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Ha ¢oTo npencraBneHbl aBe Gpurypbl: 6enan ¢ YepHbIMM KHONKaMu
N yepHaa c 6enbiMn KHoMKamu. Kaxpaa n3 ¢uryp crnoxeHa u3
MOJTHOrO KOMMJIeKTa MEeHTaMOHAOB — TaK Ha3blBalOT GUrypKy,
coCToALME M3 NATU PABHOCTOPOHHKX TPEYTrONIbHUKOB; MX KaK pa3
CyllecTByeT u4eTblpe BMAa. BuaHo, yto 06e urypbl — 370
NPaBUNbHbIE LWECTUYTONbHUKN C «[IbIPKaMMW»: KaXKoN He XBaTaeTt
Mo YeTblpe TPeyrosibHNKa A0 NOJIHOIO WeCTUYrOIbHUKa.

3afaya ronoBONOMKM — CJIOXKWUTb [Ba LUECTUYTONbHUKA, 6enbin 1
YEPHbIN, TaK, YTOObI MPU HANOXKEHUM KHOMKU KaKAOro W3 HUX
nonanu B TPeyronbHble «AblpKW» Apyroro. dpyrumu cnoBamu,
TpebyeTcs CNOXWUTb ABYCNONHbLIA LIECTUYFONbHUK, OAWH CNOW
KOTOPOro, C yYeTOM KHOMOK, MNOMIHOCTbIO 6enbili, a BTOPOW CNon —
NOSTHOCTbIO YEPHbIN.
Ourypkn-neHTamoHAbl Nlerko Bbipe3aTb M3 KapTOHa, BMeCTO
KHOMOK  MOXHO  WMCNONb30BaTb,  Hanpumep,  KapTOHHble
TpeyronbHVKN COOTBETCTBYIOLLEro LBeTa.
HecmoTpa Ha KaXyLlylcAa MpoCTOTY, FOfIoBOJSIOMKA TpygHaa u
nmeeT eANHCTBEHHOE peLleHue.
MKenaem ycnexal!

H.Asunos
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KBAHT ....... i No

HAYUHO-HOIIYJAAPHBIA ®USUKO-MATEMATUYECKUN KYPHAJ
N3AAETCA C AHBAPIA 1970 TOOAA

B Homepe:

VUPEJIUTE/N 2 3a urpon B KapTbl C 4EPTUKOM BuaunHra.
b.PabepH, J1.PabepH

Poccuiickas akapemums Hayk
ocennckas akane ay 7 NepemeHHOCTb. JI.ALuKkuHa3u

MaTtemaTn4yecknin UHCTUTYT

um. B.A.Creknosa PAH B3AJAUHUK «KBAHTA»

DUSMHECKNiA MHCTUTYT 17 3apaum M2766-M2769, h2773-H2776

vm. 1.H.Nlebenesa PAH 18 Pewenus sanay M2754-M2757, 102761-D2764
MockoBckuin

bUBNKO-TEXHNHECKNA NHCTUTYT
. «KBAHT» [AJId MJAJIINX HIKOJbHUKOB
MOCKOBCKMIA LEHTP HEMPEPLIBHOIO

martemarn4eckoro 06pasoBaHmus 25 3apaun
FJTABHBINI PEJLAKTOP KOHKYPC MMEHN A.II.CABUHA
A.A.TandynnuH 26 3apgaun 5-8
PEJAKIIMOHHAA KOJIJIETNA
H.H.AHnppees, J1.K.Benonyxos,
M.H.BoHaapos, A.A.Bapnamos, HMKOJA B «KBAHTE>
C..Bapnamos, A.M.Becenos, 27 Teopema o Tpex nnockocTax. f0.6anHKoB

A.H.BuneHkuH, H.M.OonbunuH,

C.A.flopuyeHko, B.H.Ay6poBckun,

A.A.3acnaeckun, A.fl.KaHenb-benos, OU3BUYECKUN DAKYJIBTATUB
MN.A.KoxeBHukos, C.MN.KoHoBanos, <
K.MN.Koxacb, A.A.JlleoHoBuuy, H0.M.JIbicOB, 31 MexaHuka C(bepbl 'D'aV'COHa' M.HukutuH,

A.B.MuHees, B.lO.MpoTacos, A.TennsikoB
A.M.Pariropoacknin, A.B.CocuHCKUN,

A.\.CraceHko, B.I.CypavH,
B.M.Tuxomupos, B.A.Tuxomuposa, JABOPATOPHA «KBAHTA»

A.B.YcTuHoB (3amectutent rnasHoro 36 dnekTpuyecTso ¢ napycamu. C.lepacumos
pepaktopa), A.N.YepHoyuaH

(3aMecTuTENb MMaBHOrO pepakTopa)

PENAKIIMOHHDBII COBET IOK3AMEHAIIMOHDBIE MATEPUMAJIBI

A.B.AHgxaHC, B.M.BepHuk, 39 EIS no ¢pusmke 2023 ropa
A.A.Boposon, B.B.Koznos, 45 CaHkT-MNeTepbyprckmin NoOANTEXHUYECKUI
C.M.Hoeukos, A.Jl.CemeHOB, yHuBepcuteT [leTtpa Benukoro
C.K.CMupHos, A.P.Xoxnos 52 HOBOCMBUPCKUIA rOCYAapCTBEHHbIE YHUBEPCUTET
PEJAKIIMOHHASA KOJJIETUI
1970 TOJIA 58 OrtBeThl, yKasaHus, peLleHns
TIABHBI PEJAKTOP
WN.K.Kukoun HA OBJIOJKKE
HEPBBIII 3AMECTUTEb | Cseua n ee oTpaxeHve B [ByX 3epkasiax
TJIABHOTO PEJTAKTOPA Il Kosinekuymsi roioBos1IOMOK
A.H.Konmoropos Il LLlaxmaTHas cTpaHu4ka

N.A.ApuymoBuy, M.U.Bawmakos, B.I.BonTaHckui, v HporynKM c CDMSMKOM

W.H.BpoHwreiiH, H.5.Bacunbes, N.®.rmus6ypr,
B.l.3y6os, M.J1.Kanuua, B.A.Kupunnux,
I.U.Kocoypos, B.A.JlewkoBLeB, B.M.Juwesckui,
A.WN. Mapkywesny, M.J.MyUnnnoHwmKkos,
H.A.Natpukeesa, H.X.Po3os, A.M.CaBuH,
W.LL.CnoGogeukuin, M.J1.CMONSHCKWIA,
A.A.CmopoaumHckmi, B.A.DabpukanT, f1.E.LLIHanaep




3a Urpoun B KapTbl
C YepTMKOM BU3KMHTa

b.PABEPH, /1. PABEPH

9TOM CTATBHE MbI PACCKAKEM

0 JIBYX KJACCHUYECKUX Pe3yJIbTaTax Teo-
puu rpacdoB — teopemax Kénwra [1] u Bu-
surra [2]. CranzapTHbIE JOKA3aTeIbCTBA ATHX
TEOPeM MOKHO IPOYUTATD, HATIPUMED, B KHIH-
re [3]. Mbl ke TI0JTy4nM JI0KA3aTENbCTBA U3
AHAJIM3a BBIUTPBINIHBIX CTPATETUN B HEKOTO-
poil kaprouHoil urpe. /s Havana jgaBaiite
MTO3HAKOMUMCS C UTPOIA.

MpaBuna KapTo4YHOW Urpbl

3anauMcst TPOU3BOJIBHBIM HATYPAJIbHBIM
yucsoM k, Kotopoe Oyjer B JajibHeiIieMm
03HAYaTh KOJHUYECTBO CTOTIOK KapT B HUTpe.
Urpy ¢ gamubiM k GyeM Ha3bIBaTh R-UTPOI.

B wurpe GyayT y4acTBOBaTbh uUzpox m uep-
mux. Ilepesr HaYaI0M YePTUK BBIOUPAET YHC-
JIO M 2 k, OTIpe/iesIsiionee YUCI0 PA3IMIHbIX
JIOCTOMHCTB KapT (CKaskeM, ecai m = 3, y Hac
OyZyT KapThl TPEX [OCTOMHCTB; HA30BEM UX
1-KapTbl, 2-KapThl 1 3-KapTbl). 3areM 4ep-
TUK CO3/[aeT km KapT [JIs1 UIPbI: R IITYK
1-kapr, k mTyk 2-Kapr , ..., R WTYK m-KapT.
[Tocsie aTOrO YEpPTHK PACKJIA/IbIBAET KAPTHI B
k cTorok takuM 00pazoM, 4TOObI B KasK/OH
cTOTIKe 6bITa XOTsI ObI OTHA KapTa U IIPH 3TOM
Kak/ast CTOTIKa cofiepskaia He 6ojee OTHOM
KapTbl Kaxoro gocrouHcrBa. O603HAYNM
YICJI0 KapT B - CTOIIKE 4Yepe3 17;, TOT/a
nocJie1oBarebHoCTb (7y,...,7;,), OIMUCHIBAIO-
ILYI0 YMCJIO KapT BO BCEX CTOIKAX, HA30BEM
packaadom urppl. OctaBimecs KapTbl, He
BOILIE/IIIIE B CTONKH, 00Pa3yioT K0100Y.
(Cunraem, 4TO BCe KapThl B CTONKaX W B
KOJIO/Ie BCer/ia BUIHBI MTPOKAM. )

Hamnpumep, paccmorpum urpy ¢ k = 3, kap-
TaMu 4 JIOCTOMHCTB, T.e. C m =4, U pacKJja-

[TepeBos ¢ anrmmiickoro [1.Ilantonnmoii.
DOI: https://doi.org/10.4213/kvant20231001
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Puc. 7

nom (1,1,3). Yepruk Kaajger oaHy Kapry B
[EPBYIO CTOIKY, OJHY BO BTOPYIO, TPU — B
TPETHIO, OCTAJbHbIE KAPTHI OCTAHYTCS B KO-
sone. Ha pucynxke 1 nzo6paskeno BO3MOKHOE
HavyaJbHOE COCTOSTHME 3TOW UTPBHI.

Xoa urpoka. Mrpok BbIOpaeT HEKOTOPYIO
CTOIIKY, B KOTOPO#l ecTb a@-KapTa, HO HeT
b-xapTpl, U MeHsleT d-KapTy Ha b-Kapry us
kosoapl (OTMETHM, 4YTO b-KapTa B KOJOZE
HaljeTcs, Tak Kak b-KapT BCero kR mTyk).
WubiMu cjioBaMu, WTPOK MOJKET IMOMEHSITh
JO6YIO KapTy B JI000I U3 CTOMOK HA KapTy
M3 KOJIOJIbI, €CJIN TOJIBKO ATO He TIPUBEIET K
TOMY, YTO B CTOIIKE OKAXKyTCSl [IBE KAPTbI
O/IHOT'O JIOCTOMHCTBA.

Boiurpoini. Vrpok nobesk/1aet, ecJiu mnepe;n
HAYaJI0M CBOETO OUEPE/THOTO XO/Ia OH MOKET,
BBIOMpAsi U3 KayK/I0M CTOIKY 110 OJIHO¥ KapTe,
HaGpaTb k KapT pasJUYHBIX JOCTOWHCTB.
Taxoit Ha6op 6yeM Ha3bIBATD GblUZPIULHBIM
HabOpOM.

UepTuK yCJIOKHSET UTPY: €My Pa3peIieHo
IepeMelaTh olpe/iesIeHHbIM 00Pa30M KapTbl
mocJie KaxJ0ro xoja urpoka. CyinecTByer
UM HET BBIMIPBIIIHAS CTPATErus y UrPOKa,
3aBUCHUT OT TOrO, Kak UMEHHO MOXKET Jeii-
CTBOBATb YEPTHK.

Jl71s1 Havasa paccMOTPUM <«KpaiiHue» CJIy-
qamn.

Jlenussrit yeptuk. [locre kaxkgoro xojma
JICHUBDLII YEPTUK HUYETO HE JIEJIAeT.

Mosxer sm urpok BbmTpath? KonewHo.
JlocTaToYHO TIPOUTHCH 10 CTOTIKAM 1, €CJTH B



3A UTPOMN B KAPTBHI

| Cromxka 1 | Cromka 2 | Cromka 3 | Kosoma |
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CTOTIKE C HOMEPOM 1 HET i-KapTbl, TIOMEHSTD
KaKy10-1160 KapTy U3 3TOIT CTOIIKY Ha i-KapTy
u3 Kosozbl (Tak Kak Bcero B urpe R INTYK
i-KapT, TO Takasl KapTa B KOJIO/Ie Haiijercs).

B mpuBenennoM Ha pucyHKe 1 mpuMmepe
UTPOKY /TSI BBIUTPBINIA /IOCTATOYHO 3ame-
HUTH 2-KapTy B NepBO# cTomKe Ha 1-KapTy B
komoze (puc. 2). Tenepb eCTh BBIATPBIITHBIH
HaOOp, W JIEHUBBII YEePTUK MPOUTPHIBAET.

Bpeansiii yepruk. Ilocie xaxaoro xoja
BPEJHBIN YEPTUK OTMEHSIET TO, YTO TOJDHKO
4TO cllesiasl UrpoK. TeM caMbiM, ecJii UTPOK
[IOMEHSIT B HEKOTOPOU CTOTIKE @-KapTy Ha b-
KapTy U3 KOJIO/IbI, TO BPE/HbII YePTUK MEHsI-
eT ee 06paTHo.

fcHo, 4TO ¢ TAKMM YepTHKOM UTPOK mobe-
NTb HE CMOJKET, €CJH TOJbKO HadaJbHas
MO3UINS yyKe He ObljJa BBIUTPBINIHON I
UTpOKA.

HekoTopble NHTepecHble YepTUKn

Wrppl ¢ JTEHUBBIM U BPEIHBIM YE€PTHUKAMU
OKa3aiuch CKyuHbiMU. Paccmorpum 6osee
co/ieprKaTeJibHble TIPUMEPBI YePTUKOB. 3abe-
ras BIepe/l, CKaskeM, 4TO BBIMI'PBIIITHBIE CTPa-
TEruy B UTPaX C 9TUMU YePTUKAMU U TIPUBE-
JIyT HAC K JI0Ka3areabCTBY TeopeM Kénura u
Busunra.

Yepruxk Kéuura. Ilyctp urpok mnomensii
a-KapTy u3 i-it CTONKN Ha b-KapTy U3 KOJIO-
apr. OTBevas Ha aTOT Xof, uepTnk Kénmra
Ju6o He JeraeT HUYETO, JUOGO BHIOWpaeT
CTOTIKY, OTJIMYHYIO OT I-I, KOTOPAasi COIEP3KUT
b-KapTy, HO He COJIEPXKUT d-KapTy, U MEHseT
ee Ha d-KapTy U3 KOJIOIbI.

Teopema 1. V uezpoxa ecmo viuzpviunas
cmpamezusi npomus yepmuxa Kénuza 0as
210601 k-uzpol.

JoxkazareabctBo. [lonycTuM, 4epTHK Ha-
wan k-urpy ¢ packaagom (m,...,n;). Pac-
CMOTPUM MAaKCHMaJbHBIN HAa60p KapT pas-
JIMTYHOTO JIOCTOWHCTBA, KOTOPBIH WTPOK MO-
JKeT coOpaTh, B3sB He 60Jiee OJ[HOI KapThl 13

C YEPTUKOM BH3MHTA

Kax 100 ctonku. Eciu ator HAGOp COAEPIKUT
k Kapt, TO 3TOT HAGOP — BLIUTPBINIHBINA. B
MIPOTUBHOM CJIy4yae €CTh CTOIKA, CKaKeM C
HOMEPOM i, U3 KOTOPOil WUTPOK He BBIGHUPAJ
KapT /I MaKcuMasibHOro HaGopa. Haiigercst
qicJio b < m TaKoe, 9TO B HAIIIEM MaKCUMAaJTh-
HOM Habope HeT b-KapThl. B i-if cTomke HeT
b-xaprbr (nHave MbI ObI JOOABUIN €€ K MaK-
CHMAJIbHOMY MHOKECTBY, 4TO IPOTHBOPEUH-
J0 6b1 Makcumaabaoctn). Ho B i-Ii cromke
€cTb XOTs1 ObI O/IHA KAPTa — ITYCTb TO d-KapTa.
Torga urpox MoKeT 3aMeHUTb @-KapTy u3
9TOi1 CTONKM Ha b-KapTy U3 KOJIOIbI.

Uepruk B oTBET JUGO HE JI€JAET HUYETO,
Jn6o MeHsIeT b-KapTy M3 HEKOTOPO# Apyroi
CTONIKM HA @-KapTy U3 KOJIOJIbI, & 3HAYUT, HE
CMOJKET TOMEIaTh UTPOKY TIepell HAaYaJIoM
CJIEYIOIIETO X0 YBEJTUUUTDh MPEIbIIYIINi
MaKCUMAJIbHBIH HAa00op Ha b-KapTy u3 i-it
CTOTIKH.

IToBropsist 3TOT MpOIECC, UTPOK MOYKET
JIOOUTHCSI, YTOOBI B MaKCHMaJbHOM HaGope
cTaso k KapT, U, TAaKUM 00pa3oM, BBIUTPATh.
Teopema nokazana.

Yepruk Busunra. Paccvorpum tenepb urpy
¢ ueptukoM Busunra. [lonycTum, Urpox mo-
MEHSIJI @-KapTy U3 i-ii CTONKYU Ha b-KapTy U3
Kosiofibl. B orBer ueptuk Busunra sm6o
HUYETO He Jiesaet, 60 BLIOUpaeT CTOMKY,
OTJIMYHYIO OT -1, KOTOPast COJAEPIKUT b-KapTy,
HO HE COMEPIKUT d-KapTy, W MEHSEeT b-KapTy
HA @-KapTy U3 KOJIO/bI WJIH BbIGUPAET CTOII-
Ky, OTJHYHYIO OT i-if, KOTOpas COIEPKUT
a-Kapry, HO He COJEePKUT b-KapTy, U MeHs-
eT @-KapTy Ha b-KapTy U3 KOJIOJbI.

Teopema 2. YV uzpoxa ecmo eviuzpviuunas
cmpamezusi npomue wepmuxa Busunea dis
060t k-uzpor ¢ packaadom (ny,...,n), 6
Komopom ne 6onee uem 00no n; pasno 1.1

[HokazareabcTBo. IIpeanosoxum, 4to y
UTPOKA €CTh CTPATETrHsI TIOJIYYUTh MIEPEL] CBO-
UM XOIOM TIO3UIINI0, B KOTOPOW HaWIETCS
HEKOTOPOE HEIYCTOe TOAMHOKECTBO S 13
s<k—1 cromok m TaKoii BBIGOP S Kapt
pPasIMYHBIX AOCTOMHCTB (CcKaxxeM, 3TO
a1—,...,aS—Kame) 110 OJTHOU KapTe U3 KaKI01
CTONIKM U3 S, YTO KapThI 3TUX JOCTOUHCTB HE

! o cyru crparerus nrpoka yacTH4HO OCHOBA-
Ha Ha JIOKA3aTeIbCTBAX TeopeMbl Busunra us [4]

m [5].




4 KBAHT

BcTpevaloTesl B cronkax He u3 S. Takyio
MO3UINIO MBI HA30BEM NPuUOOUMOU TIO CJle-
Jly1olieil IpudnHe.

[Iycte T — MHOXKeCTBO BCeX CTOTOK, He
npuHaIexamux S, u mnycrtb ux t=~k-s
mrTyK. ITpok MOXKeT MBICJCHHO Y/IaJUTh BCE
a4, ..., d-KAPThI U3 KOJIO/bL ¥ ChITPaTh ¢-UTpy
co cronkamu u3 T (IIpy 5TOM €C/Im YepPTUK B
KaKOM-TO OTBETHOM XO0/I€ 3a/IeiCTBOBAJ CTOII-
Ky M3 S, TO MOXXeM CYUTaTb, YTO B Hallei
t-urpe oH HUYero He caenan). OTMETUM, YTO
packJjaj B t-uTpe yJA0BJETBOPSET YCJOBUIO
TeopeMbl 2. Ecsim uTpoxy yznactcsi BBIUTPaTh
B t-urpe, T.e. HaOpaTh U3 CTONOK T KapTbl
Pa3JIMYHOrO JIOCTOMHCTBA, TO, 00bEeINHUB 3TN
KapThl ¢ KapTaMu dy,...,d, U3 S, OH 106beTCs
BBIUTPBIIIA B ucXoanou k-urpe. Muave, ur-
pagd B t-Urpy, UI'POK CHOBA JIOUJIET /10 TPUBO-
JUMON TIO3UIIMKU U T.J., TI0Ka He IPHIET K
1-urpe, KoTOpast, OYEBUIHO, BBIUTPBITITHAS.

[ToxkaskeMm, 4TO B 000N UT'Pe UTPOK JIeii-
CTBUTEJIbHO MOXET JOUTU 10 NPUBOAUMON
HO3UIIH.

[Ipeamonoxum, 4ro ectb He Gosnee k—1
JIOCTOMHCTB, TIOSBJSIONIMXCS HAa KapTax B
cronkax. ITo ycioBuio TeopeMbl 2 B CTONKaX
naxozurcst He meree 2 (k — 1) + 1 = 2k — 1kapr.
N3 nmpunmnmna Jnpuxie mosydaeM, 9TO Ka-
KO€e-TO JIOCTOMHCTBO, CKa)KeM @-KapTa, 10sIB-
JisieTcs B Tpex uin 6osiee cTonkax. [lockosb-
Ky BCero B cToITKax He 6oJiee k — 1 JOCTOMHCTB,
UTPOK MOKET BBIOpATh JOCTOMHCTBO b, He
TIOSIBJISIIONIEECST HU B OJTHON CTOTIKE, 1 TOMe-
HATb MECTaMU @-KapTy B OJHOI M3 CTOIIOK Ha
b-xapry u3 koJozabl. Ilockonbky HE onmHA
JIpyTasi CTOIKA HE COAEPIKUT b-KapTy, Mocje
OTBeTa Y4epThKa b-Kapra OCTaHeTcs B CTOIIKE,
a KpOMe TOTO, B CTOITKAaX BCE eI1le OCTAHETCS 110
Kpaitneii Mepe ojina a-kapra. Takum 06pa3om,
WUTPOK YBEJWUNJT KOJMYECTBO JIOCTOMHCTB,
TIOSIBJIIONINXCST HA KapTax B CTOIKaX.

OH MOKeT TOBTOPATH 3Ty TIPOIEAYPY /10
TeX 1Op, II0Ka B CTOIKAX He IOSBUTCSA He
MeHee R Pa3IM9HbIX JOCTOUHCTB.

Ternepsb mokaxkem, 4To Ji06ast mo3unus ¢ k
wu 6oJiee Pa3IMIHbIME JOCTOMHCTBAME KapT,
MOSIBJISIIONMUCS B CTONKAX, JTOO SIBJISIETCS
npuBOANMON, 6o yxke BhUurpbimHast (T.e.
UTPOK Cpa3dy MOKET BbIOPATH BLIUTPBINTHBIN
HaGop us k xapr).

2023/Ne10

[IpeamonoxuM, y HaC €CTh TaKast O3UILUS,
u nycTb A — MHOXKECTBO M3 R DPa3JIMYHBIX
JIOCTOMHCTB, TIOSIBJASIONINXCST B CTOTKAaX.
Bpi6epem nHanmeHnbliiee HEIYCTOE MTOJMHOKe-
cTBO B M3 A Takoe, 4TO JIOCTOMHCTBA U3 B
MOSBJIATOTCS He 6oJice 4eM B |B| CTOTIKAX.
MblI MOKeM 3TO c/ies1aTh, TIOCKOJIbKY A camMo
SIBJISIETCST TAKUM TIOJIMHOKECTBOM.

Ecin |B| =1, TO 1IyCTh ¢ — €JMHCTBEHHAs
CTOMKa, co/iepsKalnasi KapTy JOCTOMHCTBA U3
B. Torjga nHama mosunus npuBoAuMad, Tae
S ={c}.

Ilycro Tenepsb |B|>2. BoiGepem mpouns-
BoJIbHOE b 13 MHOKecTBa B u yGepeMm ero,
HOJIyYrB MHOKECTBO B'. V3 yCJ0BUs MUHU-
MaJIbHOCTH MHOKeCTBa B cjeayer, 4To 10C-
TouHCcTBa M3 B’ mogBagiorcs mo Kpaiinei
mepe B |B'|+1=|B| cronkax. Cieznosaren-
HO, IOCTOMHCTBA U3 B MOSIBJSIOTCS B TOUHO-
cri B|B| cronkax. JlomycriM, S — MHOXKECTBO
TUX CTONOK. [lokajkem, 4TO, BBIOWpPAs W3
KaXX/IOM CTOTIKM MHOXKecTBa S TO OJHON
KapTe, MOKHO HAaOpaTh KapThl PA3HBIX I0CTO-
HHCTB, OTCI0/Ia 1 GYIET CJIeI0BATh, YTO TT03H-
IIUST IPUBOIUMAST.

MBI MOKEM CIETATD HTO, UCTIOIb3Y S JIEMMY
XoJia, U3BECTHYIO TAK)Ke KaK TeopeMa o
ceamp6ax ([6], [7]).

