus 3Hmponuu
H(p). Boibupas 6onbliue n, mbl mMoxem coe-
J1amb UX CKOJIb Y200HO MAI0 OMAUYAIOWUMUCA
8 Kax0oli moykKe.

CTporoe poKa3aTenbCTBO 3TOW  TeOpeMbl
ncnonb3yeT ABHYIO hopmyny
|
=(ml+m2)..
m.,m 1. 1
" mlm,!
n Qopmyny CrupnuHra, cyTb KOTOpOM

3aK/I04eHa B TOM, 4TO Mbl MOXKeM 1! 3aMeHsTh
na V2mn(g)".

Ecnu B aumkax Y4€pHble, Genble 1 CUHME WAPUKK,
TO Mepa He3HaHMA NPO Kaxblit ALK paBHa log, 3.

Ho Korga Ham coobuwatoT HdopmaLmio, 4to 30%
LAPMKOB YEPHbIE, 25% — Benble, ocTanbHble 45%
CWHME, TO Mepa Hallero He3HaHUs O TOM, YTO
XPaHUTCA B KaX[AoOM AlMKe, YMeHbluaeTca ¢
log, 3 ~ 1.585 no BennuuHbl H({0.3,0.25,0.45}) =

= - (0310g,03+0.25 log, 0.25+0.450g,045) ~ 1.539

0.2

Puc. 2: H, (p) Norapudmel ot 4ucen 11-oit

CTPOYKM TpeyroJsibHMKa Mackans, penéHHble Ha
11.

log,(C
Puc. 3: Oynkuma H (p) = g—z(’ﬂl—’ﬂ)”—)

pna n=17,28,91.Camblit BepxHuin rpacdmk —
310 rpaduk dyHKumm H(p).
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To ecTb ciyyaiiHas BeANYMHA C BEPOATHOCTAMMY
P P Py,

p+p+p=1

UMEEeT IHTPONUID

H({p,.p,.p,}) =- (p;- log,p, +p,- log,p, +p,- log,p,)=

= —Z p;-log, p..

O6was dopmyna
BENUYMHBI TaKas:

H= —Z p; log, p.

HTPONUKU  CAyYaiHO

CnyyaiiHas BeMYMHA — 3TO KOHBEEP, MO KOTO-
pOMy NOCTYNAOT YEPHbBIE ALMUKU, Mbl UX OTKPbI-
BaeM W y3HaeM, YTo TaM. M3BeCTHO NMpoLEeHT-
HOe COAEpXaHWEe PasNUyYHbIX 3NEMEHTOB B
3TUX ALMKaX.

JHTponua no3sonseT 3anucatb 6onee 06-
wyto hopmyny Ans MHHOPMATUBHOCTU COO6-
WeHus.

Ecnu 0603HaunTh cooblyeHne Kak m, TO
I(®)=H (2)

nocne nonyyeHuna o A0 nonyvyeHua o :

BpyHbI U 06006LLEHHbIE BPYHbI

A uTO, ecnu YenoBek, KOTOPbIN HaM OTBevaeT
Ha BOMPOCHI, 3as4bl BpyHULWKA? Ecim oH ab-
COJIOTHBIN BPYH, TO HUYETO CTPALIHOIO HeT.
Hanpumep, ecnu oH Ha BONpoc «3T0 Thl Cben
BapeHbe?» oTBevaeT «HeT!» — 3HauuT cbven.
ABCONIOTHBIN BPYH — 3TO TOT, KTO BCErAa BpeT.
AGCONtOTHbIE BPYHbI ABAAKTCA NPEKpPaCHbIMMU
NPOBOAHWKAMU MHGOPMALMKU, HALO TONLKO
BCE MUX OTBETHl MHTEPNPETUPOBATL HaobopoT!
KoHeuHo, abCoNIOTHLIX BpYHOB He GbiBaeT. Ya-
lie BCTpeyaTcs 00bluHble, HOPMasbHble Bpy-
Hbl, KOTOpble BPYT, cKaxeM, B 40% cnyyaes. C
HUMU TOPa3Ao CNOXHee. HO M y HUX MOXHO
BblBeAaTb BCIO NpaBAy. ToNbKo npupeTcs 3a-
Aatb 6onblie BONPocoB. To, CKONbKO BUT BbiBe-
[BaHHON MHGbOPMALMK B CPefHEM MPUXOAMUTCA
Ha OAWH BOMPOC, Ha3blBAETCA MNPOMYCKHOM
CNOCOGHOCTbI0 «0OO0OLEHHOTO BPYHA».

EE MOXHO BbIYUCANUTB TaK: 3a43aAUM 00606LEH-
HOMY 40%-BpyHY N 3NeMeHTapHbIX BOMPOCOB.
Mbl 3Haem, 4to Ha 40% BONPOCOB OH COBpa.
WHdopmauus o TOM Ha Kakue UMEHHO U3 3a-
AaHHBIX OH CcOBpan npeAacTaBaseT coboi
n - H(0.4) 6uT. ITO 3HAUMT, YTO €/ 6bl OH ne-
pecTan Bparthb, TO Mbl 33 11 - H(0.4) anemeHTap-
HbIX BOMPOCOB y3Hanu bbl, roe oH cospan. Ho
BPYH BPET. M noka Mbl GyfeM y HEro BbISICHATb,
B KaKMx MMEHHO BOMpOCax OH HaM COBpas, OH
Ham OygeT npojomkaTb BpaTh, W BCE myTaThb.
Jlyywe paccyxpats no-gpyromy. [lpegnono-
XKWUM, 4TO Mbl CMOFIM COCTaBUTb TaK 1 BOMPO-

COB, YTO B MOJIyYEHHbIX N OTBETaX COfEpHKa-

Nacb HyXHas HaMm nepeBpaHHas WH(opMaLus

pasmepom m 6UT u ele MHHOPMALMA O TOM, B

Kaknx UMeHHO U3 n 0TBETOB OH Bpan. To ecTb
m+n - H(0.4)=n unn

m=n-n-H(0.4)=n-(1-H(0.4))
1 NponyckHas cnocoGHOCTL BpyHa
v="T=1-H(p).

n

370 3HAYWUT, YTO ec/iu yMeno 3ajaBatb BPYHY
BOMPOCbI, TO 3@ 1 BONPOCOB MOXHO BblBeAaTb Y
Hero n - (1 — H(p)) 6wur.

ToT e pe3ynbTaT MOXHO MONYYNTb U3 TaKMX
paccyxpeHun: Ha Bbixoge y BpyHa OTBETH
«[a» n «Het». Mepa HeonpepenéHHOCTM paB-
Ha 0AWH 6uT. Ho B 3TOI1 Mepe HeonpeaenéHHo-
CTU YacTb HeonpefenéHHOCTU BO3HWUKAET
“3-3a CiyvyanHocTu «BpaHba». Kaxpabin pas
BPYH KMZAeT MOHETKY, YTob pewuTb — BpaTh
unu He Bpatb. Mepa 310N HeonpeaeneHHOCTH
paBHa H(p). 3HauuT, «nonesHas», He CBA3aH-
Has C BpaHbEM HeonpepenéHHOCTb B OAHOM
oTBeTe paBHa 1 — H(p).

Ha pucyHke 4 nokasaHa reomeTtpuyeckas
WHTepnpeTauus MNPOMYyCKHOM CnocobHOCTM.
OnuHa otpeska AB u ecTb nponyckHas
cnocobHocTb. Pspgom  nokasaH — cayvail
HECUMMETPUYHOrO BPYHA, KOTOPbLIA B Ciyyae
npaBuabHOro oteeTa «[la» BPET C OfHO
BEPOATHOCTLIO @, @ B Cllyyae oTBeTa «HeT» — ¢
LPYroi BepoAaTHOCTbIO 3.
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[a) g

1

Puc. 4: lMponyckHas cnocobHoCTb paBHa AnuHe oTpe3ka AB. (neBa — CUMMETPUYHbINA BPYH,
cnpaBa — HECUMMETPUYHBbIN BPYH. HecMMMeTpUYHOCTb 03HAYaeT, YTO KOrfa HYXKHO 0TBeyaTb
«[la» BpyH BPET C 04HOI BEPOATHOCTBIO ¢, @ Korga «Het» — ¢ Apyroi BepoATHOCTbIO 3.

Ecnu BpyH BPET ¢ BEPOATHOCTbIO 1/2 B 060MX Clyyasx, TO HAM HUKOTAA He YAACTCA Y HEro HUYero

BbIACHUTb.

3apauu no teopuun UHGopmaLmu

3apauva 7. Kons cben Ha nepemMeHKe WOKoNaga-
Ky, 8610KO 1 KekC. CKONbKO 3neMeHTapHbIX
BOMPOCOB HAf0 33aAaTh, YTOO y3HATh, B KaKOW
nocnefoBaTenbHOCTH OH X cben. CKoNbKO MH-
tdopmauuu ot Hac ckpbiTo? A ecnu Kons cben 6
pas3nnyHbIX 00bEKTOB?

3apauya 8. HartypanbHoe uucno n. W3sectHo,
4TO OHO YETHOE U 5 < n < 20. CKONbKO 3neMeH-
TapHbIX BOMPOCOB HAM HYXHO 3afaTb, YTOObI
y3HaTb 3TO YMCNo?

3apaya 9. B KHure BoceMb paccka3os, B Kax-
Jon rnase 32 cTpaHuubl. Baca ckasan, 4to oH
yutaet 5-biil paccka3s. Ckonbko uHdbopmauum
OH Ham coobwwmn? CkonbKo MH(OpMaL MM ocTa-
J10Cb Y HEro BblBeAaTb, YTOObI Y3HATb KaKyio
CTpaHULYy OH YuTaeT?

3apaya 10. Mbl ckazanu npofaBLy, 4TO XOTUM
KYyNWUTb KOHbKWU. HO KOHbKM ObIBAIOT 0ObIYHbBIE
M poNuKoBble, 6enoro, YEpHOro, 3eiEHOr0 M
¢duonetoBoro ueta. Kpome TOro, ectb pasme-
pbl 38, 39, 42 u 44. CkonbKo MHbOpPMALMM BaM
HYXHO CO06WMTL NPOAABLY?

3apava 11. Ham ckasanu, 4To cymma yuceny
AoMuHoWwKKM X paBHO 3. CKonbKo MHGopMaLmm
Ham coobwunmu?

3apava 12. Konsa Bblyuun cTUXOTBOpeHUWe, B
koTopom 32 cnosa. OueHute uHdbopmauuio,
KoTopyto OH 3anomMHun. (CunTaiite, 4To BCEro B
pycckom s3bike 10000 cnos). Mo Kakum npu-
YMHAM caenaHHas BaMu OLEHKa HeCKONbKO 3a-
BbllleHa?

3apaua 13. «[paxpaHe BcTpevatowme! Moespn
26 npubbIBaeT Ha 7-o0it NyTb B 19:35.» CKonb-
KO MHGOpPMALMM COAEPXKNTCA B 3TOM coobLie-
HuM? (Bcero Ha Bok3ane 8 nnatcopm, exen-
HEBHO MpuObIBAET U OTNpaBiseTcs B NyTb 120
noeszaos).

3apaua 14. lpectynHuK umeeT chepyiolimne
NPUMETbI: MONIOLOM YenoBeK, APKUiA GploHeT,
C 3aMeTHOW PpOAMHKOW Ha NeBOW LeKe.
CKonbKO MH(OpPMaLMM HaM NPO Hero U3BecT-
HO? CyuTaiTe 4TO ApPKUX OptoHeToB 20%, C
POAMHKOM Ha neBon Wweke 5%. 3pecb «Mono-
LOW» o3Havaet: 17-22 neT C BEpPOATHOCTbIO
0.25, 23-28 net c BeposaTHoCcTbio 0.5, 29-34
net c BepoATHocTbio 0.25. B 1o Bpems Kak
obLee pacnpefeneHne no Bo3pactam Takoe:
po 17 net - 0.375, 17-22 net — 0.125, 23-28
net — 0.125, 29-34 net - 0.125, 35 net u
crapuwe — 0.25:
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BO3pacT BEPOATHOCTb Jjons noaen
BbIMNAAETD JNaHHOTO
MOJIOL0 BO3pacTa
no 17 0 0.375
17-22 0.25 0.125
23-28 0.5 0.125
29-34 0.25 0.125
nocne34 | 0 0.25

lodcka3ska. [ns BblYUCIEHNA UHPOPMATUBHO-
CTM coobWeHUs O MOMOAOCTU MONb3yiATECH
tdopmynoi 2 Ha cTp. 38.

3apaya 14. «Y gomuHowkM X ynucna pasHolex.
CKoNbKO WHMbOpPMALMM HAM COOBWMUAN U
CKOJIbKO eWé ocTanocb y3Hatb, 4106 0fHO-
3HaYyHO onpeaenuTs JOMUHOLWKY? MpuaymainTe
3NleMeHTapHble BONPOChI, KOTOPbIE HYXHO [
3TOro 3afarthb.

3apaua 16. /3BecTtHo, yTO Knacc 8 A cocTtout
13 7 OTNUYHMKOB, 16 XOPOWMCTOB, 8 TPOEYHMU-
KOB M 4 pBOeYHMKOB. CKONbKO MHopmauuu
COMIEPXKNTCA B COOOLWEHNU:

a) «Kons xopowwucr»

0) «Kons He ABOEYHUK»

B) «Kons yuutcs 6e3 Tpoek»
r) «Kons He oTNYHUK»?

Cuuraiite, uto Kons — cnyyaiHbIin y4eHUK 13 8-ro A
Knacca.

3apauva 17. Y Konu B npownom yye6HOM roay
6b1n0 6 NnpegMeToB U 4 yeTBepTU. Ham ckasa-
7N, 4TO Y HEro HeT 1BOeK U Tpoek. CKoNbKO MH-
topmaymuu Ham coobuunmn?

3apaua 18. PewnTe npeabiayuyio 3agavy npu
VCNOBWU, YTO HaM cKaszanu, 4yto y Konu poBHo
NoOBMHA NATEPOK U MONOBMHA YETBEPOK B
KaXpow yeTBepTu.

3apauva 19. Y Onu ectb Kapta. Mbl 3HaeM, 4To
MacTb 3TON KapTbl — kpecTu. Ckonbko uHdboOp-
MaLuKu HaM U3BECTHO?

3apaua 20. l/3HayanbHO Mbl 3HaeMm, 4TO
3 <7t < 4. CKONbKO [LONONHUTENLHON MHDOP-
MauMM O YUCie T COAEpPXUTCA B 3anucu
n=3.14159265...7

Kak urpatb B [0

Wrposoe none B Hell npefcTaBnset coboi KBaapaTHyto pewéTky 19 Ha 19 auHuit. NMoeanHok
HAYMHAETCA Ha MyCTON JOCKE, U CONEPHUKM, Urpas YEPHLIMU U GenbiMK hULLIKaMK, KOTOpbe B [0
Ha3bIBAIOTCA KAMHAMM, N0 OYepefyu CTaBAT UX HAa MEpeceyeHns NNHWUIA, NbITasCb OKPYXUTb Tep-
puTopumn Ha focke. B atom cmbicne To sBnsetca urpoit-koHcTpymposaHuem. OfHax bl NocTaB-
JIeHHble QUILKM yXKe He NepedBuratTcs no urposomy nonio. MogpoGHble NpaBuaa Bbl HallfeTe
Ha caiTe poccuitickoit depepauumn urpbl fo http://go.aspec.ru/. [ns HaYMHAKOWMX NONE3HbI
pecypcsl http://www.go.hobby.ru/ u http://qo-spb.da.ru/.

[0 — 370 eweé n BonHa. Ecnun urpoky yaaeTcsa OKpyKUTb Fpynny KamHen NpOTUBHMUKA, 3Ta rpyn-
na ypanserca ¢ focku. CTpeMsach 3aXBaTUTb TEPPUTOPUIO, KaXKAbIA UTPOK NbITAETCA OKPYKUTb Yy-
XMe KaMHU, NpY 3TOM 3alLMLLas CBOU COOCTBEHHbIE. Mirpa 0ObIYHO 3aKaHYMBAETCSA COMMAlLEHNEM
CTOPOH O TOM, 4TO VXK€ HUKTO HE MOXKET YNY4LWMTL CBOKO no3uuuto. NMobeantens onpegensercs no
pa3mepy 3axBayeHHON TEPPUTOPUU; YUUTLIBAIOTCA TAKKe CHATbIE KAMHW NPOTUBHMKA. Bnpouem,
Takoe 00bACHEHWE Urpbl MOBEpXHOCTHO. Ecin waxmatel npeacTaBnstoT coboit 0gHO Gonbloe
cpaxkeHue, To o — Lienas BOeHHas KamnaHus. B Heil moxeT OyleBaTb HECKONbKO BUTB OfHOBpE-
MEHHO, HU OIHA W3 KOTOPbIX HE ABNAETCA pellatolLell, Npyu TOM YTO OUH-eJMHCTBEHHBIA XOf MO-
KET U3MEHUTb NOJIOXKEHWE Ha Bceil focke. Jllobutenn o roBopaT, YTO UX Urpa OTAMYAeTCs OT
LWaxMaT, KaK no3a3us oT OyxranTepcKoro y4yéra.

N306peTéHHas B Kutae, Hanbonbwero pacuseta [o Tem He MeHee focTuma B ANoHUM, Kyaa
NPOHMKNA B NepBble Beka Halweil 3pbl. 701 rog cTan BeNUMKUM rofom B uctopun fo Ha AnoHcKnx
0CTpPOBax: MMNEPATOPCKUM 3AMKTOM WUrpa Obina NpU3HaHa Hea3apTHOI U NpUpaBHEHa K ynpax-
HEHMAM Ha My3blKaNbHbIX MHCTPYMeHTax. B 1603 rogy 6bina yupexpeHa Akapemus lo, a eé npe-
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3W[EHTOM CTaN BblAAIOWMIACS UTPOK TOTO BpeMeHU XoHUH60 CaHcs. Bnepsbie B UCTOpUM ofapéH-
HbIl CMOPTCMEH MOCTYNMA Ha cnyxO6y rocyaapcTsy B KayecTBe NpodeccroHana, nosyyarwllero
anoBaHbe. YTo KacaeTcs camoit urpsl, T0 o Gbla NPU3HAHA YACTbIO AMOHCKOW KyNbTYpbI, NO-
LO6HO YaliHOI LepeMOHUU UMK OpUraMU.

B ckopom BpemeHM ypoBeHb Urpsl B [0 cTanu paccmatpuBath Kak cBOeobpasHblii nokasatenb
MHTENNeKTyanbHOro pa3BnUTUA YenoBeKa, YTO NPUBENO K NOABNEHUI0 NPO(PECCMOHANbHBIX UTPO-
KOB U npenofasarteneii. A 3To, B CBOIO 0uepefb, CNocobCTBOBANO AabHeleMy pa3BUTHIO U CO-
BEPLIEHCTBOBAHMIO TeOpUM Urpbl. B HacTosAwee Bpems B ANOHUKM npoBoguTCs 6onblioe Konuye-
CTBO COpeBHOBaHMI1 No [0, kKak NpodeccMoHanbHbIX, Tak U lobutenbckux. Pegepauum u knyosl
NOKNOHHWKOB [0 eCTb BO BCEM MUPE U, KOHEYHO, B KpYMHBIX ropoaax Poccum, rae perynspHo npo-
BOAATCS YEMMUOHATbI U TYPHUPBDI.

Kcratu, NleoHapa iinep, ocHOBOMONOXHUK MeTepbyprckoit AKafieMun Hayk, Ype3BblYaitHo
WHTEpecoBaNcs 3TOM Mrpoi, M Koraa novyyBCTBOBaN CeGs OCHOBATENbHO B HEll MOAKOBAHHbLIM,
pewun cbirpatb C BOCTOYHbIMW MacTepamu. OH noTepnen uenbid paf nopaxeHuit. Kopenupl,
KWTaliubl M ANOHUbLI MO-NpeXHeMmy CTabWNbHO NOALEPKMBAIOT CBOW NpUOPUTET HA
MeX[yHapoLHbIX YeMnuoHartax no fo.

Mpumep urposoii cutyaumum B urpe fo. CyTb Urpbl 3aknioyaetcs

B TOM, YTOObI OKPYXUTb U «3aAYyWHUTb» QULIKK CONepHUKA.
CBA3HbI Kycoyek U3 (ulieK OAHOTO LiBeTa UcyesaeT
(«3apbIXaeTca»), €CNN Y HEro HET COCEe[HNUX CBOGOAHBIX KNETOK.
Ecnu y cBA3HOrO Kycouka ecTb BHYTpU ABe UnK 6onblue «AbIPOK»
(«mblpKa» UnK «rmasy» — 370 HeGonblan CBA3HAsA rpynna
CBOGO/AHbIX KNETOK BHYTPU CBA3HOTO OAHOLBETHOTO KyCOUKa),
TO OH CTAHOBUTCA «BECCMEPTHBIMY.

Moapo6Hee o npasunax Urpsl fo MOXKHO NpounTaTh

Ha http://go.aspec.ru.

CeaHc urpsbl B [o yepes UHTepHeT

EcTb 3ameyvatenbHas BO3MOXHOCTb Urpath B [0 Yepe3 VIHTEpHET, a He Ha HacTosALeil [OCKe.
I70 Yepe3BbIYaiHO YAO0OHO, NOCKONbKY 3aHATLCA 3TUM MOXHO B N1060e BpeMs CYTOK, He BbIXOAA
U3 [OMa, KpoMe TOro, y Bac OyaeT 60bLoii BLIGOP UTPOKOB.

Ha nHTepHeT cepBepax [0 6bIBAIOT MIPOKM KaK CaMoOro BbICOKOTO YPOBHS, Tak M HOBUYKH, U
Npu XenaHuW BCErfa MOXHO HAMTK y4YMUTENs, KOTOPbIA MOMOXKET BaM B NpodecCHOHaNbHOM
pocTe, WAM NPOTUBHMKOB, MOAXOAAWMX MO ypoBHI. Wrpa npoucxoauT npu mnomoum
NpOrpamMM-KJINeHTOB. 3T NporpaMMmbl CO3Aat0T YAOOHYIO Cpefy, HAaXOAACh B KOTOPOIA Bbl MOXETE
061WaThCs U BECTU UTPY, He 3aflyMbIBAsiCb O TOM, 6Narofaps KakuM TEXHONOTHUAM 3TO BO3MOXKHO.
Y106 NoCTaBUTb KaMeHb, Bbl MPOCTO LENKAETE MbILIKOW B HYXXHOM MecTe JOCKH.

Pewwnnun nonpo6osate? Torga 3apeructpupyiTecs Ha lo-cepsepe (http://www.games.yahoo.ru
unu http://igs.joyjoy.net/English/). Nocne 3Toro Bbl NonyyaeTe CAUCOK UTPOKOB, MPUCYTCTBY-
IOWMX Ha CepBepe B LlaHHbIi MOMEHT.

Y UrpoKOB yKa3aH peiTuHr. Bam Take NpuCBOAT HEKOTOPbIA HAYaNIbHbIA PEATUHT, KOTOPbIN
GyaeT MeHATbCA N0 Mepe NMpOBEAEHWs Bamu NapTuil. Bbl MoxeTe BbIOpaTh Urpoka no cuie u
npegnoxute emy urpy. Korga urpa HauMHaeTcs, Ha 3KpaHe OTKPLIBAETCH OKHO C UIPOBOWN [0-
CKoil. ECTb BO3MOXHOCTb HabMI0faTh 3@ UPaMM APYrUX UTPOKOB, NOCHINATL COOOLEHUS U YUTaTb
KOMMEHTapumM Apyrux Urpokos. Yaaum!

CraTbs HanucaHa Ha ocHoBe y4eOHbix Matepuanos Pustex-Konnepxa (https//www.phtc.ru)
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(epnepanbHoe areHTCTBO No 06pa3oBaHmio
locynapcTeBeHHoe 06pa3oBaTesibHOe yupexaeHmne

[LONONHUTENLHOTO 00pa30BaHuA aeTeit

«®epepanbHas 3a04Has HU3MKO-TEXHMYECKAs WKONA
npn MOCKOBCKOM (DU3UKO-TEXHUYECKOM UHCTUTYTE

(rocynapcTBeHHOM yHUBEpPCUTETE)»

ObbABJAET HABOP YHALLUXCA

HA

3aoyHas  Pu3NKO-TexHMYecKas LWKona
(3DTLL) npu MockoBCKOM HU3NKO-TEXHUYECKOM
uHctutyte (MOTU) npoBOAMT Habop yyalmxcs
06wWeobpa3oBaTenbHbiX yupexgeHuin (wkon,
JIMLEEB, TMMHA3MI U T. N.), PACNONOXEHHbIX Ha
Tepputopuun Poccuiickoit epepauunu.