Jlemma Xoura. ITycmv ecmov n woHowetl u
n desywex. IIpednoioxum, umo 0as Kax-
doil epynnvl, cocmoawen u3 k Odesyuiex
(k=1,2,...) umeemcs no xpaimneic mepe k
1oHOWedl, umerwux opy3setl cpedu smux oe-
sywex. Tozda Kax00zo 10HOWY MOKHO XKe-
Humv na desyuike, ¢ KOMOPOU O OPYKUM.

Yto6bl IPUMEHHUTD TEOpeMYy XOJTa B Ha-
nieM cJydae, 6yjieM CYUTaTh, YTO MHOXKECTBO
CTOTIOK .S — 9TO I0HOIIHN, & MHOKECTBO JJOCTO-
nHCTB B — ato AeBymku. s kaxiaoi je-
BymKH b u3 B I0HOIIM, C KOTOPBIMH OHA
JIPYKUT, OYZYT CTONKY U3 .S, coepsrariue b-
KapTy.

Mbr sHaem, uto |S|=|B| u ana mo6oro
noaMuokecTBa C MHOKECTBA B IOCTOMHCTBA
n3 C MpUCYTCTBYIOT 10 KpaiiHell Mepe B \C\
cronkax. TeMm cambiM, [t OO0 TPYIIIIBI
JIEBYIIEK CYIIECTBYET TPYTIA IOHOIIEH TaKo-
0 JKe pasMepa, B KOTOPOU y KasK/I0TO TOHOTIN
€CThb TI0 KpailHell Mepe O/JHa 3HaKoMas e-
BYyIIIKa. 3HAYNUT, YCJOBUS TEOPEMbI XOJLIa
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Puc. 3

BBITIOJIHEHBI U KAXK/OTO IOHONIY MOXKHO Ke-
HUTD Ha JIEBYIIKe, ¢ KOTOpOoil oH apy:xut. Ho
3TO B TOYHOCTH ¥ O3HAYAET, YTO Mbl MOJKEM
BBIOPATh HAGOP KapT PA3HbIX JIOCTOMHCTB TI0
OJIHOI KapTe M3 Ka’K/IOH CTONKH B S.

Ecau |S | = k, TO 3TO BBIUTPBILIHBIIT HA60D.
Ecan \S < k, TO mo3utus npusoumasi. Uro
1 TpebGOBAJIOCDH J0KA3ATh.

Wtak, y urpoka ecTb BBIUTPBIIITHAS CTPaTe-
TUs MPOTUB 4YepTWka Buawnra. Ha pucyn-
Ke 3 ToKaszaHa cXeMa 3TOW CTpaTerui.

Packpacka rpagos

[IpuMenuM Temepb TOJyUeHHbBIE PE3YJIbTa-
ThI JIJISI IOKA3aTeIbCTBA TEOPEM O PeOePHbBIX
packpackax rpadoB. HamoMHUM HEKOTOPbBIE
HeoOXO0/IMMble HAM TIOHSTHUSI, CBSI3aHHBIE C
rpadamu.

I'paghom nasbiBaercsi MHOKECTBO TOYEK U
JUHUN, UX cOeINHAIONNX. TOYKN Ha3bIBAIOT-
sl epuUHaMU, & TUHIN — peOpamu. Bynem
paccmarpuBarb rpadbl, B KOTOPbIX HU OJIHO
pe6po He WeT U3 BEPHIMHBI B Hee caMy U
MEKJy JIIOOBIMH JIBYMSI BEPIIMHAMHU MTPOXO-
T He 6oJiee oHOTO pebpa. /IBe BeplIMHBI,
coefinHEHHbIe peGPOM, Ha3bIBAIOT COCEOHIU-
Mu. Cmenenvro eepuiutvl Ha3blBAETCS YUCJIO
BBIXO/ISANINX U3 Hee pebep. [Tymy B Tpade —
3TO TIOCJIE/IOBATEBHOCTD pebep, B KOTOPOIi
KOHEI] OIHOTO pedpa SABJISETCS HAYAJIOM [IPY-
roro; 0AUHOU NYmMu HA3BIBAIOT KOJIUIECTBO
pebep B HeM. [[uxnom B rpade Ha3bIBaeTCS
3aMKHYTBIH IyTb.

IToGema!

YBemmunm
KOJMYECTBO
JIOCTOUHCTB,

MOSBJIAIONIXCS

Ha Kaprax

B CTOIIKaxX

C YEPTUKOM BH3MHTA

I'pad uHasbiBaercst 06ydoavHbIM, ecin
€r0 BEPIIIHBI MOXKHO Pas/ieIuTh Ha /1Ba
MHOKeCTBa TaK, YTOObI HUKAKNUeE /IBE Bep-
MIMHBl W3 OJHOTO MHOKECTBAa He ObLIH
coeHeHbI peGpoM. HeTpysHo HOHSTD,
YTO JIBYZOJBHBIN rpad) He COAEPIKUT UK~
JIOB HEYETHON JIJTIHBI.

Pebepnoil packpackoii Tpada Haszpiza-
eTcsi HazHadeHue pe6pam rpada IBeTOB
TakuM 06pa3oM, uto cMeskHbie (T.e. BbI-
XO/AIINE M3 OJHON BepumHbl) pedpa
MOJIy4YaioT Pa3Hble 1[BETA.

Knaccuueckass teopema Kénura 1931
roga (cM. [1]) Mosxker 6bITh cpopmy.n-
poOBaHa CJeyIONM 06Pa30M.

Teopema Kénura. Ecau xkaxdas eep-
wuna 6 08Y00LHOM Zpdaghe umeem cme-
nenv ne 6oaee k, mo zpagh umeem pebepmyio
PACKPACKY ¢ UCnoIb306anuem ne 6osaee k
yeemoe.

Teopema Busunra 1964 roga (cm. [2])
YTBEPIKIAET, UTO JIJIsI IIPOU3BOJIbHBIX TPacdoB
HY>KeH Ha OJIUH 1IBeT 6OJIbIIIe.

Teopema Busunra. Ecau xaxdas eepuiu-
na 6 zpage umeem cmenenv ne 6oaee k, mo
2pagh umeem pebepiyio packpacky ¢ uCnoib-
306anuem ne 6onee k+ 1 ysemos.

JlokasaTesbcTBO 06€MX TeopeM MOKHO CBe-
cTH K Hameil urpe ¢ ueptuxom. [Tokaxem,
KaK 3TO CJIeJaTh.

[IpeamonoxmM, uto u3 rpada G ymareHa
BEpIINHA 0 CTENeHNn R U BCe MCXOASIIE U3
Hee pebGpa, a pebGpa ocrasirerocs rpada
nokpaiiensl B 11Beta 1, 2, ..., m, rue m He
Menblire k. [IpoBepum, 4TO MOXKHO HPOIOJ-
JKATb 9Ty PacKpacKy pe6ep [0 pacKpacKku
pebep ucxozauoro rpada G, UCHoJIb3Ys TOTb-
Ko muBera 1, 2, ..., m.

Jlnst aTOrO ChITpaeM B R-UTPY € UHUCJTIOM
JOCTOMHCTB M. [l KaskJoi BepIInHBI X,
cocefHell ¢ v, YePTUK CO3/1aeT CTOTKY S, B
KOTOPYIO OH KJIAeT KapThl ¢ HOMEPaMN I[Be-
TOB, KOTOpBIE HE TOSBJSAIOTCS Ha pebpax,
ucxoasanmx u3 x. Ecau crerenn x B rpade G
pasua d, To B S, okaxercs m+1—d kapr,
TaK Kak Bce pe6pa, UCXO/ISIIIE U3 X, OKpallie-
HbI B HEKOTOPBIE I[BeTa, a Pe6po, COeIMHSIIO-
Iee BEPIUIMHBI X M ¥, TI0KA He OKPAIIeHO.

[Ipennosoxum, 4To0 .S, CONEPIKUT @-KapTy,
HO He COJEePIKUT b-KapTy. DTO 03HAYAET, YTO
ecTb pe6po, UCXOAIIee U3 X, OKPANIEHHOE B
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1BeT b, HO HeT pebep, OKPAIEeHHbIX B IIBET d.
PaccmoTpum MaKCHMAaJIbHBIN 110 JJITUHE MY Th
(6e3 moBTOpPAIOIIXCA peGep) , HAUMHAIOI Ui
CSI B X, B KOTOPOM uepe/ytoTcst pebpa 1BeTa
b n pebpa 1BeTa a. Tak Kak Kak U3 KaKI0M
BEPIINHBI BBIXOAUT He GoJiee 0JHOTO pebpa
JTAaHHOTO TIBeTa, TaKOW MyTh €/INHCTBEHHBDIN.

Ecm mbr momenstem 1Beta a u b pebep
BJIOJIb 3TOTO ITyTH, TO MOJYYUM JPYTYIO pac-
Kpacky pebep rpada G 6e3 BepIIMHBI 0,
KOTOpPasi CHOBA HCIIOJIb3YeT TOJIbKO 1iBeTa 1,
2, ..., m. Ilpu a3TOM B COOTBETCTBYIOIIEN
cTorke S, @-Kapra 3aMeHsieTcs Ha b-KapTy us
Kosozbl. Ecau myTh He 3aKaHYMBAaeTCs B
BepIINHE, COCe/IHEN € v, TO HUKaKasl Apyras
CTOTIKa He uaMensiercst (T.e. 4epTHK MPoITyc-
THA ¢BOW x0a). JlomycTuM, 4TO TyTh BCe-
TaKW 3aKaHYMBAECTCS B COCETHEH € v BEpIITH-
HOIT, 1 0603HaumM ee y. Torma y — 370 He X,
MIOTOMY YTO M3 X He BBIXOJUT pebep IBera d
U BBIXONT TOJBKO OJHO pebpo 1BeTa b.

Ecmn G — pBynosbHbiii rpad, To uuHA
paccMaTpUBAEMOTO Iy TH YeTHA, MOCKOJIbKY B
MIPOTUBHOM CJIy4ae 3TOT MyTh BMecCTe ¢ pel-
poM ox u pebpoM vy co3gaau Obl ITHKJI
HedeTHON bl Crie/IoBaTebHO, ITOCKOJIb-
Ky MyTh HaumHajcsi ¢ pebpa nBera b, oH
JIOJKEH 3aKaHYMBaTbCs peOpOM IIBeTa d.
CMeHa 1IBETOB BJIOJb TYTH COOTBETCTBYET
3aMeHe B CTOTKe S, b-KapTbl Ha a-KapTy u3
KOJIOJIBI.

MpbI BUiM, 4TO CMeHA 1IBETOB pebep B/10Jb
MyTH B JBY/JIOJBbHOM rpade COOTBETCTBYET
XO/Iy UTPOKA, 32 KOTOPBIM CJIEYET XO/] Yep-
tuka Kénura.

Ecmu G we sBasiercst JBYJOJbHBIM, TO
nocJsie/iHee pe6po HAIEro MyTH MOKET ObITh
oKparireHo Jyu6o B 1BeT @, aub0 B 1BET b H,
CJIe/IOBATEJIbHO, CMEHa IBETOB pebep BOJIb
MyTH COOTBETCTBYET XO/Y MUIPOKA, 32 KOTO-
PBIM CcJIeyeT Xo/a yepTuka Busnnra.

[IpearmonoxuM Tenepb, 4TO OHA U3 TEOPEM
HEBEpHA.

Pacemorpum Tpad ¢ MUHUMAJILHBIM YHC-
JIOM BEPINUH, [IJIT KOTOPOTO TeopeMa HeBep-
Ha. [Tockosbky Tpad TOJBKO ¢ O/IHOI BepIITH-
HOIT He nMeeT pebep, ero MOKHO PaCKPACHTD
B HOJIb 11BeTOB. CieoBatesibHo, G UMeeT 1o
Kpaitneii mepe nBe BepimHbl. I[lycth v —
BepimiHa crernen B u B G HeT BepIIUH
crenenu 6osbiie k (Tak 4To K — MaKkcHMaJib-
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Hast crenedb Bepud B G). U3 ycaoBus
MUHUMaJIbHOCTH Ha G CJIelyeT, 4To yaaeHue
BEPIINHBI ¥ TpHUBeAeT K Tpady, KOTOPBI
MOKeT GbITh pacKpallieH ¢ FCIO0Jb30BaHIeM
™M 1BETOB, T/A€ M PaBHO Rk [Jsi TEOpPEMbI
Kénnra u m pasuo k + 1 mist reopembt Busun-
ra. Torpa mna xaxkzgoro cocefra x U3 v B
cronke S, ectb m+1-d kapr, rune d —
KosimuecTBO coceneir x. Ilockombry d < k&,
aTO He MeHee m + 1 — k Kapr, T.e. 1o Kpaiineit
Mepe ojiHa Kapra /sl TeopeMbl Kénura u 1mo
KpaifHeil Mepe /Be KapTbl /IJis1 TeopeMbl Bu-
3MHTA.

CoirpaB B k-urpy, urpok co6Geper BBIUT-
PBIIIHBI HA6Op U3 R KapT PasHOTO TOCTONH-
CTBA, B34B 110 OJIHOH KapTe U3 Kaxx/10il cToII-
ku. Torga packpacka pe6ep, NCXOASNINX U3
v, B I[BETa C HOMEPAMU ITUX KapT [acT
pebepHyio packpacky G ¢ HCIOJb30BaHIEM
m 1BetoB. IIporuBopeune.

CurenoBaresbHO, 06€ TEOPEMbI BEPHDI!
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[ lepeMeHHOCTb

JLALLUKUHA3U

CE 9JIEMEHTDBI 9JIEKTPOHUKUN —
PE3KCTOPBI, KOHJIEHCATOPbI, KaTyIIKH
MH/yKTUBHOCTH U JIasKe DJ1EKTPOBAKyyMHbIE
HpUGOPbI — MOTIYT GBITH C TIOCTOSHHBIMU 1
HepeMeHHbIMU TapamMeTpamu. IlpudueM He B
TOM CMBICJIE, YTO OHHM U3MEHSIOTCS CO BpeMe-
HEM, <«peidyIoT», a B TOM, YTO Mbl U3MEHSI-
€M UX CaMu, praBJIHeM NMMN. B cTaTbe Ipo
pesuctopsl (M. «KBant» Ne5) 6bLI0 paccka-
3aHO ¥ PO MOCTOSIHHbIC PE3UCTOPBI, U IIPO
nepeMeHHbIe, a B ATOI cTaThe OyeT paccKa-
3aHO TIPO TIepeMEHHbIe KOHIEHCATOPbI, a TaK-
e ITPO KaTyIIKM C IIePeMeHHON HHYKTUBHO-
CTHIO M IIPO TaKOe 4y/0, KaK BaKyyMHble
JIAMITBI € [IepeMEHHbIMU TlapaMeTpaMiu.

NepemMeHHOCTb KOHAEHCAaTOPOB

Haunem c mnepeMeHHBIX KOH/IEHCATOPOB,
T.€. C T€X, Y KOTOPBIX MOKHO ILJIABHO U3Me-
HSTb eMKOCTb. VIMEHHO IJIABHO — IIOTOMY YTO
U3MEHITb JIUCKPETHO, CTYNEHYATO MOXKHO
MOCPEJICTBOM OOBIYHBIX ITOCTOSIHHBIX KOH-
JIEHCATOPOB U TIepeKJIouaTesiei.

W 3MeHATh eMKOCTh KOH/IEHCATOPA MOSKHO,
MEHSIS 3a30p MEXKy TJIACTHHAMU WJIU TLIO-
maan maactua. TyT HeoOGX0[uMO MOsiCHe-
HUE — 1O/l U3MEHEHWEM IO TIJIACTUH
KOHJIEHCATOPA MbI Oy/IeEM TIOHUMATH He U3Me-
HeHUe TUIOIAM OTAETbHON Tiactuabl (1mo-
npoGyiite MpUAyMaTh, Kak 9TO C/efath), a
u3MeHeHue IO TOW YacTU ILJIACTHHBI,
PSIIOM € KOTOPOIT HAa MaJIOM PACCTOSIHUM HAXO0-
JIITCSL IPYTas MJIACTHHA. DTy IJIONIA/b MOXK-
HO Ha3BaTh IJIONIA/bI0 HAKPBITHS, OHA KaK
pa3 M BXOJAUT B Bally JIOOHMYIO (HOPMYITy
C =eg,S/d.

Ectp crmoco6bl m3MeHSATh €MKOCTh U 6e3
MeXaHn4yecKnX repemerniennii. CymecTByioT
MOy TTPOBO/IHUKOBBIE TPUOOPDI — BAPUKAIIDI,
Y KOTOPBIX OT TPUJIOKEHHOTO K HUM 06paTt-
HOTO HANPSKEHUS 3aBUCHT T€peMeleHne

DOI: https://doi.org/10.4213/kvant20231002

3aps/10B BOKPYT p-n—Tiepexo/ia — 3TO SKBUBA-
JIEHTHO HU3MEHEHUI0 eMKOCTH. Tak MOKHO
UCIIOJIb30BATh JI060# MOJIYTTPOBOIHUKOBBII
JIIOJT, HO KOHCTPYKIIUSI BAPUKAIIA OTITUMU3H-
poBaHa MMEHHO TIOJ 3TO TPUMEHEHUE, T.e.
YBeJIMUEH, 110 BO3MOKHOCTH, TUATIA30H U3Me-
HEHUsI 9KBUBAJEHTHONH €MKOCTH.

pyroii myTb — u3aMeHeHue eMKOCTH Yepe3
u3MeHeHHe JINAJIEKTPUYECKON TTPOHUITAeMOC-
TH € CPe/Ibl MEXK/Ly TITACTHHAME. DTO MOKHO
c/lesiaTh JIByMsI COCOOAMU — BBO/IS B 3a30D
JINBTIEKTPUUYECKYTO /IeTAb NN U3MEHSS YTO-
TO, OT 4ero 3aBUCHUT €. [1epBbIii crocob yacto
VIIOMUHAETCST B 33/[a4aX — B HUX KOHJEHCa-
TOp 3apsiKeH wiau nojakiaoued Kk J/C, nu-
9JIEKTPUK BBOJMTCS UM BBIBOIUTCS M HYKHO
OTIPE/IETUTD, YTO TIPH ATOM eIlle TPOUCXO/IUT,
OTKy/la Gepercst SHeprusi M Ky/la JI€BaeTCs
paboTa. 3ajiaun ATH caMu 1Mo cebe HeCJOkK-
HbIe, HO B UX TJIyOWHE 3aKOMAHO HEKOTOPOE
MIPOTUBOpEYHE, Ha KOTOpPOe He o0pariaioT
puuManng (samerure s BBl ero?). Kax
TEXHUYECKOE pelllenne, 3TOT CHocob yIpas-
JIEHUSI eMKOCTbBIO, KaXKeTCsI, He TIPUMEHSIICS.
Wcropuyecky, HaBepHOE, MTOTOMY, YTO OBLIO
HETOHATHO, KaK JIeJIaTh TOHKYIO, IPOYHYIO U
U3HOCOCTOIKYIO IIACTUHKY U3 JMAJEKTPUKA
C BDBICOKHM COIPOTHBJIEHUEM. TeXHOIOTHs
KepaMUKH 9Ty 33/1a4y Ha 3ape BeKa ellle He
pemmaa (oHa 1 ceffiuac He BIIOJIHE TPUBUAJIb-
Ha), BCE OCTaJbHbIE MAaTEPHUAJIbI 10 PA3HBIM
npuunHaM He rojsrcs. Camblit OJU3KWIA 110
cytn (HO masexumii 1O BpeMeHW) TpHUMep,
KOTOPBIH yZaIoch HAWTH, — JOOUTETbCKAS
rexaosorusd 1924 ropma, Korga B KadecTBe
JIN3JIEKTPUKA UCITOJIb30BAJIACH TTPOTTUTAHHAS
napaduHoM TOHKast 6yMara, eCTeCTBEHHO, Ha
JKECTKOH 1ogtoxkke (1o TeM BpeMeHaM —
KapTOH M CTAHUOJIb, OJIOBSIHHAS (DOJIbTa; CM.
caiir  http://sergeyhry.narod.ru/dr/
dr1924_02_15.htm). B coBpeMeHHbBIX KOH-
CTPYKIIMSIX YACTO MPUMEHSIOTCS ITO/IBVKHbBIE
JIeTaJIi U3 KePaMUKK, HO ¥ OHU He TiepeMelia-
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I0TCST M€KLY METAINIECKUMU TLIACTUHAMU.
Ha noBepxHocTb 3TUX [JeTajieil HAHOCITCS
MIPOBO/ISIINE TIIEHKU, KOTOPBIE W BBITIOJTHS-
10T POJTb ITACTHH. BripoyeM, ¢ TOUKM 3peHMs
OCHOBHOH (hOPMYJIbI TSI €MKOCTH, 3TO He
uMeeT 3HAYCHMS.

UYTto KacaeTcst BTOPOTO €1oco6a, TO € 3aBH-
CHT OT BCET0o Ha CBeTe, HAIIPUMEP OT TeMIIepa-
TYPBbI, MO3TOMY KOH/ICHCATOP C [IUAJIEKTPH-
KOM MOXKHO HCIIOJIb30BaTh KAK TEPMOMETD.
Ho ynpaBsidth KOHIEHCATOPOM Yepe3 TeMIle-
paTypy HeyZo6HO — CJIMIIKOM Me€IJIEHHbI
Oynyt usmenenuss (Kak M HACKOJBKO HX
MOJKHO YCKOPUTb — XOpoIlas 3ajadya, HO
cJierka BBIXOJSIAst 3a TOPOT MKoJbI). Mo-
JKeTe TI0[yMaTh, OT KaKNX MapaMeTpoB 3aBH-
cut apdextuBHOCTh AaTunka (Tpm mapamer-
pa MOKHO HasBaTh cpasy). [liasa coBpemen-
HOUW 3JIEKTPOHWKM Hamboee ecTeCTBEHHO
MIPUMEHUTD JIJIS1 yIIPAaBJACHUS 3JIEKTPUYECKOe
Hanpspkenue. M TyT HaM 1oBe3sio — ecTb
BEIIECTBA, Y KOTOPBIX € 3aBUCHUT OT HAIIpsI-
JKEHHOCTH TOJIsI. DTO — CETHETOIJIEKTPUKU, U
€CTb KOHJIEHCATOPBI C TAKUM [[UJIEKTPUKOM
— BapUKOH/IbI, IIPeJHA3HAYEHHbIE WMEHHO
JUIsL YIIpaBJIeHusi eMKocTbio. Ilpudem BO3-
MOJKHBI /IB€ CHUTYAIlH: KOTJa B KOHEYHOM
urore KOHJEHCATOPOM ympasJsier (mpsmo
WM Yepes3 HalpsKEHWe) YeJOBEK M KOTIa
VIPABJSIONIMIA CUTHAJ CO3AETCS YCTPOI-
CTBOM, cxeMoii. Bo BTopom cirydae ctabuiib-
HOCTH [TAPAMETPOB ATUX KOH/IeHCaTOpoB (Ha-
pUMep, NPU U3MEHEHUH TEMIIEPATYPhI) MO-
JKeT OBbITb He MeHee BaXKHA, YeM JIJisI IIOCTOSTH-
HBIX KOHJeHCAaTopoB. Eciu ke ympaiser
YeJIOBEK, CUTYAIlUs MOXKeT ObITb TIPOIIe, Bpe-
MeHHast CTaGUJIbHOCTD U cJ1abast 3aBUCUMOCTD
OT TeMIIePaTyPbl MOTYT ObITb MEHEE BaXKHDI.
[Toromy, 4TO MBI Bce pPaBHO cOGMpaeMCs MpH
pa6oTe M3MEHSTh UX mapamerpbl (KOHEYHO,
ecJIM TIKajJa pa3MedyeHa C BBICOKOH TOYHOC-
TbIO, TO BO3HWKHET MpobJjeMa — [eJeHUs
MTKAJIBI TIEPECTAHYT COOTBETCTBOBATL TOMY,
4TO HA HUX HAIKCAHO).

3aTo y nepeMeHHbIX KOH/IEHCATOPOB MOSIB-
JISTIOTCSI HOBBIE MTAPAMETPhI. Y HUX IapaMeTp
«EMKOCTb» — 3TO He OJ[HO 3HAYEHUe, a /B!
MUHUMAaJIbHOE U MaKcuMasbHoe. /lasee, Bask-
HbBI TIJIABHOCTD PEryJINPOBAHUS — HAJIU4ue U
BEJIMYMHA CKAYKOB U BUJl 3aBUCUMOCTU CO-
MIPOTHUBJIEHNS OT TepeMeIeHusT — JIHeTHas
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Puc. 1. [lepemeHHbIT KOHAEHCATOP, MIaCTUHbI —
YacTy Kpyra, ceKxTops!

nin Kakas-To nHasg. Kpome aTux mapamer-
POB, JIJIsI IEPEMEHHBIX KOH/IEHCATOPOB MOTYT
OBITb CYIIECTBEHHBI, €CTECTBEHHO, U3HOC TPY-
IIXCST TIOBEPXHOCTEH, YCTOMYMBOCTH KOH-
TaKTa Ipu BUGpaImn u yaapax. Hy u, koneu-
HO, Bce o0111re Tpo0JieMbl — 3aBUCHUMOCTD OT
ycaoBui akcrtyaranuu (Temneparypa, aas-
JIEHHE, BJIAXKHOCTD), CPOK CJAYKOBI, HAEHK-
HOCTb, BEC, PasMepbl, CTOUMOCTb (1 3TO He
BECh CIIICOK).

Ha pucynke 1 nokasan nepemMeHHbIN KOH-
JIEHCATOP, Y KOTOPOTO TLTACTUHbI SIBJISTIOTCS
CeKTopaMu, uX pajuyc nocrosinen. [Toaromy
TJIOMA/Ib «HAKPBITUS» TLIACTUH 3aBUCUT OT
yrja moBOpOTa JUHEHHO, a eMKOCTh — TpH-
MepHO JmHeltHo. KcTaTtn, mouemy ckaszaHo
«TIPUMEPHO», T.e. TMMOYeMy M HACKOJbKO He-
JuHeHo ? [IprueM «moueMy» BbI JIETKO cO00-

pasuTe, a BOT IIOCYUTATD YAACTCS JIUIIb OYE€HD
pUGJIN3UTETHHO.

i

Puc. 2. CripaBa — [4Ba rnepemeHHbIX KOHAeHCaTopa
Ha OfHOV OCU BPALLEHMS
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Ha pucyHke 2 ipejicTaBJjieHbl /[Ba [epeMeH-
HbBIX KOH/IEHCATOPa, eMKOCTb KOTOPBIX M3Me-
HSIETCS TIPU BPAIIEHUH OCH, Ha KOTOPOIi
3aKPEIICHbI IJIACTUHBI. Y JIEBOTO KOH/IEHCa-
topa — noasmxknbie (IT) Gosee Tonkme mac-
TUHBI «HAE3)KAI0T» Ha TOJICTYIO HETOBIK-
uyto (H), T.e. u3MeHsieTcst TIIomajp S, KoTo-
past BXoauT B (hOPMYJIy eMKOCTH KOHJ/IEHCa-
topa. O6parure BuuManue Ha (HopMy riac-
THH TIPaBOTO KOH/IEHCATOPA — 9TO HE CEKTO-
PbI, KaK B IPeJbIAYIIEM CyYae, T.e. KOHCT-
PYKTOD SIBHO XOTeJI TIOJyYHTh KaKyio-TO JAPY-
IYI0 3aBUCHMOCTb EMKOCTH OT yTJIa IOBOPOTA.
Kak bl iymaere, kakyio u 3auem? (IToackas-
Ka — Bcriomuute opmyay Tomiicona.)

Ha pucynke 3 Mbl BUUM JIBa KOMILJIEKTa 110
4 komgeHcatopa B KaxaoM. Hmxmme (ma
KapTHHKE) KOHJEHCATOPBI, Y KOTOPHIX BCE
HOJBUKHBIE TIACTUHBI (12 TITYK) yCTaHOB-
JIEHBI Ha 00111eM BaJty, 0ObIYHbIE KOH/IEHCATO-
Pbl C HU3MEHEHHEM ILJIOIMAJN TIEPEKPDITUA
nacTuH. Y BepXHUX KOHJIEHCATOPOB HEMO/I-
BISKHBIE TLTacTHHBI 0603Havenbl H (onu y
HUX OOIIHE ¢ HUKHUME KOHJIEHCATOPAME), a
HOJBUKHBIE 0603HaueHbl 1. ITO — moacTpo-
eyHble KOH/IEHCATOPbI, WX ellle Ha3bIBAIOT
«TPUMMEPBI» , OT AHTJIMIHCKOTO £7im — PUBO-
JUTh B TOPsioK (II0JICTPOEUHbIE PE3UCTOPHI
TOXKEe Tak HasbiBaioT). EMKOCTH TpUMMepoB
M3MEHSIETCST BEChMa PEIKO, OOBIYHO MTPH TIep-
BOHAYAJIbHON HaJajIke almapatypbl, a BO3-
MOKHO — TIPU PEMOHTE U 3aMEHE KAKMX-TO
aeraseil (HapuMep, HJEKTPOHHBIX JAMIT).
TpuMMepbI Ha PUCYHKE 3 OTJIHMYAIOTCS TEM,
4TO y HUX M3MEHSeTCs He IJIONab HaKpbl-

THA IJIACTHUH, a 3a30p MEXAY HUMU.

Puc. 3. KoHAEHCATOPbI — YETbIPE 0ObIYHbIX, YETbI-
pe oACTPOCYHbIX (TPUMMEDSI)

Puc. 4. [1ogCcTpoeyrbiyi KOHAEHCATOp, BEPXHAA
[IaCTUHA — O4BUXHAA

BooGue, curyanus usmeHenus 3a3opa —
JIOBOJIBHO PeJIKasi, T03TOMY IIPUBEJIEM Ellle
ofnH npuMep. Y KOHJeHcaTtopa Ha PHCYH-
Ke 4 BEepXHASA IIaCTUHA NPHOJIMKAETCA K
HUDKHEH NpPY 3aBUHYMBAHUY BUHTA.

V BCEro <«MOJCTPOEYHOTO» €CTh HECKOJIBKO
BaYKHBIX OTJIMYMIT OT IIPOCTO «TIEPEMEHHOTO> .
YV HEro 110 OKOHYAHUH HATAKH [TOJKHO (DUK-
cupoBatbest 3HaueHue (umu camo mo cebe, wim
CIENMAIbHON IETATbIO), U B JaJbHEIiIeM OHO
He JI0JKHO MEeHSThes camMo. Ho K TpuMMepam
He NPeIbBISeTC TPeGOBaHHIT 10 BO3MOKHO-
CTH MHOTOKPATHOTO M3MEHEHHsI 3HAYEHHsT €M-
KOCTH WJIM CONPOTHBJIEHUS M HEOOXOMMbIi
JINAIa30H U3MEHEHNs OObIYHO MEHBbIIIE.

JInsg Bcex IepeMEeHHBIX KOH/IEHCATOPOB
Ba)KHA MJIABHOCTH M3MEHEHUsSI EMKOCTH, OHa
ONPE/IEISIETCS TIABHOCTHIO BPAIIEHHsT BUHTA
i ocn (JIT 0cM — KavecTBOM IO/ IIINTTHH-
KOB). B pOCTO# MKOJbHON MO/IE/IN TPEeHus,
KOI/la MaKCUMAJbHAsS CUJIA TPEHUS TMOKOS
paBHa CUJIE TPEHUs [BUKEHUS, TIPU TIepeMe-
neHnn cKaukoB Her. Ha camom jene Bce
CJIOKHEE, 1 Ha TPAKTUKE CKAUKH MOTYT GbITb,
II0OCKOJIbKY MaKCHMaJbHOE TPEeHHe MOKOs
Gosbire. Ecam BaM cJ1ydasioch IepeaBuraTh
YTO-TO TSFKEJIOE, TO BbI CTATKUBAJIUCH C TEM,
4TO CTPOHYTH C MECTa TPYy/HEE, YeM TallUTh
(TyT PAOM JIEKMT TOYTH NIKOJbHAS 3a/1a-
Ya — IMMoYeMYy KaHTOBaATh JIETYE, YEM TaHII/ITI)).
Ho cucrembr nepegaun ABUKECHNA B IIEPEMEH-
HBIX KOH/IEHCATOPaX KOHCTPYMPYIOTCS TakK,
4TO6BI 06€eCeunBaTh IJIABHOCTD MEpeMeIe-
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HUsI, TOYHee — 9YTOOBI IPH SKCIIyaTalun
repeMelieHne ONyagsoch KaKk IMJIaBHOE.

B cioyuae mojcTpoevHBIX KOH/EHCATOPOB
MJIABHOCTb o6ecrieunBaeTcsl 3akoHoM [yka.
Onnako gedopMariust OCyIecTBIseTCs mepe-
MeTIeHneM JUCJIOKAIN, HapyIIeHu aToM-
HOH CTPYKTYPBI, a OHN AucKkpeTHbI. [lepeme-
HEHUsT ATOMOB B TBEP/IOM TeJie BOOOIIE JIUC-
KPEeTHBbI — OT OJIHOW MO3UIIUKA ¢ MUHUMYMOM
MOTeHIIMAIbHO 9HEPTUH K IPYroi, oT 0/{HOM
«sIMKU» K gpyroii. ITostomy 3akon I'yka —
3TO IPUOJIKEHNE, U OTKJIOHEHUST OT HEro B
obsactu Masbix jgedopmaluii o6HaApYKeHbI
aKkcnepuMeHnTanbio. OJHAKO OHU MaJibl U B
PeasbHBIX YCJIOBUSX MCIOJTb30BAHUS TaKUX
KOH/IEHCATOPOB CKAYKN HE OMNIYIIAI0TC.

Jlnana3oH U3MEHEHUs eMKOCTH — 3TO JIBe
BEJIMYMHBI, MAaKCUMaJIbHas U MUHUMAJIbHAS.
MunuMagbHas ONpeeasercs pa3MepaMu
KOHJIEHCATOPA, T.€. HACKOJDbKO [1aJeKO MBI
MOXXeM Pa3/IBUHYTb IIJIACTUHBI. A MaKcu-
MaJIbHasl — TOYHOCTBIO U3TOTOBJIEHUS, JKECT-
KOCTBIO KOHCTPYKITMM U BUOPAIUSMU TaKH-
MU, 4TOOBI TLJIACTUHBI HE B3/IyMaJIH KOCHY Th-
cst Apyr apyra. Ecim nepeMeHHbIN KOH/IEHCA-
TOP HE YUCTO BO3/IYIIHbBIN, & MEXK/Ty TJIACTH-
HAMM HaXOJHUTCA JU3JIeKTpuK (9TO MBI ele
06CyIUM), TO MaKCUMaJIbHasl EMKOCTb 3aBHU-
CUT OT AWAJIEKTPUUICCKOW TPOHUIIAEMOCTH
9TOTO AWAJIEKTPUKA U TOJIIMHBI, a OHA OTIpe-
JenseTcss pabounM HanpspkenneM (4To6bI He
6b110 Po6os). A TakKe HeMaaylo POJib
WUTpaeT U3HOC IM3JIEKTPHUKA TP 3KCILIyaTa-
WU, TIPOYHOCTD ¥ TEXHOJOTUYECKUE OIPAHU-
YEeHUs.

Bepuemcs k 3aBUCUMOCTH €MKOCTH OT yIJia
MOBOPOTA. BO-TIepPBbBIX, KOH/IEHCATOP MOKET
MpeIHa3HAYATBCS ST KaKOW-T160 U3MepH-
TeJbHON TEXHWKW, TJe HY)KHa JWHeHas
IIKaJa, JUHEeHHas 3aBUCUMOCTb €MKOCTH OT
yria moBopota: C ~ o. Takas 3aBucnMoCTb
o6ecTIeuynBaeTCs, eCJIM TIJIACTUHDBI BBITTOJIHE-
HBI B BUJIE CEKTOPOB, PAJNyC y HUX OT yTJia
He 3aBUCHUT, 3TO YacTu Kpyra. Takue KoH/ieH-
CaToOPbl HA3BIBAIOT MPAMOEMKOCTHBIMU. O/1-
HAKO 3aBUCUMOCTb €MKOCTH OT YTJIa IOBOPO-
Ta WK CMEIleHUs IIJIACTUH He MOJKeT ObITb
JIMHEWHOW Ha KpasX Juana3oHa, Mpu MUHU-
MaJIbHOH MJIM MaKCUMaJIbHOI €MKOCTH, HO C
3TUM TPUXOUTCST MUpuThesi. Ecam Konjen-
caTop Mpe/Ha3HAYeH I/ PaJUOTIPUEMHNKA 1
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MBI XOTHM OGECII€YUTDH JIUHEHHYIO KTy
JUIMH BOJIH, T.e. 4TOOBI [IJINHA BOJIHBI, HA
KOTOPYIO HACTPOEH KOHTY P, 6bLTa TPOIIOPITH-
OHAJIbHA YTJIy MOBOPOTA: A ~ O, TO, B COOT-

————— HAM IIpH-
2l LC P

JAETCA CAeslaTb KOHAEHCATOP € €MKOCTbBIO,

3aBucsIiell ot yriaa kBaaparnyuo: C ~ o,

Taxoit KoHJIeHCATOP HA3bIBAIOT MIPSIMOBOJIHO-
BbIM WM KBAJPATUUHBIM, Y HEr0 PaJuyc
IMOJIBMJKHBIX IIJIACTUH 3aBUCUT JUHEHHO OT
yria: R ~ o. Ectb u apyrue Bapuanrsl, Ha-
[pUMep, MbI XOTUM OGECTIEYNTb JUHEHHYIO
MIKaJIy 4acToT: V ~ O (IIpsAIMOYaCTOTHBIN KOH-
JIEHCATOpP — KaKMe y HEero TIACTHHBI?) I
Kakylo-To apyryio. Bo Bcex cayuasx (mas
BCEX 3aBUCUMOCTEI) MOKHO 3a/]aTh BOIIPOC O
TOYHOCTH — HACKOJIBKO TOYHO y/IaeTCS peasi-
30BaTh YAEMYIO 3aBUCHUMOCTH EMKOCTH OT
nepememenns (uam yriaa, Win JUHeHHON
KOODP/JMHATHI).

HexoTopbie wactu aTOTO BOTIPOCA MPOCTHI.
Hampumep, ecsim KOHCTPYKTOP CKasKeT HaM,
YTO TIPU M3MEHEHUU yTJa Cpe/Hee PacCTosi-
HUe MeX/ly TJAaCTHHAMU W3MEHsIeTCs Ha
CTOJIKO-TO TIPOIIEHTOB, MBI Cpasy cooOpa-
3UM, Ha CKOJIbKO IPOIIEHTOB 3TO U3MEHUT
emkocTb (IIpaBjia, Mbl cie/aeM BHJ, YTO He
[TOHUMAEM CJIOKHOCTH MTOHTHS «CPE/IHEe pac-
crosnue»). Ho B menmoM Ha 35TOT BOIMPOC
OTBETHUTD CJOKHO, IPUTOM UTO (DU3NKa SABJIE-
HUS TPUBHAJTBHA — CJIOKHOCTH 3/I€Ch YUCTO
pacyernasi. HeMHOro npo/IBUHYTbCS B ATOU
npo6JeMe MOKHO, eciit (3TO JOBOJIbHO 00bIY-
HbBII IpueM B (PU3NKe) Pa3IeInTh AUATIA30H
M3MEHEHWS] HAa TPU Y4YacTKa — HAyaJbHBIH,
OCHOBHOIl ¥ KOHeuHbll. MbICJIeHHO TIpe-
craBbTe cebe, KaK Haes’KaeT IJIaCTHHa Ha
IJIACTHHY B TIPOCTOM ILJIOCKOM KOH/ICHCATO-
pe, ¥ mojlyMaiite, KaKk OT CTENEHN MePEeKPbI-
THSI 3aBUCUT OODBEM, 3aHSITHII KPAeBbIM I10-
nem (I0/ICKa3Ka — OH PacIo/IaraeTcsl BJOJb
nepuMeTpa).

B dopmyse nas emMrocti ectb GyKBa €,
opa e1o 3aHAThCs. Ecym Mex Ty mIacTHHaMn
KOHJIEHCATOpa BO3/lyX, CYUTAIOT, 4TO € = 1
(Ha camoM geqe y CyXoro BO3JyXa Npu
HOpMaJIbHBIX ycaoBugx € =1,00058, a npu
oTHOCUTEIbHOU Biaxknoctu 50% u 100% —
1,00060 u 1,00064 coorBercTBenno). Ho

BETCTBUH ¢ (POPMYJIOH vV =
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€cJIl TIPOCTPAHCTBO MEXK/Y IJACTHHAMHU HE
COJIEPIKUT IUAJIEKTPUKA, €CTh PUCK KACAHUS
IJIACTHH — 3TO OIPEIENSIETCS TOYHOCTHIO
W3rOTOBJIEHHSI, sKECTKOCTHIO ILJIACTUH U BUO-
parusiMu. [loaToMy paccTostHue MeKITy TTa-
CTUHAMU JIOJDKHO BbIOMPATHCS TakK, 4YTOOBI
TP HKCILIYaTallii OHU HE MOTJIU COMTPUKOC-
HyTbcs. Ecam ske KoHJieHCATOp TIpe/iHa3HA-
4yeH JIist pabGoThl ¢ BBICOKMMU HATIPSIKEHMSI-
MU, 9TO PACCTOSTHIE 3aBUCHUT €TIle U OT HaIpsI-
skerus. [lycTb, nanpumep, npo6uBHAas MPoY-
Hocth Bozzyxa 30 kB/cMm, a Bo3MOXKHOE OT-
rkyionenne rractud 0,5 mMm. Torga jesnarb
3a30p MeHbIle 1 MM HU NPU KaKUX HaINpsiKe-
HUSIX HEJIb3sl, HO MMPU HANPSIKEHUM, HATIPH-
Mep, 3 kB mpuaercsa menarb 3a3op 2 MM.
Yto661 n36€KaTHh TPOGJIEM TTPH KACAHWH TITa-
CTWH, WHOT/IA B 3a30p MEXAY TJIACTHHAMU
BBOJISIT TOHKYTO TIJIEHKY AMAJIEKTpuKa. Ecan
IJIEHKa TOHKasi, Ha €eMKOCTb OHAa He BJIMSIET,
HO OT KacaHWil MPOTUBOIOJJOKHBIX TLJIACTUH
3ammuinaer. B HEKOTOPBIX 3alauHIKAX MOTa-
JlaeTcs 3ajlaya — 4eMy PaBHA eMKOCTb KOH-
JIEHCATOPa, B KOTOPOM MEXK/y ILJIACTUHAMU
HAXOIUTCS JIOTIOJTHUTETbHAS TIPOBO/ISIIIAS HJTN
JIN3JIEKTPUUYECKas TIJIACTUHA, BCE TIOBEPXHOC-
TH NapaJiieJibHbl, KpaeBbIMu 3(heKTaMu rpe-
HeGpedb. JTa 3aJaydl TPUBHAJIbHA, HO UTO
JleJ1aTh, €CJIM JJOIOJTHUTEIbHAS IIACTHHA Ha-
KJoHeHa? U KcraTh, Kak BBeJeHHAS IJIACTU-
Ha BJIMSIET Ha 3JIEKTPOINPOYHOCTb, T.e. Ha
npobuBHoe Hanpsukenne? Bcee Bmecre — 310

Puc. 5. [1o4CTpoeyHbI KOHAEHCATOP C AUSIEKTPUKOM

6oJibIlIasi 3a/la4a, HEKOTOPbIE ee YacTH MPo-
CTbI, HEKOTOPbIE JIOBOJIHBHO CJIOKHDI.

Cy1ecTByIoT 1iepeMeHHblIe KOH/IEHCATOPBHI,
Y KOTOPBIX BCE TTPOCTPAHCTBO ME3K/TY TJIACTH-
HaMU 3aI0JHEHO JMAJIEKTPUKOM, KaK B KOH-
JleHcaTopax TMOCTOSTHHONW eMKocTH. Ho ecThb
MEsK/ly HIMU pa3Jimdne, KOTOPoe He CKa3bIiBa-
€TCsl Ha EMKOCTH, — B [IEPEMEHHBIX KOH/IEHCA-
TOpax IJIACTUHBI ¥ JIUIJIEKTPUK BCE-TAKU He
MOTYT OBITh COe/IUHEHbI TANKOI M1 HATIbLIE-
HUEM, He MOTYT ObITb €/[HBIM TEJIOM, OHU K€
JIOJIZKHBL JIPYT 10 JAPYTY CKOJIb3uTh. Ha pu-
CYHKe 5 M300PasKeH MO/ICTPOEUHDII KOH/IEH-
CaTop € IMAJIEKTPUKOM, cJieBa B cO6ope, clipa-
Ba B Pa306pPaHHOM COCTOSTHUY, TIPUYEM BEPX-
st (MoABMKHAS) JIeTaIb [TOKa3aHa ABa pasa —
BBEPXY B CTaHAAPTHOM TTOJIOJKEHUN, BHU3Y —
B TIepeBepHyTOM. BuiHo, uTo o/1Ha 13 00KIa-
JIOK — METAJJINYeCKH CJI0l, HaHeCeHHBIN Ha
TIOBEPXHOCTDb HeHOI[BH}KHOfI JeTaan, a BTO-
pas oOKJajika He BHMJIHA — OHA HaHeceHa Ha
HapY’KHYIO TIOBEPXHOCTDb TOJBUKHON [leTa-
JIM, HO 3aKPbITA KPACKOII.

Kownyiencaropnr ¢ TBEPAbIMU IUAJIEKTPUKA-
MU IPU [POYMX PABHBIX YCJIOBUAX HUMEIOT
60JIblIlee JIOIYCTUMOE HAIPSIKEHUe, TOTOMY
YTO 3JEKTPONPOYHOCTD INIJIEKTPUKOB GOJTb-
11e, 4eM y BO3/yXa, a COTMPOTHRJIEHUE I0CTa-
TOYHO BEJINKO, 4TOOBI TIpeHebperaTb TOKaMu
yreuek. Ho, Bo-TiepBBIX, He Bcerza, BO-BTO-
PBIX, TIPO 3JEKTPOIPOYHOCTD IUIJIEKTPUKOB
MbI 3HaeM Jajeko He BCe, B-TPETbUX, VY
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Puc. 6. [loacrpoeyHsle KOHAEHCaTopb! C UMITMHA-
puryeckimm 0bKaaKkamy, BBEPXY — CaMOAEsIKa,
BHU3Y — (DabpuyHbIv. Y CaMoReIbHbIX — /1eBbIL
B [10J10XKEHUU MaKCUMAJTbHOV eMKOCTH, a C 11pa-
BOro 6710k MogBuXHbIX 0bKIaL40K BOOOLLE CHAT

MTOCTOSTHHOTO KOHIEHCATOPA € INAJIEKTPUKOM
€CTb TePeXO/IHON CJION MeXK/y TMJIACTUHOW 1
JINDJIEKTPUKOM, a Y IePEMEHHOr0 KOH/IeHCa-
TOpa C JIUAJEKTPUKOM TaM IIPOCTO MaJieHb-
KU, MUKPOHHBIH, HO BO3/yIITHBIN 3a30p. V1 B
9TON KOMIIAHUHT KasKIbIi BeZleT cebs CIoKHee
npyroro. Tak 4to ckydath 6e3 3a71a9 — HACTO-
AMUX PU3MIECKUX 327124 — BaM He TIPHUIETCS.

J/lo aTOrO MOMEHTAa MBI paccMaTpUBAIU
KOH/IEHCATOPBI, y KOTOPBIX ObLIN ILJIOCKUE
mractunbl. Ho uMu Mup KOH/IEHCATOPOB He
ucdepmbiBaercst. Boob1e roBopst, Jo0bie 1Ba
POBOIHUKA MOTYT (eC/IM YeJOBEK C Tastib-
HMKOM IIPHKA’KET) CTaTbh KOHJEHCATOPOM,;
IIOMHUTE [OHATHE «B3auMHasd eMKOCTb» ? I
JlaKe OJIMH TIPOBOJHUK MOJKET 3TO JIeJIaTh;
MMOMHUTE TIOHSTHE <«EMKOCTb YeIMHEHHOTO
Tesa»? Bosee Toro, B BBICOKOBOJIBTHON TEX-

2023/Ne10

HUKe Takue yeJInHeHHble Tesa ObiBaioT. Ho
UCTOPUSI TEXHUKU YCTPOEHA TaK, UTO y106Hee
pa6otaTh He ¢ KaKMMHU YTOJHO TeJaMH, a C
mnmHApuyecknmu. Ha pucynke 6 mao6pa-
JKEHDI TIOJICTPOEYHBIE KOH/ICHCATOPBI C TIH-
JUHAPUIECKUMH OOKJIAJKAMU, KOTOPBIE Tie-
peMeniaroTcst mpu BpaieHnn. Ecam BbI Ka-
KUM-TO 4yJIOM IOMHUTE yPaBHEHMUE [IJIST 2JI€K-
TPUUYECKOTO MO MEXKTY MUIMHIPUIECKUMI
aJIeKTpoJaMu, TO (OPMYyJIy MJs €MKOCTH
MOJIy4nTe MTHOBEHHO. Pasymeercs, KpaeBbI-
mu adppexramu npenebperaeM, a UX yduer —
3ajlaya pelaeMasi, HO He IIKOJIbHAS; Mbl
MOJKEM I[OJYYUTh TOJDBKO OIEHKY.