30T npn MOTU Kak rocyfapcTBEHHOE yy-
pexpaeHne npouIbHOrO AOMONHUTENLHOTO
o6pa3oBaHus aeteit pabortaer ¢ 1966 roga. 3a
npowepwue 38 feT WKoAY OKOHYMAW Bonee 70
THICAY yYaLMXCs; NPAKTUYECKM BCe e€ BbIMyCK-
HUKW MOCTynalT B BeAyliMe BY3bl CTPaHbI, a
KaXKablit BTOpoit cTyaeHT MOTU — BbINyCKHUK
30TW. ®uHaHcupyeT wkony PepepanbHoe
areHTCcTBO no obGpasosaHuto. 00yyeHue B
3OTLU pns rpaxpaH, npoxusatowmx 8 Poccuin-
ckoit ®epepauun, B pamKax yTBEPXAEHHOrO
nnaHa npuéma — becnnatHoe.

HayyHo-meTofMyeckoe pyKOBOACTBO LIKO-
noi ocyuectnseT MoCKOBCKWIA GuU3nNKo-Tex-
HUYECKNIA MHCTUTYT (rOCYAapCTBEHHbBIA YHY-
BEPCMUTET), KOTOPbIN FOTOBUT CMELMANUCTOB MO
efiMHoOMy HanpasneHuto «llpuknapHble mare-
MaTuKa 1 usnka». B ux noarotoBke npuHuM-
MaloT y4acTue BefyLiMe oTpacieBble U akaje-
MUYECKMe HayYyHO-UCCAeAoBaTeNbCKIE NHCTH-
TYTbl M HAY4YHO-NPOU3BOLCTBEHHbIE 0ObEUHE-
HUs cTpaHbl (6a3oBble opraHusauum MOTN).
Mpenopasatenn MOTU — kpynHeitlwne yyérble,
cpenn KoTopbix Ookono 100 uneHos Poccwmit-
CKOW akajemuu Hayk. PustexoBckoe obpaso-
BaHWe MO3BOJIAET He TOJbKO yCMewHo pabo-
TaTb B HayKe, HO 1 XOPOLLO OPUEeHTMPOBATLCA B
KU3HU.

Uenb 30TW npu MOTU — nomoyb yyawmm-
€A, UHTepecylowmumcs GU3UKOR U maTematu-

YYEBHbLIU IO

KOl, yryOuTb U CUCTEMATU3UPOBATb CBOM
3HaHMA N0 3TUM NpefMeTaM, a TaKKe cnocob-
CTBOBATb MX NpodeccMoHanbHOMy camoonpe-
LeneHunio.

Ha6op B 8, 9, 10 u 11 knaccel 3T Ha
2005-2006 yuebHblit rog NpoBoAuTCA Ha che-
pylolue oTaeneHms:

3aouHoe (uHOusudyansHoe o6yuyeHue).
Ten./dakc: (095) 408-51-45.

Mpuém Ha 3a04HOe OTaeNeHne MpPOBOAUT-
s Ha KOHKYPCHOI OCHOBE MO pe3ysibTaTaM Bbl-
MOAHEHMA BCTYNUTENILHOTO 3afaHuA No Ghusn-
Ke M MaremaTtuke, NpUBELEHHOTO B [LAaHHOM
o6bsBneHun. MonHas nporpamma obyyeHUs
paccuuTaHa Ha 4 roga (8 — 11 kn.), Ho nocty-
naTb MOXHO B J1000/ 13 YKa3aHHbIX KNACCOB.

B TeyeHue yyebHOro roaa, B COOTBETCTBUM
¢ nporpammoit 3®TLU, yyeHuk bynet nonyyats
no KaX[foW Teme 3afjaHus no usmnke u marte-
MaTuKe (No 4 3afaHusA No KaX[oMy NpeameTy
BNs 8 Knacca, 6-7 3afaHuii No Kaxaomy npeg-
meTy ans 9, 10 u 11 kn.), a 3aTemM peKomeHaye-
Mble aBTOPCKME peLIeHUs 3TUX 3afaHuii BMec-
Te C NpoBepeHHoIt paboToit yyalerocs.

3afaHusa CoAepXaT TeopeTUMyecKuin mare-
puan, pa3bop xapaKTepHbIX NPUMEPOB U 3a4ay
Mo COOTBETCTBYIOLWeH TeMe N N0 8 — 12 KOHT-
pO/bHbIX BOMPOCOB M 3afady Ans CaMoCTos-
TENbHOTO peleHuns. 3To U NPoCTble 3aaayn, u
6onee CnoxHble (Ha YPOBHE KOHKYPCHbIX 3a-
pay B MOTU). 3agaHus WKoAbl COCTaBASAOT
OMbITHblE MpenofaBaTenu kadeap obweir dhu-
3UKKM U Bbicweid matematuku MOTU. Pabotl
YYaWmMXCA-3a04HUKOB MPOBEPAIOT CTYAEHTHI,
acnupaHTbl 1 BbinyckHUKKM MOTU (13 Hux 80%
— ObIBLUME BbINYCKHUKM LWKONbI).
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0uHO-3a04HOE (06yyeHue 8 akynbmamus-
Hbix 2pynnax). Ten./dakc: (095) 485-42-27.

DakynbTaTMBHbLIE TPYNMbI MOTYT ObITh Opra-
HM30BaHbl B /ll060OM 06Ll€06pa30BaTENLHOM
yypexaeHuu aByMsa npenopgaBatensimu — du-
3KKM U MaTemaTuku. PykoBoputenu cdakynbra-
TWBA MPUHUMAIOT B HUX YYaALLMXCH, YCMEWHO
BbINONHUBLIMX BCTYNUTENbHOE 3aaaHue 3OTLL.

lpynna (He MeHee 8 YenoBek) NpUHUMaET-
ca B 3OTW, ecnu gupektop ob6weobpasosa-
TENbHOTO YYPEXAEHUA COOOWMNT B WKony ta-
MUNUK, UMEHA, OTYeCTBA €€ PYKOBOAUTENEn u
NOVUMEHHBIN anthaBMTHbI CNUCOK 00OyYatoLMUX-
cA (P. . 0. nonHOCTbIO C YKa3aHWeM Knacca
TeKkyulero y4e6HOro roga M UTOroBbIX OLEHOK
3a BCTyNuUTeNbHOe 3afaHue no usmnke u mare-
matuke), TenedoH, thakc u e-mail wkonbl.
Bce 3Tn MaTtepuanbl U KOHBEpT s OTBETa 0
npuéme B 3PTLL ¢ 06paTHbLIM afpecom Ha UMs
O[HOr0 M3 pYKOBOAMTENei cnepyer BblchaTb
8o 25 uioHa 2005 r. no agpecy: 141700, r.
DonronpyaHsiii MockoBckoit o6nactu, UHcTu-
TyTCKMiA nep., 9, 3OTLL npu MOTU (c nomeTKoi
«PakynsTaTuBy). Tempadu ¢ pabomamu y4a-
wuxcs 8 3QTIL He sbicbinaromcs.

Pabota pykoBoauTeneit hakynbTaTMBOB
MOXET onnaynearbcs 06WeobpazoBaTeNbHbIM
YYpeXAeHWeM Kak pyKOBOLCTBO (baKynbTaTuB-
HbIMW 3aHATUAMW NO npepocTasneHuio 3OTL
npu MOTU cooTBeTCTBYIOWMX CBEAECHUIA.

PykoBoguTenu, pabotawLime ¢ yyawmummucs:
OyayT nmonyyatb 8 medveHue y4ebHo20 200a
yuyebHO-meTOfMYeckne Matepuans  3OTLL
(nporpammbl no ¢u3nke U matemaTuke, 3apa-
HUs MO TEMaM NMPOrpamMbl, pelieHuns 3afaHnii
KpaTKUMU pEKOMEHAALMUAMU NO OLEeHKe paboT
yyalmxcs), MHHOPMaLMOHHO-PEKNaMHble Ma-
Tepuansbl (rasetel MOTU «3a HayKy», npocnek-
Tol MOTU 1 ero dakynbTETOB C NpaBUNaMu Npu-
ema 1 T. N.); NpUmalaTbCsa Ha Kypchl NOBbILe-
HUA KBanudbuMKauuu, NpoBOAMUMble Ha 0ase
MOTW. PaboTbl yyalimMxcs NPOBEPSAIOT U OLEHH-
BAlOT PYKOBOAMTENM (DaKyNbTaTUBHbLIX Fpynn, a
B 30T umm ssicbi1aromes Bedomocmu ¢ umo-
20B8bIMU OUEHKAMU No Kax0oMy 3a0aHUIO.

OuHoe (06yyeHue 8 BeYepHUX KOHCYIbMA-
yuoHHbIx nyHkmax). Ten.: (095) 409-95-83.

[Ins yyawmxcs Mocksbl n MockoBckoi 06-
NacTV Mo Nporpamme WKonbl paboTaT Beyep-
HUE KOHCYNbTALMOHHbIE MYHKTbI, HABOP B HUX

NPOBOAMTCA MO pe3ynbTaTaM BCTYNUTENbHBIX
IK3aMeHOB No (hU3NKe U MaTeMaTuKe U cobe-
Cef0BaHuWsA, KOTOPbIE NPOXOAAT BO BTOPOIA no-
NOBUHE CEHTALPS.

Mporpammbl 3OTW npu MOTU asnsatoTcs
NpoduAbLHBIMU [ONOAHUTENbHEIMU 06pa3oBa-
TE/IbHbIMW MPOTrPaMMaMu U efiuHbI [ BCEX OT-
NeneHuni.

Kpome 3aHATUI MO 3TUM NporpaMmmam, yye-
HUKaM WKonbl (BCex OTAENEeHMit) npeanaraet-
CA y4acTBOBaTb B (PU3MKO-MATEMATUYECKOIA
onumnuage «®N3TEX-2005», KoTopas NpoBo-
AnTCcs Ha 6aze MOTU u B psae ropoaos Poccun
B MAapTOBCKMWE LWKOJbHbIE KAHUKYNbI, B APYrUX
OYHbIX U 3a04HbIX onumnuagax MOTU u ero
(haKkynbTaTUBOB, @ TaKKE B KOHKYpCaX, TypHU-
pax 1 KoHdepeHumsax.

Mo okoHYaHMM yyebHOro roja yualimecs,
yCnewHo BbINoAHKUBLME nporpammy 3OTL ne-
PEBOJATCA B CIEAYIOLLMIA KNACC, @ BbIMYCKHUKM
(11kn.) nonyyawT cBUAETENLCTBA 06 OKOHYa-
Hum 3OTL ¢ utoroBbiMM oLEHKamMu no husmnke
M MaTeMaTUKe, KOTOpble YYUTHIBAIOTCA Ha CO-
GecefoBaHuu npu noctynnexuu 8 MOTU.

BHe KOHKypca B WKONY NPUHUMALOTCA MO-
GepuTenu 06/1aCMHbIX, Kpaesbix, pecnybu-
KAHCKUX, 30HA/IbHbIX U BCEPOCCULICKUX 0UMNU-
ao no gusuke u mamemamuxe 2004-2005 yu. e.
WM Heobxoaumo no 15 mas 2005 r. BbICNATh B
30T BbINONHEHHYIO BCTYAWUTENbHYIO paboTy
no u3nke U MatemaTuke BMecTe C KOMUAMM
LMNIOMOB, NOATBEPXKAAWMX YYACTUE B BbIlLE
nepeyncieHHbIX ONMMNNAAAX.

BctynutenbHoe 3apaHue no ¢usmnke u
MaremMaruKe Y4YeHUK BbINOJIHAET CaMOCTOATENBHO
B OAHOM WKOJNbHOI TETPaAM (Ha PycCKOM A3biKe).
MopAnoK 3agay coxpaHsAiiTe TOT e, YTO U B 3aja-
HUU. TeTpafb HYIKHO BbICNATb B GONBLIOM KOH-
BEpTe NpOoCTOi GaHaeponbio (TONbKO He CBopa-
yuBaitte B TpyOKY). BMecTe ¢ pelweHnem 06s3a-
TENIbHO BbILIUTE CMPABKY W3 WKOMbI, B KOTOPOA
yunTeCh, C yKasaHueMm knacca. CnpaBky HakneiTe
Ha BHYTPEHHIOK CTOPOHY 06I0XKM TeTpaay.

Ha nuueByto cTopoHy 06M0XKM HakneiTe
AncT bymaru, YETKO 3anoNHEHHbIN No 06pasLy:
(B 3OTL exerogHo npuxoauT 6onee 5 Thicay
BCTYNUTENbHbIX paboT. Moxanyiicta, o6patute
BHMMaHWe Ha NMPaBWILHOCTb 3aMOJIHEHUSA aH-
KeTbl! TlMWKUTe aKKypaTHO, Nyylle neyaTHbIMM
OykBamu).
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JILNe
Ne 3apay 1 2 3 4 5 6 7 8 9 |10 |11 |12 |13 |14 |15 |16 |17
dusnka
Marematuka
Tabnuua 3anonHserca metoguctom 3OTLI
1. O6nactb TiomeHcKas
2. ®Damunus, MMs, 0TYECTBO KameHnes Bumanudi llemposuy
3. Knacc, B KOTOpoM y4nTECH 80CbMOU
4. Homep wkonbl 14
5. Bup wkonbl (06bI4HAS, TULEN, TMMHA3USA,
C YIIY6/IEHHBIM M3YyYeHeM npeaMeTa) 06bI1YHAA
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6. MoapobHbI fOMaLHKIA agpec
(c ykasaHueM uHpekca u TenedoHa), e-mail

628305, 2. He¢pmerozanck
MKpH 116, 0.15, Kk8.22. (34612)7-63-45

7. MecTo paboThl U LOMKHOCTL POAUTENEN:
orey
MaTb

CNj «HB», mawuHucm [3Y,
HPMYIT YKC, cmopox

8. Agpec wkonbl 1 TenedoH, dhakc,

628305, 2. He¢pmerozaHck, MpH 116,

0.52, (34612)53-07-48

e-mail

9. ®amunus, uMs, 0THECTBO NpenopaBateneil
no cusnke
no Marematuke

Epemun Bnadumup Hukonaesuy
Muxanesa Jludua NzopesHa

10. Kakum o6pa3om k Bam nonana 3ta aduwa?

BHUMAHMUE! [Ins nonyyeHus oteeTa Ha
BCTYNUTENIbHOE 3afjaHue W [ OTNPaBKKU BaM
nepBbIX 3afiaHuii 06A3aTeNbHO BNOXUTE B TET-
pafib ABa OAMHAKOBBIX 6AHAEPONbHbIX KOH-
BepTa pasmepom 160x230 MM C HaKNEEHHbIMU
MapKamum HomuHanom 7 py6. Ha KoHBepTax
YETKO HanuwwuTe CBOW JOMALIHUIA afpec.

YyeHukam, 3a4yucneHHoim 8 3PTII 8
pamkax ymsepxx0éHHO020 N1aHa npuéma, He-
o6xodumo 6ydem onnamums 6e3803Me30-
Hblll yenesoli 83HOC 014 obecneyeHus y4eo-
HO20 npoyecca 8 coomsemcmsuu ¢ ycmas-
HbIMU YenamMu WKobl.

Cymma 83HOCa 6ydem cocmagiams opu-
eHmMupoBoYHO 01 Y4aUUXCA 304YHO20 U 0Y-
Ho20 omdenenuli 300-500 py6. 8 200, oA
0YHO-3a04YHO20 — 600 -1000 py6. (c kaxkdoli
akynemamusHoi 2pynnel).

Cpok oTnpaBneHus pelleHUs — He MO3f-
Hee 1 mapTta 2005 ropa. BctynutenbHole pa-
00Tbl 06paTHO He BbickinaloTCs. PeweHune npu-
EMHOI1 KoMuccum GyaeT coobLIEHO He No3aHee
1 aBrycra 2005 roga.

TeTpafb C BbINOSHEHHBIMU 3ajaHuAMM (MO
(hM3nKe 1 MaTeMaTuKe) BbICbINANTe N0 afpecy:
141700, r. lonronpynHelii MockoBckoit o6nac-
T, HCTUTYTCKNMiA nep., 9, MOTU, 3OTLL.

Ins yyawmxcs YkpauHol paboTaer Kues-
ckuit punnan 3OTL npu MOTU (0byyeHue nnat-
Hoe). Xenaowum B Hero NOCTYNUTL ClefyeT
BbICbINaTh paboTbl No agpecy: 03680, r. Kues,
6-p BepHapckoro, g. 36, ICM, Kuesckuii dpunu-
an 30TW npu MOTW. Ten: (044) 424-30-25.

Ons yuawmxcs u3 3apybexHbix  CTpaH
BO3MOXHO TOJIbKO M1aTHOE 06yYeHne Ha 3a04-
HOM U OYHO-3a04YHOM oTaeneHusax 3OTLL. Yc-
N0BUs 00YYEHUS ANA NPOLWELLNX KOHKYPCHbIA
oT60p OYAYT COOO6LEHbI LOMONHUTENBHO.

Huxe npuBogaTCcA BCTyNWUTENbHble 3aja-
HUA MO GU3MKe N MaTeMaTuke.

B 3agaHum no dmsmke: 3apgaum 1-5 npep-
Ha3HayeHbl ANA yyalmMxca 7-X KNaccoB; 3apa-
yn 2,4 -8 pna 8-x Knaccos; 3apaun 6 — 12 pnsa
9-x knaccos; 11 - 17 — gna 10-x Knaccos.

B 3apaHum no matematuke: 3agaun 1 -5
LNA yyawmxca 7-x Knaccos; 3agayn 2 — 7 pns
8-x Knaccos; 3agayun 5— 11 gna 9-x Knaccos;
3agaun 8 — 14 gna 10-x Knaccos.
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BCTYMUTENIbHBIE 3AAAHUA
MATEMATMKA

|

Ha cTone cTosT Tpu 0AMHAKOBBIX ALMKA. B 0fHOM 13 HUX nexar ABa
YEpHbIX Wapa, BO BTOPOM — [Ba OesblX, B TPETbeM — YEPHbIA 1
Oenblii. Ha swmkax caenaHbl HAANUCK «aBa OeNbIXy», «ABA YEPHBIXY,
«YEPHLIN W Genblity, NpUYEM HU OAHA M3 HAfQMUCceld He
COOTBETCTBYET [ieiCTBUTENbHOCTU. KaK, BbIHYB TONBKO OAMH Wap, — %

OMpefenuTh, rAe Nexar Kakue wapbl?

Hait MMHMManbHOe HaTypanbHOE YUC0, O KOTOPOM WU3BECTHO, YTO:
1) ecnu ero yMHOXUTb Ha 17, TO pe3ynbTaT pa3fenuTcs Ha 24;
2) ecnu ero pas3genuTb Ha 11, To pe3yneTar pa3genuTcs Ha 5;
3) ecnu ero pa3fenuTb Ha 2, TO NOJYYMTCA KBaJPaT HEKOTOPOro HaTypanbHOro Yncha.

[loka3aTb, 4TO ecnu cyMMa KBagpaToB ABYX Lenbix yncen genntcsa Ha 11, To u Kaxpoe u3
HUX genuTcs Ha 11.

[pynny WKONABHWKOB HYXHO paccaguTb B CTONOBOW. 3a CTON MOXHO YCafuTb TpU
yenoseka. Ecnn caxartb 3a CTON MO 2 AEBOYKM, TO OKAXKETCA 3 CTONA, TAe CUAAT OAHU
Manb4yuKM, 3, eCAIM CaXaTb 3a CTON MO 2 MaJbYWKa, TO OYLET 2 CTONA C OLHUMU AEBOYKAMU.
CKkonbKo 6bIN0 AeBOYeEK B rpynne?

B TpeyronbHuke ABC npoBecTv npsmylo, nepeceKatoLyto
cTopoHbl AB 1 BC B Toukax M n N COOTBETCTBEHHO, TaK,
yTo6bl AM=MN=BN. B kakom cnyyae MN bypet napannensHa
AC?

B ypHe nexanu 4épHole 1 6enble Wwapsl, Ux 41cio He 6onee 55. Yncno Genbix 0THOCUAOChH
K umciy YépHbix kak 3 : 2. Mocne Toro, Kak M3 ypHbl BbIHYAW 4 LWapa, 0Ka3anoch, YTo
COOTHOWEHME BenbiX U YEPHbBIX WAPOB CTano 4 : 3. CKONLKO WapoB Nexano B ypHe?

Mpy KaKOM LENOM 3HaYeHUn NapameTpa k OTHOLIEHNE KOpHeit ypaBHeHUs
paBHO 27 x*+(2k-5)x-9=0.

HaiiTn Bce TPOMKM Pa3nnyHbIX LienblX Ynucen, ABAAILNXCA TPEMA NOCNef0BaTeNbHbIMMU
uneHaMu reoMeTpuyYecKoW MpOrpeccuun, a TaKxKe MepBbiM, BTOPbIM M NATHIM YneHaMu
apu@meTnNyeCcKoi nporpeccum.

O 0| N| O

PewwnTb cuctemy ypaBHeHU xy—-x—y=0;

_6x_, |xty_5
X+y 6x 2

10

B tpeyronbHuke ABC co ctopoHamu AB = 14, AC= 15, B( = 13 yepe3 ocHoBaHwue BbicoTbl CH
NpoBOAATCA nNpsAMble, napannenbHele npsmeiM AC n B(, KoTopble nepecekaioT
COOTBETCTBEHHO CTOPOHbI BC n AC TpeyronbHuka B Toukax M u N. Mpamas MN nepecekaert
npogonxeHue ctopoHbl AB B Touke D. HainTu gnuHy otpeska BD.

11

PewwnTb HepaBeHCTBO

Xt —6x+8 —x* —7x+10 <1. 45
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12

HaiiTv Bce 3HavyeHus napameTpa a, nNpu KOTOpbIX CUCTEMA HEPABEHCTB UMEET €AUHCTBEH-

HO€ pelleHune. x° —-x+a<0;

X2 +2x-6a<0.

13

PewnTs ypaBHeHue

cosx+/1+sinx —2cosx =cosx —sinx.

14

Kakas HauMmeHbllas niowagb MoXeT ObiTb Yy NPAMOYrofbHOro TpeyronbHuka ABC
B KOTOPOM OKPYXHOCTb paguyca R c ueHTpom Ha Katete AB Kacaetcs runoteHyssl AC
1 NMpOXoauT yepes Touky B ?

OU3UKA

1

Katep, gBurasch 6e3 ocTaHOBOK, NOLHANCA BBEPX MO peKe
Ha HEeKOTOpOe pacCTosHMWe, a 3aTeM MOBEpHYN Hasapg U
BEpHyNCA B NYHKT oTnpasneHua. CKopocTb Karepa B CTos-
yeli soge V, = 3 m/c. OnpegennTe CKOPOCTb TeYEHUs PeKn
V,, €Ciii U3BECTHO, YTO CPEAHSA CKOPOCTb AABUKEHMA COCTa-
Buna 15/16 OT CKOpPOCTU KaTepa B CTOsYEi Bode.

ABTobyC oTnpaBnseTca U3 ropofa A B ropog b, B KOTOpbIi OH AOMIKEH NPUOLITE Yepes 4
yaca. lMepsbili yac aBTO6YC exan C HEKOTOPOW NOCTOAHHOM cKopocTbio V). Mocne 3Toro,
YTOObI NPUOLITL MO PacNUCaHui0 B rOPOA b, BOAMTENIO NPULINOCH YBENUYUTL CKOPOCTb
ABUXEHUA B @ =1,2 pa3a. Mocne npubbITMs B ropod b K Ha3HaYeHHOMY BPeMEHMW OKasa-
N0Cb, YTO aBTOBYC 3a NOCNEAHMIA Yac npoexan Ha L=3 kM Gofiblue, YeM 33 MepBblil Yac.
Onpepenute cpefHIO CKOPOCTb ABUXEHUS aBTOOYCA HA NEpPBOi NONOBUHE NyTH.

K nMHamometpy nogBelleH cTakaH, 3anosiHeHHbI BOAOMN o KpaéBs. [lokazaHue guHamo-
meTpa pasHo £, = 3H. Ha iHo cTakaHa onyckaloT HeboNbLWON KameHb Maccoit m, =100r,
KOTOpbI OKa3bIBAETCSA MOJAHOCTBIO MOrPYKEHHLIM B BoAy. OnpeaennTe HOBOE MOKa3aHue
fnHamomeTpa. MnoTHOCTb KaMHa p, = 2500 Kr/m’.