Ha pucynke 7 Mbl BUAMM /Ba IIpUMepa
JIPYroil peasusaluyl IUJIMHIPUYECKON reo-
Merpun. OAWH W3 HJIEKTPOIOB — IHJINHID,
ApyToit — BUAT (eCTECTBEHHO, TOKE MIMH/I-
PUYECKN), COOCHBIN C IMMHAPOM, TPU BPa-
MIEHNU BUHT [IePEMETAETCS B0 OCH. 3/1€Ch
€CTb IPUHITUTTNATHHOE, C TOYKU 3PEHUS 2JIEK-
TPOCTATUKH, OTJIMYUE OT TIPEIIECTBYIOMNX
puMepoB. Pazmepbl BUHTA U €rO PacoJio-
JKeHUe TaKOBBI, YTO BCe M3MEHEHUEe eMKOCTH
[IPOUCXO/UT B 30HE KpaeBbIX 3P deKToB.
[ToaTOMy <IIKOJIBHBIII> pacyer, KOTOPBIil
BOOOIIIE 3/1eCh BO3MOKEH, TIPU 3THX KOHKPET-
HBIX pasMmepax He noJyyaercd. OaHako pa-
60TaTh ATUM KOH/IEHCATOPAM JaHHOE 06CTOSI-
TEJHCTBO HE MEIIAET.

Kcrartn, ectp aBa Bompoca. IlepBorii: kax
MOJKHO ObLJIO OBl c/lefaTh IHJIWH/PUYECKUI
KOH/IEHCATOP C BUHTOM, PAbOTAIONMUN He 3a
cder KpaeBbix addextoB? BTopoii: Kak B
9TOM CJIydae MOKHO ObLIO Obl Peaan30BaTh
HEJMHENHHYI0 3aBUCUMOCTb €MKOCTH OT yTJIa

Puc. 7. [104CTOOEYHbIN LIMITMHAPUYECKUM KOHAEHCATOP C BUHTOM, [BE PEasin3aLiim
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ITIOBOPOTa BUHTaA (npeaﬂomuTe JiBa IIPpUHIN-
ITMaJIbHO Pa3HbIX cnoco6a).

Jlamna ¢ nepeMeHHbIMU NapamMeTpamMu

Taxas sneKTpoHHAs JTaMIIa, KOTOpast Ha3bl-
BaeTCS «MEXaHOTPOH», IIPE/ICTAaBJIeHA HA PH-
cyHke 8. B ee CTEKJSIHHBIN KOPILyC BIIAsTHO

‘ i
Puc. 8. MexaHOTpOH. KoJibLO, CassHHoOe CO CTeK-
som (1), rpoyHas pamka (2), BHyToU KOTOPOK
HAXoAMUTCH TOHKAas MEMOPAaHa, OT Hee OTXOAMUT
LITOK (3), K KOTOPOMY MPUKIIZLABIBAETCA IMPOLAOSb -
Hoe ycuine

JKECTKOE KOJIBII0 W3 CILIABA, KOTOPBIH IO
K02(PPUTTIEHTY TEPMUYECKOTO paCIIAPEHS
corjacosan co crekJoMm. Teopuwu, Koropas
MorJjia Gbl 10 COCTaBy CTEKJA WU CILIABA
Ha3BaTh 3TOT KO dUIMEHT, HET — BCE MO/
O6WpaeTcsl ONMBITHBIM TIyTeM. BHyTpH KoJibla
HAXo/UTCsT MeMOpaHa, OHa MOYKET HEMHOIO
neOpPMUPOBATBCSI, €CJU K IITOKY HPUJIO-
KuTh yeuine. Ot MeMOPaHbl OTXO/IUT CTEP-
JKEHb BHYTPbD JIaMIIbl, 1 Ha HEM YCTaHOBJICH
anoz. [Ipu nepemernienny aHoza K Katojay u
OT HEro TOK aHOJa U3MEHSETCS, T.€. MbI
clesTalt yrpasJisiemMyto Jamiry . [Ipoctoii Bor-
poC: 3a KaKkoe MecTo HaJl0 JEpiKaTh Jamiry,
ecJi Mbl COOUPAEMCSI IIPUKJIA/IBIBATD YCUITHE
K IITOKY, U TI0YeMy?
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Puc. 10. Pacluvpermne 4uCTbiX MEeTamios
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Puc. 11. Paclumperme criiasos

Curyanusi ¢ TePMUYECKUM PaclIipeHueM
cJIo’KHee; Ha PUCYHKe 9 mpuBe/ieHbl TaHHbBIE
JUIS Pa3JUYHBIX CTEKOJ, Ha pucyHke 10 —
JUIST YUCTBIX METAJLIOB, Ha pucynke 11 — st
PasHbIX craaBoB. C KAKMMU YHCTBIMU METAJ-
JIAMU MOKHO CIIAMBATD CTEKJIA, U KAKIe MMEH-
no? Ilox kakue crekJia OAOUPATH CILJIABbI
MIPU CITaWBaHWU ABTOPBI JIAHHBIX, TOKA3aH-
HbIX Ha pucyHke 117

I'IepemeHHble VWHOYKTUBHOCTU

[Ipesknie Bcero yrmoMsHaeM HECKOJIbKO Ha-
3BaHUN yCTPOMCTB, OCHOBHBIM CBOHCTBOM
KOTODBIX SIBJISIETCS MHAYKTUBHOCTD. DTH Ha-
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KaykK/I0il J[Ba BBIBOJIA, & MArHHT-
HOE TI0Jie, CO3JaHHOE TOKOM B
KayK/I0# KaTyIlKe, TIPOHNU3BIBAET
BUTKH JIPYTOIi, HO 3JIEKTPOHBI U3
OJHOH B IPYTYIO TIOTACTH HE MO-
TyT, T0 3T0 Tpanchopmatop. Ecmm
AJIEKTPOHBI TIOTIACTH MOTYT, T.€.
KaTYyIIKa OJIHA, HO BBIBOJOB TPH
u 6oJiee, — 3TO aBTOTpaHcpopMa-
TOpP, €CJU BBIBOJA J[Ba — JIPOC-
cesb. To, 4TO MbI BHJMM Ha

Puc. 12, Yacr cxemel, paboraroLyme 3a cqer cBoev MHAYKTMBHoOCTy, — PUCYHKE 12 cmpaBa, MOXKHO Ha-
0603HaYeHb! L. CrneBa oHu 06pa3yroT KosiebaTe/ibHbIe KOHTYPb! o 3BaTb JIPOCCEJISAMU.

CBOUMU TTI0L4CTPOEYHBIMI KOHAEHCATOPAMU, 0603HaqerHHbIMU C

3BaHUS CBSI3aHDI WJIN ¢ KOHCTPYKITHEH, WJTH €
yHrImed, nim u ¢ TeM u ApyruM. UToObI BbI
He myTajin co6eceJTHIKOB, Ha3bIBask COJIEHOM-
JloM n306paskeHHoe Ha pucyHke 12, ciemaem
HEKOTOPbIE TIOSCHEHUS.

IIpex e Bcero, u3 R, C, L KTO ecTb Bcerja
uJIn He Beerja u novemy ? JI1o60it poBOHUK
uMeeT eMKOCTb YeJIMHEHHOTrO Tesla — MPOCTO
110 otpejiesienuio. V1 on e uMeeT HHAYKTUB-
HOCTb — IIOTOMY, YTO IPH IPOILYCKaHUM 110
HEMY TOKa BO3HUKaeT MarHuTHoe 1oJie. IIpas-
J1a, 110 KyCKY IIPOBOJHMKA TOK MOXKHO IIPO-
MyCKaTh MO-Pa3HOMY, TOT/Ia T0Jie W WHAYK-
TUBHOCTL TOKe OyayT pasHbiMu. I[losTomy
€MKOCTb YeJIMHEHHOTO Teja OJHO3HAuHa, a
WHJIYKTUBHOCTH W CONPOTUBJIEHWE — HET.
Kcrartu, B3auMHasg eMKOCTb /IBYX ITPOBO/IHU-
KOB TOXK€ He O/IHO3HAYHA, TOJBKO OHA 3aBU-
CUT HE OT TOTO, KaK MPOITyCKAIOT TOK, & OT
TOTr0, KaK PACIOJIOKEHbI TPOBOHUKHU.

Tok y106HO IPOITyCKaTh 110 IPOBOLY, a [IJIs1
yBeJMYEHUS MH/YKTUBHOCTU IIPOBOJ HAJ0
Pa3eTUTh HA YYaCTKU, COMU3UTD UX W TIPO-
IIyCTUTb TOK B OJIHOM HallpaBJIeHUM, IIPOIIIe
roBopsl — caenarh Katymky (Kak Ha puCyH-
ke 12 cnpasa). CoseHomg — 3TO0 TO XKe
camoe, HO CKopee Ha30BYT COJIEHOMIOM Ka-
TYIIKY, Y KOTOPO¥ JJTMHA TIOPS/IKA IHaMeTpa
u 6oJIbllle, a KOPOTKYIO KATYIIKy TaK He
HA30BYT, HO, 110 CYTH JIeJIa, 3TO OJTHO 1 TO Ke.
Ha mpaktuke 4acto u To, U APyroe Ha30BYT
WH/YKTUBHOCTBIO (TaK 5Ke, KaK BMECTO «KOH-
JIEHCATOP» CKaXKYT <«EMKOCTb», a BMECTO
«PE3UCTOP» — «CONpoTUBIEHKE» ). Hekoro-
pble Ha3BaHUA CBA3aHbI ¢ GyHKIWed. Ecian
YCTPOHCTBO UMEET He MeHee /IBYX KaTylIek, y

YTo6bl TOHSATH, KaK CleIaTh
MIepEMEHHYI0 WH/[yKTUBHOCTb, BCTIOMHUM, OT
4yero oHa BooGIie 3aBUcuT. [1JIsT 9TOro MOKHO
NCXOANTDh 13 (POPMYJIBI, HO B yueOHUKe ee
HET, TMpUAETCA JIE3Tb B CIIPAaBOYHUK WJIN
BbIBOJUTH CaMUM. O]IHaKO Ha Ka4e€CTBEHHOM
YPOBHE MOJXHO CHUTATDH, YTO MHAYKTUBHOCTD
yipasJsiercss TpemMs gaxkropamu. [lepBprii —
31O 00611as JJIMHA MTPOBOJIA; €CJIU OHA CTpe-
MUTCA K HYJJIO, TO CTPEMUTCA K HYJIIO U
0o0beM, 3aHUMAEMbIl B TIPOCTPAHCTBE Mar-
HUTHBIM I10JIEM, ¥, B COOTBETCTBHHY C OIIpE/Ie-
JIEHnEeM, UHYKTUBHOCTD. Bropoii dpaxkTop —
IJIOTHOCTD PACIIOJIOKEHUST BUTKOB; 4yeM OJTH-
JKe W IJIOTHEE JIeXKaT BUTKU, TeM OO0JIbIie
noJte. Tpetnii pakTOp — MarHUTHAS TPOHUTIA-
€MOCTh CpeJibl.

CoOTBETCTBEHHO, TIEPBBII CITOCO0 TTOKA3aH
Ha pucyHke 13 — npu BpalieHun coJieHon/1a
N3MEHSIeTCSI MeCTO KOHTAKTa POJIMKA C BUTKA-
mu. Cam poJmk CBOOOIHO CKOJIb3UT BJIOJIb
CTEPKHS, TIPOXO/ISIIEr0 Yepe3 ero IEeHTP,
«TIO/TYUHSISICH» TTPOBOJIOKE BUTKOB. [Ipu us-
MEHEHUHN MeCTa KOHTAaKTa M3MEHSeTCs 4acThb
COJIEHOU/IA, BKJIIOUYEHHAS B CXEMYy, T.e. WH-

Puc. 13. ConeHoup C rnogBuXHbIM KOHTAKTOM
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ayktuBHocTh. (O6parure BHUMaHUE Ha W3-
MeHEeHHe Iara BUTKOB — KaK BbI JyMaeTe,
3a4eM 3TO cjenano?) Y 5Toll KOHCTPYKIUK
ecTh Mpo6JIeMHOE MECTO — UMEHHO 3TOT KOH-
TakT. Kak BbI 3HaeTe, CKOJIb3AIUI KOHTAKT
MOJKeT HeXopolo cebst BecTu 1pu pabore ¢
GOJILIIAMU TOKAMM.

Bropoit coco6 — TepemeriieHre BUTKOB.
ITO caMblil [PEeBHUN TIyTh, €My OKOJIO BEKA.
Kaskercst, uTo 1polie BCero MCIOJb30BATh B
KayecTBe MHIYKTUBHOCTU HEYTO BPOJIE IIPY-
JKUHBI — IIPU €€ C3KATUU BUTKH COMMIKAIOTCS,
MHYKTUBHOCTD yBesmuuBaercs. OMHAKO Ta-
K€ KOHCTPYKIMU He UCIIOJIb30BATIUCH — ClIe-
JIaTh, YTOOBI BUTKY OBLJIN 3aKPEIJIeHbI U Tiepe-
MEIIAJIIICD YIIPABJISIEMO, CTO3KHO, a €CJIH OCTa-
BUTH UX CBOéOI.[HI)IMI/I, TaKasad MHAYKTUBHOCTD
OyZIeT OT3BbIBATLCS HA BUOpAIMHM W YAApbl 1
BOOOIIIE 3aBUCETD OT MOJIOKEHIS alapaTypbl
B TIpocTpaHcTBe. BOo3MOKeH BapwaHT, Kora
KaTyIIKa pas/esisaach Ha JiBe, OHU pacrosia-
FaJIich HA OJIHOU OCH ¥ MOTJIN COMMKATBCS U
OTAAIATBCSL OfHA OT japyroit. Ho momydnn
[IpUMEHeHIe BAPUAHT C J[BYMsI KaTyIIKaMU —
O/lHA BHYTPU JAPYTO, KATYIIKH BKJIIOYAINCH
[I0CJIe/IOBATENLHO U BHYTPEHHSSI BPAIalach
(puc. 14). Ec/in HanpaBJieHKe TOKA B BUTKAX
KaTyTIeK COBIA/IAI0, TO HHIYKTHBHOCTD yBe-
JIMIUBATIACH, €CJTM KAaTYTITKA TIOBOPAYNBAJIACD
Ha 180° m TOKM TeKJM HaBCTpeuy, TO WHIYK-
TUBHOCTD CYTIECTBEHHO YMEHBINAJACh. JTa
CHUTyaIus PeaJn30BbIBAIACH (€3 ePeKII0va-
Teslell U KOHTAKTOB, 4TO B CJIy4ae GOJIbIIUX
TOKOB MOXKeT ObITb CylllecTBeHHO. B curya-
UK JIBYX KaTyllleK Ha OJHON OCHU JIJis U3Me-
HEHUsI HANPaBJIEHUS TOKA Obll Obl HY>KEH

Puc. 14. BapuaHTel ¢ ABYMSA KaTyLLUKaMU. C1€B3 —

cripasa — bosnee r1o3aHu

1926 roaa,

nepekJioyaresb. Ecin pelarp aTy 3a/iauy He
BpAIlleHUEM KaTyIIeK, a UX CONMKEHUueM u
yAaJeHneM, To AMala3on N3MEeHEeHUs HH/YK-
THUBHOCTH TIOJTyYaJICSI MEHDBIINE, a TabapuThl —
6opIITE.

BapuanTer ¢ n3MeHeHreM MarHUTHOW TIPO-
HUT[AEMOCTH — TPETUH CITO0cO6 — MOXKHO pas-
JIeJTUTh Ha JIBe TPYNIbl. MarHuTHAs TTPOHU-
1[aeMOCTb (PEPPOMATHETUKOB 3aBUCHUT OT Ha-
MPSPKEHHOCTH MATHUTHOTO MOJIST, ¥ HA PUCYH-
Ke 15 mokasaH mpuMep UCIOJb30BAHUS ATON
3aBUCUMOCTU. Bo3MOKeH, 0/lHAKO, U APYTroi
BApUAHT — HEKWIl aHaJor KOHJeHCcaTopa €

Puc. 15. [TepemerHHasa nHAyKMBHOCTL. M — riocro-
AHHBI MarHuT, C — COneHous Ha GeppoMarHmnT-
HOM cepaeyqHuKe. BBepxy — MarHuT OTBe4eH or
coneHounpa, BHU3y — rpubrvxen. s nepeme-
LYEeHUS BPALLAIOT JIH0OOU 13 [BYX BUHTOB — (J1eBa

v cripasa

TIO/IBUXKHBIM JIN3JIEKTPUKOM, TIPH-
YeM paclpoCTPAHEHbI /[Ba Bapy-
anTta KoHCcTpyknuu. Oaun — 1po-
CTO KaTyIIKa, BHYTPb KOTOPOI
BBOANTCS (DePPOMArHUTHBIN cep-
JlevHrK. B 1pyroM BapnanTe — aTo
KaTyIKa, KoTopas ys>ke Obla OK-
py’keHa cO BceX CTOPOH (eppo-
MarHeTHKOM, HO BJIOJIb OCU FIMeJT-
Csl KaHaJl M B HETO BBUHYMBAJICS
JIONIOJTHUTETbHBIN (DepPOMarHuT-
HBII BUHT, YTO YBEJINYNBAJIO MH-
JIYKTUBHOCTb. DTOT BapHaHT II0-
Ka3aH Ha pucynke 16 — karyiika
BCTaBJIACTCS B KOJIBI[CBOI KaHaJI.
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Puc. 16. [lepemerHHas nHRyKTMBHOCTL C 4OMOSTHM-
Te/IbHLIM  (PEPPOMArHUTHbIM BUHTOM: (JI€BA —
PUCYHOK feTaney, Crpasa — 0/I0BUHA Cepaey-
HUKE, OKpyXamlLyero Karyliky, ¢ BUHTOM /15
U3MEHEHNA UHAYKTUBHOCTU.

Y storo BapuaHTa €CTb BaKHOE OTJIMYHNE OT
«IPOCTO KaTyHIKW», O KOTOPOM Mbl €IIe
CKaKeM.

MpobnemMbl UHAYKTUBHOCTEN

WneanbHast MHAYKTUBHOCTD — 3TO JIETAJD-
Ka, MMeIoNasg Takyto, Kak HaJl0, WHIAYKTHUB-
HOCTD, CTAaOUJIbHYIO B YCJOBUSAX JKCILIyaTa-
UU ¥ [pU HEOOXOAUMOCTH YIIPABJISIEMYIO,
HYJIeBbIE€ EMKOCTb, COTIPOTUBJIEHUE, BHEIITHEE
MaruutHoe noJse («irose paccesnus» ), Bec,
pasMepbl U CTOMMOCTD, CIocoOHast paboTaTh
1pu Ji060M Toke. [TOHSTHO, YTO HUYETo 3TOTO
He ObiBaeT. U 9T0 TOJbKO HAvaso npolJieM.

VHAyKTUBHOCTD HE Kpacyercs TOJ[ JBOW-
HBIM CTEKJITHHBIM KOJITTAKOM, KakK OBIBIINI
3TAJIOH 4ero Obl BbI yMaJsi, OHa paboTaeT B
COTHAX ThICSAYAX CXeM U JeJlaeT 4YTO-TO He
olHa, He cama 10 cebe, a BMeCTe ¢ JIPYTUMHI
JIETAJISIMU U JIOJKHA ONITUMU3UPOBATHCS BMeE-
cTe ¢ HUMU. BOT IpuMepbl MKOJbHOTO YPOB-
mst. [Iycrp HaM HAZIO cO3/1aTh KOJIe6ATETbHbBII
KOHTYDP Ha KaKylO-TO 4acToTy. B m3BecTHyiO
Bam Qopmyary BxoauT tnpoussejenue LC,
WH/IyKTUBHOCTb Ha eMKOCTb. C TOUKY 3peHust
MaTeMaTHKU, 9TO O3HA4aeT, YTO Mbl MOXKEM
B3ATb JII060€e L, KpoMe HYJIsI, 1 COOTBETCTBY-
fortee oueHb 6oJbioe C, a MOKeM MOCTYTHTD
u Hao6opot. Ho 310 HEBO3MOXKHO XOTSI Obl
MOTOMY, YTO JIOCTATOYHO MaJjble KaTyITKW 1
KOH/ICHCATOPBI JEHCTBUTENbHO Oy/IyT O4E€HD
MaJIeHbKHe, HO COOTBETCTBYIOIIIE OY€HD 00.JTh-
1111e KOH/IEHCATOPDI U KATYIITKU He BJIE3yT HI
B KapMmaH, HU B KBaptupy. [lasee, menatpb
O4eHb MAJIOIl eMKOCTb 6€CCMBICIEHHO, ITOTO-
My, 4TO KaTylIKa MMEET CBOI0 eMKOCTb (a
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KOH/IEHCATOD — MHYKTHBHOCTH). B o6iiem
MOHSITHO, YTO MCTHHA TJe-TO MOCepe/InHe.

[pyroit mpuMep — 310 PUIBTPHI, B KOTO-
pBIX OWH 13 aneMeHToB R, C, L BKIIOYEH
MOCJIeJOBATENBHO, & APYTON — TTapasiiebHO
Harpyske. B aToMm cirydae B 3aBUCHMOCTH OT
CXEMbI MOJKET OBITh CYTIECTBEHHO UJIH TPOU3-
BejleHue, UK OTHOIIEHUE 2JIeMeHTOB. Boo6-
Il CUTYAIHsI, KOT/JA ONTHUMU3AINS BO3MOK-
HA TOJIBKO IIPU yueTe OKPYKeH U, [IJIs1 KIU3HI
MOCTOSIHHA, XOTSI JIIOJN He BCETr[a 3TO MOHU-
Mmator. Curyainus ompejie/isieTcss, B 4aCTHO-
CTH, NTapaMeTPaMU BEIECTB, U3 KOTOPBIX BCE
C/IeJIaHO, IPEXK/Ie BCero — €, Wup. Y Toro, 4To
B KOHZIEHCATOpPE HAXOANTCS MEXKAY TIacTH-
HaMU, € W P JOJUKHBI ObITh TOOOJIbINE; Y
KaTYIIKA CUTYAINs CJIOKHEe — y TIPOBOIA P
JIOJKHO OBITh TIOMEHBINE, & y CEPACYHIKA
JTOJKHBI OBITDH TOOOJIBIIE W ¥ P. 3/1€CH TTOJIe3-
HO OCTAHOBUTHCS U IPEJCTABUTH cebe, Ha 4TO
I Kak BAMAET Kax/Jblil mapamerp. U Tyt y
KaTyIleK BCILIbIBAIOT /iBe Ipobiembr. OHa —
y MaTepuasioB ¢ GOJIBITIMH L HHIYKTUBHOCTD
YacTo 3aBUCHUT OT WHIYKIMH MATHUTHOTO
nosisi (IOMHHTE <«IETJI0 TUCTEPE3Hca», T.e.
MHIYKTUBHOCTb 3aBUCUT OT peskuMa pado-
ThI). ITO HABEPHSAKA MOKHO KaK-TO MCIOJIb-
30BaTh, HO B KAKUX-TO CJIyYasX 3TO BPEJIHO.
[lpyras mpobsemMa — y TaKUX MaTEPHAJOB
MaJoe p, T.e. OHu TpoBoguuKu. CleacTsue —
ok DyKO 1 TeIOBbIIeeHe IMeHn J[5K0-
yasg n Jlenna. C aTo#l HEMPHUATHOCTHIO €CTh
Tpu crocob6a 6opbObl. IlepBbiil — mesathb
Cep/IeYHUK KATYIIKU He CILIOMIHBIM, a U3
ToHKUX miaactu (ogymaiite, Kak UX Hajo
pacnoJsiarath). Bropoii — B3aTbh MesKuii 1o-
pOIIOK Marepuasa ¢ GOJBIIUM U 1 He0CTa-
TOYHO GOJIBIIMM O, CMENIATh ero C JIUIJIEeKT-
PUKOM, HAaIpuMep SMOKCHIHON CMOJIOH, U
MOJIMMEPU30BaThb. MBI IMOJYyUNM «KOMIIO-
3UT» — MaTepHas C MEHBIIMM W, HO 3aTO C
6ospiM p. Tperwii mMyTh — MCIOJIB30BATH
JINDJIEKTPUKHU C BBICOKUM W, T.€. (DeppuThI.

Ho HUKTO He MOXKeT MoMemarbh BaM UITH
JIAJIBIIIE. ..
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3Jror paspfen Begercs y Hac U3 HOMEPA B HOMEP ¢ MOMEHTa OCHOBaHUS XKy pHana. llybnukyembie B
HeM 3a4ayn HeCTaHAAapTHbl, HO MJIS UX PelleHns He TpebyeTcsa 3HaHWV, BbIXOAAWMX 3a pamMKu
LUKO/IbHOW iporpammsl. Hanborsee TpyaHsie 3aga4yv oTmMeyarotcs 38e3404kou. [Tocre gpopmynvpoBiu
3a4a4m Mbl 06bIYHO YKa3bIBAEM, KTO HaM ee MPeasIoxumsl. PasyMeercs, He Bce 3Ty 3a4a41 y6ukyrorcs
Briepsele.

PeLuerns 3ana4 1o marematvike v pU3NKe U3 3TOro HOMepa CIEAYET OTIPAaBIATb 110 1IEKTPOH-
HbIM aapecam: math@kvant.ras.ru n phys@kvant.ras.ru cooTBeTCTBEHHO U/IN I10 104TOBOMY aAPECY:
119296 MockBa, JleHnHckui rpocrnekt, 64-A, «KBaHT».

YcrnoBus Kaxxgaodi opurnHanbHou 3agayqu, npesnaraeMon A nybnavkauyuy, Bmecte ¢ Bawwwim
PELLIEHNEM 3TOH 3aAa4YM MPUCHIIANATE 10 TEM XKe aapecam.