OnpepennTe MakcMManbHOE [aBfeHWe NoJ, KPbILWKOK CKOPOBAPKK, €CNW AMaMeTp OTBEp-
CTWA NPefoXPaHNUTENbHOrO KnanaHa CKopoBapku d = 5 MM, a Macca rpy3uKka, 3aKpbiBalo-
uero knanaw, m = 60r. ArmocdepHoe aasneHune P, pasHo 760 mm.pT. cT. (101000 MNa)

Kakyto HanbonbLuyl Maccy MOXKET UMETh KYCOK ene3a, NOrpyKEHHOro (MONHOCTbI0) B
BOZAY Ha HUTH, 4TOObI HUTbL He 06opBanack? N3BECTHO, YTO HUTbL BbIAEPIKMUBAET CUAY HaTH-
weHna F =200 H. lMnotHocTb xenesa p, = 7800 kr/m*. Maccoit HUTH npeHebpeyb.

U - obpa3Has BepTMKaNbHO PacnonoxeHHasn TpyoKa NOCTOSHHOM naowWwanu nonepeyHoro
CeYeHMs YaCTUYHO 3amnojiHeHa BOJOM, TaK YTO PACCTOAHUSA OT OTKPbITHIX KOHLOB TPYyOKM
[0 YPOBHSA BOAbl B KOJIeHax paBHbl h = 5 cM. Kakoil MakcMManbHbIi MO TONWMHE CNOK
Macna ¢ NNOTHOCTbIO p, = 800 Kr/M? MOXHO HaNNTL B OIHO U3 KONEH Tpy6KM, 4TOObI Mac-
N0 He BbiNMBanocs? Macno 1 Boga He CMeLnBatOTCA.

WmetoTcA ABa UNMIMHAPUYECKUX CTaKaHa Maccoi m, Kawpabli. Ha gHo nepsoro knagyt
Me/IHbIit BPYCOK MAccoi m, M CTakaH ONYyCKalT B BOAY TaK, YTO OH NAaBaeT, Norpysns-
lWnch B BOAY [0 KpaeB. Ko [HY BTOPOro CTakaHa CHWU3Y NPUKPENNsAT MedHbI Gpycok
Maccow m, u TOXe ONyCKalT B BOAY TaK, YTO CTaKaH niasaeT, Norpy3uBLNCh B BOAY A0
Kpaes. Haligute oTHoweHNe Macc meaHbix 6pyckos. MnotHocTe Meayn p, = 8900 Kr/m>.
ToNWMHOM CTEHOK M LHA CTaKaHOB NpeHebpeyb.
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C nomoLwbto ManeHbKoro HarpeBartens MolHocTbio P = 250 BT Boay B Befpe ynanoch fo-
BECTW [JO MaKcuUManbHoii Temnepatypbl 40° C. Kakos 06bEM BOALI B Befpe, ecv nocie
OTK/IOYEHNS HarpeBaTens Temneparypa noHusunace Ha 1° C 3a 2 MuHyTHI? Tennoémkoc-
Tblo HarpeBsaTens u Beapa npeHebpeyb.

Mpwn HanpsxeHun U =1,2 B Ha KOHLax KycKa MefHO NPOBOAOKM NOCTOSAHHOMO KPYrI0ro
ceyeHus no Heit Te4€r Tok cunoil I, = 100 MA. Ecnu otpesatb oT Kycka AL = 4 M 1 no-
[aTb Ha OCTaBLUYIOCA NPOBOOKY TO Xe HanpsXeHue, TO Cuna TOKa Bo3pacTaeT Ha 20 MA.
Onpegenute AnameTp MpPOBOMIOKU. YaenbHoe conpoTuieHne meau p=1,7-10280m-m.

10

KameHb, GpoweHHbIil BEpPTUKaNbHO BBEPX C HEKOTOPOI CKopocTblo V,, pocturaet
MaKcUManbHoi BbicOThl H 3a Bpems t. Ecnu c 3TOil BLICOTHI KameHb 6pocuTb CO
CKOpOCTbi0 V| BEPTUKANbHO BHM3, TO BpeMs nafeHuns coctasut t,. Onpeaenute Bbicoty H
u ckopocTb I, cuuTas nssectHoiMmu t,t, u g.

11

bpycok maccoit m u3 cOCTOAHMA NOKOA MOL AeiCTBUEM cunbl F, HaNpaBAeHHOW BAOMb
TOPU30HTANILHOMO CTONA, HAYMHAET [BMraTbCA MO ero noBepxHocTU. Yepes Bpema At
feicTene cunbl F npekpauiaetcs, W, cnycta Bpema At, nocne 3Toro, 6pycok
oCTaHaBnuBaetcs. Yemy paBHa cuna TpeHus, AedCTBOBaBWAs HAa OpPYCOK BO BpeMms
OBveHMa? Ha Kakoe pacctosiHue GPYCOK NepemMecTucs 3a BCE BpeMs ABMKEHUs?

12

Onpepennte cuny HaTAXeHWUs TPOCA, CBA3bIBAIOLErO ABa
KOCMUYECKUX Kopabns, KoTopble BpalialoTcs BOKpYr
3emnun no KpyrosbiM opbutam paguycamu R u R, TaK, 4to
TPOC BCerga HampaefieH K UeHTpy 3emaun. Macchl
Kopabneii OfMHaKoBbI M paBHbl m, Macca 3emnu M.
[paBUTALMOHHBIM B3aMMOAENCTBMEM MeXay Kopabnamu
npeHebpeyb.

13

CKonbKO MOIEKYN BOLOPOAA HaxoAnTCs B 06béme 1 1 npu Temnepatype 27° C 1 gaBneHum
750 mMM.pT.CT.? Bofopoa B AaHHbIX YCAOBUAX CYUTATh MA€aNbHbIM Fa30M.

14

Mosnb renus npu NOCToAHHOM 00bEME V, =200 n oxnagunu Ha AT = 1K, TaK, 4o flaBneHne
ynano Ha 0,2%. Ha ckonbko yMmeHblWwunoch faBneHue rasa? Kakosa 6bina HayanbHas
Temneparypa rasa?

15

B repmeTuyHbIii cocyn 06Emom 10 1 nomecTunn 1 monb kucnopopa u 1 monb BofopoAa.
[pemyuyto cmecb nogoxrmu. Kakas MakcMMmanbHas Macca BOAbl  MOXeT
CKOHJEHCMPOBATLCA B COCYyAe NOC/e OXNAaXAEeHMA NPOAYKTOB peakuum go 100° C?

16

C oAHMM MONeM upeanbHoOro rasa NpoBOAAT TEMNOBOW NPOLECC, B KOTOPOM ra3 cHadyana
n306apuyecku pacluMpsieTcs, a 3aTeM U30xopuyecku oxnaxpaercs. Mpu 3Tom rasom
coBeplueHa pabota A. OTHOWeEHME MaKCUManbHOTO [ABNEHUSA K MUHUMANbHOMY BO BCEM
npouecce pasHo k. Onpepenute Temneparypy rasa B HauajibHOM COCTOSHUM, €C/U
M3BECTHO, YTO OHA PaBHa TEMMEPATYpe rasa B KOHEYHOM COCTOSHUM.

17

B uunuupgpe nop nopuHem Haxoaatcs v, = 0,5 mona sogbl n v, = 0,5 Mona napa.
XunaKocTb M nap MeAneHHo HarpeBarT B M306apUYeCcKOM NPOLECCE, TaK, YTO B KOHEYHOM
COCTOSIHUM TemnepaTypa napa yeenuuueaetcs Ha AT. Kakoe KonuyectBo Tennotsl Gbino
noaBefeHo K CUCTEMe «KMAKOCTb — nap» B 3TOM npouecce? MonspHasa TennoTa
MCMAapeHns XUAKOCTU B 3aAaHHOM npolecce paBHa A. BHyTpeHHAA 3Heprus v monei
napa paBHa U = v - 3RT (R - yHuBepcanbHas ra3oBas MocTosHHas). Map cuutath
naeanbHbIM ra3om.
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Cno6opsaHuH Banepui MaBnosuy
3amecmumens dexkaHa akynmema
o6uwell u NpuKknaoHol usuku, K.¢.-M.H.,
PykogoOumesnb HAQUOHAAbHOU COOPHOL
KomaHObl Poccuu Ha MO

Hawwu B OxkHon Kopee

MoexaTb Ha MexpyHapoaHyO onaumnuagy
LWKONbHWKOB MeYTaeT NPaKTUYeCKM KaXabIn yye-
HUK, BKJIIOYMBLLUMIACS B ONIMMNNAJHOE [iBUKEHNME.
370 BeHeL, TEPHUCTON AOPOrM COpPEeBHOBAHUN B
061acTv eCTeCTBEHHOHAYYHbIX LUCLUMNH.

Moronesuy U.A., «3aucon», Kosen C.M.
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B nepuog c 15-ro no 23-e utona 2004 ropa
B HOxHo Kopee, B ropoge [loxaHr, pacnono-
XEHHOM Ha BOCTOYHOM nobepexbe Kopeitckoro
nonyocTpoBa, npoxopuna 35 MexnayHaponHas
(hu3nyeckas onMmnuana WKOAbHUKOB. B Hei
MPUHANN y4acTue KoMaHAbl U3 73 cTpaH. BepHy-
nack nocne 25-neTHero nepepbiBa B IOHO ONNM-
NUaiHOTO ABUXEHUA KoMaHaa PpaHumu. Mpu-
cnana csoero Habnofarens SiNoHus, paHee He
Y4acTBOBaBLAA B oAMMNMagax no usuke. 1o
03HayaeT, 4To SINOHWS NMeeT HamepeHue B Ce-
Lyiolem rofy NpucoeuHUTLCA K 0ANMNUAAHO-
My ABUXeHMI0. 06Lee YNCNO y4ACTHUKOB OIUM-
nuapsl coctaBuno 332 wkonbHuka (npotus 238
YYaCTHWUKOB B MPOLLIOM rofy).

C6opHyto kKomaHay Poccum Ha 35 MexayHa-
POAHYI0 (DU3MYECKYI0 ONUMNUAZY LWKONBHUKOB
cocTaBuIn:

1. na3eipuH CeméH — rumuasma Ne 127 ro-
poga CHexuHcka YensGuHckoit obnactn (yuu-
Tenb ¢pusmnkn — E.M. Enbkuna)

2. PeuucroB [puropuit — mHoronpocunb-
HbI AnLeit ropoaa Bonorapl (yuutens husnkm —
JI.H. CyxaHos u A.T. [pukyk)

3. OdépkuH Wropb — wkona Ne 18 ro-
poga HoBouebokcapcka (yuutens HU3MKK —
J1.H.Typkosckas u B.[l. Koyakos)

4. JlecHnunn fAkos — nuuen N2 3 ropoga
KponoTkuH KpacHogapckoro kpas (yuutens u-
3ukun — H.T. YépHas)

5. AHgpeeB VBaH — 3KcnepuMeHTanbHas
wkona N2 82 ropoga YepHoronoska MockoBcKoii
obnactu  (yuutens ¢usmku — B.[. Eropos u
I.B. Jlo6umosa).

Bo3maenann komanpy Poccum npodeccop
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M®TU C.M. Kosen u gouest MOTU B.M. Cnobops-
HUH. B KauvectBe Habmoparens ot Poccun Ha
onumnuage npucytcrsosan W.A. Woronesny —
3acnyKeHHblit yuntens Poccun. Ero yueHukn us
nuues N 31 ropopa YensbuHcka Ha npepblay-
wyx MexayHapoaHbIX ONMMNMUAfAaX 3aBoeBasu
yeTblpe 30/10Tble Meaanu.

Kak n B npepbigywue rofbl, NOArOTOBKa
cbopHoit KomaHabl Poccuu nposopunach Ha
6a3e MoCKOBCKOTO GU3NKO-TEXHUYECKOTO WH-
ctutyta. KaHpuparel B Hawy c6opHyto Gbiau
oToOpaHbl No pe3ynbTatam [Byx Bcepoccuii-
ckux onumnuap (Boponex, 2003 r. u fpoc-
naBnb, 2004 r.), a TaKKe No pesynbTaTam OfHO-
ro keanuukaumoHHoro (aHBapb 2004 r.) u
ABYX y4e6GHO-TPEHMPOBOYHbLIX COOPOB (UIONb
2003 r. v ntonb 2004 r.). Ha TpeTbem 3aknioyu-
TeNbHOM c60pe Obll OKOHYATENLHO OnpefesnéH
COCTaB KOMaHAbl U3 5 wKkonbHMKOB. Bo Bpems
nposefeHus cbopoB c pebsTamu paboTanu
npenogasatenu kaceppbl ob6uweit ¢husmnky, a
TaKXe CTyAeHTbl puatexa — nobegutenu Mex-
LYHApOAHbIX onMMNuMag npownsix net. B 06-
Wen CNOXHOCTU MPOAOSKUTENBHOCTb BCEX
c60pOB coCTaBmNa YETLIPE C NONOBUHON Hefe-
nW. ITO 3HAYNTENbHO MEHbLLIE BPEMEHU NOAro-
TOBKM COOPHbIX KOMaHZ CTpaH, KOTOpbIE U3 To-
[a B rof, MOKa3blBalT Hau-BbICLINE pe3yNbTa-
Tol. [To MMeloWMMCA CBEAEHUAM Nepuof, noj-
rOTOBKM COOPHbIX KOMaH[ 3TUX CTPaH AnuTCA
OT fiByX MecaueB fo noayroaus. Cnegyet Tak-

K€ NMOAYEPKHYTb, YTO YNeHbl COOPHBIX KOMAHA
MHOTFMX TOCYAApCTB OCBOOOX[AIOTCA OT Bbl-
NYCKHbIX 3K3ameHoB. K coxaneHuto, Haww pe-
6ATa B nepuod, NMpeALecTBYOLWMNIA TpeTbeMy
3aKNIYUTENbHOMY COOpPY, BbIHYXAEHbI FOTO-
BUTbCA K BbIMYCKHbIM 3K3aMeHaM B MOJIHOM
00bEME, B yliepb caMOCTOsATeNbHOM NOLIOTOB-
Ke K onnmnuage.

Mo utoram BbicTynnenua Ha 35 MexpayHa-
POAHOII hu3nyecKoit onumnuaae Gbian oTMeye-
Hbl 215 y4acTHMKOB. 3010Tble MeAanu nonyyun
31 y4eHuK, cepebpsHble — 35 1 GpoH30BbIE —
68. Kpome TOro, 81 yyacTHMK Obin HarpaxmeH
rpamoTamu.

CocTAzatowmmcs 6bINM NpesoXKeHbl TpU Te-
OpEeTUYECKNX 3aflaH IR, KaX,0e U3 KOTOPbIX OLje-
HuBanocb B 10 6annos, U OfHO 3KCMEPUMEH-
TanbHoe 3afaHue (20 6annos). Takum o6Gpasom,
KaXnabli W3 Y4acTHUKOB ONMMNMAZLI MOT Ha-
6patb 50 6annoB. Habpaswuit 39 6ann0B U BbI-
le noslyyan 30/10Ty0 Mefanb, 34 u Bbllle — ce-
pebpsHyio, a 25 1 Bbille — GpoH30BYI0. B atoT
pa3 Ha BCIO Haly KOMaHZy He Moay4unoch Hu
OfHOrO «30/10Tay. CepebpAHbLIMU MeJansAMn Ha-
rpagunu C. ThasbipuHa (38,5 6anna), U. Odép-
kuHa (36,8), UI. Angpeesa (35,6) u I. PeyncToBa
(34,3). A1. NNecHnyumit Habpan 31 6ann 1 nony4nn
«OpoH3y». B HeothUumManbHOM 06LIEKOMAHAHOM
3a4éte Poccus okasanach Ha 8-m mecte (176,2
6anna) nocne Kutas, WpaHa, Kopen, benopyc-
cnu, Ykpawnbl, CLLIA v BeHrpun.

N¢ crpaHa 30J10TO cepe6po 6poH3a rpamorbl cymMma
1 | Kutan 5 2221
2 | Wpan 3 1 1 196,7
3 | Kopes 4 1 193,9
4 | benopyccus 2 2 1 184,6
5 | YkpaunHa 2 1 2 182,3
6 CLA 2 2 1 181,0
7 | BeHrpus 2 2 1 177,0
8 | Poccua 4 1 176,2
9 | TanBaHb 1 3 1 174,5

10 | WHaus 1 3 1 172,0

11 | TaunaHp 1 1 3 1714

12 | PymblHuA 1 2 2 170,7

13 | BbeTHaM 3 2 169,9

49



Onumnuapga

Beigenunacs rpynna cTpaH, KOTopble Tpagu-
LMOHHO nobexpatoT. ITo asmatckuit Boctok u
CLA. Tam TanaHTAMBLIM LWKONBHUKAM OKa3blBa-
I0T peanbHylo rocyAapCTBeHHY0 MOAAEPXKKY, a
INaBHOE — Y HUX AOCTaTOYHO BPEMEHM Ha NOArO-
TOBKY.

®uHaHCcoBbIE MPOBNEMbI — He CaMble Cepbes-
Hble. He BCE onpepensercs [OCTAaTKOM CTPaHbl.
Ckaxkem, BenukobpuTaHus — oueHb boratoe rocy-
[apCTBO, HO rae y Hac AHmuaA? laxe B gecaTky
JIYYLWKMX CTPaH He Bowna. [ae lepmanus, Wseumns?
Nx ToXe HeT cpeau nuaepos. Y Halweit cbopHoit
Apyras npobnema: He XxBaTaeT BPEMeHH!.

Haww wKkonbHMKM npuesxatoT Ha nocneg-
HUe NeTHWe cOopbl OyKBasbHO Ha ClepyioLuil
AeHb nocne BbiNyckHbIX 6anos. pepcTasnseTe,
Kakas HepBOTpPENKa? [OTOBUTLCA K BbIMYCKHbIM
3K3aMeHaMm (a B XyfleM ciyyae — CAABaTb WX
LOCPOYHO), fyMaTb O NPeACToslel onumnua-

RS EREEA .

)
e )@@
35th Infernational Physics Olympiad

d A s July.?” 2004
.IE July 1_‘_“_ Y.

Cnesa Hanpaso: Peuuncrtos ., ThassipuH C., JlecHnuni 1.,
Odpépkun W., Anppees .

Onumnuagy npuseTcTBYeT npe3ugeHT Kopeu
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pe... B Kutae kanpmpatoB B HaLWOHanbHy
c6opHyto Ha nonroga censt npu LUaHxaickom
yHMBepcuTeTe. A y Hac — TONbKO TpExHepenb-
Hble c6opbl. YT0 3a 370 BpeMs ycreewwb? VX HUK-
TO He 0CBODOOXAAET OT BbINYCKHbIX 3K3aMEHOB B
WwKonax. XoTa BCe, KTO BXOLMUT B HALMOHA/bHYIO
c60pHyto, MEIOT NPaBo ObiTb 3aYUCTEHHBIMU B
no6oi NpodunbHbIN BY3 6€3 3K3amMeHOB. B aToM
rOfly «ONUMMUAZHUKUY BbIOPaU B OCHOBHOM
®uztex — yetBepo u uscdak MIY — oguH.

Bbino Obl HamHoro sierye, ecnu 6ui MuHmUc-
TepcTBO 06pa3oBaHMA M Hayku 0cBOGOXKAano
YYacCTHUKOB COOpHOI (@ OHM onpepensoTCA
3a40Ar0 4O ONMMNMAfbI) OT WKOJbHbIX 3K3a-
MeHoB. Toraa To BpeMms, B KOTOpOe OAHOKNac-
CHUKM CLAIOT BbINYCKHbIE 3K3aMeHbl, «COOPHU-
Ku» MornuM Gbl NOCBALATb CaMOCTOATENbHOIA
NOAroTOBKE K MEXAYHapOAHbIM COPEBHOBAHM-
AM. A Ha cbopax MOXHO 6bI10 Gbl Aenatb ynop
Ha (uM3nyeckme onbiTbl, NOATOTOBKY K 3KCne-
pUMEHTaNbHOMY TypY.

Mbl Heo6panyu Gansibl Ha AKCNEPUMEHTASb-
HOM Type. Hu oas KOro He CeKpeT, YTo B 60/1b-
LINHCTBE POCCMICKMX KON 060pynoBaHue ycTa-
peBluee, NabopaTopHble PaboThl N0 GU3MKe yCT-
pauBaloTcs HeperynapHo. Mel B MOTH, HakoHeL,
NOCTPOUAYN CMELMANN3MPOBaHHYI0 1abopaTopuio
LIS 3aHATUIA CO WKONbHMKAMU Ha cbopax. Ho yx
60bHO Mano BPEMEHW CMOMM NMPOBECTU B Heil
pebsiTa. TpéxHepenbHble c6opbl B JonronpygHoM
(3a KoTopble, KcTaTH, HoBOe MUHMCTEPCTBO Ha-
VKM 1 06pa30BaHus elE He Nepeyncinio AeHs-
W NpenofaBaTeNsiM U NaHCUOHATY) MOFYT TONLKO
COBEpLUIEHCTBOBATb VXK€ MMEIOLLNECH HaBbIKM
LIKONIbHUKOB, @ AaNIeKO He BCe WKONbHUKN yMetoT
[OCTaTOYHO XOpOLWO MPOBOAUTL (U3NYecKue
onbIThl. B HEKOTOPbIX WKONax faxe npocTenLmnx
ocumunnorpados Het! A Ha onumMnuage pebsTam
MHOTA NPUXOAUTCA paboTath C ABYXKAHAbHbLIM
ocuunnorpadom. B atom rogy B MNoxaHre Ha 3kc-
nepuMeHTasbHOM Type ONUMNWaabl Hago 6blno
MCCNefoBaTb «MeXaHWYecKWUin YEPHbBIA ALMKY
(KOTOpbIN Ha caMoM JieNie He KOpPOOKa, a 3anasiH-
Has c 06eunx CTOpOH Tpy6Ka). B Hero Gbin 3anps-
TaH MeTaINYeCcKMI WapWK, KOTOPbIA KPenuTcs K
TOpuaM ABYMA MPYXMHAMW PasHOM XKECTKOCTW.
LIkoNbHMKM [OMKHBI ObIAM aKKypaTHO, Kak fabo-
paHTbl, 6e3 BCAKOI (aHTasuMu NpoBecTn IKcne-
PUMEHT M NOCTPOMTL HeobxoauMble rpadmkm. Ho
OHW He ycnenu ycBOWTb KynbTypy 0thopMaeHus
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BbIKNaLoK. C 3TMM TypoM Hala KoMaHaa cnpasu-
Nach XyXKe, YEM C TEOPUEIL.

... B atom ropy Bnepsbie B Kauectse oOT-
AblXa MeXay TEOPeTUYECKUM U IKCNEPUMEH-
TafbHLIM TYypamy yYyacCTHUKAM MpemioXunu
TBOpPYECKUI KOHKypc. Hago 6bino nocTponThb
NeTaTesibHbli annapar ¢ 3a[jaHHbIMU TeXHUYe-
CKUMU xapakTepucTukamu. Mx 3anyckanu nog,

TEOPETVI'-IECKME 3a4duu
ConpotusneHue «MUHr-NOHr»

CaMblil MOTONOK B POCKOWHOM aKTOBOM 3ane
[TocTexa — lMoxaHCKOro yHMBepcUTETa HayKu
M TEXHONOrMU U Chefunu, 3a Kakoe Bpems
OHM ONYCTATCA C NATHALLATUMETPOBOM BbICO-
Tbl. [1p1 AOBONBLHO BHYWUTENLHOM Bece — 60-
nee nofykuaorpamma — Haw annapar npo-
Aepancs B BO3AyXe NOYTW NATb C NONOBU-
HOM ceKyHa!

d

[

%
¢

KoHpaeHcaTop cocTouT U3 iByX NapanfenbHbiX N1aCTUH B GOpPMe Kpyros paanycom R, pac-
NONOXEHHBIX Ha paccTosiHum d (d<<R) ppyr ot apyra (puc 1.1a). BepxHsas nnactuHa npu-
COeAMHEHa K UCTOYHUKY NOCTOSHHOTO HAaNpPAXeHUsA C NOTeHLUanom V, a HUXHAA nnactu-
Ha 3a3emsieHa. 3atem TOHKWI ManeHbKWit AUCK Maccoil m paguycom r (r<<R,d) n npexe-
OpexuMo Manoi TONWMHON (t<<r) NOMeLAIOT B LEHTP HWXHEN nnacTuHsl (puc 1.1b).
MnacTuHbl U AUCK, U3rOTOBNEHHbIE U3 XOPOLIO NPOBOAALEr0 MaTepuana, HaxopfaTCcs B
BaKyyMme. Bcemu anekTpocTaTmyeckumum kpaesbiMu 3 deKTamm U MHAYLMPOBAHHbLIMM 3a-
pAfaMU, @ TaKXKE UHAYKTUBHOCTbIO BCEN Lenu U CBA3AHHLIMU C Hell 3 deKTamu MOXHO
npeHebpeyb. [lManekTpuyeckas nocToAHHas £, CYNTaETCA U3BECTHO.

Pucynok 1.1 Cxematuyeckuit yeptex na-
pannenbHbIX NAACTUH KOHAEHCAaTopa,
NOLKAOUYEHHBIX K UCTOYHUKY NOCTOSHHO-
ro HanpsixeHus, (a) u Bua c6oKy napan-
NEeNbHbIX NNACTUH C MaNeHbKUM AUCKOM,
nomeLweEHHbIM BHYTPU KoHpeHcaTopa (b).
(CmoTpu noapobHoe onncaHue B TEKCTE).

V
+

v
d r
ty 9>
A l T
= mg =

(a) [1.2 6anna] Paccuuraiite snekTpocTaTuyeckyio cuny F B3auMoAENCTBUS MEXAY nia-

i
[

(a)

CTMHAMW, HAXOLAWMMUCA HA PacCTOsHUM d, B0 MOMELeHWUs AUCKA Mexay Humu (puc.
1.1a).

(b) [0.8 6anna] Korga auck nomewgH Ha HUXHIoW nnactury (puc. 1.1b), guck npuob-
peTaeT 3apsAf g, NPONOPLMOHaNbHbIA HanpsxeHuto V Ha koHaeHcaTope: g = yV. Bbipa-
3uTe y depes r, du £

(c) [0.5 6anna] MapannenbHble NNACTUHBI KOHAEHCATOPA PACMONOXKEHbI NeprneHANKY-
JISIPHO TPaBMTALMOHHOMY MO0 g. YTOObI AMUCK B NEPBbIi Pa3 NOAHANCA BBEPX U3 UCXOA-
HOTO MONOXEHUs, HEOOXOAUMO MPUIOKUTL HanpsixeHue V, npeBbilatollee NOporoBoe
3HaveHue V. Boipasute V, yepes m, g, d ny .
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(d) [2.3 6anna] Mpu V>V, puck asuxeTca BBepx-BHU3 Mexay nnactuHamu. (Mpeano-

NaraeTcs, YTo AMUCK ABUXKETCS CTPOro BepPTUKANbHO 6e3 KayaHus). CToNKHOBEHUS Mexay
[NCKOM W NNacTUHOI Heynpyrue c ko3dbduunentom socctanosnenna n (V.. /V, . ),

nv

after — CKOPOCTN INCKA COOTBETCTBEHHO A0 M NOCNE CTONKHOBEHMUA. Mnactu-

rae Vbefore
Hbl 3aKpenyiieHbl HENOABUXKHO. Mocne 60ﬂb|JJOFO KONMYeCcTBa CTONKHOBEHUN CKOpPOCTb
OUCKa Cpa3y nocne o4epenHoro CToIKHOBEHUA C HUXHEN NiacTuHOM CTPEMUTCA K 3Ha-

YeHUI0, KOTOpOe HA30BEM «CKOPOCTbIO B YCTaHOBMBLIEMCA pexume» V. BennduHa V.

v, =V’ +

BbipasuTe koaduumueHtsl o u S yepes m, g, y , d v n. lpepnonaraetcs, 4To AUCK
KacaeTcs NnacTUHbl OfHOBPEMEHHO BCEN MOBEPXHOCTbIO, TAK YTO MOJIHAaA nepe3apspka
NPOMUCXOLUT MTHOBEHHO NPU KaX[OM CTONIKHOBEHUMU.

3aBucut ot / no opmyne:

(e) [2.2 6anna] B ycTaHoBMBIIEMCA PEXMUME CpefHUIt O BpeMeHU Tok I Yepes obknag-
KW KOHJeHcaTopa npu ycnosuu gV << mgd moxeT 6bITb NpefcTasneH B suae I = yl2. Boi-
pasuTe Ko3thbULMEHT yYepe3s m, x, d u 1.

(f) [3 6anna] Mpu 04eHb MEATEHHOM YMEHbLIEHUN NPUTOKEHHOTO HAaNPsXeHUs V/ cylye-
CTBYET KPUTUYECKOE 3HAYEHNe HAaNPAXEHNA I/, HUKe KOTOPOro TOK CKauKoM npekpatiia-

et Teyb. Boipasute V_ u cootsetcTsylowunit emy Tok I uepes m, g, x, d v . CpasHus V_

C MOpOoroBbIM 3HayeHueMm /., onpeaeneHHbIM B NyHKTe (c), NpubAMKEHHO M306pasuTe

th’
3aBucumocTun I ot I/ (Ha nucTe OTBETOB) NpMW yBENUYEHUN U NPU yMeHblieHUn V B npepe-
nax ot V=20 po 3V,.

(a) Mpu noAKNOYEHUU K MCTOYHWKY MeXpy nnacTMHaMmu BO3HUKAeT OFHOPOAHOE
.. v
3/IeKTPOCTaTUYECKOE NONE, MOAYNb HANPXKEHHOCTU KOTOPOTO E:E . Tak Kak 370 none

co3faérca 3apapamun KaXOon M3 NAacTuH U 3Tu 3apAnbl paBHbl MeXAy coboit no

E_V y .
mopynio, To E=E +E,=E =E, =2 24" MNone, co3paBaemoe HMNKHEN NNACTUHOW,

AedCcTBYeT Ha BepxHilo ¢ cunoit F =gq,E, . 3apagel nnactun g, =-q,=CV, rpe

2
&S _ &R

d d - EMKOCTb KOHAEeHCaTopa, O6pa3OBaHHOF0 3TumMun nnactuHamu. Cuna

&,mR*V?

2d* |
(b) 3apsap y4yacTka MOBEPXHOCTW HWMKHEN MAACTUHbI, Ha KOTOPOM HAaxoguTcs AMCK,
NOJIHOCTbLIO NepexoanuT Ha AMUcK. lucK npuobpeTaeT 3apsaq

B3aMMOJENCTBUA MeXAy NaacTuHamm Fp =

rr gk 1t
g=9y raa

r_ g v __&rr’
d R d d |
(c) [Ouck OTOpBETCA OT HWXHENH NNAacTWUHbI, ecny AelicTBYIOWAs HA HEro CO CTOPOHbI
3NeKTPOCTaTUYEeCKOro NONA Cuia NpeB30MAET CUNY TAXKECTU. INeKTpoCTaTuyeckoe none
6 . . 4 V?

yAeT [eiicTBOBaTb Ha AUCK C CUAONA Fe:|q|Eu:|;(|VE:|Z|E. Mpu noporosom

2
Vo,

2d

3HAYEHUN MPUIOKEHHOTO Hanpskenus F, =|y|-L=mg. TMoporosoe 3HaueHue

2mgd

Hanpsxenua |V, = | |
X
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(d) Mocne CTONKHOBEHWA C HWXHEW NNACTMHOW B YCTAHOBMBIUEMCA PEXWUME AUCK
npuoGpeTaeT ckopocTb v, 1 3apag g. Neped yaapoM 0 BepXHIOI0 NNACTUHY ero CKOpOCTb
Vooore MOXHO BbIPA3UTb U3 3HEPreTU4ECKMX COOBPakeHuii:

m(vzgfore )2 mv?
T:Ts—mgd+|q|v. Mocne ymapa O BEpxXHIOK MAACTUHY CKOPOCTb AMUCKa
Vafer =TV puore» @ €70 3aPAR paBeH —q. CKOPOCTb AMCKA Nepef OYepefHbiM yAApoM o

down )2 up 2
down m(vbefore ) m(vafter )

HUKHIOID  MNacTuHy vy, : P +mgd +|q|V . Ckopocts pucka
noc/ie yaapa o0 HUKHIOWD MAACTUHY Vi =nvy%  =v,. Ucnonb3ys npusepéHHble
2 2 2
COOTHOWIEHNS, BbIPaXKaeM v, = M~77—2'V2 +ng~77—2.
m 1-pg 1+7n
2 2 2
S E O P |
m 1-ng 1+7

. A
(e) CpepHnit no BpemeHu TOK Yepe3 06KNa[KM KOHAEHCATOPa I:A_Z' roe Aq:2|q| -
3apsA, KOTOpPbIA NEepeHOCUT AWCK 33 OAMH UMKN (BBEPX — BHW3) [ABWXKEHUS MeXDY
naacTuHamm, At:tup+t BpeMA [ABMXEHMA [UCKA OT HUXHENW nnacTuHbl A0

BepxHeid M 06paTHO. Tak Kak M [ABWXeHWe BBEpPX, U [ABUIKEHUE BHU3 NPOUCXOZAT C
MOCTOSIHHBIMU YCKOPEHWUAMU, MOXHO BbIPa3uTb CPeAHUe CKOPOCTU 3TUX [BUKEHUIA:

down

up down
_ Vafter + Vbefore T t = Zd Zd
up 2 r Vdown — 2 . oraa up

up
V_ _ Vit Vbefore . _
- down — up before *
Vafter + vduwn

up
Vs + Vbefore

-1

2l _falf 1 L1
d\v,+v,. Ve, +vire

after down

CpegHioto cuny Toka I = Hangém, ucnonb3ya

down

BuIDAXEHUA ANA  vib v sviet w3 uyacu (d). Yuuteisas, uto |g|V >>mgd

(f) Tok nepecTaér Teub, eC/IM KMHETUYECKOI 3HEPrUM AMUCKA NOCNe YAAPa O HUXHIOD
MNAacTMHy OKa3blBaeTCss HE[OCTaTOYHO, u4TOObl [0NeTeTb [0 BEpXHeW MNAacTUHbI:

2
mv?

< mgd—|q|V. Wcnonb3ys BblpaxeHue Ans v, NONYYUM YCIIOBUE, KOTOPOMY [OMKHO

2

1-n° mgd

yaosnetBopaTh V, yToObl TOK npekpatunca: V <

> - Kputnyeckoe 3HaueHune
1+n |;(|

2

1-n° mgd
1+7° |z
noanére K BepxHel nnacTuHe obpalaercs B Hynb. TOrfa BpeMs [ABUKEHUS BBEPX

2d 2d  2nd
t,, =— BPeMsA ABWXEHUA BHU3 &, = =—.
vs (VS/) Vs
n

2 2
CunaToka I, = Gl v, = FilZ M n V2 +2gd- U

2d(1+n) ° d(1l+n)\ m 1-7° 1+7°

HanpsxeHus |V =

<V, |' NMpn TakoM HanpsXeHWU CKOPOCTb AUCKA Mpw
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Iy
2 C yuétom Beipaxenus gna V7,
I~V
2ng
IL_ :—2 |l|m(1_772) S
(1+7])(1+77 )

lpacduk 3aeucumoctm I ot V npu yBennyeHum
IF———- 1 yMeHbleHun V/ byaet MeTb Cneayowwmii Bup:
0 Vc V th V

MNogHumalowmmnca wap

Pe3nHOBbI Wap, HANONHEHHbIN renueM, nogHUMaeTca B He6o. [laBneHne 1 Temnepary-
pa aTMocthepHOro Bo3fyxa YMEHbIIAKTCA C BbICOTOI. B ganbHeiwem Gynem npegnona-
ratb, 4To cchepuyeckas hopma Wwapa COXpPaAHAETCA, HECMOTPA HAa NPUKPENNEHHbIN K He-
My Tpy3, U NpeHebpexem 06bEMOM camoit 060104KK 1 rpy3a. byaem Takxe npegnona-
raTb, YTO TemnepaTypa refaus BHYTPM Lapa COBMNAJAeT C TeMNepaTypoil OKpyxaloLero
BO3[yXa, M CYMTaTb reNnil U BO3[yX MAeanbHbIMU ra3amMu. YHMBepcanbHas rasosas no-
ctoaHHas R =831 [lx/(monb-K); monapuble macchl reansa M, u Bosfyxa M, pasHbl
M, =4,00x10* kr/monbn M,=28,9 10 Kr/monb COOTBETCTBEHHO. YCKOpeHue cBo6Os-

HOro nagexus g =9,8 m/c.

Yacte A (a) [1.5 6anna] Mpegnonoxum, YT OKpYKAKOLWMI BO3LYX UMeET fiaBneHne P u Temne-
patypy T. [laBneHne BHYTpM Wapa Bblle HAPYKHOTO M3-3a YNpyrux CBOMCTB 060104KM.
MycTb Wap COAepXuUT n Monen renus 1 faBneHne BHyTpu Hero pasHo P +AP. Onpepenu-
Te BbITANKMBAKOLWYIO CUIy F,, AeACTBYIOWYIO HA Wap, Kak GyHKumio oT P u AP.

(b) [2 6anna] B Kopee B 0aMH 13 neTHWX fiHeil ObiNO HailAeHo, YTo Temnepatypa T BO3-
[iyXa Ha BbICOTE Z HaJ ypOBHEM MOPA 3aAaéTcA cooTHoweHuem T(z) =T (1 - z/2°) B pn-

anasoHe 0< z <15 kM, rae z, = 49 km n T, =303 K. [laBnexune P 1 nnoTHOCTb BO3Ayxa p,

Ha yposHe Mops paBHbl P =1 atm = 1,01 x 10° Ma u p,= 1,16 Kr/M> COOTBETCTBEHHO.

B yka3aHHOM Mana3oHe BbICOT JaBJEHNE N3MEHAETCA C BbICOTOM MO 3aKOHY
P(2)=F(-2/z) (2.1)

BbipasuTe NoCTOAHHYI 1 Yepe3 BennUdmuHbl Z, p, P, 1 g; onpeaenute eé 3HayeHue C

TOYHOCTbIO A0 ABYX 3Hayvalux LI.VId)p. CyuTaiite yCKOpeHune CBO60,U,HOFO nageHua g
NOCTOAHHbIM, HE 3aBUCALLUM OT BbICOTHI.

Yacte B Korpa pe3uHosblii wap (C paauycom r, B HEpacTAHYTOM COCTOAHMM) Pa3fyBaeTcs /0
cdepbl paauyca r (2r,), ero obonodyka M3-3a pacTaxeHus npuobpeTaeT ynpyryio
3Hepruio. B ynpowgéxHoit Teopun ynpyras 3Heprus U HagyTol chepuyeckoit 060104Km
npu NMOCTOSAHHON TemnenaTune T ANUCKIRAATCS RRINAKEHUEM

U= 47rkRT (247 + —-3) (2.2)
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Yactb C

OTBeT
Yactb A

Yacte B

e A=r/r¥ (21) - koadduumeHT pacTaxeHus (no paguycy), a k — HekoTopas
KOHCTAHTa, BbIPAXEHHAsA B €ANHULAX MONb/ M2,

(c) [2 6anna] Bbipasute AP 4yepe3 napaMeTpbl, BXOAAlWMe B BbipaweHue (2.2), u
n306pasuTe rpaduyeckn (Ha NUCTe OTBETOB) 3aBUCUMMOCTb AP OT A.

(d) [1.5 6anna] MocTosHHas BenuumMHa k MOXeET GbITb ONpefeneHa Yepes KoANYecTBo
Monei renus, Heob6XOANUMbIX Ans Hagysawus wapa. Mpu T = 303 K n P = 1,0 atm

HepacTaHyTbIA wap (npu r=r°) copepxut n = 12,5 moneii renna. [ins pasaysaHus wapa
A0 3HaueHns A = 1,5 npu HeM3MeHHbIX Temneparype 7, ¥ BHeWHeM [aBNeHun P B HEM

NOMKHO HAaxXOANTLCA B 06l CNOXHOCTM n = 3,6n = 45 monei renus. Beipasute
ro o

napametp a 060104KM, onpefensemblit kak oTHoweHue a = k/k (e k, = ), yepes

n, nyu A. BblumcnuTe ero sHaueHIe C TOYHOCTBIO 10 ABYX 3HauaLmX Ludp. 0

LLap Hakayanu Ha ypoBHe Mops Kak B nyHKTe (d) (ko3dduLMeHT pacTaxeHUs no paguycy
A =15, 41cno mone renna BHyTpU n = 3,6n,=45 MOnen, Npu Temneparype T0= 303K wu
JABNEHUM P0= 1,0 atm = 1,01 x10° Ma). 06was macca wapa, BKMoYyas ras, 060J04Ky U
rpy3, pasHa M, = 1,12 kr. Takoi Wwap HayMHaeT NOAHMMATLCS OT YPOBHSA MOPA.

(e) [3 6anna] MycTb 3TOT Wap NOAHANCA JO TAKOI BLICOTHI Z,, HA KOTOPOW BbITaNKuBalo-
Was CUia YpaBHOBELIMBAETCA CYyMMapPHOW cunoii TaxecTtu. Onpepenute Zu K03t duymeHT
pacTaxeHus Af Ha 3ToW BbicoTe. PaccuuTaiite MX YMCNOBbIE 3HAYEHUA C TOYHOCTbIO A0

ABYX 3HaualLMx unudp. YTeukoii raza u GOKOBbIM CMeLLEHUEM U3-3a BETPA NpeHebperuTe.

(a) Boitankusalowas cuna f,=pgV, rpe pz% — MNIOTHOCTb OKpyKalolero
BO3/yXa, V:i - 06bEM renus. |f, =LnMAg .
(p+4p) (p+4p)

(b) PaccmoTtpum cnoii Bo3pyxa TONIWMHON dz, PAacMoONOXeHHbI Ha BbicoTe z. Ycnosue
d

paBHoBecus 3Toro cnos p(z)gdz =—dp wnu —d—p:p(z)g.
z

dp _ np, 21
— =—"(1- ;
dZ ZO ( Z/ZO )

(Z):p(z)MA poMA (1_2/20)77*1.

RT(Z) RT,
M M
Takum o6paszom, 77—p°:p°—"g " n:ﬁz5.5 .
z, R, RT,

(c) Mo3Bonum o6onoyke GeCKOHEYHO MeAneHHO pacTaruBaThCs. pu yBennyeHun eé
paguMyca Ha dr cunbl jaBneHus (rasa BHyTPU 000JI0YKM W OKPYXKalOWero BO3Ayxa)
cosepuwart paboty SA=Ap-4zxridr . 3neprus ynpyroi aedopmalinn 060104KM NpU ITOM

4
BO3pacTéT Ha dU = Z—U~dr = 47rr02kRT[4—2r—4L§]dr .
r r
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Ap/

5

5
OA=dU= Ap= 4kRT( )(——1]. Nckomas

4kRT
3aBUCUMOCTb MMeeT Buj |Ap =

(,1-1 -27)|

|

: JTa  3aBACMMOCTD  MMeeT  MaKCMMyM  npu
: 2=87~1.38. Mpnu A=1 Ap=0.Tpun A>1
: Ap~1/A. MNpumepHbll rpacduK 3aBUCHMOCTH
I Ap(A) npu A>1 npuBenéH Ha pucyHke 2.1.

Puc. 2.1. atmocepHomy p, =

Yactb C

\

1.38 (d) Npu r=r, paBneHue renus B Wape paBHO

oRTy
= 3 :
37ty

Mpu paspysaHuu

3 4 3
gﬂ'r §7Z'f0

Wcnonb3ys BblpaXeHWe  pns Ap n3 nNyHKTa (). BbIpaXaeMm

r .(n//13—n0)_r0p0 .[n/(noﬂf)—l]. nf(m2)-

1
—. = a= ~0.11|.
4 Smr; (A-A7) 4RT, | AT =27

RT, RT,
Wwapa gaeneHue renus (pO+Ap)=:7 L Ap=—2 (%—noj.

k:

At =-27

P
(e) Ycnosme paBHoBecKs Wwapa Ha BbicoTe Z;: M g=Ff, = M,ng—~1—.
pf +(Ap)f
P +(8); My
Py My
TaK Kak KOJIMYeCTBO refius B Wape NOCTOAHHO, TO:

+ > (pr+(2p), )4 f 3
(po +(40),) 2 :(p (), :(pf+(Ap)f)=(Po+(Ap)o)%[/%J'

Ty Ty /
pf+(Ap)f :p0+(Ap)0 T[4 ’ _nM,
Py Ty Ps ﬂf M
4KRT
N3 I'I.(C)I Apf :r—f(ﬂ,;1 _2;7) .
0
A 4KRT,
1+( p)f:1+ f(ﬁﬁ_/i?):nMA
Py loPs M;

pr UM JakR(2A=27) M U2 ) po+(Ap),

+(A
YyTéM, 4TO 4KRT, =ap,, cneg., (/12 A7 ) = m[l —ﬁJ}f .
o ap, nM,
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Tk A, >4, rie A=1.5,70 (ﬂfz—ﬂf")zﬂ;.

(ap), =8

I
As ~ (1+lj 1—£ AP x2.14|
a A nM,

0
-1 3
p_fzﬂﬂl_z_fj” _Po+(Bp),( A ﬁz&(ldji M
nM, A

T, 1T, 2y Ty A

W3 nocnegHero BblpaXeHUsA HaXOAUM z; ~11km |

A=A ) map, A

—
o

ATOMHbIN 30HAUPYIOLWMUIA MUKPOCKON

ATOMHbIN 30HAMPYOWIUIA MUKpockon (A3M) ABASETCS MOLLHBIM UCCAEA0BATENbCKUM UH-
CTPYMEHTOM B 06N1acTu HaHohU3MKK. [iBuxKeHue aaTymka A3M peructpupyertcs ¢ nomo-
Wwblo HOTOAETEKTOPA, NPUHUMAIOLLETO OTPAXKEHHbINA lyY Nla3epa, Kak MOKa3HoO Ha puc.
3.1. [laTuMK 3aKpennéH Ha ynpyroi ropM3oHTanbHOM NAacTUHKE U MOXKET KonebaTbes
TONbKO B BEPTUKANLHOM HanpasaeHuu. Ero cmeweHue z, 3aBucsiiee ot BpeMeHu t, onu-
CbIBA€TCA YPAaBHEHUEM
yP d’z | dz
m—-+b—+kz=F
dt

) y
rae m — Macca aatynka, k — mo’ Ko3hGUUMEHT ynpyroctu NNacTuHKK, b — Manbli Ko3g-
(uuUMeHT 3aTyxaHus, yi0BNETBOPAILWMIA YCN0BUIO o, >> (b/ m) >0, F - BHewHss cuna,
AEeNCTBYIOWAA Ha AATYMK CO CTOPOHBI Nbe30371EMEHTA.

Vi=cz2z BbIX. CUTHan
eﬂeKTPOHHOe

doToaeTekTop yetperierao .
Puc. 3.1 YnpowgéHHasa cxema
onopHuiii  TOMHOTO 30HAMPYIOWEro My-
BXORHOVACHTRAM — & curvan  Kpockona (A3M). B npaBom
A Ve Vi —<—@ HUXHEM Yy noKasaHa ynpo-

\ 4 .

nasep Vr WEHHAA MexaHMYyecKas Mo-
LeNlb, ONUChIBAOLLAA NPUHLMN
k I paboThl AaTymKa v ero cBssb C

z=0 $ F nbesoanement Nbe303/IEMEHTOM.

| \
B0 pATMK
—
oBpasel I~

Yacte A () [1.5 6anna] Ecau F = F sin wt, To 3aBuCMMOCTb Z(t), yIOBNETBOPAOLASA YPABHEHMIO

(3.1), umeet Bup z(t) = Asin(ot -¢), rne A>0n 0 < ¢ < m. Monyuute BbIpaxeHUs Ans
amnauTyabl A v TaHrenca dasbl tang Yepes napametpsl F, m,  , o, u b. Haitaute 3Ha-

YeHns amnInTyabl A 1 dasbl ¢ Ha pe30HaHCHOI YacToTe ® = .
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Yactb B

(b) [1 6ann] IneKTPOHHOE YCTPOIICTBO, NOKA3aHHOE Ha puC. 3.1, NePEMHOXAET BXOLHON
CUrHan 1 onopHelit curan V, =V, sin ot, n BbijensaeT B KayecTBe BbIXOAHOMO CUrHana

MOJ/IbKO NOCTOSHHYIO COCTABNAIOLYIO NPoM3BefeHus 060ux curHanos. [onycTum, BXOA-
Ho curHan 3apaétca popmynoit V.=V, sin(wt - @), rae V, V., o, n @ senatTtcs 3apaH-
HbIMU MONOXUTENLHBIMW KOHCTaHTamMu. Haipute ycnosue ans o (>0), Npu KOTOPOM Ha
BbIXOJE NOABNAETCA OTNUYHBINA OT HyNs curHan. MonyuuTe BbipaxeHue ANs BENNYUHBI Bbl-

XO[HOTO curHana (MoCTOsHHOM COCTaBAsOWeN NPOM3BEAEHNA) Ha 3aaHHOI YacToTe .