3agayn M2766, M2768 npegnaramce Ha y4e6HO-TPEHUPOBOYHbIX COOpax KaHANAATOB B KOMaHZy
Ha MexxayHapoaHyto MmateMaTuyeckyro onumnnany.

3apava ®2773 npegnaranacb Ha MexayHapoaHou onMmMnmase LWKoabHUKoB «Tyvimaana» B 2023

rogy, a 3agayn ®2774-d2776 - B 2022 rogy.

3apaun M2766-M2769, ®©2773-d2776

M2766. /Tano narypasbnoe uucJo n. Ilose
11 «Macrep-cyIoKy» TIpecTaBaser co6oii
n(n+ 1)/2 KJIETOK KBajJpaTa %X 1, JesKalnx
Ha IJIaBHOW AuaroHaau Ju6o noj Heii. Mac-
Tep 3arafAblBaeT 17 KJETOK JTOTO IOJS, IO
OJIHOM B KasK[OM CTOAOIE, W cOOOIaeT yde-
HUKY TIPO KAXK/IYI0 CTPOKY, CKOJIbKO 3arajlat-
HBIX KJIETOK JIEKUT B Hell (y4eHuK Takke B
Kypce, 4TO B KaKJIOM CTOJGIE POBHO OJHA
3arajlanHag KJIeTka). YUeHUK JA0KeH UMETh
BO3MOKHOCTD 10 9TOH MH(pOPMAIMU HaBep-
HAKA BOCCTAHOBUTDL KJIETKH, 3arajaHHble
Macrepom. CKOJIBKO pas/iM4HbIX TAKUX CY-
JIOKY MO’KET cocTaBuTh Macrep?
T.Amoe6epxan, M.Py6u, @.I1empos

M2767. HecJsiosxHO JI0Ka3aTh, YTO B IIPSIMO-
YTOJIbHOM TPeyroJbHUKE CyMMa PajiyCcoB
BIIMCAHHOW ¥ TPEX BHEBIMCAHHBIX OKPYIKHO-
cTeil paBHa nepuMeTpy. Jlokaskure, 4T0 BEp-
HO U 006paTHOe YTBEP:KIEHNUE.

U. Baiinwumeiin

M2768*. [Nano narypasbhoe uucio n. Ilo-
[APHO Pa3/IMYHble HEHYJIeBble IeJible THCJIa
aj,..., @, TakoBbl, utouncao (¥ + a; ) (x + a,)...
...(x +a,) nenrcs wa wucno aa, ...a, npu
Jo6oMm 11esiom x. Haiinute nan6ouibiiee Bo3-
MOJKHOE 3HAYeHue a,,.

@.Ilempos, K.Cyxos

M2769*. BrucanHas OKpYy:KHOCTb Q Tpe-
yroabHuka ABC kacaetcst cropoH BC, CA n

Puc. 1

AB B Toukax D, E u F cOOTBETCTBEHHO
(puc. 1). Ilyctb OKpY’>KHOCTb ® Kacaercs
otpe3koB CA 1 AB B Toukax Q n R cooTBet-
ctBeHHO, a Touku M u N BbIOpaHbl Ha
otpe3kax AB u AC coOTBeTCTBEHHO TaK, UTO
orpeskn CM n BN kacatorcs . buccexktpu-
cpl yr1oB NBC u M CB nepecekalor cOOTBeT-
ctBenHo otpe3ku DE u DF B Toukax K u L.
Hokaxute, uro npsambie RK n QL nepeceka-
I0TCST HA ().

Yan Kyanz Xynz ( Bvemmnan)

®2773. HeBecomas npy:xuna umeer GOJb-
o€ YICJO BUTKOB, HO M3HAYAJIBHO TOJBKO
N > 1 BUTKOB MOTYT Je(OpMHPOBATBHCS, a
OCTaJIbHbIE — CKPeILIEHbI MesKY co6oii. I'py3
Ha 3TOHl HpPYy)KMHE COBepIiaeT CBOGOIHBIE
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Kosie6anus ¢ nepuogoM Ty U aMILTUTY 10i1 A
Hauunast ¢ HEKOTOPOTO MOMEHTa, TIPU KaiK-
JIOM TIPOXOJKIEHIN TPY30M TTOJIOKEHUST PaB-
HOBECHsT OCBOOOIK/IAIOT IO OJHOMY 13 CKPETI-
JIEHHBIX BUTKOB TIPY>KUHBI (JTMHA TIPY>KUHBI
B He1e(DOPMUPOBAHHOM COCTOSTHUY TIPU HTOM
He nsMmensiercs). Onupegenante aMmmTyy A
KOJIeGaHU TPy3a 10c/Ie YBeJUUeHHs] YnCia
cBoOOnHBIX BUTKOB Ha AN > 1. Ouenure
(npub/msuTeIbHO) BpeMs f, IIPOIIE/LIee C
MOMEHTa OCBOOOXKIEHHUS ME€PBOr0 M3 M3HAa-
YaJIbHO CKPEIJIEHHBIX BUTKOB /IO MOMEHTa
3aBepleHust KojebaHuil ¢ aMIInTy10it A.
A.Bnacos

M2774. M3 pa3HbIX KYCKOB HUXPOMOBOI
MIPOBOJIOKHU, TIOKPBITON OJIMHAKOBOU M30JIs-
I[Uell OJTHOU W TOU K€ TOJIIINHDI, U3TOTOBUJIN
M4Th PE3UCTOPOB, COCAUHUIN UX 110 MOCTO-
Boii cxeme (puc. 2)
1 O/IKJTIOYUJIH K HC-
TOYHUKY IIOCTOSIHHO-
ro HampsbkeHus. B
Ka/IOM U3 YeTbIpex
OTIMCAHHBIX HUXE
ONBITOB HaliguTe
PasHOCTb MeX/y MaKCUMaJbHOW W MUHU-
MaJIbHON TeMIlepaTypaMu pe3nucTOpOB, €cyin
TeMIepaTypa eHTPaJbHOTO PE3NCTOPA B TOT
JKe MOMEHT BpeMeHu OblLIa BbIllle KOMHATHOMN
na AT; =10 MK . B xauecTBe oTBeTa yKa-
SKUTE YUCJIeHHbIe 3HAUeHUS, OKPYIJIEHHDIE /10
1[EJIOTO YUCJIa MUJIUKETbBUHOB.

1) Auamempol Bcex KyCKOB IPOBOJIOKH OJIH-
HAKOBDI, a 01UHbL IPOTIOPIIMOHATBHBI HOME-
pam pe3uctopoB. V3mepenue Bcex Temiepa-
TYP IIPOU3BOJUTCS Yepe3 Md. l0e BpeMsl 110CJIe
3aMBIKAHWS TIETIN.

2) Jluamempul Bcex KyCKOB IPOBOJIOKU O/[H-
HAKOBBI, a 0J1UHblL TIPOTIOPIINOHATBHBI HOME-
paM pesuctopoB. VM3mepenne Bcex temiepa-
TYP TPOM3BOAUTCS Yepe3 Ooabuioe BpeMs
1ocJie 3aMbIKaHUA 1ETH.

3) Jlaunvl BeeX KyCKOB IPOBOJIOKU OJIMHAKO-
BbI, a JudMempwvl TPOHOPIUOHAIBHBI HOME-
paMm pesucTopoB. V3mepenue Bcex TeMiepa-
TYP IIPOU3BOJIUTCS YePe3 Ma l0e BpeMs 110cJIe
3aMbIKaHMS 1IeMn.

4) /Tnumvl BeeX KyCKOB MTPOBOJIOKH OJIMHAKO-
BbI, a duamempuvl TPONOPIUOHAIBHBI HOME-
paM pesuctopoB. V3mepenne Bcex temiepa-
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TYP TPOM3BOIUTCS uepe3 O0abwoe BpeMs
1ocJle 3aMbIKaHUs 1IN,
C.Bapaamos

®2775. Bponbp pebep Kyba pasynuHbIMU
c11oco6amMy MPOKJIA/IBIBAIOT TOHKYIO TPOBO-
JIOKY U ITyCKalOT 10 Heil ToK. VITHlyKTUBHOCTD
3aMKHYTOrO KOHTYypa u3 d4eTblpex pebep,
IPUHA/IIEKAIUX O/HOU TpaHu, paBHa L, .
MHAyKTUBHOCTD 3aMKHYTOTO KOHTypa U3
mect pebep, TPUHAICKAINX JABYM CMEX-
HbIM IPaHAM, paBHa Lg, .
1) Haiizinre MHAYKTUBHOCTD Lgy 3aMKHYTOTO
KOHTypa 13 IecTH pebep, MPIHAIESKAIINX
TPEM IIONAPHO CMEKHBIM TPAHSIM.
2) Haiiiire WHAYKTUBHOCTD Lg; 3aMKHYTOTO
KOHTYpPa 13 BOCbMHU pebep, TIPUHA/IEKAIINX
TPEM I'PAHsIM, /IBE U3 KOTOPDBIX HMapaseabHbl
JIPYT JPYTY, a TPeTbs SIBJSETCS CMEKHOU
€ KaxJoil u3 AByX JpPYyrux.
3) Buosb pebep [ABYX IPOTHBONOJIOMKHBIX
rpaHeil MIPOJIOKEHDI /[BE 3aMKHYTbIE [1POBO-
Jgoku. Ilo ojHOMY IIPOBOJIOUHOMY KOHTYDY
ujaer nepeMeHHbI I TOK cunoi
I(t)=1Iycoswt. B apyroii mpOBOJOYHBI
KOHTYD BCTaBJeH W/CAJbHBIN MaJIeHbKIN
BosbTMerp. Haiiaure sasucumocts U (t)
MIOKa3aHWH BOJbTMETPaA OT BPEMEHM.
C.Bapaamos

Md2776. Ha nyockyio OBEPXHOCTH IMJIOCKO-
BBIMYKJIOM JIMH3bI, M3TOTOBJIEHHOI U3 CTEKJIA
C TIOKa3aTeJsieM IPeJOMJIeHUsT n = 1,5 U pac-
MOJIOJKEHHO B BO3yXe, TMAAET BIOJIb HOP-
MaJii apaJiyieJibHbIN y4oK Jiyueit. Omnpe/e-
Jsiute (DOPMY BBITYKJION TIOBEPXHOCTHU JIMH3BI,
€ecJI TUIOCKast uMeet HOpMy Kpyra pajuycom
R = 0,5 M, a Bce IpeioMJIeHHbIE JTMH301 JTy4n
IPOIILIUA Yepe3 OIHy TOUKY F, pacrososken-
Hyio Ha paccrosiauu [ =1 M oT O/mKaiiiei K
Heii toukn O smH3bl. B KauvecTBe oTBeTa
yKaskute Toanuuy H nunsbr (MakcuMasibHoe
paccTosiHNe OT TOYKH BBIMYKJIOH MOBEPXHOC-
TH JI0 TLTOCKOM).

A.Baacos

PeweHunsa 3apay M2754-M2757,
D2761-D2764

M2754. Hasap evibpan 06a eeuecmeenivlx
yucaa a u b u nanucanr dsa ypasnenusi:
=2 x+at =0u xt =245 + b1 = 0. Jo-



SAJAYHHUK

Kaxume, 4mo xoms 6vt 00HO U3 IMUX YPAEHe-
HUIl umMeem 6eueCmeenHvlll KOpeHb.

Oyuxumu f (x) = x* = 20°x + a', g (x) = x* -
~2a’x +b" — MHOTOUMEHBI C OIOKHTETD-
HBIM CTapIIuM KO3 QHUIMEHTOM, [T0ITOMY
f(x)>0 u g(x)>0 npu Beex x>c s
HEKOTOPOIT KOHCTAHTBI ¢. [T JoKa3aTesb-
CTBa HaJIMYUs KOpHS y MuHorodwrena [ (x)
JIOCTATOYHO HAWTH XOTSA GbI OJHO 3HAUCHUE
X, 151 KoTOpOTO f () < 0 (cymecrBoBanue
KopHs caeayer u3 f(xy) <0 n f(x;) 20 mo
TeopeMe O MPOMEKYTOUHOM 3HAYEHUH JIJIs1
wernpepbiBHOil bynkmun f(x)). Axamorm-
HOE BEPHO /It MHOTOUJIEHA g ().
3amernm, uto f(b) = b" - 2b" +a* = a* - b*
4_ 4

i, anajgorndto, ¢g(a)=>5b" —a". Buaum, 4uro
f(b)+g(a)=0 u xora 6b OiHO M3 UHCE]
f(b)ung (@) nemonoxuresnbHo. 3aj1a4a peie-
Ha.
CyuiectByer 1 6oJiee CTaHapPTHOE PelleHue,
¢ HaXOXK/IEHHEM MHHHUMAJbHOTO 3HAYeHHUsI
Ka’K/IOTO 113 MHOTOUJIEHOB € TOMOIIIBIO TTPOU3-
BO/THOI.

H.Azaxanos

M2755. Hawa u Bosa uzpairom 6 uzpy, no
ouepedu 3aueprusas xaemxu docku 3x101.
Hcxo0no na docke 3auepkuyma moavko yem-
mMpaivHds Kaemkd. 3a 00un x00 uzpox 00.-
JKen 8vlopamy duazonans (6 duazonaiu mo-
sxem 6vmo 1, 2 wau 3 kaemxu) u 3auepx-
Hymov 6 Hell 6ce ewe He 3auepKuymole Kiem-
xu. Kaxovim xodom dosxna 6vime 3auepx-
nyma xoms 6v. 00na noeas xaemxa. Ilpoue-
poleaem mom, Kmo ne Moxem coeiamo xo0.
Hauunaem Ilawa. Kmo u3 uzpoxog mosxem
BLLUZPAMY GHE 3ABUCUMOCTNU 0T X0008 NPO-
mueHuxa?

Ortsert: Boga.

[TpuBeieM BBIMTPBIIITHYTO CTPATETHIO 32 BoBy.
[TokpacuM KJIETKH AOCKU B MIAXMATHOM IIO-
psilike Tak, 4TOOBI YTJIOBbIE KJIETKH OBLIN
YepHbIMU. B HeueTHbIX CTOJIOIAX KpaiiHue
KJIeTKU OY/IyT YePHDbIMU, & B YUETHBIX — OeJIbl-
mu. llentpasnbhas kieTka HaxoauTes B 51-M
cToJib1ie, 1Mo3aToMy OHA cama Oy/ieT 6eoii.
Kaskpas pmaronasp m60 MOJHOCTBIO Yep-
Hast, 160 TTOJHOCTBIO Geast. O6e cTparernn
6yAyT CUMMETPHYHBIME, HO PAa3HBIMH IS
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pasubIX 1BeTOB. /LS KJaeToK 6esoro ipera
O6y/ZieM XOJIUTh CUMMETPUYHO OTHOCUTETHHO
neHTpaabHoro croi6na (ocesas cummerpust).
Jli1st 4epHBIX KJAETOK Oy/IeM XOIUTh CUMMeT-
PUYHO OTHOCHUTEJIBHO IEHTPAJIbHON KJIETKU
(enTpasbHAS CHMMETPH).
Hoxkazxem, uro BoBa Bcerma cMOXeT caeraTh
X0/1 COTJIaCHO cTpaTerun. /{Js 3Toro Hy>KHO
y6enuThCsi, YTO CBOUM XOJOM OH OyzeT 3a-
YepKUBATD XOTsI ObI OJIHY HOBYIO KJIeTKY. /st
YEePHBIX KJIETOK JIBE AMATOHAN — BBIOpaHHAS
[Tamreit w 1eHTpasbHO-CUMMETPpUYHAS €id,
BbIGpantast BoBoii, He UMeIOT OOIUX KJIETOK.
[Ipu atom Ilama cMor cjenarb Xo/1, 3HAYWT,
Ha BBIOPAHHOI UM naroHasm Gblaa Hezauep-
KHyTas KJeTrka. Tak kak g0 xona Ilamm
CUTYyaIus [T YePHBIX KJETOK Oblia IEeHT-
paTbHO-CUMMeTpUYHON, Ha BoBwHON nuaro-
Hasii riepef; xozoM Ilamm Toxke Oblia Hesa-
yepkHyTas KJeTka. [lamra He Mor ee 3auepk-
HYTb, 3Ha4uT, BoBa CBOMM XO/IOM 3a4€pPKHET
XOTs1 ObI OJIHY HOBYIO KJIETKY.
[1711 6eJIbIX KJIETOK CUTYAIUs HECKOJIbKO MHAST:
JIBe JIMArOHAJIA, TIPOXO/ISIINe Yepe3 IIeHT-
PaJIbHYTO KJIETKY, CHMMETPUYHbBI OTHOCUTE -
HO TIEHTPAJBHOTO CTOJIOA, HO APYTUX CUM-
METPUYHBIX OeJIbIX JUaroHaseil Ha T0CKe HeT.
Omsatob ke, niepe xonoM [lamm cutyarus Ha
OesIbIX KJIETKaX OCeCMMMETPHYHA, T.e. M Ha
JlnaroHaJjiu, BbiOupaemoii ceituac [lamieit, n Ha
JInaroHaJ/Iu, BbIOPaHHOI 110 cTparernu BoBoii,
€CTb He3auepKHyTble KJaeTku. Ho equHCcTBeH-
Hasl o0Imast KJIeTKa, KOTOPYI0 MOTYT HUMeTb
OCEeCUMMETPUYHBIE Oeble IMarOHaJ, 3aUep-
KHyTa C caMOro Havaja, 1moatomy llama ne
MOJKET CBOUM XOJIOM 3a4Y€pPKHYTbh He3auepK-
HYTYIO KJIeTKY ¢ BoBunoii quaronanu. Takum
o6pasom, BoBa cBOMM X0/10M 3a4epKHET XOTsI
OBl OJIHY HOBYIO KJIETKY.
Wraxk, MbI Iokazasi, uto y BoBbl Bcerjia ectb
X0 COTJacHO cTparernu. Tak Kak XO/I0B
KOHeuHoe unca0 (Mrpa 3aKOHYUTCS He M03-
ke, gem gepe3 3-101 = 303 xoma, Koraa ToU-
HO GyJyT 3auepKHyTBbI BCe KieTkn), Bosa
mo6GeuT.

H.Egpemos

M2756. a) Boiacnume, mozym au 018 HEKO-
Mopozo GuINYKA020 ULECMUYZOLbHUKA
ABCDEF 00n068peMento 8binoIHIMbCs MpU
Hepasencmea:
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ZLABD + ZAED > 180°,
ZBCE + ZBFE > 180°,
ZCDE + LCAF > 180°.

6) Tom xe eonpoc, ecau OONOIHUMELLHO
U38ECMHO, UMO 8 ULECTRUY20JIbHUKE OUAZOHA-
au AD, BE u CF nepecexaiomcst 6 00noi
mouxe.

Otser: a) na, MoryT; 6) HET, HE MOTYT.

a) OnumureM OJHy U3 BO3MOMKHBIX KOHCTPYK-
.

Ha croponax AC, CE, EA mpaBUJIbHOTO
TpeyroibHuka ACE OoTMeTUM COOTBETCTBEH-
HO Touku B, D, F «6/13K0» K BepiiuHaMm A,
C, E (puc. 1). B TakoM 1o/105KeH1N CyMMa
yraios  ZABD+ /ZAED  6amu3ka K
180° 4+ 60° = 240°. To ke BepHO JsI CyMM
yraoB /BCE + /BFE n ZCDF + ZCAF.
Tenepb MOJKHO UyTb «BbIJIBUHYTb> TOYKU B,
D, F Bue tpeyrompanka ACE Tax, 4ToObBI
yKa3aHHbIE CYMMBI yTJIOB <«MaJiO» W3MEHU-
JINCH 1 06PA30BAJICS BLIMTYKJIBIH IIECTUYTOIb-
nuk ABCDEF.

6) TIpeanonoKuM MPOTUBHOE: TPeOyeMbIil
mectuyroabunk ABCDEF cyniecTByer.
[Tyctb P — Touka nepeceuenuss AD, BEn CF
(puc. 2).

[Iyctp nyy PE nepecekaeT OKPY>KHOCTD
(ABD) B touxe E’. Torna

ZAE'D =180° - ZABD,
HO 110 YCJIOBUIO
180° - LABD < LAED.

N3 HepasencrtBa LAE'D < ZAED cuenyer,
9TO TOUKa £’ JIEXKUT Ha TPOIOTKEHIN OTPe3-
ka PE (uwnaue rosops, E nekur BHYTpH
okpysxuoctn (ABD)), orciona PE < PE’.

Hanee, PE - PB < PE’- PB = PD - PA. Urax,
13 IEpPBOTO HEPABEHCTBA YCJIOBIST MBI BBIBEJIH,
yro PE - PB < PD - PA. AHAJTOTUYHO TOJTY-

A A
B B
P
EI
F,
C
E b c D
Puc. 1 Puc. 2
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yuM, uro PD-PA < PF-PC u PF-PC<
< PE-PB. Otrciona PF-PC < PF-PC -
MIPOTUBOPEYHE.

M.Cazagpuan, I1.Koxesnurxos

M2757. [lano npocmoe uucio p. 1o oxpyx-
HOCIU CTOAM P yeavlx uucel. 3a o0un xo0
paspewaemcs 6ulOpamv HeKOmMopoe yeJioe
yucao k u 3amenumv umerowuiics Habop
Ay -y Ay HAHACOP UUCCNL Ay = Appy Ay = Qi -
ey Uy — gy, (undexcol Gepymes no mody-
a0 P, m.e. ;= d;_,).

a) [loxkasxume, umo nocie 6vlNOJHEHUS P
maxkux x0006 6ce wucAd Hd OKPYKHOCMU
O6yoym kpammwl p.

6*) Haiidume ece napvl namypaioHolx 4u-
cen (m,n), n>1, 0as Komopvix 6epno cie-
dyrowee ymeepxoenue: 015 1106020 HAUANb-
HO020 HAOOPA P UETBIX YUCEL NOCTE BHINOIHE-
HUsL A00BLX T ONUCAHNBLX X0008 NOLYUUMNCS
HAbop U3 p uuUces, KPAMHBLX N.

Huske MBI JIOKa’keM, 4TO OTBET B IyHKTe
6) — mapel (m,n) , rae n = p® — cremenp
npocroro p, a m=M =1+ (p—1)a. Iror
PEe3yJIbTAT peIlraer 1 MyHKT a).
(I) TIycts V — 9TO MHOXKECTBO BCEX CTPOK
X = (x1,x2, Xy )ZIJII/IHbI P, TIE KOKI0€ X; —
Boruer (OCTaToK) MO MOAYMIO 7, TaK dTO
[V|=n". Crpoku u3 V MOKHO HOYIEHHO
CKJIQ/IBIBATh JIPYT C APYTOM M YMHOKATbh Ha
LeJI0e YKUCJIO:
X+Y = (x1,x2,...,xp)+(y1,y2,...,yp) =
= (x1 + y; (mod n),...,xp +y, (mod n)),
tX =k- (x1,x2,...,xp> = (tx1 (mod n),...
..., tx, (mod n))

Hyuxaesyio crpoky (0,0,...,0) 6yaem 0603Ha-
yath O.
ITycrb f:V — V 3amaerca Kak

f((xbe)"'yxp)) = (X2,...,XP,X1>,
T.€. [ — WUKJIWYECKUii CABUT CTPOKH. SICHO,
aro fauneino, r.e.f (X +Y) = f(X)+f(Y),
f(mX)=mf(X). Tycrs f*:V >V o6o-
3HaYaeT k-KpaTHOe IPUMEHEHHUe [, TaK 4To

ﬁe((xhx%---yxp)) = (xk+1"'-axp,x1wo-vxk).

Torna orobpaxenue g, = I —fk, rne I —
TOK/IeCTBEHHOE TmpeoOpas3oBanue V — V,
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3a/la€T B TOYHOCTH OIEPAINIO U3 YCJIOBHS
3ajiaun. (3/1ech U anee cJA0KeHUE, BbIYUTA-
HUe 1 YMHOKEHHUE Ha 11eJI0€ YHCJI0 0TOOpasKe-
Huit iy 1V > Vu hy, 1V — V 3aymaercs ecre-
crBenubiMu  npasunamu (fy £ hy)(X) =
I (X)£hy (X), (th)(X) =t h(X) nra
mo6oii crpokn X € V.) Tlonoxkum g =g.
Torma

gk:I—fk:(I+f+...+fk’1)(l—f):

=(I+f+...+fk‘1)g.

(ID) Monoxum E; (0,0,...,1,0,...,0) (equnnia

Ha i-M MecCTe), TaK 4To Jo00H ajeMedT 3 V
n

[PEACTaBUM B BUJIE ZaiEi (¢ nesnbivu @;).
i=1
[Tonoxum

El, = g(El)z (0,0,...,—1,1,0,...,0).

ITycts V' C V 3aj1aeTCst KaK MHOKECTBO CTPOK

(x1,...,xp) ¢ cymmoii 0(modn). Jlerko Bu-

JleTh, 4TO J060ii a/1eMeHT U3 V' IpecTaBuM
n n

B Bue Y ¢;E], uto pasuo g| Y @;E; |. 3ua-
i=t i=1

uut, g(V)=V".