(c) [1.5 6anna] Mpoitas yepes dasospalyatens, ONOPHbINA CUTHAN, HANPAXKEHWE KOTOPOrO
3aBMCHT OT BpeMeHu no 3akoHy V, =V, sin ot, npuobpetaet sup V', = V. sin (ot +m/2).

370 HanpsxeHue V', NofaéTcs Ha Nbe30371eMeHT, KOTOPbIA CO3AaET cuny F=c, V', npuno-
KEHHYI0 K AaTyuKy. 3aTem hoTOAETEKTOP Npeobpa3yeT CMelleHNe AaTYnKa Z B Hanpsxe-
Hue V.= c,z. B 3TUX COOTHOWEHUSAX C, U C, — U3BECTHbIE KOHCTaHTbI, I/, — BXOAHOI curHan.
MonyynTe BblpaXKeHue A1s NOCTOAHHON COCTaBAAIOLLENH BBIXOAHOMO CUTHANa Npu 4acTo-
T€ ONOPHOTO CUTHANA ® = .

(d) [2 6anna] Manoe n3meHeHue Macchl Aatunka Am npuBOANT K CABUTY €ro pe3oHaH-
CHOl YacTOTbl Ha BENINYMHY A, B pe3ynbTarae Yero Gasa BXOAHOro curiana ¢ Hanep-
BOHAYa/bHOW PE30HAHCHOM YacTOTe M MCMbITHIBAET CABUT Ha Benn4yuHy A¢. Haitpgute
M3MeHeHWe Macchl Aatyuka Am, npu KOTOPOM CABUI (ha3bl OKa3biBAeTCA PaBHbIM
A¢ =m /1800, 4To TUNMYHO ANs Pa30BbIX M3MepeHUH. 3HayeHus GuU3nyeckux napa-
MeTpoB Aatuyuka cnepytowme: m=1.0 107"2kr, k=1,0 H/m un (b / m) = 1.0x10* c**. Uc-
nonb3yiite cnepyolme npubnKeHHble hopMyNbl:

(1+x)°~1+ax v tan(n / 2+ x) = =1/x (npu |x|<<1).

[lanee paccmoTpuTe noBefeHue YCTPOMCTBA, BKAKOYAA BCE CUIbI, AeNCTBYIOLME HA faT-
YUK, ONUCAHHbIE B YaCTW A, @ TaKKe ZOMOJHUTEbHYIO CUY CO CTOPOHLI 06pasua ( puc.
3.1), paccMOTpeHHyI HUXKe.

(e) [1.5 6anna] Cuutaiite, yTo fononHuTenbHas cuna f(h), feicTByOWas Ha AaTYMK CO
CTOPOHbI MOBEPXHOCTW 06pa3La, 3aBUCUT TONbKO OT PacCTOAHUSA h MEX[Y KOHLOM AaTui-
Ka W NOBEPXHOCTbI0 06pasLa. 3Has 3Ty Cuily, MOXHO HaliT HOBOE MONOXKEHWE PaBHOBE-
cus patynka h. B6ausm 310ro nonoxeHns h, MOXHO npubausnTensHo 3anucarb f(h) =

J(hy) +¢,(h = h,), rae ¢, — KoaduUMeHT, He 3aBucAWMIA OT h. HaitauTe HOBYIO pe3oHaHC-
HYI0 4acToTy KonebaHnit aTumKa o', 1 BbipasuTe e€ Yyepes BeNUUYMHbI @, MU C,.

(f) [2.5 6anna] OcTpué fatumka, Hecyliee anekTpuyeckuii 3apas Q = 6e, ABUXETCA ro-
PU30HTANbHO Haf NOBEPXHOCTbIO U MPOXOAUT HaJ 3NEKTPOHOM C 3apsALOM g = e, pacno-
NIOXEHHBIM  (JIOKANM30BaHHbIM B MPOCTPAHCTBE) HA HEKOTOPOM PacCTOSAHUM MOA Mo-
BEPXHOCTbIO 06pasua. B xoae ckaHMpoBaHWA BOAN3M 3NEKTPOHA MaKCUMasbHbIA CABUT
PE30HAHCHOM 4acToThl (= @'~ ;) OKa3blBAETCA 3HAYUTENLHO MeHble ® . Monyunte

BbipaXKeHue ANA PacCTOAHMUA d, OT OCTPUSA AaT4MKa [0 IOKANM30BAHHOTO 31€KTPOHa, NPy
KOTOPOM CABWT YacTOTbl GyAEeT MakCUManbHbIM. Bbipa3nute 310 paccTosHue Yepes napa-
meTpbl m, g, Q, ®, Aw, n nocTosHHyIo 3aKkoHa Kynowa k,. PaccuuTaiite paccrosHue d,
B HaHoMeTpax (1 HM = 1x107°m) ana cagura yactotsl Aw =20 ¢

MapameTpbl fgatynka cnegyowme: m = 1.0x1072 kr, k = 1.0 H/m. Jlo6biMu
nonApM3aLnoHHbIMU 3dheKTamn Kak Ans AaTyuKa, TaK U fis obpasua cieayet npeHebpeys.
®usnyeckmne NOCTOAHHbIE PaBHbl k, = 1/4me = 9.0x10° H-M?/Kn?, e = -1.6x107"° Kn.
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OTBeT
Yactb A

(a) z(t)=Asin(wt —9)
dz d*z
— = Awcos(wt — ¢);— = —Ad’ sin( ot —
C yuétom
sin(wt — @) =sinmt - cosp —coswt - sing;cos(wt — ) = coswt -cosg +sinat - sing
(—maJZAcos¢7+bAwsin¢+kAcosgo)sinwt+
+(ma)2As1'n(p+bAa)cosgo—kAsingo)cosa)t=F0 sinat
—ma’Acos @ + bAwsing + kAcosp = F,
ma’Asing + bAwcosp — kAsing =0

F
T.k. k=ma},T0|tgp = be n|A= 0

m(e} - ') \/b2w2+m2(a)§—w2)2 .

T F
MMmo=w.:lp==|nA=—|
P or|? 2 ba,

(b) ViV, =V, Yy sin(wt — g, )sinat :%[cos((w—a& )t+¢,)—cos((w+a, )t—(p,.)J

lMocToAHHAA cocTaBnAWAA CUTHaNA 6yJJ,ET OTAMYHA OT HYNA TONbKO Npu (W = a)i "

1
OyneT paBHa El/,.OVR0 cos@; |.

(c) Wcnonb3yem pesynbTaTbl, NONyYeHHbIE B MyHKTE (3) ANA A U @ NpU @ =@, . YUTEM

Takxe, uto F=c V' =c,V;, sin(a)t +%) . Monyuum Buipaxenue ans V.(t):

. Vg £ T 7w\ 6C Ve .
V. =c,z=c,Asin| wt+—=—-¢ |=c,—2sin| ot + ——— | =2 Esinwt
2 ba, 2 2 ba,
C1C2VRO
Otkypa Vy =—=—= 1 ¢, =0.T.K. @ =0, = ®,, TO NOCTOAHHAA COCTABAAIOLAA CUrHANA
a)O
2

GG Veo

2 ba,

/k
(d) Pe3soHaHcHas yacToTa @, =,|— . lpn ManoM M3MEHeHUM MaccChl faTyMKka Ha Am
m

11 1
pe30HAHCHas 4acToTa CABUHETCA Ha Awy =——-— £~Am=——&Am .
2 m\m 2m
tg¢):tg(£+A¢): ZZC() ~ = bo =
2 m(a)o - ) m(aw, +o)(o, - o)
_ b z_i:quz_ZmAa}O :a)oAm.
2mAw, Ag b b

Am:bA‘”:[ﬁj[ m JA¢%1.75~10_18K2.

@, \m)\ Jk/m
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Yacts B

Puc. 3.2.

(e) f(h)=f(h)+cs(h—hy)=f(hy)+csz.
Tenepb ypaBHeHWe KonebaHWii faTunMKa 3anucbiBaeTcs
TakK:

2

d—+bd—+kz Fysinat + f(hy)+ ¢,z

dt*  dt
MosBnexne noctosHHO! cunbl f(h,) NpMBOANT TONBKO K
CMeLleHUI0 NONOXeHWA paBHoBecus. A cnaraemoe ¢,z
MOXHO y4yecTb, BBeAA HOBbIN KO3(DOUULMEHT ynpyrocty

k'=(k—c,). Torga HoBas pe3oHaHCHas 4acToTa

. /k' f
KonebaHuit gatiunka|w .

(f) Cuna B3anMopeiicTBUA AaTynKa C INEKTPOHOM f =k, — 99 , The r — paccTosiHe Mexay
r’

[DATYNKOM N INEKTPOHOM. CD,BVIF Y4acCToThl 6y}J,ET MaKCUManbHbIM, KOraa oatynk npoxoauTt
Ha[ 3NE€KTPOHOM. B atom chy4ae cmnafHanpaBneHa, KaK NOKa3aHO Ha PUCYHKe 3.2. anI
HEOONbIIOM CMelleHnn [patyMKa B HanpaBJIEHUNM OCU Zz OT NOJIOXKEHUA paBHOBECUA

npupatenue cunbl Af =

— L
Aoy =o' -,

qQAr_cz Tak Kak Ar=z,a r=d,, 10 ¢; =—2k, Z?
qQ
=, = 3
ma,d

Yto Gonblue — genbTa 6oNbLWOE UAK AeNbTa Ma-  3TU BbIYUCIEHUA s MPOU3BEAY B YMe, TaK yTo

?
NeHbKoe! +

BaM HEC/NOXHO 6y,qu MX MPOBEPUTD.
+

I'Ipvlpop,a XOYET YTO-TO HaM CKasaTb, @ Mbl N0  Kak M3BeCTHO, LeHa paguoTeneckona, Kak wu

cBoen rMynocTu He NoOHUMaeM.

Cenvac BblJIE3YT NNONOJIaMbl.

+

NtobOro Apyroro COOPYXKeHUs, Nponopumo-
HanbHa Kyby ero BbLICOTbI U /MWL NEepPBO

CTeneHu annHbl.

JTtoT METOo[ HAa3bIBAETCA METOAOM «TbiKa», UNH,

no-Hay4Homy, — «meTof MoHTe-Kapno».
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Onumnuapa

XIV 3A0YHAA ®U3UKO-MATEMATUYECKAS
OJINMNUALA MOTHU, 2004-2005 0.

llpaBuna nposepeHuUs.

3aouyHas dusnko-matemaruyeckas onumnuaga MOTUN paccumtana Ha yyawmxca 10-11 knac-
COB, HO B Hell MOTyT y4yacTBOBaTb W [eBATUKNACCHUKU. [To6GeanTenn onumMnuagbl nonb3yloTCs
npaBoM NpeuMyLecTBeHHOro 3ayncnenns 8 MOTU npu npoynx paBHbIX yCNOBUSX.

PelweHune 3apay oLeHMBAETCA KaK YCMEWHOE, @ YHaCTHUK ONMMNMaLLl Npu3HaeTcs eé nobe-
LUTENEM C BPYYEHUEM AUMIIOMA, €CIU pelleHo 6e3 oWnboK He MeHee 5 NoObiX 3agay U3 npeano-
eHHbIX 12. Mpun 3ToM fomkHa GbITh pelleHa xoTA Gbl 04HA 3afa4ya No MaTeMaTUKe M OfjHA 3aja-
4a no pusmke.

PeweHwne 3apgay oueHMBaeTCa Kak OTNIMYHOE, @ Y4AaCTHUK ONUMNKUAALI NPU3HAETCA eé naype-
aToM C BpYYeHMEM JUMNOMa flaypeara, eciu pelleHo 6e3 oWnBOOoK He MeHee 4 3afay no husnke
M 4 3afa4y no matemartuke.

PeweHus 3agay [omkHbI 6bITb NPEACTaBNEHbI B TOHKO YYEHUYECKON TeTpaau, Ha 06J10XKe
KOTOpOW JOMKHA ObiTb HakNeeHa KCEPOKONUA YAOCTOBEPEHUA uneHa «Pustex-Akagemun»
WY aHKEeTa YYaCTHUKA, KOTOPas 0JKHA ObiTb 3anonHeHa pa3bopumBbIM NOYEPKOM MeYaTHbIMM
OykBamu. Ha nepBoil cTpaHuLe cnepyeT HanucaTb OTBETHI KO BCEM 3afayaM. PewweHue 3agay no
MaTeMaTuKe MUWYTCA B Hayane TeTpajK, a TONbKO NOTOM MULWYTCA peleHna 3aaad no dusmuke.
3apauun nuwyTca no nopsaaKy. Kaxpaoe peweHne HaynHaeTcs ¢ HOBOW CcTpaHuubl. Ecin 3apada He
peleHa, cnefyet 0CTaBUTb NYCTYIO CTPAHULLY C HOMEPOM 3afaun.

PeweHus 3apay Bbicbinatotcs no agpecy: 141700, MockoBckas 061., 1. fonronpyaHbli, NHcTu-
TYTCKMiA nep., g. 9, MOTU, «®Pustex-LieHTp» — He no3pgHee 20 despans 2005 roga.

Mo Mepe NPOX0XAeHWA NPOBEPKM, Pe3ybTaThl oAUMNMUaLbLI OYAYT NpeAcTaBneHbl Ha NHTep-
HeT-lopTane «A6uUTypueHT» www.abitu.ru.

Oprkomuter
(hu3nKo-maTeMaTMyeCcKux
onumnuag MOTU

Cnpasku no menegoHam:

«®ustex-LeHtp» (Ten./dakc) (095) 408-64-36

3a0yHas GuU3nKo-TexHuyeckas wkona (095) 408-51-45

MpuémHas Kommuccus (095) 408-48-00
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AHKeTa V4aCTHUKAa oniumnunaabl

(3anonHseTcs 3arnaBHbIMM NeYaTHbIMU OYKBaMU N0 06pa3Ly BHU3Y CTPaHMLbI)

Gamunus

Nmst Per. Homep

OTtyecTBO

Knacc lWkona

1. lomawHuit appec:

WHpekc Homep pernona

O6nactb

PaioH

lopog

Ynuua

Jom Kopnyc KeapTupa

TenedoH (c kopom ropoga)
Yuyuteco aun 8 30T Aa [j HET []
Homep 3®TLL

2. OueHKM pewéHHbIX 3afa4 (MaTemaTuka + usmnka) :
M-1 M-2 M-3 M-4 M-5 M-6 M(Z)

-1 -2 -3 o4 -5 -6 O(z)

BHUMAHME! B cBA3M c MawmnHHOI 06pa6oTKoi npocbba MCNONb30BaTL WAPUKOBYIO UK NEPLEBYIO PYUKY (Mnu
npuHTep). Liet yepHun, nactol (neyatn) — Y€pHbIi uau cuHmnit. 3anonHate 3AMIABHbIMU NEYATHBIMW BYKBAMU

no cnepylowmm o6pasyam:

A

b B r o e X |3 |MW K |JT |[M |H

P

7
c |11y o [x Ju [y Jwifw s [ [b |3
1 (2 [3 |4 |5 |6 [7 |8 |9

’ . ’

0
10
/

. Homep peruona: benopyccus — 101, Ykpauna — 102, Kasaxcran — 103, Mongasus -106




Onumnuapa

MATEMATUKA

M1. HailamMte HauMeHbluee HaTypanbHOe N TaKoe, 4To yucio (n+100)! comepKuUT B KOHUE Ha
2004 Hyns 6onblue, yem ynucno n! (m'=1-2-3-...-m).

M2. Napa6onbl /1, :y =2004x" +ax+b v M,:y=—x"+cx+d (a,bcd He naHbl) KacaloTcs B
Touke K . [lpamas napannensHas ocu Ox, nepecekaet /1, B Toukax K u M, a npamas, napan-

nensHas ocu Oy, nepecekaet napabonbl B Toukax M u N. B KaKoM OTHOWEHUM JEaUT OTPE30K
MN o6was kacaTenbHas K napabonam?

M3. CywecTtByeT 1M pa3HOCTOPOHHWII TPEYrofbHUK TakoW, Y4To OGUCCEKTpUCa U BbICOTA, NpOBe-
OEHHbIE U3 OHOW BeplUHbI, AENAT €ro Ha TPMU YacTW, U3 KOTOPbLIX MOXKHO COCTaBUTbL Tpe-
YFOJIbHUK, HE PABHbIA UCXOLHOMY?

Mé4. Llentp chepsl paguyca R=1 pacnonoxeH Ha paccTosHum J3 or npamow [. Kakoi Hau-

MeHbLINIA 06BbEM MOXET UMEeTb NpaBubHbLIA TeTpasap ABCD, pe6po AB KoToporo nexuT Ha
npamoi [, a npsmas CD kacaetcs cdepbl B 0gHOI 13 Toyek oTpeska CD?

M5. Hanpgute konuyectBo 2004-3HauYHbIX YMCeN, KaXAoe W3 KOTOPbIX COAEPKMUT BCe LuUdpbl,
KpOMe HyNs, U HUKaK1e ABe PAAOM CToALME Ldpbl KOTOPLIX He ABAAIOTCA OAUHAKOBBIMMU,

M6. Henynesble dyHkumn f(x) u g(x) onpegeneHsl npu Bcex x €R W yAOBNETBOPSIOT pa-
BeHCTBY f(Xx+ y)+ f(x—y)= f(x)g(y) npu Bcex x,y €R. Kakoe HaumeHbluee 3HaueHue
MOXeT NpuHuMaTh GyHkumna g(x)?

BHumaHue: Bo Bcex 3aayax OTBeT Jo/KeH ObiTb 060CcHOBaH. B 3agaye N2 5 oTBeT fo/KeH ObiTh

npefcTaBieH B 3aMKHyToi (opme (T.e. B BULE BbIPAXEHUS, HE COAEPKALLEro 3HAKOB X, —
CYMMUPOBAHUS, MHOTOTOYMIA U T.N.).

OU3SNKA

O1. Tenunit pacwupseTcs B npouecce 1-2, B KOTOPOM €ro AaBieHWUE NPONOPLUOHANBHO 0OBEMY,
oT Temnepatypsl T go Temnepatypsl 1,27 . 3aTem reaunii pacwmpsercs n3obapuyecku B npo-

uecce 2-3 go temnepatypsl 1,57 . HallT oTHOWeEHWE KONMYECTB TEMIOTbI, NONYYEHHbIX ra-
30M B npoueccax 1-2 n 2-3.

®2. Wapuk, BUCAWMIT Ha ynpyron NpyxuHe, KonebnetTcs BAOAb BepTMKanu ¢ nepuogom T =1
ABurasch B6AMU3N U NepneHAUKYNAPHO rNaBHOW ONTUYECKON OCK TOHKOI cobupatoweit nH-
3bl. N306paxeHne wapuka B nuH3e konebnetca ¢ amnautygoit A=2cm . PokycHoe pac-

CTOsHME NNH3bI F, WAPUK HAXOAUTCA HA PAaccTOAHUM 3F/2 oT NUH3bI. HailTh MaKkcMManbHyio
CKOpPOCTb WapKKa.

®3. Haittnt Tok (C yka3aHMeM HanpasfieHWs) Yepes pesucTop C conpoTusieHnem 8R cpasy no-
cne 3amblkaHus Kitova K . MapameTpbl cxembl faHbl Ha PUCYHKE.

& 3R K
: e
9 ¢ 8R
74
2& R
Puc. k ®3 | 1 Puc. k ®5 7 / /.
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4.

5.

6.

Hap HakNOHHOI MIOCKOCTBIO C YrIOM HaKAOHA K FOPU3OHTY & yAepknBaioT wapuk. Lapuk
OTNYCKAIOT, ¥ Yyepe3 Bpema t, OH yaapaeTca o nnockocTb. Cyutas BCe yaapsbl Wapuka ynpy-
TUMU, HAWTU MHTEPBaAN BPEMEHU MeXAY BTOPbIM U NATLIM YAApPaMU.

BHyTpu Kamepbl aBTOMOGUNBLHOTO KoMeca pagnycoM R HaxoAMTCA He6osbloe CNOWEHHOe
Teno Ha paccrosiumn r =13R/15 ot ocu koneca (cM. puc.). KosdduumneHT TpeHns ckonbxe-
HUA MEX[y TeNOM W KaMepown paBeH g . 1) HallTu MakcMManbHbIA Yron o Mexpay BepTuKa-
NIbI0 M PaAWanbHbIM HaNpaBieHMEM Ha TeNo, NPy KOTOPOM TeNo CMOXeT 0CTaBaTbCA B MOKOe
OTHOCMTEJIbHO KOMIeCa, MpU HenofABUXHOM Konece. 2) pu Kakoit MUHUMaNnbHOM NOCTOAHHOIA
CKOpOCTU aBTOMOOUISA TENO CMOXKET OCTABATLCA HEMOABUMXKHbLIM OTHOCUTENBHO KoJleca?
MonoxuTenbHO 3apAXeHHas yacTuLa Maccoii m W C 3apsAOM @, LBUrascb NepneHpuKy-
NAPHO YeTbIpEM NPOBOAALMM CeTKaM, nponetena yepes Hux (cm. puc.). MNepen nponérom
CETOK Ha PacCTOSHUM OT CETOK, 3HAYUTENbHO GONbLIEM U3 pa3MepoB, CKOPOCTb YacTULLbl Gbl-
na V. Paccrosnue mexpay cetkamu d, 2d v 3d HamHoro meHblue pa3mepos ceTok. K cet-
kaMm nopcoeauHeHbl uctouHnkmn ¢ IAC &, 3& n 5& . HailTv oTHOWeHNe CKOPOCTEi YacTULbl B
Toukax M n N.

m, q

=4

Puc. k 6 k“

W yutute: 310 He Kakan-HUOYAb epyHA0BUHA,  BMecTo Toro, 4Tobbl LyMaTh, MHTErPUPYEMA
3TO caMas Moryyas Teopema aHanusa! (YHKUMA UM HET, HAL0 NPOCTO B3ATb €€

NPOMHTErpMpoBaTh.

TeH30p BA3KUX HanpsikeHUil 6epeTcs U3
theHOMeHONOrnYecknx coobpaxeHuit, To ecTb Korga roBopsT, 4to z2 + 1 = 0 He umeeT
C yAuLbl. LBEeNCTBUTENbHLIX PEWEeHNH, TO 3TO

*

4ymoBULLHOE NpeyBennyeHue!

e 3Has 0COOEHHOCTEN XMMNYECKO CBA3MN,

Bbl HE 3HAETE UHTUMHOMN CTOPOHBI
XUMUYECKON peakumu.



BCTyIWITEIIbeIe JK3dMeHbl ™

BapuaHTbl BcTynuTenbHbix 6unetos B BY3bi. 2004 rog,

WBaHOBCKMI rocyaapCTBeHHbIA YHUBEpPCUTET
dusuka

1.

[lBa wapmka maccamu 1 Kr 1 2 Kr [BUKYTCS HABCTPeUY ApYr APYry CO cKopocTamu 1 m/c u 2
M/c cooTBeTCTBEHHO. OnpeaennTb U3MeHeHNe MexaHMyecKoi IHEPrum WaprUKoB B pesysbTa-
T€ abCONMOTHO HEeYNpPYroro CTOIKHOBEHHS.

2. Temnepatypy HarpesaTens WAeanbHO TENIOBOM MaLWUHbLI YBEAUYMAK B 2 pa3a, a Temnepary-
py XONOAWNbHUKA yMeHblwuau Ha 40%. Mocne 3toro KMNJ Tennosoi mawwuHsl ctan 88%. On-
pegenutb HavanbHoe 3HaveHune KM mawuHsl.

3. Tpu NOAKIOYEHNMN K UCTOYHUKY 3AC conpoTuBnenns 3 Om cuna Toka B Lenu paBHa 2,5 A, a
npu nopktoYeHnn conpotusieHns 4 Om cuna Toka B Lenu pasHa 2 A. OnpeaenuTs TOK Ko-
POTKOrO 3aMblKaHUA UCTOYHMKA.

4. ConeHonp, coctoAawmii n3 500 BUTKOB NPOBOAA, 3aMKHYT TaK, 4TO MOJIHOE CONPOTUBEHME Lie-
nu pasHo 10 Om. Kakoi 3apspa npoiaéT no uenu npu paBHOMEPHOM YMEHbLIEHUWN MarHUTHO-
ro notoka B coneHomnpe ot 10 MB6 no 5 mB6?

5. To noBepxHOCTW BOAbI PAaCMPOCTPAHAETCA BOMHA CO CKOPOCTbIO 3 M/c. MonnaBok, Haxops-
WMiics Ha MOBEPXHOCTU BOAbl, coBepluaeT 90 konebaHuit 3a 1 MuHyTy. Onpeaenuts AnuHY
BOJIHbI.

6. [llepuop monypacnaga pafMoaKTUBHOIO W30Tona paBeH 4 cyTkam. OnpeaenuTb OTHOWeHMWe
KONMYeCTBa pacnasLlUMXCA A[EP K KONMYECTBY OCTaBILNXCA AAEP 3@ 8 CYTOK.

MaremaTtuka

1. Pewnte HepaseHcTBO 9cos’ x +tg’x <5. 5. Haigute HauGonbuiee M3 3HaueHwit na-

2. Pewnte cucremy pameTpa @, NpWU KOTOpbLIX YpaBHeHWe

x+2y=T; arccos( | 25" +36* +a+/5-30" |+1)=0
X -y 2xy+2x+y=3; UMeeT peleHue.
» >3 6. OcHoBaHMeMm nMpamuApl CAYXKWUT NpAMO-
Xty=o. YrOJbHbIA TPEYroNbHUK C OCTPbIM Yra0M U
3. Pewwure ypaBHeHue TMNOTEHY30ii ANUHBI ¢. Bce 6okoBble péo-
\/(x+3)(4x+1)—\/(x+3)(x+2):\/(x+3)(2X_3). pa Nupamuabl UMerT OfMHAKOBYIO BJINHY
M HaKNOHEHbl K MNOCKOCTU OCHOBaHMA
log, (—j noj OAWMHAKOBbLIM yrnoM. Haigute o6bEM
2
4. PewuTe ypaBHeHue nupamnapl.

log,;(—x +8) —
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bunetbl NUCbMEHHOro TeCTa Ha COGECEAOBaHMM C Mefanuncrtamu

1. Pewwute cucremy ypaBHeHMuii
x+\/;:5;
{ZX - \/; =4,
2. Pewwute cuctemy HepaBeHCTB
2x+52>0;
x—3<0;
x+12>0.

3. PewwuTe ypaBHeHue 3 =273,

4. PewwnTe HepaBeHCTBO wso.
(x+1)(x-2)

5. Pewwure ypasHeHne x* —5x° +4=0.

6. Pewwute HepaBeHCcTBO —2<l0g, X < 3.

7. Haiigute KOOpAMHATHI BeplMHbLI napabo-
nbly=x>—4x+8.
8. Ha koopauHaTHoit nnockoctu x0Oy 06-
nactb D 3apaHa cuctemMon HepaBeHCTB
x* + y? <25;
x*+y?>9; Haiigute nnowaab o6nactv D.
x20.

9. PewnTe ypaBHeHUE ctg(4cosx):%.

10. NMycte neN.  Moxer uucno

n* —9n° +27n+37 6biTb npocTbiM? [aii-
Te 060CHOBaHWe CBOEMY OTBETY.

nun

HoBocubMpCKUit rocyaapCcTBeHHbIN YHUBEPCUTET

3apaya N°1. Teno TOnKHynu BBEpX BAOMb
Lle-poXoBaTol HAKMNOHHOW MIOCKOCTU (CM.
puc. 1). Mpu nogbéme BeNUYMHA YCKOPEHMA
6bina pasHa a,, npu cnycke — a,. HainauTe yron

Ha-KNOHa NNOCKOCTU. YcKopeHue cBo60AHOrO
nafieHus g.

Puc. 1

3apaya N2°2. BepTuKanbHO CTOALWMA LMAUHLD
C ra3oM pa3fenéH NoplwHeM Maccel m 1 ceve-
HUA S Ha gBa oTceka (cm. puc. 2). Mop peit-
CTBMEM COOCTBEHHOTO Beca NOpLIEHb MEfIEH-
HO onyckaetcs. [pu 3TOM laBNEHUs B OTCEKAX
0CTaloTCA HEM3MEHHbIMU, YTO 0becneyYnBaeTcs
nepetekaHuem rasa no Tpyb6ke npeHebpe-
M-MO Manoro o6béma. TemnepaTypbl rasa B
0TCEeKax NOJAEPXKNBAIOTCA NOCTOSHHBIMMU, Bbl-
we nopuwHsa — T, e — T, (T,>T, ). Haiigute
[aBNeHus rasa B oTcekax. YckopeHue cBobog-
HOTO NaZ@HUA g, TPEHWEM MOPLIHA O CTEHKM
npeHebpeysb.

—
T,
I g
T,
1

Puc. 2



BCTyIWITEIIbeIe JK3dMeHbl ™

3apaya N23. Tpu napannenbHble npoBoaALiMe
NNACTUHBI, NNOWAAM S KaXAas, NOAKNIOYEHDI K
MCTOYHWMKY C HanpskeHueM U Kak NoKa3aHo Ha
puc.3. PaccTosiHMs OT BHEWHUX NAAcTUH A0
cpeaHeit pasHbl d, M d, COOTBETCTBEHHO.

Han-pgute 3NEeKTPUYECKYI0 cuny,
LeACTBYIOWYIO Ha CPEAHIO NIACTUHY, ecnu
pacCToAHMA MeXphy nJacTMHaMM MHOrO
. o o
d, =+
Puc. 3

MEHbLUE UX PAa3MEpPOB.

3apaua N°4. OueHuTe CpefHIOI0 MOLWHOCTb,
pa3BMBAEMYI0 CUION [AABAEHWUS MOPOXOBbIX
ra3o., A€NCTBYIOLLEI HA MyI0 NPy BbICTPeENe.
llpednonazaemca,  4mo  Bei  xopowo
npedcmas-nseme ABAeHUE, MOXeme CaMu
3a0amb Hedoc-marwuwjue u Heobxooumsie 08
pewieHus 3a0ayu BesUYUHbI, BbIOPAMb UX
Yucs08ble 3HAYeHUs U NOAy4Yumb YUCHeHHbI

pesyabmam.

3apaya Ne5. Cocyn co canBHbIM OTBEpCTUEM
B6NM3M [Ha 3anonHsetcs BOjoi. M3
OTBEP-CTUA HAuMHAeT OuTb CTpys BOAbI,
BHayase nonajatwlLas B ropfosuHy konbsl. Mo
Mepe BbITEKaHUsA CTPyA nepecTaéT nonaparb B
rop-noBUHY M Konba  ocTaéTcs
He3anonHeHHol (cm. puc.5). Ecnm cocyg,
3anosiHeHHbIi BOJOM, 3aKpbiTb Npo6KOi ¢
TPpYOKOM, OTKPBLITON CBEP-XY U NOrPYKEHHOI
CHU3Yy B BOAY, TO CTPYA He YXOAMUT OT ropsioBu-
Hbl M HanmoNHsAeT Konby fLoBepxy (cM. puc. 6 ).
06bACHUTE LEMOHCTPUPYEMOE SIBNIEHME.

(I

Puc. 6
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MucbmeHHblIe BCcTynuTeNnbHble 3K3ameHbl B MOTU
MaremaTtuka

1-4)x|
1. Pewuts HepaBeHcTBO  log,log, ———<0.

2 [x-7x°

sin 6x _cos 3x

2. Pewuntb ypaBHEHNE — = .
sin 4x |cos |

3. YeTbIpEXyronbHMK, OAUH U3 YTNOB KOTOPOro paBeH arccos (3/5), BMUCaH B OKPYXHOCTb pa-

puyca 2+/10 ¥ onucaH OKONO OKPYXHOCTU pagmyca 3. Haitu nnowapb YeTbipEXyronbHUKA U
Yron Mexy ero maroHansiMu.

4.3apaH ky6 ABCDAB,C,D, c pebpom annubl 1. Haiitu:
a) niowagb ceyeHus Kyba NNOCKOCTbIO, NPOXOAsLEN Yepe3 BepluHy A, cepeanHy pebpa C,D,
u napannensHoin npamon BD;

6) nnowanb ceyeHns Kyba NIOCKOCTbIO, NPOXOAALLEN Yepe3 BeplWwnHY A M mapannensHoii nps-
Mol BD, y KoTopoi naowasb NPOeKLMUM cevyeHns Ha nnockocTe BDB, makcumanbHa.

5. HaiiTut Bce 3HauyeHNs napaMeTpa a, Npu KOTOPbIX ypaBHEHWE UMEET eUHCTBEHHOE PeLleHue.
X —_
log2(4 +log2a)—x.

6. Pewuntb cuctemy ypaBHeHMi

(z-2y) =3+x%
(z+x)" =2+4y°
OTBeTbl:
2 2
1. -1<x<— — 7S)(Sl. 7\/; c4—2\2.
2. x:i£+7r/<, x:ilarccos —lj+7r(2k+1),/<eZ. 5. a:\/_,0<aS1.
6 2 4
93 31 6 (1'—l'ij ( . —EJ
3. ==;arcsin=—. 712’6 12" 6)
2 32



BCTyIWITeJ'IbeIe JK3aMeHbl

®dusuka

1. bpycku ¢ Mmaccamm m W 3m cBs3aHbl NErKO HUTbIO, NEPEKUHYTOI Yepe3 GI0K, YKpenaEHHbIii
Ha KNWHE C YoM HaKnoHa K ropusoHty a(cosa=7/9) u mac-

3 coit 4m (cm. puc.). KnuH HaxoguTtcs Ha rnafkoi ropu3oHTanb-
L HOW noBepxHOCTW cTona. bpycok ¢ maccoit 3m ypepxuBaloT He-

4m M NOABMXHO HA pacCTosHUM L =24 CMOT Kpas KnuH3, a 3aTeM
o
S 7777 OTNYCKAOT. B pesynbTate GpYCKW U KIWH ABUXYTCA NOCTYNATENb-

HO, X CKOPOCTU NeaT B OQHOW W TOW e BEPTUKaNbHOW NA0CKOCTU. Ha Kakoe paccTosaHue cme-
CTUTCS KIWH K MOMEHTY yaapa 6pycka ¢ Maccoit 3m o cton? K moMeHTy yaapa Lpyroit 6pycok
ele He focTuraeT 6ioka. Maccoil 6n1oka npeHebpeysb.

2. B 3aKkpennéHHoi ANMHHON rNafikoi ropu3oHTaNbHOW TPybe HaXoAATCA [BaA NOPLIHA C MaccamMmu
m, U m,, Mexay KOTopeiMW B 06bEMe |, HaxoAuTCA npu pasneHun P, v monei npeanbHoro

O[JHOAaTOMHOrO ra3a, Macca KOTOpPOro MHOro MeHblle Macchl NopwHei. HapyxHoe faBneHune Ha
NopLWHM NpeHebpexknmo Mano. NepBoHaYaNbHO yaePKUBAEMbIE MOPWHM OTNYCKAIOT U B HEKOTO-
pblii MOMEHT BPEMEHW CKOPOCTb MOPLIHA MAccoil m, CTaHOBUTCA paBHOM ©v,. [lonaras, 4to ras
MeXAy MOpLWHAMM BCE BPEMA OCTAETCA PaBHOBECHbIM, ONPEeAeNnTb ero TeMnepatypy B 3TOT MO-
MeHT. TennonpoBoAHOCTbLIO M TENNOEMKOCTLIO NOpLIHeR U TpyObl NpeHebpeyb.
3. B aneKTpuyecKon cxeme, NMpeLCTaBAEHHONM HAa PUCYHKE, [IBE OLMHAKOBbLIE MPOBOAALLME NNACTUHbI
naowagblo S pacnonoXeHbl Ha MasoM paccTosHUK d apyr ot apyra. 06e NNacTuHbI 3apsxKeHbl, NPUYEM
q Ha NpaBoW NNACTUHE HAXOAMUTCA NONOXKMUTENbHBIN 3apag g, . 1) Hait-
TV HaYabHbIY 3apAL N1EBOW NAACTUHDBI, €CAN NOC/E 3aMbIKaHWA KHo-
ya K Gatapes coeepluna paboty A. 2) Kakoe Konuyectso Tenno-
Tbl BbIAEMIOCH B LMK nocie 3ambikaHua kioya K? 3.0.C. 6ata-

peu pasHa €. CunTaTb, 4TO 10 M NOCAE 3aMbIKaHMA KIKOYa 3apAfbl
[} (no Moaynio) NMpOBOAOB, PE3UCTOPA M WUCTOYHMKA NPEHEOPEXUMO
MaJbl.
4. B cxeMme, NpMBEAEHHON HA PUCYHKE, NMPU PA3OMKHYTOM Kiloye K KOHLEHCATop EMKOCTbio
C=30 mk® 3apskeH fo Hanpsxenus U, =4 B. WHpyktuBHOCTb Katywkn L=0,3 TH, 3.0.C.

€
|y
|I

6aTapeu £=10 B, D— upeanbHsblit guop. 1) Onpepenntb MakCUManbHbIA TOK B Lienu nocne 3a-

MblkaHua Knoua K. 2) Kakoe HanpseHMe yCTaHOBUTCA Ha
KoHJieHcaTope nocne 3ambikaHua kaoya K'?

= Up ; 5. 3a ToHKOW cobupaloleit MMH30M C hOKYCHBIM PACCTOAHUEM

D F=12 cm pacnonoxunu naockoe 3epKano, NeprneHanKynsp-

_lﬁ/ HOE rNaBHOM ONTUYECKOI OCKM JIMH3bI, HA paccTosiHUM L =4F /3

oT Heé. Mpu KaKux paccTOAHMAX MEXZY NIMH30/ U NPesMeTOM, PacnoNoXeHHbIM Nepef NUH30M, ero
n3o6paxeHune B CUCTEME NIUH3a-3epKano-J1H3a OyAeT NpAMbIM, @ NPY Kakux NepeBEPHYTHIM?

OTBeTbI: 24 2&S A?
7 3. 1)q2=671——+i‘€; 2) Qz—dz-
1. —L[=7cm. 13 d 2¢,5€
24 v
2 4.1) I =(&E-U, \/:=60mA;
2 T:i AL, _ml(m1+m2)vl . ) Lo ( 0) [
VR 3m, 2) U=2E—-U, =16 B, nonApHOCTb He U3MEHNTCA.

5. Mpu a > 30 cm u3obpaxeHue npsamoe, npu a < 30 cm —
nepeBEpHyTOe.
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BCTyI'IVITEHbeIe JK3aMeHbl

MATU um. K.3. LUOJIKOBCKOIO

1. PewwnTb ypaBHeHMe:
log, ,, 4+log, , 3=1.

Omsem: x=-9/2.

2. [ina u3roToBNEHUs NapTUK geTanei Ha NepBoMm
CTaHKe TpebyeTcs Ha 3 Yaca 6onbliue BPEMEHH, YeM
Ha BTOPOM. 32 KaKOe BpPEMSi MOXHO M3roTOBWUTH
NapTuio AeTanei Ha KaXaoM CTaHKe, e U3BeCT-
HO, 4TO NpM paboTe [ByX CTAHKOB OfHOBPEMEHHO
OHa GyfieT U3roToBNEHa 33 6 YACOB 40 MUHYT.
Omsem: t, =15, t, =12.

3. PewnTb ypaBHeHue:

tg’x +ctg’x =——- 2.
J J 1+cos8x
Omsem: x=2+Znx=2"+"k;
4 2 12 2
roen, ke Z.

4. Pelwntb HepaBeHCTBO:
Vx+5 Vx+2 1
- < .
Vil +x-2 x*+4x-5 6x—6
Omsem: |4;+x)

5. MNpu Kakux 3HaueHusx napamertpa k ypas-
HeHue

X’ —4x* =3x+k=0
umeet Ha uHTepsane (1; 4) pBa peweHus?
Omesem: ke |12;18[

6. B tpeyronbHuke ABC Ha cTopoHe AB B3siTa
Touka D, a Ha cTtopoHe (D — Touka K TakK, uTo
AD:DB=2:3 wn CK:KD=5:4. TpogonxeHue oT-
pe3ka AK 3a Touky K nepecekaet ctopoHy BC
B Touke M. Haintu otHoweHwne CM:MB.

Omsem: (M:MB=1:2.

MOCKOBCKas rocyAapCTBEHHAA aKafeMmusa Npu6opoCTpoeHnsa  MHGOpMaTUKM

1. YnpocTuTh BbIpaxeHue:

1 3
+ .
J13-3 13-4
Omsem: -1.

2. BLIYMCUTL 3HAYEHNE BbIPAKEHUA X'+ X + 2
Npw X, PAaBHOM KOPHIO YpaBHeHMs

8)2(+8+x+5:0.
x -1
Omsem: 8.

3. Bbluncnutb 3HaveHme BbipaxeHusa 8x-5y
Npu X 1y, ABNAIOWMXCA PelleHnemM cUcTeMsl
.| 2x+3y=8;
ypaBHEHNN
8y—-5x=11.
Omsem: -2.
4, HaiiTn cymmy BCeX KOpHe ypaBHeHUs:

(x* =9 x* +12x+35=0.

Omsem: -12.

X
5. Bbluncnutb 3HaveHune BblpaXeHuA —5
X_

Npu X, paBHOM KOPHIO YpaBHEHMA
2vx =3 +~/x =4. Omsem: 3.

6. HainTn npon3BogHoe KOpHel ypaBHeHUA:

3()(—1)(2—)() — 1

70 Omsem: 0.

7. BbluncnuTb 3HaYeHue BbipaxeHus
7—2x— x> NpU X, PAaBHOM KOPHIO ypaBHEHUs
log, (6 —x)+log,(x+4)=2.

Omsem: 4.

8. MlaTblil uneH reomeTpuyecKom nporpeccuu
paseH 27, BOCbMOIA uneH paseH 729. Haintn cymmy
nepBbIX YETLIPEX YEHOB 3TOI Nporpeccuu.
Omsem: 40/3.

9. PewnTb HepaBeHCTBO:

XL 9 ax > N9 —d4x .

xX+5

Omsgem: (—o; =5) U (1; 9/4).

10. PewunTb HepaBeHCTBO:
X +6x—7
i

Omsem: (-7; -4) U (-4; 1).

11. PewnTb HepaBeHcTBO: log - (6—x) <4.

<0.

Omsem: (-o0; 0).
4 2
12. [laHo: tg2a:§, T <o <7ﬂ. Bbiymc-

ANUTb: 25in & + COS « .

Omsem: /5.

13. HaifT1 4ncno pasnnyHbIX peLieHnin ypaBHeHUA
cos’ 2x +2sin’ x =1 Ha npomexyTke [0, 7).
Omsem: 5.



BCTyIWITeIIbeIe JK3dMeHbl

MITY um. H.3. BAYMAHA

1. Ecnn cHayana nonoBMHY 3akasa BbINoJ-
HUT OfiMH paboynii, a NOTOM APYryl0 NONOBUHY
— BTOpOIA pabounii, TO Becb 3aKa3 OyfeT Bbl-
nofiHeH 3a 2 vaca. Ecnu xe nepsbiit pabouuit
BbIMOJIHUT OfHY TPeTb 3aKa3a, a NOTOM OCTaB-
LWYICA YaCTb BbINOJIHUT BTOPOM, TO BECb 3aKa3
OyneT caenaH 3a 2 yaca 10 MuH. 3a CKONbKO
BPEMEHU KaXAblil paboymnii OTAENbHO MOXeT
BbIMOMIHUTbL BECb 3aKa3?

Omsem: 1,51 2,5 u.

2. Pewwutb ypaBHeHwMe:

ﬁsin[%+ xj—cos(x+%]=0.

Omsem: x=-r/3+krx, kel.

3. PewwuTb ypaBHeHHe:

3 1
lg x+2 |=1g=.
g(x+2) g
Omsem: {1/2}.

4. PelwunTb HEpPaBEHCTBO:
4x

[2
2<1+ XZ.
1+x 1+x

Omsem: xe[0;1) U (1; +0).

5. HaiiTn Hanbonbluee 1 HauMeHbLlee 3Ha-
yeHune hyHKLMK

f(x)=—x*+7-|x|-12 wa otpeske [—4; 3].
Omsem: max f(x) = 1/4; min f(x) = —12.
6. YKawuTe BCe 3HauYeHMA napameTpa g, npu
KOTOPbIX CMCTEMA YPaBHEH W

y+lnM:x;
y

y+2(x+a) =x+2a+4,

MMeeT eAuHCTBEHHOE pelleHune. HaitguTe aTo
pelieHne Npu Kaxpom a.

Omsem: a e [-1;2) U {2},

X=y=—a+a+2.

7. B cdepy papuyca R BnucaHa npaBuibHas
TpeyroabHas nupamupa TABC, y KOTOpoOW Bbi-
coTa paBHa MefuaHe ocHoBaHusa. Kakyio Hau-
MEHBLUYIO MNOWAAb MOXET UMETb TPEYrONbHUK
AMT, ecnu AT - 6okoBoe pebpo nupammuapl, a
TOoyka M nexuT Ha MeanaHe OCHOBAHMA, He
nepecekatouieit 310 pebpo?

27
1313

Omsem:

MockoBcKas rocyaapcrBeHHaa aKagemMua BOAHOrro TpaHcnopTa

1. YnpocTutb BbipaxeHue:
3,}/2\/;
Yx+y"?

+

3y4 | {5/;+y1/2 .(Xl/z.(y—l)l/3Jl

+ X1/2 iy T \3/;+Xl/6'\3/}+y2/3

Omsem: y'/?

x4 _\/}

2.  Pewwutb ypaBHeHwue:
5x*> —6x° —14x+3=0.

1 1+413

Omsem: —, .
5 2

3. PewwnTb HepaBeHcTBO:
|x2 —4|-(x4 -3x*+2)>0.

Omsem: (—oo;—\/E] U[-1:1]U [\/2_ + oo).

4. PewwnTb ypaBHeHMe:

12 +18 =2-3".
Omsem: 0.
5. Pewutb HepaBeHCTBO:

logt X
log . (7-6x)<5 e,
7
Omsem: (—o0;—7]U]—-1;0[U]0;1[U }l;g{
6. Pewutb ypaBHeHMe:
sin® x +sin’ 2x = sin? 3x +sin’ 4x.

Omsem: %+7m; %m; nmel.
7. [Be cdepbl paguyca 5 pacnonoxeHbl B
MPOCTPAHCTBE TaK, YTO PACCTOSHUE MeXpay WX
ueHTpamu coctaenset 8. Onpepenutb LAKHY

OKPYXHOCTU, N0 KOTOPOIi NepecekatoTcs cdepbl.
Omsem: 6r.
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= BCTyI'IVITEHbeIe JK3aMeHbl

MOCKOBCKMI rocyaapCTBeHHbIA aBUALMUOHHBIN MHCTUTYT

(TexHMyeckuim yHuBepcuTeT)

1. HanucaTb ypaBHeHME OKPYXHOCTU C
ueHTpom B Touke A (1;2), npoxopsileit yepes
Touky B (—1; 3).

Omgem: (x—1)* +(y—2)°" =5.

2.  Pewwutb ypaBHeHMe: sin2x-cos2x=1.

OTser: %+7rk; %+7m; k,nelZ.

3. B Tpaneunn ABCD (AD | BC) , 6uccek-

Tpuca yrna BAD npoxoauT yepes Touky M, Ko-
TOpas ABNAETCA cepefuHOl cTopoHbl CD.
N3BecTHo, yto AB = 5 cm, AM = 4 cm. HaiTu
BAVHY oTpe3Ka BM.

Omsem: 3 cm.

4. PewnTb HepaBeHCTBO:

\/logz X+ \/5 +log,, x <3.

MOCKOBCKMI rocyaapCTBEHHbIN
1. Ha gByx cTaHKax Hago 6bi10 06paboTaTh no
300 petaneit. Ha nepBom cTaHke B 4Yac obpa-
6aTbiBanu Ha 5 gertaneit 6osblue, YeM Ha BTO-
pom. PaboTy Ha nepBOM CTaHKe Hadyanu Ha 1
yac 30 MUHYT NO3Xe, YeM HA BTOPOM, W, KPO-
Me TOro, Ha NepBOM CTaHKe paboTy npepbiBanu
Ha 30 muHyT. OfHako paboTa Ha 060MX CTaH-
Kax Oblna BbINOJHEHA K OfHOMY W TOMYy e
cpoky. Mo ckonbKo aetaneit B Yac obpabatbl-
Ba/I Ha KaXK[OM CTaHKe?

Omsem: 1-it ctaHok — 30 geTanein,

2-11 CTaHOK — 25 petaneii.

2. OnpepennTb AAWHBI AUaroHanein napanneno-
rpamMma, NOCTPOEHHOrO Ha BEKTOpax d =2m+n
n b= m-—2n,rae mw i eauHUYHbIE BEKTOPbI,
Yron Mexay KotopbiMu paBeH 60°.

Omsem: MNepBasa guaroHanb — ﬁ

BTopas — +/13.