Taroke 7151 gesntestst d 4ucaa n Onpeeanm

dV KaK MHOKECTBO CTPOK (x1, X ), B KOTO-

p
PBIX Kaxjoe x; jesautcst Ha d. B yactHocTH,

nV=0.

Ilyctb n = p*. Haiizem ABHO pe3ybTaT MHO-
4 .

TOKPATHOTO MPUMEHEeHUst g K £

E}, =(0,0,0,...,0,-1,1),
9(E;)=(0,0,...,0,1,-2,1) =
=(0,0,...,0,G3,-C3,G3),
9°(E;)=(0,0,...,-1,3,-3,1) =
=(0,...,0,-C3,¢4,-C3,G3),
g (Ey) = (xci,...,=C},C2,~C},0).
Tax Kak JJIs1 IPOCTOTO p Bce OMHOMUAJIbHBIE
koadduimenrsr C), i =1,...,p —1, mensarcs
Ha p, MBI BHJIUM, YTO gp’1 (E;)E V'NpV.
Ananoruuno, g”~' (E{)e V' pV upu mio-

60M i, M Tak Kak Jo6oit smement nuz V'
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n
MPE/ICTAaBUM B BH/IE EaiE{ , IOHUMAaeM, 4TO
i=1
—1 ’ ’
g (V)yc Vv NpV.
CoBepIIeHHO aHAJIOTIIHO, MOJIb3YSICh TEM, YTO
JmoGoii atement u3 V' (| pV ipeicraBum B Bujie
n
Y a;pE;, nonyuaem, uro g’ (V'NpV)c
i=1
c V' NPV,

nanee g’ (V’ﬂ pZV) c

c V'Np*V u 1.1 Urak, nomyyaem, 4ro
gM (V) _ g1+(p—1)cz (V) _
=g’ g"'g(V)c V' Np™V = 0.

(II1) OxkasbIBaeTcs, OTCIONA MOXKHO C/e1aTh
BBIBO/JI, UTO JTI00ast CTPOKa u3 V mpeBpaniaer-
cs1 8 O noc.te Boiosenust M =1+ (p-1)a
npeoGpaszoBanuii Buja g, (¢ IPOM3BOJIBHBIM
BBIGOPOM k Ha Kask/10M 1are). B camom zee,

Ik ky -+ Ikyy =
=(I+f+...+fk1‘1)(1—f)...
...(I+f+...+fkf"f’1)(l—f).

[Ipeo6pazoBanus B cKOOKaX IepecTaHOBOY-
ubl (MOKHO IIPOBEPUTb HEIIOCPEACTBEHHO,
YTO UX MOKXHO MEHATHb MeCTaMU, TaK KaK OHU
BbIPAKAIOTCA Yepes [), M03TOMY

Ik, - Ik =

=(I +f 4.+ f’“)...

...(I+f +o+ ko*)(I N

Ho mio6as crpoka us V npesparurcs B O yixe
nox feficrsuem (1 — f )M = g™ (u nanee ocra-
ercst O mocJie TpUMEHEHHsT CJIeYIONINX TIpe-
oépasoBaHMﬁ). Tem camMbIM J0KasaHoO, 4TO
Jio6ast ctpoka mpespamiaercs B O nocae M
XO/IOB.
(IV) Temepp ImoOKaxkeM, 4YTO MEHEe
M=1+ (p - 1)0( X0JI0B He Gy/ieT J0CTaTou-
Ho. BoJiee Toro, yBuaNM, 4TO He BCE dJIEMEH-
b1 U3 V mpesparsatcss B O 10j AeicTBHEM
(M —1)-kpaTHOTO IPUMEHEHNS ¢.
Jlust atoro samerim, uto V'] = P! u nanee
OyseM OIeHUBATh Pa3Mepbl MHOYKECTB
g(V’),g2 (V),... YureMm, d4TO, TaK Kak
g(V)=V’, Bce a1 MHOKECTBa — TIO/IMHOKe-
crBa V. Ecin g (X) = g(Y) nist nexkotopbix
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X, YeV’, 10 g(X-Y)=0, orkyna, oue-
suano, X =Y =(s,s,...,5) (1.e. a10 CTpOKA, B
KoTopoii Bce x; paBHbl). Ho X -Y eV,
HO3TOMY  ps EO(mod n), 3HAQYUT, S MOKET
IPHHAMATB JHIb p 3HaueHuit: p®'r, rae
re{0,1,...,p—1}. Takum o6paszom, ¢ Kak
npeo6pasoanue V' — V' «ckiaeuBaer» He
GoJiee p snementoB (T.e. Kax/aasi CTPOKA U3
V' umeer me Gosnee p mpoobpaszos uz V'’
OTHOCHTEJIBHO §), 3HAYUT, [T TI060TO TIO/1-
mroxkectsa W C V' mmeenm |g(W)| 2 [W|/p.
[Toab3ysach STUM, OLEHHMBAEM, HAYMHASA C
g (V) =V =nrt = ptm) = pM,

7 (V)| =g (V")

l9° (V)| =]g* (V")

M-2
zp 7,

M-3
2 p )

9" V) =]g" ()2 p,
B wacrnoctu, g™ (V) # O.

(V) Ilycrb Tenepp n He SBJISAETCS CTEIEHbIO
p. losoxnm n = gt, TAe g — MPOCTOE YHCJIO,
He paBHoe p. PaccMoTpmM ITOIMHOKECTBO
ctpok U =V'NtV. Jlerko BHIETb, YTO
g(U)cU.

C apyroii cropoust, ecan g(X)=g(Y) pna
Hekoropbix X,Y € U, TO, Kak Mbl BU/IEJIH,
X-Y =(s,s,...,8), rae ps peaurcsi Ha n. Ho
Tak Kak X,Y € U, umeeM X —Y € U, N03TO-
my s = tr, r€{0,1,...,g -1} . Torna ps = ptr
JlenTCs Ha 1 = gt, 3HAUUT, pr JeJnTCs Ha ¢,
YTO BO3MOKHO TOJIbKO ipu 7 = 0, T.e. s = 0.
Urak, mbr BuguM, uto ¢(X)=g(Y) ana
X,Y € U Bo3MoxHO TosibKO 1ipn X = Y. Tem
caMbIM, ¢ 3ajaeT Ouexiuio U — U . ITO
03Hauaer, 4To Ji06ast HeHyJieBas cTpoka us U
[IPY MHOTOKPATHOM MIPUMEHEHUN ¢ TIepeiieT
B HEHYJIeBYIO CTPOKy (Ha caMoM jieJie TiocJie
HECKOJIbKUX [IPUMEHEHNIT g CTPOKA Iepeiier
B cebsa u gajee no mepuopay). Takum o6pa-
30M, JIOKa3aHO, UTO 72, He PAaBHOE CTEIEHH P,
HE MOJIXO/IUT.

3azaua perieHa.

(VI) YkakeM ele caeayionyio cXeMy ajib-
TEPHATUBHOTO TIO/IX0/Ia, PabOTAIONIEero Mpu
n=p (1.e. st periennst 3aa4u a)). MoKHO
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0XaPaKTePH30BaTh SBHO MHOMKECTBA ¢ (V)
KaK MHOJKeCTBa CTPOK (X1,X2,---,Xn), AJIA
KOTOPBIX BBINOJTHEHO

P(1)x;+P(2)xy+...+ P(n)x, =0(mod p)

JUUIs1 1I060T0 MHOTOUJIeHA C HeIbIME KOa(du-
mueHTaMu P crernenu He Bblire kR — 1.
B 3aBepiienne oTMeTHM, YTO K CIOXKETY 9TOMN
3a/1a4M CBOJUTCS BOIIPOC U3 Teopuu rpymir (o
CTYTIEHU HUJIBIIOTEHTHOCTH CILJIETEHWS I[UK-
JIMYECKUX TPYIIIL).

11. Koxesnuros, H.Coxkosnoe

®2761." Masmuux Maxceeira npedcmas-
asem cobotl koncmpyxuyuio uz IT-oopasnoezo
JKECTNKO 3AKPENICHHO20 HA OCHOBAHUU UMd-
Mmued, 08YX KecmKo COCOUHEHHBIX COOCHBLX
UUIUHOPOG PASHLIX OUAMEMPOE U PAZHBLX
oaun, a maxxe 06yx Humetl 00UHAKOBOU
OUHbL, nputem 00UH KOHel KaAKO0ou Humu
3axpenien na yuaunope menvuiezo ouamem-
pa, a 6mopoil —
HdA 20pU3OH-
Maivrol nepe-
Kaadume wma-
muea (cm. pu-
cynox). Oba
yuauropa coe-
JAAHBL U3 00HOZ0

u Mmozo xe 00-
NN opodnoro wa
mepuanra naomuocmoio p =10 ¢/ cx’. Coom-
nowenue duamempos uuaunopos Dy /D, =10,
coommowenue ux oaun (6001b ocu cummem-
puu) b/l = 3. [auna xaxooi evinpsmien-
noti numu 10,5D,. M axcumanvioe paccmos-
HUe No eepmuKdaIUu, Ha KOMOPoe nepemeud-
emecst 0Cb CUMMEMPUU YUIUHOPOG, PAGHO
npumepro L = 10D, =1 m. Macca m maxozo
masmuuxa pasua 1 ke. Masmnux 3anycxa-
emcst U3 GePANez0 NOLOXKeHUsl, K020a Humu
HAMOMANLL GUMOK K GUMKY HA UYUIUHOD
MeHbULe20 QUAMempPa U CKPenieHHble yuIuH-
dpoL Henodsuxuol. TTpu deuxenuu masmuu-
Ka GunpsMAEHNbIe YUACmKU Humet ocma-
10mes npakmudecku eepmuxaivivimu. Ka-
K080 MAKCUMANbHOE HAMKeHUue Humel 6
me nPoMeRYMKU epeMenu, kozod: a) Masim-

! Asrop pemrennii 3amau D2761-D2764 —
C.Bapaamos.



SAJAYHHUK

HuK onycxkaemcs, 6) MASMHUK NOOHUMAEM-
cs, 8) nodvem ocu MASMHUKOS CMEHemcs
oOnyckanuem, 2) onyckanue ocu 6 nepevlil Pas
cmendemcs nodeemom? Cuumaime, umo
g =10m/c

ITonATHO, YTO OCHOBHAA YaCTb MacChl MasT-
nnka (Gosbine 98%) cBsi3aHa € LUIHHIPOM
6oJiblllero JuamMerpa 1 Menblieil juunpl. C
Heil sKe cBsizaHa 1 60JIbIast 4acTh MeXaHuyec-
KOl SHeprum, KOTOPYIO HMMeeT MaATHUK B
npoliecce JABMKeHNsA. MrHOBeHHas oCh Bpa-
IIEHNA MasATHUKA BO BPEMS IOAbeMa 1 OIyC-
KaHMsI HAXO/AUTCS Ha paccrostun 7 = Dy /20
0T ocu cuMMeTpuun MaaTHUKOB. ITpu Takom
JBIDKCHNN KMHETUYECKAs SHEPTHsd, CBA3aH-
Hasl C MOCTYMATebHbIM JBIDKeHneM (Mast-
HUKA), a MMEHHO II0JIOBHHA IIPOU3BE/IEHHs
Macchl MadTHHMKAa Ha KBaJpaT CKOPOCTH U
JBIDKEHUs ero IenTpa Macc E .. = m02/2,
cocTaBJ/IeT BecbMa MaJIylo 4acTb OT BKJaJa
BpalaTeJTbHOTO JBUKEHUA B KHHETHYECKYIO
sHepruio. Bpamarenbnas sHeprua pabHa,
COOTBETCTBEHHO,

Eypan = (/)" -m-(Dy)’ 8 =
= EHOCT : (D1/7)2/4 = EHOCT -100.

CYMMapHaH JK€ MEXaHUYeCKad OSHEpTusa B
Ipornecce ABNKEHNA COXPaHAETCA. Ecm 1pu-
HATDH €e paBHOfI HYJIIO B BEPXHEM IIOJIOKEHUN
MadATHUKA, TO B 3TOM CJy4dae KOOpAuHaTa
IEeHTpa MacCC MadTHHUKaAa X U CKOPOCTbH €ro
JABUKEHUA O CBA3aHbl COOTHOIIECHNEM

100 (mo*/2) = mga = 0, 0 [2 = gxc/100.
Ortcioza cJIelyer, 9To yCKOPEeHHe [BHKEHUST
[EeHTPa MacC MAsTHUKA B IIPOMEXKYTKU Bpe-
MEHU, KOT/Ia OH TIOJIHIUMAETCS MJIH OIyCKAeT-
cs1, omHo u 1o ke u pasuo ¢g/100. Cremosa-
TEJIbHO, OTBETbI HAa BOIPOCHI a), 6), U B)
OJINHAKOBBI:

F =mg-0,99/2 = 4,95 H.

A BOT B IIPOMEKYTOK BPEMEHHU, KOI'/la OIlyC-
KaHHe CMeHseTCd I10//beMOM, YCKOPEeHHUe 1eH-
Tpa Macc, BO-IIEPBbIX, HAIIPABJIECHO HEe BHU3,
a UMeeT BEPTUKAJbHYIO COCTABJIAIONLYIO, Ha-
[IPaBJCHHYIO BBEPX, U BO-BTOPbIX, MaKCH-
MaJbHas BEJMYMHA CWJIbl HATSDKEHWS HUTEH
JIOCTUTAeTcsT B MOMEHT, KOTJa IIeHTP Macc

«KBAHTA »

MasATHUKA HAXO/UTCA B CAMOM HMKHEM IIO-
Joxkennn. CKOPOCTb OCH MasTHHKA B KOHIIE
oryckanusi pasHa v = {|2gL/100 = 0,447 m/c.
A yryioBasi CKOPOCTb BPAIlEHHUS B 3TOM HUXK-
HEM II0JIO’KeHWHM MasgTHUKA COCTaBJISAET
o =o/r = 89,44 ¢”'. B caMOM HIDKHEM 10JI0-
JKEHUH BEPTUKAJIbHAS COCTABJIAION[AS YCKO-
PEHNIS MasTHUKA HallpaBJIeHa BBEPX M paBHA
7o’ =40 M/ ¢®. 9o YCKOpeHue 06ecreunBa-
eTcs IByMsI HaTSIHYTBIMI HUTSIMU. [lomydaeT-
cs1, UTO KaK/Jasl U3 /IByX HUTell HaTSHyTa B
9TOT MOMEHT ¢ cuioi 25 H.

®2762. Yuumenv nadya pesunosyio 060-
JAOUKY WAPUKA 8030YXOM U3 CEOUX NeZKUX U
3aes3an 20pa0suUnYy 00010UKU Y370M. B
wapuxe oxaszanocv 10,0 aumpos 6030yxa
npu memnepamype +20°C u dasienuu, Ko-
mopoe npumepno na 4% 6oavuwe ammocghep-
H020. 3amem wapux cmaiu AxKypamuo no-
AUBAMY KUOKUM A30MOM U3 mepmoca. sKuo-
KOCMb XOPOULO CMAUUBALA BCIO NOGEPLHOCTI
wapuxd, u oM, 0XAaAKOAICH, OCHOBAMESDHO
ymenvwaics 6 obeeme. Quenume, no 603-
MOXKHOCIMU MOUHEe, MUHUMAILHLIL 00BeM
wapuxa npu npodosxenuu noausd. Ceede-
HUsL 0 COCMAse 2d3080U CMeCU 6 wWapuxe
MOKHO OMBICKAMb 6 UHmepHeme.

[TonsiTHO, YTO CcoOJEpKUMOE BHYTPU IIapu-
Ka — 9TO CMeCh ra3oB IIPU JIABJIEHNH, BECbMa
MaJio OTJIMYAIONIEMCS OT HAapPY>KHOTO aTMO-
cepHOTO HaBACHUS. ITO OTIMYNE CBSI3AHO C
HATSDKEHNEM PEe3UHOBLIX CTEHOK IIapuKa.
YestoBeK BBIIBIXAET BO3IYX € MPAKTHYECKU
HACDIIEHHBIMU TTAPAMU BOJIbI TIPU TeMIIepa-
type BHYTpn Tema (37 °C), HO TMOCKOJIBKY
BO3/IyX B IIAPHUKE YCIEJ OCTBITh /[0 KOMHAT-
Ho#l Temmeparypol 20 °C, To JmITHAE BO/IS-
HbI€ TIapbl CKOH/IEHCUPOBAJIUCH U B IIAPUKE
ycranoBuiach 100-mrporieHTHAsT BJIAKHOCTD,
cootBercTByIommag temieparype +20 °C. Ilpu
TaKOW TeMIepaType JaBJeHNe HACBIIEHHBIX
apoB BO/ibI paBHO TpuMepHo 2,3 klla, urto
COCTABJISIET OKOJIO 2% OT OOIIEro JAaBJICHUS,
CO3/IaBaeMOTO BCEMU ra3aMu BHYTPH IAPUKA.
[Tocsie TOTO, KaK UYETOBEK BIOXHET 3E€MHOII
Bo3ayx (npumepro 78% aszora u 21% KucJao-
poaa mmoc 1% aproHa m Apyrux rasoB), OH
BBIJ[BIXAeT CMECh COeJAMHEHUil, MOXOXKYI0 Ha
BJIbIXaeMbIil BO3ayX: 77% aszora, 16% Kucjio-
pona, 1% aproHa u 4% yrieKucJaoro rasa, a
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ocrasimecst B mapuke mpu 20 °C 2% — arto
BoJisibIe TIapbl. U aprow, u Boja, 1 yriaeKkuc-
JIBTI Ta3, a TaKyKe BCE OCTATbHBIE BHICOKOMO-
JIEKYJISIPHbIE COEIMHEHNUsT, MPUCYTCTBYIOIIIE
B BBIJBIXaeMOM BO3IyXe, U JIa’Ke KHUCIOPO[
[IPU TIOHUKEHUH TEMIIEPATYPBI 10 TeMIIepaTy-
pb1 kunenws sxkukoro asora (77 K = =196 °C)
KOH/IEHCUPYIOTCS ¥ 3aHUMAIOT HeGOJIbIION
06beM BHYTPU OXJIA/IMBIIETOCS Iapuka. Pe-
3WHOBBIE CTEHKU OXJIAJWBIIETOCS TAPUKA —
3aTBEpJIEBIINE U «CMOPIIEHHbIEY , A CJIEI0BA-
TEJIbHO, CO3/IAI0T MAJIOE JOTIOJTHUTETbHOE JaB-
JieHne BHYTPU MIAPHKA, KOTOPBIM MOKHO U
rpene6peyb. [110THOCTD JKUIKOTO KICI0POIA
U TPHUCYTCTBYIOIINX B JKUIKOCTH TBEP/BIX
BKJIIOYEHUI B BU/lE KPUCTAJJINKOB JIbla U
VIJIEKHUCJIOTO Ta3a MPUMEPHO PaBHA IIJIOTHOC-
TH JKUJKON BOAbI, T.e. okoJsio 1 r/ e’. B
pesyJibTaTte KOH/IEHCUPOBaHHAs (Da3a BeIlecTB
BHYTPU IIIAPUKA COCTaBUT OOBEM, DPABHbBII
puMepto 3 cM°. Bech 0cTaIbHOI 06beM 3aii-
MeT Ta3000pas3HbIil a30T. ITOT 00beM Oy/eT
pasen npuMepHo 10 71-1,04-0,77-77 K/293 K =
= 2104,5 em®. Bumecre ¢ KOH/IEHCUPOBAHHBIM
BEIECTBOM CYMMApHbIII 00beM BHYTPHU IIa-
puka coctaBut npumepno 2107,5 em®.

D2763. Daexmpuueckyio uenv codpau u3
KYCKOG MEOHOU NPOGOLOKU PA3HVLX OUAMEM-
pos d u 2d u pasnwoix daun L u 2L (cm.
pucynox ). Bce yuacmxu yenu naxooamcs 6
6030yxe npu KOMHAMHOU Mmemnepamype

+20 °C. Bweodvr uenu A u B mna ouenv
KOpOmKoe épemsi NOOKAUULU K MOUHOMY
ucmouruky moxa u omx.ovusu. Cpasy noc-
Jle OMKAIUEHUS. KOPOMKUTL YUACTOK NPOGO-
A0KU 60bULeZ0 QUAMEmPA UMeS MeMnepa-
mypy na 1 °C 6oavwe xomnamnoi. Kaxumu
ObLIU 8 IMOM Ke MOMEeHm MmemMnepamypol
06Yx Opyzux KYcKoe nposoJoKU ¢ 00UHAKO-
8bIM QUAMEMPOM, HO PASHOU OJUNHOU?

Ha ydacTKe C 1ocJeJoBaTeJIbHbIM COE€/INHE-
HHUEM [IBYX KYCKOB IIPOBOJIOKN C pPa3HbIMHU
AUaMeTpaMn, HO OANHAKOBbIMHU /IJIMHAMU TOK
OBLI OTHUM 1 TEM K€, ITOOTOMY B IIPOBOJIOKE
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MEHBIIETO JIMaMeTpa BbIJIEJNJI0Ch B 4 pasa
60JIbITIEe KOJUYECTBO TEIIOTHI. A TIOCKOJIbKY
1 Macca TOHKOTO yJacTKa B 4 pa3a MeHbIe
MacChl TOJICTOTO, TO HATPEJICS 9TOT TOHKUI
y4acTok Ha 16 rpagycoB u ero temmeparypa
crasa pasHoit 36 °C. Ecam Ha KOHIAX TOJ-
CTOTO y4acTKa ITPOBOJIOKH OBLIO HATIPSIKEHWE
U, T0 Ha KOHIAX JJTMHHOTO ¥ TOHKOTO y4ac-
TKOB 1poBojia 6bLio Hanpsikenue SU. Tpu
HanpspkeHuu 4U B TOHKOM U KOPOTKOM IPO-
BOjIe TeMIlepaTypa nojHsamach Ha 16 rpay-
coB. Ha takoii ;xe /linHe BO BTOPOM TOHKOM
yuacTke Hanpsprenue 6yqet 2,5U. Iloaromy
POCT TeMIIEPaTyPbl 3TOTO y4acTKa ITPOBOJIO-
ku cocrasur 16 °C - (2,5U/4U)2 =6,25°C.
CuresioBaresibHO, TeMIIepaTypa BTOPOTO TOH-
KOT0, HO JINTMHHOTO yYacTKA MIPOBOJIOKN ObLIa
pasHa 26,25 °C.

®D2764. B nocoM wKOILHOM 30anuu Ha-
wW0CH nomewenue, umeruee gopmy Kyba c
20PU3OHMATLHLIMU NOJIOM U NOMOJKOM. B
UeHmp noaa 3mozo NOMew,eHus NOCMasUIU
KApMOHHLU SWUK, MOXKe UMerouull popmy
Kyba. B mounocmu Had yenmpom 3mozo
AWUKA HA NOMOJIKE CBEMUMCS MALCHLKAS
aamnouxa. Tenv om suwuxa 3anumaem 1/4
uacmv naowadu noaa ¢ nomewenuu. Ecau
AAMNOUKY nepemecmumv wa 1m enus, mo
menv Om AUUKA HAKPOEm 6ecb NoJl, d Hd
cmenax menu ne 6ydem. Kaxos o6sem 3mozo
nomeuienus?

O6o3naunm suinHy pebpa siiunKa /2, a BbICOTY
notoJika Haj nosiom H. CorylacHO yCJI0BUIO
3a/1a4M, BBITOIHSIOTCS 1BA COOTHOIIEHNS:

2 2 _
g MY M H=h
H-h 4 2
2
-h—-1m
H-1m
H-h-1w™m

W3 atux coorHomenuii caenyer, uro H = 2 M.
3uaunt, 006beM TOMelNeHns] paBeH 8 M.



«<KBAHT» AJd MJAAININX NIKOJbHHUKOB

aa4yl

1. MoKaxuTe, Kak MOXHO KaKOW-HU-
Oyab BbINYKAbIM NATUYTONBbHUK pa3pe-
3aTb Ha YeTblpe OCTPOYrofbHbIX Tpe-
YronbHMKa.

QDonbkiiop

2. Ha ctone no kpyry nexaTt Bocemb
Hepa3NMYNMbIX Ha BWA MOHeT. V3BecT-
HO, 4TO POBHO [BE M3 HUX (hanbLUMBbIE.
Hactosume MoHeTbl BECST OAMHAKOBO,
anblUBble TOXe, HO OHU ferve HacTo-

awpmx. Kak 3a [Ba B3BelMBaHWA Ha
YallleyHbIX Becax 0e3 rvpb onpenenuTb,
nexar gasnbluBble MOHETbI PALOM NN
HeT?

A.[pnbanko, KKHorn, H.YepHsarbes

3 . Kopobka pns koHdeT — 310 NpsmMo-
YyronbHUK 4 x5 dyeek. B Hee HYyXHO
NONOXUTb /7 KOHMET (B KaxXayto fA4erky

3apayn 2—4 npegnaranuck Ha XXVIII TypHupe
MateMatnyeckmx 6oes nmexHn AM.CaBuHa.

He Goniee OfHOM KOHMETbI) TakK, YTOOBbI
Ons KaXgoro 4ymcna ot 140 77— 1 MOXHO
OblNO OTOENVTb WMMEHHO CTOMbKO KOH-
deT nMbo ropmsoHTanbHoM, NMOoO Bep-
TVUKaNbHOW NpPSMOKN, MNpoxoAasiien no
rpaHnuam syeek. Mpu KakoMm Hambonb-
LeM /7 35TO BO3MOXHO?

B.KnernybiH

4. Mets n Baca wurpator, genas xodbl
no odepenu, HadwmHaet [leTa. 3a OAMH
X0[, MOXHO MOCTaBUTb (DULLIKY B NOOYI0
cBOOOAHYIO BeplWwUHY 99-yronbHMKa.
Ecnm B ABYX COCEAHMX C HeW BepLUnHax

MﬂﬁlocrpauMM . puriykoBovi

y>XXe CTOST (PULLKK, UrPOK 3abupaeT mx
cebe. HazoBeM Takuve (GULLKN NPU30BbI-
MW. BbIMIrpbIBAET TOT, KTO NMepBbIM CObe-
pet 100 npur3osbix Gulek. KTo MoxeT
BbIMIPaThb, Kak Obl HU MUrpan ConepHmMK?

H.YepHATbeB



KOHKYPC UMMEHN A.II.CABHUHA

Mbi npogomxaem o4epesHOV KOHKYPC M0 PELLIEHMNIO MATEMATUYECKUX 3aA4aY. 33AaHNT PaCcCYUTaHbI
B OCHOBHOM HAa yH4alyuxcs HayuHas ¢ 8-9 kniacca, a 6osee MIaAWNM LIKOTbHUKaM COBETYEM
nonpoboBatb cBou cHIbl B KOHKYPCE XYpHana «KBaHTuk» (cm. cait kvantik.com).

Beicbinarite pewenvs 3a4a4, € KOTOPbIMU CIPaBUTECH, 110 aapecy: savin.contest@gmail.com. Kpome
UMEHN U PaMuiinmy YKaxuTe ropos, LKy U Kacc, B KOTOPOM yYUTECH.

Mb1 npuBeTCTBYEeM yHacTve B KOHKYPCe He TOJIbKO OTAE/IbHBIX LUKOSIbHUKOB, HO M KOMaHg (B Takom
aIyyae npuUcbiiaeTcs oaHa paboTa co CrIUcKoM yHacTHUKOB). Y4acTBOBaTh MOXXHO, Ha4YMHasH € /ilo6oro
Typa. lMobegureneii QYT AUNIOMbI XypHana «KBaHT» v rpu3bl.

3aparns, pewweHns n pesynbTatel My6MKyoTca Ha caite sites.google.com/view,/savin-contest

Xenaem ycnexa!

3. ITarnamarb 60YEK IOCTABUJIA B BUJE
tpeyroabuuka (puc. 1) 1 06TAHYIM KOJIbIle-
BbIM 06pyueM. [llecTHaaiars 60ueK MoCTaBu-

Puc. 1 Puc. 2

I B BuAe KBagpata 4x4 (puc. 2) m ToXKE
00TSHYJIM KOJIbIEBbIM 00pyueM. CpaBnutre
JUTIHBI 3THX 06pyUeii.

I1. Kosxesnuxos

6. lmeroTcs crakad Kode, HAMOJHEHHBIH
Ha 2/3, U TaKoi >Ke CTaKaH MOJIOKA, HAIOJI-
HeHHbrit Ha 2/3. Paspemmaercst mepeuBarh
JM000€e KOIUIEeCTBO KUAKOCTH TyJa U o6paT-
HO, TH[ATEJbHO ee IepeMeIInBas, HO HeJIb3s
HUYEro BBLIMBATh. MOXKHO JIM HOJYYUTb B
O/IHOM W3 CTAaKAHOB HAIIMTOK, COCTABJICHHDBII
u3 MoJioka u kode B nipornopiuu 1:17?

E.Cmupnoe

7. Bacs napucoBaJs hurypy B Bu/e KBapa-
Ta 15X15, B KOTOPOM BbIpE3aHbI YETbIPEe
OTBEPCTHUS B Buje KBagparos 3x 3 (puc. 3).

Puc. 3

Tun 1 Tun 2 Tun 3

Puc. 4

Aty ¢urypy Bacg paspesan na durypku,
Kak/1ast U3 KOTOPBIX OJHOTO M3 TPEX THUIIOB
(puc. 4). UsBectHO, 4TO (DUTYPOK THIIOB 2 1
3 B paspesannu moposHy. CKOJIbKO B paspe-
3aHUN (UTYPOK KasKIOTO THUTA?

C.Kocmumn

8. a) Ilers u Bacs urpaior B Takyto urpy.
ITeta numrer Ha gocke Ja060€ 1ea0e YUCJIO.
Bacst ne BUAMT IOCKY, U €ro 1eJIb — yraJlaTh,
KaKoe 4UCJIO ceiuac Ha JocKe. 3a OJUH X0/
Bacst HaszbiBaeT CBOIO JIOTQJIKy, W €CJU OHA
HenpasuabHasg (T.e. He COBIIAZAET C YUCIOM
Ha JIOCKE B MOMEHT IIPOU3HECEHNS JOTAIKN ),
to Ilerst yBemmumBaer 4mc/o Ha gocke Ha 1,
mocJie yero Bacs mpiTaercst yragath CHOBA.
Bcerna s Bacg moskeT jeiicTBOBaTh Tak,
4TOOBI TAPAHTHPOBAHHO YTAJaTh YUCJIO 32
KOHEYHOE KOJIMYECTBO XO/I0B?

6) Takas >ke urpa u TOT K€ BOIIPOC, HO
teriepb IleTst mocJie KaXK/0ro Xoja MOKeT
U3MEHUTH YUCJI0 Ha 1 TI0 CBOEMY YCMOTPEHUIO
(yBesmmunth mau y6aBUTh Ha 1; HE MEHATb
YHCJIO HEJb3sT).

B) Takag ke Wrpa m TOT e BOIIPOC, HO
terrepb [leTs yBenmunBaer uncsio Ha 1, Korga
Bacuna morajika MeHbIlle 4YKCJa, KOTOPOE
ceffyac Ha JOCKe, ¥ yMeHbIIaeT Jicao Ha 1,
ecsn Bacuna morajika 6oJiblie.

A.Taex (yuenux 11 xaacca)



IIKOJA B «KBAHTE »

leopemMa o Tpex
MIOCKOCTAX

fO0.6JINHKOB

CTATBE BYJET PACCMOTPEHO
OJTHO BJKHOE YTBEPIK/I€HIE, KOTOPOE MOJK-
HO (POPMYIMPOBATD U UCTIOIL30BATH CPA3y TOCJIe
U3y4YeHUs axcuoM crepeoMeTpun. OTMeETHM,
4YTO B BHUJIE TEOPEMbBI OHO BCTPEUYAETCST TOJBKO B
kuure [1] u npuBsizano K teme «Ilapasenn-
HOCTb MPSIMOW U TIIOCKOCTH». WHOrma aTo
yTBepsKaeHne Berpedaercs (B yIpoieHHon nim
apyroii ¢opmymposke) B Buje 3azau (M,
narnpumep, [2], [3], [4]), Ho BHMManue Ha HEM
He aKIeHTHpyeTcs. MBI TocTapaeMcsl YaCTUIHO
BOCIIOJTHUTD 3TOT TIPOGET.

Urak, dopmyaupoBKa.

Teopema o Tpex miaockocrtax. Ecau mpu
NAOCKOCMU NepeceKkamcs no mpem pasiuy-
HOLM NPAMOIM, MO IMU MPU NpsMvie AUCO
napanneviol Opye opyey, aubo nepecexanm-
¢ 8 00HOU mouke.

[oxkazarteabcTBo. Ilyctb miockoctu o u 3
repeceKkaoTes 1o NpsMoil ¢, B 1 Y — 110 IPsIMOii
a, oo u Y — 1o npsmoit b. TTockobKy Kask/ast
napa upsambix (Hanpumep, ¢ u b) JaeKuUT B
OJTHOII TIJIOCKOCTH, TO OHU JTMOO0 1ePeceKaioTcs,
Jn6o TapajiebHbl.

Ecnu nukakue /1Be u3 yKa3aHHDBIX MPSIMbIX HE
nepecekatorcs (puc. 1), To OHM HOIAPHO Ha-
PaJLJIeIBHBI ¥ YCJIOBUE TEOPEMBI BBITIOTHSICTCS.
IIycTb Kakme-TO IBe U3 MPSIMBIX ITEPECEKAIOTCH,
HampuMep, ¢ u b mepecekaiorcsi B Touke C
(puc. 2). Torma Touka C MPUHAIEKUT IOC-
KOCTSIM 3 4 Y, IOCKOJbKY MPUHAIIEKUT UX

7

Puc. 1
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Puc. 2

nepeceuerto (npsiMoit ). C Apyroii cTopoHsl,
9Ta TOYKA MIPUHA/JIESKNUT IIIIOCKOCTSIM Ol Y, TaK
KaK OHa JIeKUT Ha npsimoit b. CiieoBaTesibHO,
Touka C MPUHAIJIESKUT BCE TPEM TLIIOCKOCTSIM, B
YaCTHOCTH, IPUHA/JIESKUT TIepecedeHnto o u 3,
T.e. TIPSIMOi C.

Wrak, npsMble @, b 1 ¢ 00 Iapasie/IbHbI,
Ju6o TEPeceKalTcsl B OJHOW TOYKE, YTO U
TpeGOBaIOCh /I0KA3aTh.

O6pariM BHUMaHWe, YTO B JIOKA3aTeJbCTBE
UCII0JIb30BAJIOCH JIMIID TO, YTO /[BE IJIOCKOCTH
MepeceKaoTcst Mo TIPSIMON.

PaccMoTpuM mpuMeHeHMe JOKa3aHHON Teo-
pembl. HauneM ¢ moctpoenus cedennii. Pemnm
CIEAYIONIYIO 3a/auy.

3agaua 1. a) Bepno au evinonneno nocmpo-
eHue ceuenus mempadodpa na pucyuxe 3?

6) ITocmpotime ceuenue mempasdpa PABC,
npoxodsuyee uepes cepedunvi pedep PA, PCu AB.

Pemenune. a) PaccMOTpUM TpHU ILJIOCKOCTH:
PAC, ABC u niockoctb cedenud. [lo Teopeme
0 TpexX IJIOCKOCTSIX TIPsSIMble MX IONAPHOTO
nepeceueHns Jau60 TapasiIe/bHbl, JUO0 Iepe-
CeKaloTcsl B OiHOI Touke. OcTaeTcst 3aMeTHTD,
YTO HA JJAHHOM UepTesKe He BBITTOTHSETCS HN TO,
nu apyroe. TakuM o6pasoM, IIOCTPOEHUE BBI-
IIOJTHEHO HEBEPHO.

6) Ilycrp M, K u N — yKasaHHbIE Cepe/IUHbI
pebep (puc. 4). PaceMOTpUM TPU TLJIOCKOCTH:
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PAC, ABC n niockoctb ceuenud. [To teopeme
0 Tpex TIJIOCKOCTSAX TMpsSMble WX TOMAapHOTO
nepeceveHust JuGo MapajiebHbl, OO0 mepe-
cekatotcs B oiHol Touke. [Tockonbry MK u AC
MapaJiieIbHbI, TO UMEeT MEeCTO MePBBIN CayJaii.
CrileoBaTesIbHO, CeYeHNe TTPOXO/IUT TAKXKe ve-
pe3 cepeanHy oTpe3ka BC u gBJigeTcs mapaj-
JIeJIOTPAMMOM.

VYupaxxnenue 1. Pemnmre 3azauy 1, ucnosbsys
Apyrue Tpouku IIJIOCKOCTEU.

Eme pa3 momuepkueM, 4TO TeopeMa O TpexX
TLIOCKOCTSX HMCIOJIb3yeT TOJbKO IepeceyeHme
[JIOCKOCTEH, TI03TOMY 3ajlauydl Ha 3Ty TeMy
CTaHOBATCSI JOCTYITHBI B CAMOM HavaJie u3yde-
HUS CTEPEOMeTPHH.

3agava 2. [Ipsameie a u b napairenviol.
Touxa O ne aexum na smux npsmoix (puc. 3).

Puc. 5

Inockocmy o npoxodum uepez O u a, a
naockocmov 3 npoxodum uepes O u b. Ilycmo
MU NJOCKOCMU NEPecexaomes no NPsamoi C.
Aoxaxume, umo npamas ¢ napaiiensvua 0au-
HOIM NPAMBIM.

Pemenue. PaccmoTpuM Tpu 110CKOCTH: O, B
u Yy, mpoxopsmue uepes mpsimble @ u b. Ilo
TeopeMe O TPEX MJIOCKOCTSIX TIPSIMbIE a, b 1 ¢ X
MONIAPHOTO TIepecedenns Ju00 IMapaJiie/bHbl,
160 1epeceKkalores B 0/1Hoii Touke. [lockoabky
a 1 b mapaJisesbHbl, TO UMEET MeCTO IIePBbIil
cJIydaii, 4To U TpeGOBAJIOCH J0KA3aTb.

[Ipu perienuy aToii 3a7a4u Mbl MCIOJIb30Ba-
JI TO, YTO J[Be IapaJ/Lie/iblble MPSAMbIe 3a/a10T
ILJIOCKOCTb.

VYupaxknenue 2. /lokaxure 10T PaKT.

Ha camom pese, Mbl Hay4YUJIHCh peHIATh
JIOCTaTOYHO IMUPOKUIT KJIACC 3a/1a4, CBA3AHHbBIX
C B3AaUMHBIM PACTIOJOXKEHNEM TIPSIMBIX B TIPO-
cTpaHctBe. Hanpumep, aHaJIornyHbIM 00pasoM
MOSKHO PEIIUTH CJeAylolee yIpaskHeHue.
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Yupaxuenne 3. IIpsvbie ¢ n b mapajiebHBI.
[IpsiMas ¢ He JIEXKUT ¢ HUMU B OJHOH TIJIOCKOCTH U
nepecekaet npsmyto b. /lokaskure, 4To MpsSMbIE ¢ U
a ckpemuBaiorcs. Ilonpobyiite cmesatb 310, He
NCIOJIb3yA NPU3HAKU CKPEUINBAIONINXCA MPSAMbDIX.

PaccmorpuM eltie o/iHy 3a/1a4y Ha IOCTPOEHHUE.

3agaua 3. [Tycmv PABCD — uemuvipexyzonn-
nas nupamuda ¢ ocnosanuem ABCD, npuuem
AB u CD napanrenv-
not (puc. 6). Hapu-
cyiime npamyio nepe-
ceuenus NA0CKocmerl
PAB u PCD.

Pemenue. Paccmor-
pUM TPH TLIOCKOCTH:
ABCD, PAB u PCD.
Onu repecekaroTcs 1o
TPeM IIPSIMbIM, JIBE U3
KOTOPbIX IapaJlyiesib-
upl. CJre[oBaTesbHO,
npsMasi Tepecevenust
miaockocreit PAB u
PCD mnapannensuna AB u CD.

Yupaknenue 4. Permure oty ke 3agavy, ecim AB
u CD nepecekaiorcs.

Puc. 6

3ameTnM, 4To B (POPMYJIUPOBKE TEOPEMBI U B
3asauax 16, 2 u 3 BO3HHMKAeT KOHCTPYKILHS,
CBS3aHHAS C TPEMS TTaPAJIIeTbHBIMU MTPSMbBIMHU.
[ToaToMy ciesyomuM IaroM JOTHYHO Oyjer
pPacCMOTPETh TPAH3UTUBHOCTD TMApPasIebHOC-
THU TIPSIMBIX.

3amava 4. [oxaxume, umo Oge npsimvie,
napaiienvrvie mpemveil, napaiieibHol.

Pemenne. Ilyctp mpsamasg a mapasienbHa
PSIMO ¢ n nipsiMast b TrapasiiesibHa npsiMoil c.
Paccmorpum touky B Ha npsMoii b 1 npoBejieMm
mockocTn yepe3 B u ¢ uyepe3 B u a. Torpa atu
MJIOCKOCTHU JIOJIKHBI TIepeceKaThCs 10 MPSIMOI,
napaiebHol npsmbiM ¢ u ¢ (eM. 3agauy 2).
Ho npamasi, npoxozasmias uepe3 B u mapaJ-
JenbHag ¢, equncrBenna (joxaxure!), T.e. b
napaJiiesbHa d.

OTMeTHM, 4YTO [0Ka3aTeJbCTBO C TOU JKe
ujeeii ectb B HEKOTOPbIX ydeGHukax (cM.,
Harpumep, [3]), HO He coBceM MOHATHO, KakK /10
HETO JT0lyMaThbCsl. 3/1eCh JKe ATa U/Iesl BBITJISINT
BIIOJIHE €CTECTBEHHO.

[Buraemca ganbiie. Ha ouepenn — mapas-
JIeJIBHOCTD ILIOCKOCTe. /[ Hauaia BCIIOMHUM
OJTHO BaJKHOE yTBEP:KIEHUE:

Ecau 0se napannenvivie niockocmu nepece-
ueHvL mpemvell, mo JUHUU NepecedeHus Napai-
J1eJIbHbL.
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Vupaxkuenue 5. [lokaxure 5T0T QaKT.

CdopMyupoBaHHOe yTBEPK/IEHUE TaKKe
MOKHO CUHTATH OJHUM W3 CIy4aeB TEOPEMDI O
TPeX IJIOCKOCTSIX, €CJIM MPUHSATD, YTO /(BE Ia-
paJlJieJIbHbIE ILIIOCKOCTH TIEPECEKAIOTCS 110 Oec-
KOHEYHO y/IaJICHHOH TPSMOI.

Temepb BCIOMHHUM BTOpOI NPH3HAK Iapaj-
JIETBHOCTHU TIJIOCKOCTEN.

3apava 5. Ecau dee nepecexarouuecs: npsi-
Mule 00HOU NIOCKOCU COOMBEMCMBEEHHO NA-
PARNETLHDL O8YM NPAMBIM OPY20T NAOCKOCTU,
MO MU NAOCKOCTU NAPALIETOHDL.

Pemenne. O6Go3HauMM MJIOCKOCTH oL U 3, a
npsiMble, B HUX Jiexaiue, ¢, b u a’, b’ coorser-
crBenno, torga d || @', b || . llyctb a nepeceka-
erca ¢ b B touke O. Jlokaxem, uto o || B.
PaccMOTPHUM IJIOCKOCTD, COAEPIKAILYIO d U d’, &
Tak’Ke TTOCKOCTH O 1 3. Ecam miockoctn o i
B mepecexaioTcs, TO MO MPSAMOI ¢, MapaJsLIeb-
Holt @ u @’ (cm. 3amauy 2). PaceMoTpes 1wioc-
KOCTb, IIPOXOJSIINYI0 4yepe3 Ipsambie b u b,
MOJIYYUM, YTO IPsSMasi ¢ TakKe IapaJijiesbHa
upsiMbiM b 1 b, T.e. depe3 Touky O MPOXOASAT
JIBE TIPSIMbIe, TTapaJiiesbhble npsmoii ¢. [TpoTtu-
BOpeune.

Terepb paccMOTPUM yTBep:K/eHUE, CBSI3aH-
HOE € MAPAJLIETBHOCTDIO TIPSIMON 1 TIITOCKOCTH.

OTMeTHM, 4YTO TEOpeMa O TPeX IIOCKOCTSX
[I03BOJISIET U3y4aTb IapaslIeIbHOCTD ILJIOCKO-
CTell ¥ MapaJseIbHOCTD TPSIMOI U TJIOCKOCTH
HE3aBUCUMO JPYT OT JPYyTa, T.e. MOPSI0K U3y-
YeHUs] TeM MOKHO MEHSTb B 3aBUCHMOCTH OT
1esieil 1 BKYCOB YUHTEIs.

3apava 6. Ecau npsamas napaiieivna 08ym
nepecexanuuMcs NJA0CKOCmSAM, Mo OHd Nd-
PANNCTOHA UX JTUHUU NepeceteHus.

Pemenne. OGo3HaYMM I1JI0CKOCTH Yepes O 1
B (puc. 7), npsMyIo WX TIepeceveHns — uepes ¢,
a JAHHYIO TpsMylo — dYepe3 x. Pacemorpum
[IPOU3BOJIBHYIO IIJIOCKOCTD Y, TIPOXO/SILYIO de-
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pe3 psMyTo x U Tepecekarottyio o u . IIyctb
OHa TIePEeCEKAET ITH MJIOCKOCTH TIO TIPSMBIM d 1
b coorBercTBeHHO. [TOCKOJIBKY TIpsiMas x Ta-
paJiiesibHa oL ¥ B, TO OHA mapaJiiebHa IPSMbIM
an b (noxaxure!). [IpuMeHUB TEOPEMY O TPEX
IJIOCKOCTSIX K TIIIOCKOCTSIM O, B U Y, TIOJIy4YrM,
YTO MpsIMble @, b W ¢ TapajebHbl, OTKY/a,
VUUTBIBAS TPAH3UTUBHOCTD TTAPAJJIETBHOCTH, 1
cJIelyeT TapasieIbHOCTD TIPSIMBIX € U X.

Tenepb nepeiieM K MeHee CTaHAAPTHBIM yT-
BEPIKACHUSAM. B HEKOTOPBIX CJAyYasxX YBUAETH
5THU TPH MJIOCKOCTH He Tak 1pocto. Crenyoras
3ajlaya B3dATa U3 3a7auHuka [S].

3agava 7. Tpeyzonvnuxu ABC u AB,C, ne
aexam 6 oonot naockocmu (puc. 8). Uzsecm-

P

Y
Puc. 8

no, umo npamvie AB u A/B;, BC u B,C, AC u
A(C, nonapmno nepecexaiomcs. /{oxaxume, 4mo
npamvie AA, BBy u CC| nepecexaiomcs 6
00Ol MouKe AU NAPATICTLHDL.

Pemenne. Bocrosb3yemcst tem, 4To JiBe niepe-
CeKarolmecs: TpsIMbIe 33/1al0T TIJIOCKOCTb. Pac-
CMOTPHM TPH IJIOCKOCTH, 3a/IaHHbIE ITapaMu TIpsi-
meix: AB n AB,, BC n B,C;, AC n AC,. Torna
[0 TeopeMe O TpeX ILIOCKOCTAX mpsiMble AA,,
BB, u CC, ux nomapHoro nepecedeHus mnepece-
KaloTCs B OJTHOI TOUKE MJIM TapaJijieJbHbl, YTO
n TPe6OBAJIOCH.

OrMeTHM, 4YTO IlepeceueHue IPSIMbIX IIpU
pelIeHnn 331a4r 7 MbI ICHOJIb3yeM TOJIbKO JIJIS
TOro, 4TOGLI OHU OOPA30BBIBATIU ILJIOCKOCTD,
T.e. YCJOBUE 3aJaull OCTaeTcs BepHDBIM, €CJIH
KaKHMe-TO U3 3TUX T1ap NPSIMbIX HapaJiylesbHbl.
Kpome Toro, 311 npsiMble TIepecekaroTcst B Tpex




30 KBAHT

TOYKAX, JISSKAMNWX Ha OJHON TPSMON, Tak Kak
OHM TIPUHAJJIEXKAT TIPSIMON TTepeceueH s MI0c-
KOCTell YKa3aHHbIX TPeyroJbHUKOB. M, Hako-
HEIl, HeJIb3s1 He OTMETHUTD CBSI3b ATOI0 YTBEPIK/Ie-
nus ¢ Teopemoit Jlesapra (cm., nanpumep, [2]).

Tenepbp paccmorpum 3azauy B.B.IIpousso-
soBa ¢ Typuupa ropogos 2009 rofa.

3anaua 8. B npocmpancmee (10 ne ¢ 00nou
NAOCKOCIU) PACNOJOKECHBL WLCTRY PDASIUUHBLL

mouex: A, B, C, D, E u F (puc. 9). Hsgecmuo,
umo ompesxu AB u DE, BC u EF, CD u FA
nonapuo napaiienvivl. Jlokaxume, umo smu
JKe OmpesKu U NONAPHO PASHbL.

Pemenune. PaccMOTpUM TpH ILJIOCKOCTH, 3a-
JIAHHbBIE TapaMH MapaslIe/JbHbIX TPAMbIX:
(ABDE), (BCEF), (CDFA). Onu nepeceka-
1orca 1o npsimbiM (BE), (CF) n (AD). Torpa
ST TPU INpsAMble JHO0 TNapaiebHbl, JTHGO
nepeceKkarTcs B OJJHON TOYKe.

B nepsom ciayuae (ecim OH BO3MOKEH) U3
napamienasnoctn (BE) n (AD) n mapajinenb-
noctu (AB) u (DE) cnenyer, uro ABED —
napaJiesorpamm, T.e. AB = DE, u aHaTOTUIHO
JUISL IPYTHX AP OTPE3KOB.