3. Haittn ob6nacte onpefeneHus GyHKLUK:

3x-2
y:,[logm—.
X+6

Omsem: xe E;l{

Omeem: [1; 2]U[16; 32].
5. [lpu Kakux 3HayeHMAX napameTpa g CUC-
Tema ypaBHeHUM

x> -3x=aq;
{azy3—3y:1.
MMeeT eUHCTBEHHOE pelieHne?
Omsem: [—oo;—Z[U]2;+oo).
6. Haittu yron mexay pebpom AA' kyba
ABCDA'B'C'D’ wn 0Tpe3KoM, COEAUHSIOWMUM

TOYKy A C LeHTpoM cdepsl, BNMCAHHOI B Tpe-
yroibHyto nupamugy B'BCD.

Omsem: arctgyJ6-/2(~/2 +1).

CTPOUTENbHbIN YHUBEPCUTET

4. Pelwnts ypaBHeHue:

cos(%—ij —sinx =2co0s3x.

Omaem: x, :(2/<+1)%; X, :(1+4/<)%; keZ

5. [lokaxute  BO3pacTaHue  (QYHKLMM
y=x>—3x"+3x+21 Ha BCeil YNCNOBOII Nps-
MOM.

6. Pelwnts ypaBHeHue:

32.4% —Q.3% =33 _p2x+h

Omsem: x =-1.

7. B KOHyc, 0CeBOe ceyeHMe KOTOPOro ecTb
PaBHOCTOPOHHUI TPEYroAbHUK, BRNUCaH lWap
papuyca r = 2cM. Haiitn 06bEM KoHyca.

Omsem: 247 cm”.

8. [llpu Kakux 3HayeHusx b ypaBHeHue
(2x+3) +(b—12)x+ [4x" —9| = 0

“MeeT Ba PasfINyHbIX KOPHA?

Omsem: (—o0;—=12[]12;+00).



BCTyIWITEIIbeIe JK3dMeHbl ™

MOCKOBCKUI roCyAapCTBEHHbIN TEXHUYECKUI YHUBEPCUTET

1. YeTBEpTblit YNeH reomeTpuyeckoin npo- 4. [1pu KakuMx 3HaYeHMAX napameTpa a ypas-

rpeccun b, =2. Haitu npou3BepeHue (a+4)x* +6x—1
HeHne ———— =0 UMeeT eAUHCT-
b,-b,-b,-b;-b;. X+3
Omsem: 32. BEHHOe pelleHue?
2. Pewwutb ypaBHeHue: 25" —6-5" +5=0. Omsem: a=-13,a=—4,a= _ﬂ,

Omsem: x, =0,x, =1.
5. PewuTb HepaBeHCTBO:

3. Pewutb ypaBHeHue: sinx = 2511’1%. log, ,(x* —4x)’ <4.

Omsem: x =2rk; ke Z. 5417
Omsem: |3;

u4;g.
2

Becénbii 3aaa4HMK

+B OKHO C TpOTyapa GpolLIeH KaMeHb CO CKOPOC- *CI'IOpTVIBHOFO nnaepa UCKanu no BCemy UHCTU-
Tbio 5 MeTPOB B CeKyHAy. OUeHUTb, C Kakoh  TyTy Lenble cyTku. M3 cooTHOwWeEHMUs Heonpe-
CKOPOCTbIO OH BbINETUT HA3af,. AENEHHOCTU OLEHUTb €r0 3HEpruio.

*Kax C nomolLblo poToannapara «3eHUT» U3Me- *Haﬁm [aBJieHne B OYTbIIKE WAaMNAHCKOro, ec-
pUTb BbICOTY 5-3TaxkHoro poma? (YkasaHue. /M W3BECTHO, YTO NPobKa, BLIIETEB U3 KOMHA-
[nuHa cdoTonnexkn coctaBnset 1,6 meTpa). Thl WECTOro Kopnyca, pa3buaa OKHO, monana B

(hopTOYKY TpeTbero Kopnyca U, ynapusLmnch B
EN0YHbIII WapKK, coobwuna emy amnauTygy.

+

MuuwyT, 4T0 KOCMMUYecKUe kopabau Gymywero
OyayT UMeTb MOIHOCTb B COTHW pa3 bonblue, *
yem Mbl MoxeMm cebe npepctaBuTb. OueHute B GacceilH BTeKaeT BOAA U3 Tpybbl A CO CKOpO-

MOLHOCTb GYAYLLMX KOCMUYECKUX NaiiHepoB.  cTbto C1 1 BbiTeKaeT U3 TpyObl B co ckopocTbio
+ C2. C Bblwku BbicoTOM H B 6GacceitH npbiraet
* ctyneHT. PaccmoTpeth Bce cnyyau.
[laHbl cpepHee apucmeTUyecKoe U cpefHee

reomeTpuyeckoe. HaiiTu 30n0Tyto cepemHy. *
OueHuTb nocTosiHHyto [naHka no natuban-

* JIbHO cucTeMe.
B ogHo yxo cTyneHTa Bnetaet 30 CNOB B MUHY-

Ty, a U3 apyroro Bbinetaet 10. Haiitu: a) korga *
CTYAEHT noymHeeT; 6) korga oH nonyynt Hobe- Y3asBka Ha M300peTeHMe [BUXKETCA CHU3Y

NeBCKYI0 NpeMuio. ‘ BBepx. OueHNUTb KO3DPULMEHT pa3MHOXKEHUA

COaBTOPOB.
+

nNpeAennTs, 0TKyAa bepyTcs CAenaHHble 3aga- 3
HWA N0 TEOPETUYECKON (u3MKe. A m

* v -

ENbHASA TABETA

KO-TEXIIHECKOTO MHCTHTYTA

Mockoncroro g

*
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Pechopmbl B 06pasoBaHum

MuHucTepcTBO 06pasoBaHus U Hayku Poccuitckoit Pegepaumu
OepepanbHoe areHTCTBO N0 06pa3oBaHmio

MpunoxeHne N21 k matepuanam kommuccum MuHobpHayku Poccum (06.10.2004 r.)

MpoeKT KOHuenuuu MopepHU3aLUUu
AONONHUTENbHOrO 06pa3oBaHusa aeten PP
no 2010 ropa

1.P0OJIb JIONOJHUTENLHOIO O6PA30OBAHUA AETENA B PA3BUTUU
POCCUWACKOIO OBLECTBA

Cuctema gononHuTeNbHOrO 06pa3oBaHus feteit Poccuiickoin Pepepaunnu B e€ HOBOM
KayeCTBEHHOM COCTOSIHMM Pa3BMBAETCS Ha NpoTsaxeHuu 6onee 10 neT. Mog «4ONOAHUTENbHBIMY
NOHWMAETC MOTUBMPOBAHHOE 06Pa30BaHME 33 PaMKaMWU OCHOBHOTO 06pa3oBaHMs, NO3BOAIO-
liee YenoBeKy NpMOBPECTU YCTONYMBYIO NOTPEOHOCTL B MO3HAHUM U TBOPYECTBE, MAKCUMaNbHO
peanusoBatb cebs, camoonpenennTbCs NPeaMeTHo, COLMaNbHO, NPOhEeCcCUOHaNbHO, IMYHOCTHO.
OTIMYNTENbHBIMY YepTaMU NEJAroruKM ONONHUTENbHOTO 06pa3oBaHNUs eTeil ABAAIOTCA:

¢ Co3[aHue yCNoBWMit Ans CBOOOAHOTO BbIGOPa KaXAbiM peGEHKOM 06pa3oBaTeNbHOM 0bnactu
(HanpaBneHus M BWAA [EATENbHOCTM), NPoduUas NPOrpaMMbl U BpEMEHN €& 0CBOEHUS, Nefarora;

¢ MHOroo6pasue BM0B AEATENbHOCTH, YA0BNETBOPAIOLE/ CaMble Pa3Hble MHTEPECHI, CKIIOH-
HOCTM 1 NOTpeGHOCTU pebEHKa;

¢ JINYHOCTHO-AEATENLHOCTHBIN XapakTep 06pa30BaTeNbHOro npouecca, cnocobCTByOWMi
pa3BUTMIO MOTUBALMW IMYHOCTM K MO3HAHMIO U TBOPYECTBY, Camopeann3auum n camoonpepene-
HUIO;

¢ JINYHOCTHO-OPUEHTUPOBAHHBIN NOAXOS K PEOEHKY, CO3[aHMe «CUTYaLMM ycrexay Ans Kaxaoro;

¢ Co3[aHue yCnoBuii ANa camopeanu3alumu, CaMONo3HaHusA, CaMoonpeaeneHns NMYHOCTH;

¢ npu3HaHue 3a pe6EHKOM Npaea Ha Npoby u ownbKy B BbIGOpPE, NpaBa Ha NepecMoTp BO3-
MOXHOCTe B CaMOONpeLeneHun;

¢ NpuUMeHeHWe TaKWUX CPefCTB ONpefeNeHNUs Pe3yNbTaTUBHOCTU NPOABUMKEHUS pebeHKa B
rpaHuLax M3bpaHHON UM [ONOAHUTENbHON 06pa3oBaTeNbHON NporpamMmbl (BMAA BEATENLHOCTH,
006/71aCTV 3HaHWi1), KOTOpble MOMOMU Bbl eMY YBUAETb CTYNEHU COOCTBEHHOTO Pa3BUTUA U CTUMY-
JMpOBanu Gbl 3TO Pa3BUTHE, HE YLLEMNAS LOCTOMHCTBA IMYHOCTU pebEHKa.

B cooTBeTcTBMU C pacnopsxeHuem Mpasutenscrtea Poccuitickoii ®egepauum ot 27 aekabps
2000 r. N2 1847-p MUHUCTEPCTBOM COBMECTHO C ApYrMMU 3aUHTepecoBaHHbIMKU heaepanbHbI-
MW OpraHaMmu WUCMONHWUTENbHOI BNACcTU pa3paboTaHa M yTBEpXKAeHa MeXBefoMCTBEHHAs Npo-
rpaMMa pa3BWUTUSA CUCTEMbI LOMONHUTENBHOMO 06pa3oBaHus AeTell.

[ononHutensHoe o6pasoBaHue AeTell o NpaBy pacCMaTPUBAETCS KaK BaXHeNIWas cocTaBns-
folasi 06pa3oBaTeNbHOTO0 NPOCTPAHCTBA, CIOXMUBLLIETOCH B COBPEMEHHOM POCCUMICKOM 00LLecTBe.
OHO coumanbHo BocTpeboBaHO, TpebyeT NOCTOSHHOTO BHUMAHUSA U NOALEPIKKN CO CTOPOHbI 0bLLe-
CTBA U rocyaapcTBa Kak o6pa3oBaHue, OpraHuyHo coyetawllee B cebe BoCnUTaHUe, 00yYeHune u
pa3BuTUE TMYHOCTM PebEHKA, YTO HaLWIo OTpaxeHue B HaunoHanbHol LOKTPUHE 06pa3oBaHus B
Poccuiickoit ®epepaunn, PegepansHoit nporpamme pa3sutus obpasoBaHus. B KoHuenuum mo-
AepHM3aLuK poccuiickoro obpazoBaHns Ha nepuog fo 2010 rofa nog4YEpKHyTa BaxKHeiwas posb
YYpeXAeHUN JONONHUTENbHOrO 006pa3oBaHNA LeTeil KaK OLHOTO W3 onpefenswolmx hakTopos
Pa3BUTUA CKJIOHHOCTEN, CNOCOBHOCTEH U MHTEPECOB NIMYHOCTHOIO, COLMANbHOIrO U Npodeccuo-
HaNbHOro camoonpefeneHns fetei u monoaéxu. KoHuenuus mogepH13aLnm LONONHUTENBHOTO
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ob6pasoBaHus feteit Poccuitckont Pegepaunn (panee — KoHuenuus) paspaboTaHa B Lensx fanb-
Helilwero pa3BuTUsA cucTeMbl Ha nepuog fo 2010 ropa v B3aumocBsa3aHa ¢ OCHOBHbIMW Hanpase-
HUAMMW COUMANbHO-3KOHOMMYecKoi nonuTukm Mpasutensctea Poccuiickoin ®egepaunn.

1.1. lononHuTenbHoe 06pa3oBaHmne geTein U TeHAEHLUN
obpasoBarenbHoi NonuTUKM B Poccum

ObpasoBaTenbHbI NPOLECC B CUCTEME [OMONHUTENBHOMO 06Pa30BaHUA JeTell CTpoUTCS B
napagurme passuaroLiero ob6pasoBaHus, 06ecneynBas MHPOPMaLUOHHYIO, 00yYatoLLyto, BOCTU-
ThIBalOLLYIO, Pa3BMBaAIOLLYI0, COLMANU3NPYIOLWyi0, penakcaunoHHyio tyHKkuuu. OTeyecTBeHHas
cUCTEMA JOMOHUTENbHOTO 06pa3oBaHWA AeTell pacnonaraeT YHUKaNbHbIMU COLMANbHO-NeAaro-
TMYECKUMU BO3MOXHOCTSMU NO Pa3BUTUIO TBOPUYECKUX CNOCOBHOCTEN 0byyalowmxcs B obnacty
HAYYHO-TEXHUYECKOI, XYLOXKECTBEHHOW, 3KONOro-6MoNOrMyeckon, CNOpPTUBHO-TEXHUYECKOIA,
(hU3KYALTYPHO-CNOPTUBHOW, TYPUCTCKO-KPAeBeAYECKOW, BOEHHO-NATPMOTUYECKON, CouMab-
HO-Nefarornyeckon, ecTeCTBEHHO-HayYHO! 1 Apyroii 06pa3oBaTenbHON AeATeNbHOCTU.

O6pasoBartenbHas nonuTuka Poccuun, oTpaxas o6lieHalMoHanbHble WHTEpeck B cdepe
06pa3oBaHus 1 NPeabABAAS UX MUPOBOMY COOGLLECTBY, YUUTHIBAET BMECTE C TEM 06LME TEHAEH-
UMU MMPOBOrO Pa3BUTMs, YTO 00YCNOBANBAET HEOOXOAUMOCTb CYLIECTBEHHbIX U3MEHEHUI B [0-
NONHUTENbHOM 00pa30BaHUN AeTeil:

¢ COBEpLIEHCTBOBAHWE CUCTEMBI JOMONHUTENBHOMO 06pa30BaHUs AeTell, Npu3BaHHOI obec-
neynTb He0OXOAMMbIE YCIOBUSA ANA CO3AAHNUA CPefbl, CNOCOBCTBYIOLLEN paclIMPEHHOMY BOCMPO-
W3BOACTBY 3HAHUI, Pa3BUTUIO MOTUBALMM YYaLLUXCA K CaMO0OPa30BaHuMIo, pa3BUTMIO UX TBOpYe-
CKMX CNOCOOHOCTEN, BKIIOYEHUS B COLMANBHO NOJE3HYI0 feATeNbHOCTb, NPO(ECCUOHANbHOIO 1
NINYHOCTHOTO CamoonpefeneHus feTei, camopeann3aluum 1 CaMoOBOCNMTAHMA, aganTauumu ux K
KU3HW B 00LiecTBE, GOPMUPOBAHUIO TONEPAHTHOIO CO3HAHMUA, OPraHN3aLnUmu CoepKaTeNbHOro
LOCyra 1 3aHATOCTH;

¢ pa3BUTME MEXBELOMCTBEHHOMO COTPYAHWUYECTBA B LENsAxX obecrneyeHns JOCTYMNHOIO U Ka-
YeCcTBEHHOT0 06pa3oBaHUs, HE0OX0AMMOro A 0bGecneyeHus KOHKYPEHTOCNOCOOHOCTU MOJIo-
AbIX IOJEN B YCIOBUAX PbIHOYHON 3KOHOMUKH;

¢ CcO3[aHue YCNOBMiA COXpaHeHMUs eanHOro obpazoBaTeNbHOro NMpPOCTPAHCTBA BO B3aUMO-
LEeNCTBUM JOMONHUTENbHOTO 06Pa30BaHNA AeTeil C Pa3iMYHbIMU YPOBHAMU 06pa3oBaHus;

¢ pa3BUTME HOPMATUBHOM NPaBOBOIi 6a3bl, NPUBELEHNE €€ B COOTBETCTBUE C U3MEHEHUAMU
B POCCMIICKOM 3aKOHOAATENbCTBE;

¢ pa3paboTka 06pa3oBaTesibHbIX TPOrpaMM HOBOTO MOKOJIEHMS, HAaMPaBNEHHbIX HA Pa3BUTHE
MHHOBALMOHHO [eATeNbHOCTH, NH(MOPMALMOHHBIX TEXHONOTUIA;

¢ COXpaHeHWe W yKpenneHue KaApoBOro COCTaBa, MOBbIWEHWE KX MPO(ecCMOHANbHOMO
VPOBHSA C Y4ETOM COBpPEMEHHbLIX TpeOOBaHMIA, YKPENIeHe MaTepuanbHO-TEXHUYECKOW 6a3sbl,
pecypcHoro obecneyeHuns yupexaeHuint [ONONHUTENbHOTO 06pa3oBaHus.

1.2. HoBble coynanbHble TpeboBaHUA

K JONOJIHUTENbHOMY 06pa3oBaHUI0 feTen

[lononHutensHoe 06pa3oBaHue feTeil ONMPAETC HA ClefyiolMe MPUHLNMBI: F'yMaHU3aLus,
[eMoKpaTu3auus 06pa3oBaTenbHOro NpoLecca, MHAUBUAYANU3aLMA, Nefarormka CoTpyLHUYecT-
Ba. BaxHe/Wwnm NpUHLMNOM [ONONHUTENLHOTO 06pa3oBaHusA fieTei ABNAETCA 106POBOMbHbII
BbIGOp pe6EHKOM NpeameTa (BuUAa) fesTeNbHOCTY, Nefarora u 06beAMHeHNs no uHTepecam. OHo
BOCTpe6OBaHO [eTbMU, POAMTENsMMU, Nefaroramm u o6IUECTBOM B LI€NIOM, TaK KaK no3sofser
VOOBNETBOPATL B YCIOBMAX HehOopManbHOro 06pa3oBatenbHOro npotlecca pasHoobpasHble no-
3HaBaTeNbHbIE UHTEPECHI IMYHOCTY.

YupexaeHus [ONOAHUTENbHOrO 06pa3oBaHNUsA [eTeil CO3[aloT paBHble «CTApTOBbIE» BO3-

75



76

Pechopmbl B 06pasoBaHum

MOXHOCTU Kax oMy pebEHKY, YyTKO pearupys Ha 6bICcTpO MeHsowuecs noTpeGHOCTU aeTell U ux
pOAMUTENElA, OKa3biBalOT NOMOLLb M NOAAEPHKKY 0AAPEHHBIM W TaNaHTIMBbIM 06YYatoOWMMCS, Noj-
HUMas UX HA KAYECTBEHHO HOBbIN YPOBEHb MHAMBUAYANLHOMO PA3BUTHUA.

Kaxpoe yupexaeHue LONONHUTENBHOTO 06pa3oBaHNUs AeTell JOMKHO CTaTb OpraHu3aLnuoH-
HO-METOAMYECKMM LIeHTPOM N0 Pa3BUTUIO OMNONHUTENbHOMO 06pa3oBaHUs AeTeit ans 00pa3oBa-
Te/bHbIX YYPEXAEHNA PA3NINYHbIX TUTOB U BUOB CBOErO MUKPOPANOHA, MyHULIMNANNTET], Peru-
oHa. focynapcTBeHHbIE YUpeXAeHUs JONONHUTENbHOMO 00pa3oBaHus feteit (henepanbHble, pe-
cny6aMKaHCKUeE, KpaeBble, 061acTHbIE) LOMKHBI OCYLLECTBAATL KOOPAMHUPYIOLLME, MHDOPMALK-
OHHO-0praHM3aLUuoHHble, NPOTrPaMMHO-MeToANYeCKMe DYHKLMW NOLAEPIKKM Pa3BUTUSA LONONHM-
TeNbHOro 06pa3oBaHus fieTeil Ha ypoBHe CyGbeKTa.

1.3. CocTosiHME POCCUICKOI CMCTEMbI AONONHUTENBHOTO 06Pa3oBaHUA

AeTein U He0OX0AMMOCTb €€ CoOBepLIEHCTBOBAHUA

Mo cocTosHuto Ha 1 aHBaps 2004 ropa B Poccuiickoit Pepepaunn HacuutbiBaetcs 18 Thic.
006pa30BaTe/bHbIX YYPeXAeHNI [ONOAHUTENLHOMO 06pa30BaHNA AeTell pa3NnyHON BELOMCTBEH-
HOM NPUHAANEXHOCTH, B TOM YUC/IEe B CUCTeMe 06pa3oBaHmus — 8,9 ThiC., CUCTEME KybTYpbl — 5,8
ThiC., cucTeMe crnopTta — 1,1 ThiC., 0OLLECTBEHHbIX OpraHu3aLmii — 6onee 2 Thic. B HUX 3aHMMaeT-
cs cBbiwe 10 MAH. fieTeit B Bo3pacTe oT 5 fo 18 neT (38,7 % oT 061ero yucna obyyawumxcs).

[lononHutensHoe o6pa3oBaHue AeTei No CyTu ABAAETCA NPAKTUKO-0PUEHTUPOBAHHBIM. OHO
B 3HAUUTE/ILHON Mepe OCYLWECTBAAETCA cneuuanuctamu, npodeccnoHanamu, KMactTepamm cBoe-
ro Aenay, 4To obecneynBaeT ero pasHOCTOPOHHOCTb, NPUBJIEKATENbHOCTb, YHUKANBHOCTb U, B KO-
HEYHOM CYéTe — pe3ynbTaTUBHOCTb. [lononHNTeNbHOE 00pa3oBaHue feTeil — 3TO «30Ha bnnxKai-
Lero pasBuTMA» IMYHOCTU pebeHKa, KOTOPYIo OH BbIGUPAET caM WK C MOMOLLbI0 B3POC/OTO B CO-
OTBETCTBUU CO CBOMMM XKENAHMSMU U NOTPEBHOCTAMU.

MMOKOCTb AOMNONHUTENBHOTO 06PA30BaHMA [ieTeil KaK OTKPbITOM COLMANnbHONW CUCTEMBI NO-
3BoJsieT obecneynTb YCioBus Ans GOPMUPOBAHNA NUAEPCKUX KAYecTs, PasBUTUS COLMANBbHOTO
TBOpPYECTBa, (DOPMUPOBAHUA COLMANbHBIX KoMNeTeHUMI. CucTemMa AONONHUTENbHOTO 06pa3oBa-
HWS [eTeil Pa3BUBAETCA Ha MEXBEAOMCTBEHHON OCHOBE W BbICTYMAET rapaHTOM MOLAEPXKKU U
pa3BUTUA OAAPEHHbIX AeTell.

3artparbl 610)KETOB BCEX YPOBHeil Ha fI0N0oNHMTENbHOE 06pa3oBaHue feTeil ABAAIOTCA [0M-
rOCPOYHbLIMU MHBECTULMAMM B Byayliee pa3BUTHE POCCUIACKOTO 06LLeCTBA U rOCY[APCTBA, Kafpo-
Bblii NOTEHLMAN UHTENNEKTYaNbHOTO, HAYYHO-TEXHUYECKOTO, TBOPYECKOTO U KYNbTYPHOTO pa3Bu-
Tns obuecTsa; 6e3HaA30PHOCTb U NPODUNAKTUKY NPABOHAPYLIEHNI HECOBEPLIEHHONETHMX, APY-
rMX acoLManbHbiX NPOABAEHWUI B LETCKON U NOLPOCTKOBOW Cpefe.

B yupexpeHusx onosHuTensHoro o6pasoBanus aeteit 6onee ahheKTUBHO BHEAPSAIOTCA CO-
LManbHO-NeAaroruyeckue Moaenu feaTeNbHOCTU, MOCKObKY TPAANULUY, CTUIb U METOAbI PaboThI
3TUX YUYPEXKAEHUN MAKCMMaNbHO YYUTHIBAIOT 0COOEHHOCTH counyma. CnefcTBUEM 3TOrO ABASET-
CAl HAKOMJeHWe AETbMU OMblTa FPaXKLAHCKOrO NMOBEAEHMs, OCHOB JEMOKPATUUYECKON KyYIbTypbl,
CaMOLeHHOCTM JIMYHOCTH, OCO3HAHHOTO BbIGOpa npodeccuu, noayyeHne KeanubuLUpoBaHHOM
MOMOLLYM MO PA3UYHLIM ACMNEKTAM COLMANBHOM XU3HU, YTO BIMAET HA COLMANbHYI afanTauuio
[eTeil U MONOAEXM K U3MEHAIOWMMCS YCIIOBUAM KU3HU.

1.4. Uenu n ocHOBHbIE 3aAa4Yn MOAEPHU3ALUN AONOJHUTENIbHOIO
ob6pa3oBaHusa getei

U,ej'lb MoAepHM3aunn nONONHUTENBHOTO O6pa3OBaHVIFI HETEIZ COCTOUT B CO3aHUUN yCﬂOBVII7I n
MexXaHU3Ma yCTOVIHI/IBOFO pa3BUTUA CUCTEMbBI AONOJIHUTENBHOIO O6pa30BaHVIFI }J,ETGVI B Poccuin-
ckoit Pepepaunn; obecneyeHMn COBPEMEHHOTO KAyecTBa, AOCTYNHOCTU U 3 deKTUBHOCTU [0-
NONHUTENbHOTO O6pa3OBaHMFI AETGVI Ha OCHOBE COXpaHeHUAa nyywunx Tpa)J,I/ILI,VIVI BHELWKONIbHOIO
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BOCMUTaHMs W [ONOJHNATENLHOrO 06pa30BaHMs Mo pa3iMyHbIM HanpaseHUAM 06Pa30BaTENbHOI
LeATeNbHOCTH.

Ha gocTuxeHue uenu HanpasieHo pelleHne cneayiollux B3auMoCBs3aHHbIX 3afay:

¢ COBEpILEHCTBOBAHME 3aKOHOAATENbHOI 6a3bl B 4aCTW [LONOHUTENLHOIO 06pa3oBaHus ae-
Teil, NpUBeeHNe HOPMATUBHOIO NPABOBOro 06ecneyYeHus CUCTEMbI B COOTBETCTBME C POCCHIl-
CKMM 3aKOHOLATENbCTBOM;

¢ COXpaHeHWe 1 pPa3BUTME CETU YUPEXAEHUI LONONHUTENbHOTO 06pPa30oBaHua feTeil;

¢ obecneyeHune rocynapcTBEHHbIX rapaHTUil JOCTYNHOCTYU 1 PaBHbIX BO3MOXHOCTeN nojyye-
HUA 0OYYaWMMUCA JOMNONHUTENLHOTO 06Pa30BaHMs, JOCTUMKEHNE IDDEKTUBHOCTM U KayecTBa
LOMOJHUTENLHOrO 06pa30BaHNA aeTeil;

¢ coxpaHeHue eMHOr0 06pa3oBaTesbHOro NPOCTPAHCTBA HA OCHOBE NMPEEMCTBEHHOCTHU CO-
LEPXaHUA OCHOBHOTO U [JOMOIHUTENLHOTO 06pa30BaHus feTen;

¢ CoxpaHeHWe MeXBEeJOMCTBEHHOTO XapaKTepa CUCTEMbI [LOMOJIHUTENLHOTO 06Pa30BaHUA feTel;

¢ COBEpLIEHCTBOBAHME COAEPKAHUSA, OPraHU3aLMOHHBIX DOPM, METOL0B U TEXHONOTUI A0-
NONHUTENBHOMO 06pa3oBaHNUA aeTeil;

¢ CO3aHNe 1 pa3BUTUE HOBbIX VIHd)OpMaU,MOHHbIX TEXHOJ'IOFI/IVI, BKNOYAKLWNX TENEKOMMYHUKALN-
OHHbIE MPOEKTHI M AUCTAHLMOHHOE 0OYYEHME B YUPEXAEHUAX LOMNOSHUTENLHOTO 00Pa30BaHUA feTel;

4 COBEpLEHCTBOBAHWE CUCTEMbI FOCYAAPCTBEHHOM aTTeCTalMW U aKKPeAUTALMN yupexae-
HUW BONONHUTENbHOTO 06Pa30BaHNA aeTel;

¢ rapaHTUpOBAHHOE BbleNeHne CPEACTB U3 OIOfKETOB BCEX YPOBHEN HA MaTepuanbHO-Tex-
HUYecKoe obecneyeHne LeATENbHOCTU YYPEXAEHUA LOMNONHUTENLHOMO 06pa3oBaHNA aeTeil;

¢ pa3paboTka u yTBEPXKAEHWe 6NoKa pecypcHOro obecneyeHus AONOSHUTENBLHOTO 06pa3o-
BaHUA p,eTe|7| B COOTBETCTBUN C HANPABNIEHHOCTbIO 06pa3OBaTEJ'IbeIX nporpamm;

4 NOBbIWWEHWE COLMANBHOIO CTaTyca 1 NPOdeCccMoHanbHOro COBEPIIEHCTBOBAHMSA Nefaroru-
YeCcKMX M PYKOBOAALWMX KALPOB CUCTEMbI [OMOJHUTENLHOTO 00pa3oBaHus [eTei, NoaaepKa
Bcepoccuiickoro KoHKypca nefaroros fononHMTeNbHOro 06pasoBanus «Cepple oTaan AeTamy;

¢ pa3paboTKa COLNaNbHO-3KOHOMUYECKUX Mep HOPMAaTUBHOTO MPaBOBOrO PeryiMpoBaHus
NpuUBNEYEHUs BHEDIOMKETHBIX CPEACTB YUPEXAEHUSMU [ONONHUTENbHOTO 06pa3oBaHus feTe;

¢ pa3BuTUe JOMNONHUTENLHOrO 00pa3oBaHMsA AeTeil Kak OTKPbLITOM rocyaapCTBeHHO-06ue-
CTBEHHOM CUCTEMbI HAa OCHOBE pacrnpeaeseHuns OTBETCTBEHHOCTM MeXay CyObeKTamu 06pa3osa-
TENbHOW NOJAUTUKN W MOBbIWEHUS POJIU BCEX Y4ACTHUKOB 06pa3oBatenbHOro npouecca — obyya-
IOLLMXCS, NeAroros, POAUTENeil.

2.0CHOBHbIE HAMPABNEHUA MOAEPHU3AL WU CUCTEMbI
AONONNMUTENBbHOIO OGPA30BAHUA QETEN

2.1. 06ecneyeHune rocyfaapCTBEHHbIX rAPAHTMI AOCTYMHOCTM

AONOJIHUTENIbHOIO o6pa303a|-mu aerten

KoHctutyums Poccuiickoit ®egepauun rapaHTUpyeT npaea rpaxpgaH Ha obpasosaHue. Mpa-
BuTenbcTBO Poccuiickoit Pefepayun ocylecTBASET MePbI MO UX peanu3aluu, B TOM YUCIIE U B
LOMONHUTENbHOM 06pa30BaHNK fieTeil.

B ux uucne:

¢ Co3AaHue YCNoBWit ANs TBOPYECKOTO Pa3BUTUS NIMYHOCTHLIX NOTpeGHOCTEl aeTeit B 0bpa-
30BaHUU;

¢ coxpaHeHWe npuopuTeTa GecnnaTHoCcTM AONONHUTENbHOMO 060pa3oBaHuUs AeTeil, paBHOMo
L0CTyna feTei K ONOAHUTENbHOMY 06pa30BaHuUIo0;

¢ CcoxpaHeHuWe 1 pa3BUTME CETU YUPEXAEHNI ONONHNUTENbHOTO 06pa3oBaHus aeTei, pa3su-
TWe JONONHUTENbHOMO 06pa3oBaHmMa aeTeil B 001Le00pa30BaTeNbHbIX YUPEKAEHUX;
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¢ pa3paboTka MexaHM3Ma BHEKOHKYPCHOTO nocTynieHus B BY3bl obyvatowmxcs — nobeau-
Tefiei BCEPOCCUMINCKUX KOHKYPCOB U COPEBHOBAHMWIA;

¢ co3paHue efuHOro MHMOPMALMOHHOTO NOJs B CUCTEME AOMONHUTENLHOMO 06pa3oBaHus
AeTel, MOHUTOPUHT COCTOSHUA CUCTEMbI JOMONHUTENLHOTO 00Pa30BaHNA aeTel;

¢ paclmpeHue B3aUMOAENCTBUS OCHOBHOIO U OMONHUTENLHOTO 06pa3oBaHus B paMKax pe-
anu3auum npodunbHOro obydyeHus;

¢ obecneyeHne CenbCKUM AeTAM PaBHbLIX BO3MOXHOCTEN B MONYYEHWUU JOMONHUTENLHOTO
06pa3oBaHus, co3faHne Ha 6ase CeNbCKUX WKON AETCKUX TBOPYECKUX 0ObEANHEHNIT Pa3NUyHO
HanpaBNeHHOCTU, BHepeHUe HOBENWMUX UHHOPMALUOHHBIX TEXHONOMMIA ANA OUCTaHLUOHHOIO
00yyeHuns 1 peannsalumnm KoNNeKTUBHbLIX TETEKOMMYHUKALMOHHbIX NPOEKTOB;

¢ paclumpeHue BO3MOXHOCTE NONyYeHUs [ONONHUTENbHOTO 06pa3oBaHua Ans feTeil ¢ or-
PaHUYEHHbIMU BO3MOXHOCTAMMU 340POBbSA;

¢ obecneyeHne coLManbHO-NeJarornyeckoil, NCUXoa0ro-neaarornieckoil NOAAEPXKKU Ae-
Teil «rpynmbl pUcKay Yepes pa3BuUTUeE KIyOHbIX 00beJUHEHMNIT O MECTY XKUTENbCTBA, MPOrpaMMbl
KaHWUKYNAPHOTO OTAbIXa M 3aHATOCTU B CUCTEME LOMONHUTENbHOTO 06pa3oBaHusa feTei.

2.2. Co3paHue yCNOBUIA ANV NOBbIWEHUA KAYyeCcTBa JONOJIHUTENIbHOTO

obpa3oBaHusa gerei

,D,OI'IOJ'IHVITeJ'IbHOE o6pasoBaHme )J,ETEVI ocyulecTBngaeTca Kpyrmorogu4vHo. B KaHI/IKyJ'IFIprIVI
nepuop B €ro pamKax opraHu3yloTcsa I'IpOCbI/I}'IbeIe narepsa u WkKonbl, 3KCneguunn M NOUCKo-
Bble OTpAAbl, CAMOCTOATENbHAA UCCNefoBaTeiIbCKasA, TBOPYECKaa AeATENbHOCTb o6yl4a|ou1.v|x—
cA. ,D,OI'IOJ'IHVITEJ'II:HOG O6pa3OBaHVIe AETEVI OOJIXKHO NpoXoauTb B MaKCMMalJibHO KOMCIZ)OpTHbIX
ONA pa3BuUTUA NUYHOCTU YCNOBUAX. ,U,J'Iﬁ co3faHnAa HEO6XO)J,VIMbIX ycnoswﬁ OOCTUXEeHnAa Cco-
BPEMEHHOr0 KayeCctBa AONONHUTENBHOIO O6pa3OBaHMFI JJ,ETEVI npepgycmaTpuBaeTca:

¢ obHOBNEHUE CoAepXKaHua Ha oCHOBe pa3pa60TK|/| Hay4HbIX OCHOB OpraHu3auuu o6pa30—
BaTe€JIbHOTO Npouecca B y4pexpeHuax nonosIHUTENbHOIo 06pa3OBava ,D,ETGVI,'

¢ perynsipHoe NpoBeeHe BCEPOCCUINCKMX KOHKYPCOB aBTOPCKMX 06pa30BaTe/ibHbIX NPOrpamm;

¢ 3KcnepTyU3a NporpamMMHO-MeTOMYecKoro obecneyeHus, pa3paboTka Nporpamm HOBOTO
NOKOJNIEHMA N UX IKCNEpUMeHTaNbHasA NPpOBEPKa;

¢ dKTUBU3aLUUA [ONTOCPOYHBIX AONONHUTENbHbIX O6pa3OBaTEJ'IbeIX nporpamm, npeaHasHa-
YEeHHbIX OnAa HETGVI CpefHero u Ctapwero WKoJibHOro Bo3pacTa;

¢ co3faHue u pyHKUMOHMpPOBaHMe defepasbHbIX IKCMEPUMEHTANIbHbIX MIOLWAA0K MO OTpa-
60TKe BapuUaTUBHbIX MOAENEN Pa3BUTUA YYpEeXaeHUil [ONONHUTENbHOMO 00pa30oBaHuA feTeil;

¢ pa3pa60TKa MeXaHn3Ma BKJIlDYEHUA B NepeYeHb 3K3aMeHOB No Bbl60py 3a KypcC OCHOBHOM
CpEIJ,HEVI WKONbI UTOTOB peannusaunn nporpamMm JONONHUTENBHOIO 06pa3OBaHVIﬂ ,U,ETEVI cooTBeT-
CTBleU.lEVI HanpaBaeHHOCTH;

¢ pa3BUTME METOAMYECKON CNyKObl YYPEIAEHNI AONONHUTENBHOTO 06pa3oBaHNUs AeTel;

¢ pa3paboTka nporpammbl «0CHOBHbIE HANpaBAeHUs UH(OPMATU3ALMM CUCTEMbI [ONONHN-
TeNbHOro 06pa3oBaHus feTei»;

¢ obecneyeHne rocyfapCTBeHHON NOAAEPIKKM U Pa3BUTUS OfAPEHHBIX AeTel.

2.3. Co3paHue ycnoBuii ANA NOBbIWEHUA KayecTBa NpoecCMoHanbHoM
NOArOTOBKU nNeparoros AOMNOJIHUTEJIBHOTO 06pa3OBaHMH AETEﬁ
MpotheccnoHanusm nefarora — 310 pesysbTar UHAUBUAYANLHOM, LieneHanpasieHHoi pabo-
Tbl Haf, cOGOM, MOCTOSAHHOE MOBbIWEHUE CBOETO HayYHO-METO[MYECKOTO noTeHumana. CospemeH-
Hbll negaror gONONHUTENbHOIo 06pa3OBaHVIﬂ LOJIKeH 6bITb, npexne BCero, Hanpas/JlIeHHbIM Ha
AeTeil, 06nagatb KOMMYHUKATUBHLIMY KaY€CTBAMM, IMNATUIAHOCTbIO, CTPEMUTLCSA K NAapPTHEPCKUM
OTHOWEHUSIM CO CBOUMM BOCMUTAHHUKAMU; BAAAETb 3HAHUAMM, [OCTATOYHBIMU 1A PA3PaboTKu
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ABTOPCKOM 06Pa30BaTeNbHOM NPOrpaMMbl; YMEHUEM UCMOJIb30BaATh B CBOEI AeATebHOCTU pas-
HOO6pa3Hb|e neparornyeckue cpencrtea u I'IpMéMbI, WHHOBALUWOHHbIE TEXHONOIMKU, BNafeTb Tex-
HUKOW MCCNeaoBaTeNbCKoi paboTel, €€ opraHnsauum v aHanusa.

B yupexaeHusx [OnoaHUTeNbHOrO 06pa3oBaHus aeTeil cerogHs paboTaer oKono 440 Thic.
PYKOBOASWMX U NEAArOTMYECKUX KafpOB, B TOM YMC/ie B cucTeMe 06pa3oBaHus — 0kosio 300 Tbic.
Mefaroros A0MOJHUTENLHOMO 06pa30BaHus, NeAaroros-ncMxonoros, COLMaNbHbIX Nefaroros, ne-
[aroroB-0praH13aropos, METOAUCTOB. 33 NOC/NEeAHME TPU roAa 3HAYMTENLHO BO3POCIIO YUCO Ne-
[arorMyecknx paboTHUKOB C BbICIIMM 06PA30BaHNEM, UMEIOLLMX BbICLIYIO U NEPBYIO KBaNUbUKa-
LWOHHbIE KaTeropuu.

Mepbl, HanpasJieHHble Ha NOBbIWEHUE I'IpOCl)eCCI/IOHaJ'IbHOFO YPOBHA nefaroros fonojiHu-
TeNbHOrIo o6pa3OBava NPpU3BaHbI Cnoco6CcTBOBaTHL MoAepHM3aumm CUCTeMbl ONMOJTHUTENBHOIO
06pa3oBaHus geteit. NPUOPUTETHLIMU U3 HUX ABASIOTCA:

¢ AKTMBM3AUMA M AKTyanu3aluus MOArOTOBKM BbIMYCKHUKOB CPEAHUX MPOMECCUOHANbHBIX
o6pasoBaresbHbix yupexaeHuii Poccuiickoit ®epgepaunn no cneumanbHoctn «Meparormka go-
NONIHUTENILHOTO 00pa30BaHMsAY, Pa3palboTKU U yTBEPXAEHUS [ONOJHUTENbHON KBanuduKaLuu
«[Meparornka LONONHUTENBHOTO 00Pa30BaHUAY» ANS BbICWINX NPOheccuoHanbHbix 06pasoBaress-
HbIX YYPeXAeHUN;

¢ pa3paboTKa rocyaapCTBEHHOMO 3aKa3a Ha MoBbilWeHWe KBanuhUKauum negarornyeckux
PabOTHUKOB YYpPEXKAEHMIT JONONHUTENLHOTO 06pa30BaHUs feTei;

¢ CO3/1aH1Ee MEXBEJOMCTBEHHOM CMCTEMbI NOArOTOBKM, NEPENOATrOTOBKM U NOBbIWEHUS KBa-
JNGUKALUM PYKOBOAALYMX M NE[ATOrMYECKMX KALpPOB;

¢ pa3paboTKa rocyaapCcTBeHHbIX TPe6OBaHMIl K NPpOrpammam [ONOJHUTEbHOTO npodeccuo-
HaNbHOTO 06pa30BaHMs B 06M1aCTM JONONHUTENBLHOTO 06PAa30BaHNA fieTeil 4N npenoaasareneil
WHCTUTYTOB NOBbIWEHNUS KBanUdUKaLumMm paboTHMKOB 06pa30BaHMsA BCEX YPOBHEN;

¢ njaHMpoBaHue B GlOMKeTax BCEX YPOBHEN QUHAHCOBLIX CPEACTB Ha MOBbIWEHWE KBANU-
(bUKaLMM Nefarornyeckux paboTHUKOB CUCTEMbI AOMOJHUTENLHOTO 06pa30BaHus feTeil;

¢ C037aH1e BUPTYaIbHON U 3MEKTPOHHON 6UBNMOTEKM YYeGHO-METOAMYECKOI NUTEPATYPbI
ANA Mefaroros AOMNOJHNTENLHOMO 06Pa30BaHUA [AETeN, BKIIYAIOWEN HayuHYI0, y4ebHO-MeTOaAM-
YECKYI0 U CNPABOYHYI0 NINTEPATYPY, NEPUOAMYECKNE U3AAHMS.

2.4. ®opmupoBaHue 3¢p(heKTUBHBIX IKOHOMUYECKUX OTHOLLIEHMIA

B AOMOJIHUTE/IbHOM 06pa3oBaHMM feTei

BaxkHbIMK 3nemeHTamMm hopMUpoBaHUA 3P HEKTUBHBIX IKOHOMUYECKUX OTHOLIEHWIA B A0NO0N-
HUTENbHOM 006pa30BaHUM JeTeil ABNAIOTCA:

¢ pa3paboTKa peKoMeH[aLMii No MeToMKe pacyéTa HOPMATUBHOMO DMHAHCMPOBAHUS U Ma-
TepuanbHo-TeEXHUYECKOTo 0becneyeHuns ¢ y4ETOM HanpaBaeHHOCTH JONOJHUTENbHbIX 06pa3oBa-
TebHbIX MPOrpamMM, WHPOKOEe UCMOJIb30BaHNE peKOMeHLaLMit B NpaKTUKe paboTl;

¢ BbljeNieHe CpeacTB U3 BIOLKETOB BCEX YPOBHE Ha NpMoBpeTeHe MaTepuanoB, UHCTPY-
MEHTOB, 1a60PaTOPHOro, KOMMbIOTEPHOTO 0O0PYAOBAHMS, CHAPSKEHUS;

¢ aKTyanM3aLus onbiTa MHOFOKaHaNbHOTO hMHAHCUMPOBAHUA YYPEXAEHUNA LONONHUTENbHO-
ro o6pasoBaHusa geTei;

¢ NoAJepXKKa yYpexAeHuWil [ONONHUTENbHOTO 06pa3oBaHuA AeTeil Yepes yyacTue B peanu-
3auMK depepanbHbIX LENeBbIX NPOrpaMM Ha YCNOBUAX COGUHAHCUPOBaHUA 6IOIKETOB BCEX
VPOBHeN.

2.5. YnpaBneHue pa3BUTMEM CUCTEMbI ONONIHUTENBHOIO 06pa3oBaHMM AeTel
BaxHenwas 3afia4a N 04HO U3 NPUOPUTETHbLIX Hal'lpaBJ'IeHI/II‘/‘I MOAEPHU3aLUMU CUCTEMDBI AONOJTHU-
TeNbHOIOo 06pa3OBaHVIF| JJ,eTeVI — COBepLWEHCTBOBAHME yNpaBJieHUs, CO34aHNe 3CbeeKTVIBHOl\/II cucre-
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Mbl CTATUCTUKM U MOHUTOPUHIA IONONIHUTENBLHOMO 06pa3oBaHns aeTeil. B uucne nepsooyepeaHbix
Mep, HanpasfieHHbIX Ha Pa3BUTUE YNIPaBIEHNEM CUCTEMbI [OMONHUTENBHOMO 06Pa3oBaHus aeTeil:

¢ u3yyeHue u 0606LLEHME ONbITA OPraHOB yNpaBieHUs obpa3oBaHueM cybbekToB Poccuii-
ckoit Pegepauuu no peanusalyum pernoHanbHbIX TpeOOBaHUI K YCNOBUAM (DYHKLUOHUPOBAHUS
yYpeXAeHuil JONONHUTENbHOTO 00pa3oBaHus feTen;

¢ pa3paboTka U BHEAPEHUE MeXaHW3MOB MaTEPUaNbHOTO U MOPANbHOMO CTUMYAUPOBAHMUSA
YUPEXAEHNII NO pe3ynbTatam aTTecTalum 1 aKKPeAMTaLmuu, a TaKKe Nefaroruyeckux U pyKoso-
OAWKUX paboTHUKOB, [OOMBLINXCSA BbICOKUX Pe3ynbTaToB B CBOEN paboTe.

3AKNIOYEHUE

Peann3aums KoHLenuum MOAEepPHU3aLMM PA3BUTIUS CUCTEMbI AOMNONHUTENBLHOMO 0Opa3oBaHUs
AeTell Npu3BaHa cnocobCcTBoBaTh:

¢ NO3UTUBHBLIM U3MEHEHUAM, HAaNPaBIEHHbLIM HA peann3aLnio npas pebEHkKa, ynyyleHune no-
NIOXEHUA feTen, CoLMaNbHO-3KOHOMUYECKYIO 3aLUILEHHOCTb CEMbH;

¢ nosbliWweHno 3PEeKTUBHOCTY NPODUIAKTUKN acoLManbHbIX NPOSABNEHWUI Cpeaun aeTtei u
NOAPOCTKOB, (POPMMPOBAHUIO 300POBOr0 06pa3a KU3HK;

¢ obecneyeHnio LOCTYMHOCTY, PaBHbIX BO3MOXKHOCTEI B NONYYEHUU [ONOAHUTENBHOTO 06-
pa3oBaHuWsA [eTeil Ha OCHOBE rOCYLAPCTBEHHbIX FAPaHTUIA;

¢ yBENMYEHWNIO YAENbHOTO BECa fieTeil, 06y4aloLmMXCcs Mo NporpamMmMam AoNoNHUTENbHOMO 06-
pa3oBaHus ¢ 37,8 po 50%;

¢ yBENMYEHWIO AONU OfAPEHHBIX [IETEl B Pa3AMYHbIX 00/1aCTAX 3HAHWUI U TBOPYECKON fes-
TeJbHOCTH, KOTOPbIM OKa3aHa NoMOLLb M NOALEPIKKA CO CTOPOHbI rocynapcTsa, o1 1,8 no 4% (ot
obLwei yucneHHocTn geteit ot 7 fo 14 ner);

¢ CO3[aHMI0 COBPEMEHHOI 3aKoHoAaTeNbHOM 6a3kl, HOPMATMBHOTO MpPaBOBOro obecneve-
HUs, pa3paboTKe MEXAHM3MOB Pa3BUTMA CUCTEMbI JOMONHUTENBLHOTO 06pa30BaHUA aeTel;

¢ obecreyeHnio pocTa CoLManbHOro CTaTyca, Yy4LIEHUI0 KAYeCTBEHHOTO COCTaBa Nefarornyeckmx
1 PYKOBOAALMX KaAPOB CUCTEMBI JOMOHUTENbHOTO 06pa3oBaHus feteil B Poccuiickoit Pepepauuu;

¢ DYHKLMOHWPOBAHMIO CUCTEMbI LOMONHUTENLHOTO 06pa30BaHUs eTeil B pexKuMe ycTonyu-
BOr0 6ECKPU3MCHOrO Pa3BUTHUS.



	PrintCover1
	Потенциал_1_2005