Bo BTOpOM C/Iyyae mMeeM MpPOCTPaHCTBEH-
HBIH IECTUYTOTBHAK C TOTIAPHO MapasiIebHbl-
MM IPOTHBOIIOJOKHBIMU CTOPOHAMHE U TIEpece-
KaIOIUMUCS B OHOI TOYKE TJIaBHBIMU J{1Aro-
nHasamu. Torga u3 mogo6us HECKONbKUX Hap
TPEYTOJLHUKOB CJICAYET, YTO MPOTHBOIOIOMK-
Hble CTOPOHBI €Ille ¥ PABHBI, T.e. Koa(uiueHt
101061 HEe MOSKET ObITh OTJIMYHBIM OT €/[MHU-
bl (okazkure!).

YnpaxHeHus

6. a) Jlokaxxute, 9TO MEPBBIi CIyYall B peneHnn
3a/laull 8 HEBO3MOJKEH.

6) Ucnosbsys nogo6ue U MeToji OT MPOTHBHOTO,
J0BeUTe pelienne 3a/auil 8 70 KOHI[a BO BTOPOM
cuydae.

7. Pemmte 3agady 8, MCHOIb3ys BTOPOIl MPHU3HAK
MapaJIebHOCTH IIJIOCKOCTEll NI BEKTOPHbIE COOT-
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HOIIEHMA.

OTMeTuM, 4TO, KaK U B 3ajadye 7, B3alMHOE
PACIIOJIOKEHNE MTPSIMBIX Mbl NCTIOJIb30BAJIH LIS
3a/1aHus TJIOCKOCTH. B cueytoneii ommMnma,i-
Hoit sagaue (penoxun B.A.Jlenko), Mbr uc-
I0JIb3yeM ITOT IIPUEM ellle Pas.

3agaua 9. Bce ezpanu suinyxiozo wecmu-
epannuka — uemolpexyzovnuxu. /oxaxume,
MO eCal Y MaAK020 MHO202PAHHUKA HALOeCs
napa nepecexanuuxcs Oudazonaieil, mo y nezo
natidemcs ewe o0na maxas napd.

Pemenne. Ilycts gmaronamun AC;, nm BD,
mecturpannnka ABCDAB,C D, niepecekaior-

A
Puc. 10
cst (puc. 10). Toraa touxku A, B, C; u D, nexar
B OJIHOH ILIOCKOCTH O, T.e. npambie AB 1 CDy
IapaJulesIbHbl 1IN Ilepecekalores. PacemoTpumM
eme jBe maockoctu: AA BB u A\B,C,D,. Torna
110 TeopeMe O TpexX ILJIOCKOCTAX npsamas AbB,
napasaenbHa npaMeiM AB u C;D; B mepBoM
cJIydae U IPOXOAUT uepe3 TOUKY UX Iepecede-
nust Bo BropoM. IIpoBess ananormunble pac-
cyskaenus i mnockocreit o, ABCD u DCC Dy,
noayunM, yto CD Takske napaJsienbHa AB u
C,D; B 11€pBOM CJIyyae U IIPOXOJUT Yepe3 TOUKY
ux mnepecedeHnss Bo BropoM. CiiejoBaTesbHO,
AB;u CD 160 mapaJuiesbHbl, 1160 IepeceKa-
10TCd, T.e. Toukn A, By, C u D nexxat B 0HOIT
miaockocru, a guaronanu A,C u B;D nepecexa-
I0TCS1 KaK [IMarOHaJM BBIIYKJIOIO YeTbIPex-
YTOJIbHUKA, YTO U TPeGOBAJIOCh.
[Tponomkenne 3TOTO CclOXKeTa — 3ajgada o
(raxsxe mpeanokennas B.A.Jlenko) us 3ana4
JLIST CaMOCTOSATEIbHOTO PEIIeHNUS.

D

3apaum pnsa camMocCTosiTeNIbHOro peweHua

1. Ceuenuem tmpamusl PABCD, mpoxomsium
yepe3 Touku A 1 D, siBJIsieTcs Tpanelus ¢ OCHOBaHHU-
eMAD. Onpenennte Buj 9eTbipexyroabunka ABCD,
JIESKAIIETO B OCHOBAHUH TTHPAMU/IDI.

2. B npocrpaHcTBe POBE/EHBbI TPH IPSIMblE, He
JIeKAIne B O/IHOM MJIOCKOCTH, HO MTPU 9TOM HUKAKHe
JIBe He SIBJISIIOTCS CKpenuBaomumucs. /[okaxure,
YTO BCE ITHU TIPSIMblE TPOXOJAT 4Yepe3 OJHY TOUKY
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160 napasaesbHbl.

3. Ilycrb na pebpax AB, BC, CD n AD terpaszpa
ABCD B3sret touku A, By, C;u D cooTBeTCTBeH-
HO. DTH YeTbIpe TOUKHU JIEKAT B OHOI ILJIOCKOCTH
TOT/Ia ¥ TOJbKO TOTJ[a, KOTJa

AA; BB, CCy DD, _
AB BC CD DA
Jlokaxkure 3TO.

4. [lokaxkuTe, 4TO MOXHO Ilepecedb BLIITYKJbII
YeTbIPEXTIPAHHBIN yTOJT TJIOCKOCTBIO TaK, 4TOObI T10-
JIYUUIICS TIapaJIIeoTPaMM.

5. Bce rpaHu BBIMYKJIOTO MIECTUTPAHHUKA — YeTbI-
pexyroabHuku. a) CKOIbKO 1ap [AuaroHaseii s1oro
IIECTUTPAHHNKA MOTYT Iepecekarbesi? 6) Kakoso
BO3MOYKHOE KOJIMYECTBO PA3JIMYHBIX TOUEK Ilepece-
yeHud?

ABrop O6siarojlapeH y4yacTHHKAM BBIE3THOTO
cemunapa yunteneir (Cankr-IlerepOypr, maii,

OU3UYECKUMN

exaHyKa
chepsbl ancoHa

M.HUKUTUH, A.TETT/IAKOB

®EPA JIAUCOHA — 3TO ®AHTAC-

THYECKass KOCMUYECKash KOHCTPYKIIUS pa-
JINYCOM B JIECATKN W COTHW MUJIIMOHOB KHJIO-
METPOB, ITOJTHOCTBIO OXBATBHIBAIOIIAS 3BE3My U
AKKyMyJINpyIomas 60JBIIYIO YacTh €€ 3HEPTHN
JUUIS TIPaKTUYECKOTO UCIO/Ib30BaHus. Briepsoie
MOIOOHYI0  ACTPOMHIKEHEPHYIO KOHCTPYKIIUIO
npetoxkun Mpumen [laiicoH, npeanosoxus,
YTO 1O Mepe PA3BUTHS YEJTOBEUECKON ITUBUII-
3a1un JIoAIM Oy IyTero MoHaA00uTCS UCTOU-
HUK 9HEPIUU, CPABHUMBII II10 MOIIHOCTH C
Counniem. B mocaemyiomem wuzeio /laiicona
MOJIXBATIJIN J[PYTHE ABTOPBI, B PE3YJIbTATE YETO
MOSIBUJINICh HOBBIE ACTPOWHKEHEPHBIE ITPOCK-
ToI: KOJIbIT0 HuBena, pakoBuHa IlokpoBckoro,
crpykrypa Kpucsemna n apyrue. O6beanHsI0
BCE 3TH TIPOEKTHI >KeJaHWe AaBTOPOB HaWTH
HanboJiee MPUEMJIEMbIIl BAPUAHT aCTPOUHIKE-
HEPHOIl KOHCTPYKIIUU, CIHOCOOGHOI BBIJEPKU-
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2023) 3a o6CcysK/eHue MaTeprala 3Toil cTaThbu
1 33 HEKOTOPbIE TIPE/IIOKeHHbIe 3a1aun. Kpo-
Me TOro, aBTOp OJaroJapuT 3a BHUMAaHUE W
MIOJIOSKUTETHbHBIN OTKJINK y4eHnKoB 10 ksacca
MOCKOBCKOTT 1TKOJTBI 2007, KOTOPBIM ObLTa MPO-
YHUTAHA COOTBETCTBYIOUIAS JIEKIUSI.
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ODAKYJIUbBTATHUB

BaThb TUTAHTCKUE YIpPyrue HAIpsLKeHus, Io-
poK/IaeMble JeHCTBUEM CUJIBbI TPaBUTAINN TI€H-
TpaJbHOTO cBeTua. Ilpeycrers B 3aTessHHOM
IOKa He y/IaJoCh HUKOMY — B IIPUPO/IE IIPOCTO
HeT MaTepHaJoB HY>KHOH IIPOYHOCTH U, CKopee
Bcero, Hukorga ne O6yzaer. ITonpobyem pazo6-
patbcs B Ipo6JIeMax CO3/IaHNST acTPOMH KEHEeP-
HBIX KOHCTPYKIHIT, T0100HbIX cepe [laticoHa.

Cratuyeckas cepa [ancoHa

HauneMm c¢ mpocrteiimieii cratndeckoii cdepn
[laiicona, B 1leHTpe KOTOPOIl HAXOIUTCS 3Be3/1a
¢ Maccoif, 6auakoit Macce Conama (Taxoii 3Bes-
JON MOKeT GBITh U Genblii Kapauk). YTo6bi
OIIEHUTb HATIPSIKEHUsI, BO3HUKAIOIINE B MaTe-
puajnge KOHCTPYKIMH cdepbl Mo AeficTBUEM
CHUJIBI TPaBUTAIINHU, BbIGEpeM HeOOJIBbINON aJre-
MeHT cdepbl, Kak mokaszano Ha pucynke 1. Ha
BbIOPAHHDBIN cPepuvecKuii aJieMeHT /IeiiCTBYIOT
CUJIa TPABUTAINU, HATIPABJEHHAS K 3Be3jie, 1
CHUJIbl HAINPSDKEHUsI, HAIllPaBJEHHbIE MO Kaca-
TEJTbHBIM K TIOBEPXHOCTU Ha TPAHUIIAX AJIEMCH-
ta. [l7ag Toro 4TOOBI 3JI€MEHT HAXOAWJCS B
PaBHOBECHW, CyMMa CHJI BJOJb PaIHaTbHOTO
HalpaBJeHus JOJDKHA PaBHATbCSA HyJ 0. U3
ATOTO YCJIOBUS CJIEYET, YTO

GMm

72 = 2mrTg sin 0,
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Cunvt HanpsKenus
6 mamepuaiie

3eesda

Puc. 1. InemeHT crarmqeckou ciepsl [arvicoHa v
CWIIbl, AEVICTBYIOLYME HA HEro

rae G — rpaBUTAIMOHHAs TMOCTOsSIHHAs, M —
Macca 3Be3/lbl, m — Macca aJjieMeHTa, R —
pacCTosgHue OT 3JIEMEHTA /10 3Be3/1bl, ¥ — PaJUyC
OKDY>KHOCTH, OrpaHuuuBalonieii ajgement, I —
CHJIa KacaTeJIbHOI'O HallpsKeHUs, JeiicTBYIO-
masg Ha eAMHUIY JUJIMHBL 3jeMeHTa. Macca
aJieMeHTa ™ PaBHA OOGbEMY ATOrO 2JIEMEHTa,
YMHOKEHHOMY Ha IIJIOTHOCTb MaTepuaJia:

m=pV = pn(R6)2 d,

rae d — rtommuHa cHEpUUECKOro dJIeMeHTa, a
I0Mab chepruyecKoil TOBEPXHOCTH IIPE/ICTAB-
JIeHa KaK COBOKYIHOCTb C(epHYecKuX Tpey-
rosibHUKOB. [lozcTaBiias BbIpaxkeHne /I Mac-
CBL M B YCJIOBUE PABHOBECHS U Y4UTHIBAS, YTO
JUTST MAJIBIX YTJIOB Sin O = 0, mosyunm

Ty GM
rje p — HalpsDKeHHs, BO3HUKAIOLIUE B BbIJE-
JeHHOM cepruueckoM aJieMeHTe W3-3a [Ieii-
cTBUSI €O cTOPOHBI cpepbl. 1o TpeTbeMy 3aKoHy
HploToHa TOYHO TaKoil ske BeJIMYMHbI HATIpsiKe-
HUS Bo3HHUKAIOT B cdepe [laiicoHa co cTOpoHbI
paccMaTpUBaEMOrO 2JIEMEHTA.

OrenuM BO3MOXKHbIC HAIPSIKEHUA A1 cde-
poi [laficona ¢ paguycoMm R, paBHBIM Palnycy
3eMHOI OPOUTDI, U3TOTOBJICHHOI U3 MaTepuasa
motroctsio p = 3-10% xr/m’:

p =102 H/M?* =10 Ila.

HOJIy‘{eHHaH Be€JIMUMHa HalIpAKEHUA Ha MHOT'O
ITOPAAKOB 60]IbIHe, YEM IIpe/ieJIbHbIE HallpAXKe-

2023/Ne10

HUSI, KOTOPbIE MOTYT BbIAEp:KaTh HamboJiee
UCII0JIb3yeMble KOHCTPYKI[MOHHBIE MATEPUAIBI.
Harpumep, pomycTumbie HAIPSIKEHMS /17 Pas-
JINYHBIX MAPOK CTAJIM MOTYT MEHSITHCS B IUAIIa-
3omne ot 100 MIla mo 200 MIIa.

Curyanmio He CHacaioT U yHUKAJIbHbIE HAHO-
MaTepHuaJsIbl U3-3a MPEAEIbHOI CUJIbI HAIPSKE-
HUg, TOPOXKIAeMOll aTOMapHON CTPYKTYpOi
TBepAbIX Tea. OIEHUM <«aTOMHYIO» TIPe/eJib-
HYI0 HapsiKeHHOCTD. [l aToTO cesaeM Ba
JIOTTYTIEHNS: TIPE/TIOI0XKNM, YTO SHEPTUS CBSI-
31 JIBYX aTOMOB TBEP/IOTO TeJIA COCTABJISIET € U
YTO CBSI3b PA3PbIBAETCSI, KOT/Ia aTOMbBI Pa3Be/ie-
Hbl Ha paccrosinue [. U3 atux pomyrieHuit
cJIe[lyeT, YTO JIJisi Pa3pbIBa CBSI3U HYKHA Cpefl-
Hsist cuia, pasHas [ = ¢€/l. Iloapaysick 5THM
COOTHOIIIEHNEM, Haii/leM CyMMapHYIO CHJTY, KO-
TOPYIO HY?KHO TPUJIOKUTH HOPMAJIBHO K 00pas-
Iy TBEP/IOTO TeJia TLIONAAbIo S, 4ToObl pa3op-
BaTh BCE ATOMHbIE CBSI3U B IIOTIEPEYHON I1I0CKO-
cru. Dra cuna Gyner pasia F = fN, roe N —
YUCJIO OJITMHOYHBIX aTOMHBIX CBSI3€ll B paccMar-
pUBaeMOil TIJIOCKOCTH 10 MOMEHTa pa3pbiBa
ATOMHBIX CBs3eil. Umcao Takmx CBg3ed TI0
HNOPAAKY BEJIMYMHBI paBHO N = S/ I? (mapa-
MeTp [, YMCJIEHHO paBeH PACCTOSTHHIO MEXK/LY
atoMamu B TBepaoM Tesie). C yd4eToM 3TOro
COOTHOIIICHUS,

eS
12
Pazpenus na S, nosyunM rnpejiesibHOE HaIps-

JK€eHMEe, KOTOPO€E BO3HUKAET B TBEP/IOM TEJIE ITPU
Ppa3pbiB€ aTOMHbIX CBSI3Ell:

_F e
=—=—.
Sl
JI/ist OlleHKU BEJIMUYUHBI ) MCTIOJIb3YeM XapaK-
repnbie snaverns € = 1 9Bul = [ = 2107 m.

F=[N=

B wrore mosyunm p = 2. 10! 1a, uro snaun-

teapuo menbue 10'2 ITa.

JlaHHDBIN pe3yJbTaT 03HAYaEeT, YTO TBEPIbIE
TeJa B MPUHITATIE HECTTOCOOHBI TTPOTUBOCTOSITH
HAINPSKEHUSIM, KOTOPbIE MOPOKIAIOTCS CUJION
rpaBuTaIuu B cTtatudeckoil cdepe /[laiicona.
OrTciofia ciemyer OYeBUIHbBIN BBIBOJL — CO371a-
HUE TaKoil KOHCTPYKIMH HEeBO3MOKHO. OTMe-
TUM, YTO NPH HCIOJIb30BaHuN ycaosusi [ = [
dopmysa 118 HaPSKEHNS MOKET ObITh 3aIn-
caHa B BUJE p = €n, IJile n — KOHIEHTpalud
aTOMOB B TBEPJIOM TeJIe.

N36aButbcst OT pa3pyIInTebHOrO JACHCTBIS
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CHUJIBI TPABUTAITNH BO3MOKHO TOJBKO CKOMIICH-
CHPOBAB €r0 IOJIHOCTBIO MJIM YacTUuHO. [luist
HTOTO MOKHO BCIO KOHCTPYKImio cepbr (uam
ee 3HAYUTEJBHYIO YaCTh) MEPEBECTH B COCTOS-
HIE HEeBECOMOCTH — TaK, KaK 3TO JeJaeTcs C
NCKYCCTBEHHBIMU cryTHUKamMu 3emun. Cre-
JIaTh 9TO MO>KHO C ITOMOIIBIO MpHuAanus cdepe
BpallleHns1, MeHTPOOeKHAsT CuJia WHEPIINU KO-
TOPOTO CKOMIIEHCHPYET JIefiCTBUE CUJIbI IPABHU-
tarmu. K cokasrenno, y JaHHOTO pelIeH s eCTh
CYIIECTBEHHBII HepocTaToK. M3-3a cdepudec-
KO (pOPMBI CIJTY TPABUTAIINH MOXKHO CKOMTICH-
CHPOBATH TOJBKO B 9KBATOPHATHHOI IIIIOCKOCTH
Bparaoiieiicsi chepol. Bue 3T0il 1110CKOCTH
CHJIa TPABUTAIH 1 IIEHTPOOEKHAs CHJIa HHEP-
I[IM CTAHOBSITCSI HEKOJJIMHEAPHBIMHU, YTO TIPH-
BOJIUT K pa30aaHCUPOBKE U TIOSIBJICHNIO HEHYy-
JIeBOII pesyJibTaTUpyloieil cusbl. HacTuuno
UCIPABUTD ATOT UCOATAHC MOKHO C TIOMOIIBIO
npoduarpoBanus POPMbI TIOBEPXHOCTH KOHCT-
PYKIIUH TaKMM 06pa3oM, 4TOObI Pe3yIbTaTupy-
I0II[as CUJI TPaBUTAIMN U IIEHTPOOEKHOIT HHEp-
1M ObLTa HAIIPABJIEHA 110 KAacaTeIbHOHN K BHEII-
Hell TOBEPXHOCTH MOINMDUINPOBAHHON cheph
Haiicona (MCJI). B atoM ciy4ae OCHOBHOE
JieficTBUe pe3yJibTaTUPYIOliell Cuibl Oy/IeT Te-
peHeceHo BHU3 110 KoHCTpykinn MC/I k akBa-
TOPHAJIBHON TIJIOCKOCTH, T/le OHO Gy/leT CKOM-
MEeHCHPOBAHO JIEHCTBYIONIEH pe3yIbTaTupylo-
et cunl HipkHeld mostosunbl MCJ/l. Mexann-
Ka 3TOTO CTaHeT siCHee M3 MaTepuaJa, IIpuBe-
JICHHOTO JlajIbee.

MoauduumpoBaHHas chepa [ancoHa

Pacemorpum neGosbmioit anement MCJl B
AKBATOpUAJIbHON 11ockoctu. Ha ator asement
JICCTBYIOT JIBE CHUJIbI: TPABUTAIIMU U IIEHTPO-
6e:xHOI MHepnuu. PaBeHCTBO HYJIIO pe3yJbTa-
THPYIOMIEH 3TUX CHJI BO3MOXKHO TIPH BBITIOJTHE-
HUW YCJIOBUSA
GM
R
rae ® — yryioBast ckopocTh BparieHnss MC/I.

PaccmorpuM Terepb MpOU3BOJIbHBIN HEOOIb-
moit asement MCJ/l Maccoit m, HaXOASIUNICS
Ha PAcCTOSIHUM 7 OT 3BE3/Ibl, KaK MOKa3aHO Ha
pucyske 2. Mojy/b IpaBUTAIMOHHON CHJIBI,
JeficTBylomeil Ha 3TOT 3JEMEHT, paBeH

F GMm

[ s N
P rz

uHepun ectb Fg = mw’r cos o, MOJyJIb pe-

w=

)

, MOAYJIb HeHTpOée}I{HOﬁ CHJIbI

3yJIbTATUPYIONIEN CUJIBI PaBEH

\ Y
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Puc. 2. [eomeTpus i, AEVCTBYIOLUMX HA [POn3-
BOJIbHbIV MAsbIv 371EMEHT NoBepXHOCTH MC/]

i

F, = JF2 + F% = 2F, Fy cosa.

Ecm moBepxnocts MC/I pactonoskuth mapaJi-
JIeJIbHO Pe3yJIbTaTUpPYIOlleil cujie, TO CUJIa Jie-
dopmannn matepuana Fy, B cayuae paBHOBe-
cus aaeMeHTa Gy/leT paBHa 10 MOJYJIIO U IIPO-
THBOIOJIOKHA [0 HATIPABJIEHUIO Pe3yIbTHPYIO-
meft cuse. [lua GUKCIPOBAHHBIX 3HAUEHWH O
CYIIECTBYIOT TaKue 7, JJis KOTOPDbIX Pe3y./IbTH-
pyiomiasi cuia MuHuMaabia. UTo6bl HAliTH TH
7, BO3bMEM ITPOM3BO/IHYIO OT BBIPASKEHMS JIJISI
F, no r. IIpoaenas HecoxHble BbIYUCIIEHNS,
MOJTyYNM ypaBHEHWE TeCTOH CTeTeHN OTHOCHU-
TEJBHO 7

75 cos® o+ R3r cos® o — 2R® = 0.

UucieHHOe peliieHne 3Toro ypaBHeH!s ITOKa3bl-
BaeT, 4YTO y Hero IecTb KOpHEH, OJUH U3
KOTOPBIX MMeeT (PU3MIECKUil CMBICJ, YeTbIpe
KOPHSI MHUMbIE 1 OINH OTpHIaTeIbHbIi. Bere-
CTBEHHBIH KOPEHb 1 3a/1aeT PopMy orubarorniei
KPHUBOH, KOTOpas OIpejesseT IOBEPXHOCTD
spaienust MC/l, cuMMeTpUYHYIO OTHOCUTE b=
HO a3UMyTaJIbHOH ocH. YTJIbI B 1 Y, 3a1ai011ue
MOJIOKEHNEe HOPMaJIM 1 KacaTeJbHOI K TIOBepX-
HOCTU MAJIOTO 3JIeMEHTa 1, ONPeJIeISIIOTCs Ta-
KM COOTHOIIECHISIMI:

sinot  siny
—=—, B=90-y.
k Fyp

PacyeT popMbl NoBepXHOCTU
1 HanpsbkeHnn B MCJ,

Wcnoubays moJrydeHHble 3HAaUEHNST PA/IILyCOB
¥ U YIJI0B O, HETPYAHO TOCTPOUTH (HOPMY
noBepxuocTtn Bpamieanst MC/I, skBatopuasb-
HBIIl pajinyc KOTOPOWl PaBeH PACCTOSIHUIO OT
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Puc. 3. [eometpus nosepxHocTv BpatyeHus MO/
u cus, AEACTBYIOLMX HA EAUHWYHYIO Maccy ee
BeLecrisa

Cogatia 1o 3emun. MepuInoHaJbHBIN pa3pes
atoit MC/I mpezcTraB/ien Ha pucyHke 3. 37€ch
yepe3 f , fz u fr 00603HAYEHbI PABHO/IENHCTBYTO-
as cujia, ee oceBas M TOTepedHast COCTaBII-
I01I[He, JIEHCTBYIONINE HA TOYEUHYIO eJINHUIHY O
maccy Mmarepuasa MCJl. DyHKIHOHATbHBIE
3aBUCUMOCTHU MOJTYJIS PE3YJIbTaTUPYIOICH CHITbI
f 1 ee IPaBUTAIMOHHOI COCTaBJISIONIEN f o

3aBUCHMOCTH OT yIJIa ¢ IIPUBE/ICHBI HA PUCYH-
ke 4. Xopomo BuaeH 3P EKT KOMIEHCAIIH
JIETICTBUS CHUJIBI TPABUTAIIH C TIOMOIIBIO ITEHT-

0,040
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0,030+
0,025t
0,020+
0,015t
0,010
0,005+
0,000¢
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Puc. 4. 3aBUCLIMOCTE MOZYAEN PE3YIIL TUPYIOLLIEN

cunibl M Cunibl rpasuTaumy or yrsia o. CuHAS

JIMHYIS ITOCTPOEHA 4719 R = 1 a.e. (opbura 3emmm),

opaHxesas — 414 R = 0,387 a.e. (opbura Mep-

Kypums)
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poGesxnoii cubl unepin. dddekt Hanboee
BbIpaXKeH B o61acTi yryios, Menbiinx 20°. [Tpu
6OJIBIINX YIJIaX CHJa TPABUTAIIMU M 1EHTPO-
6eXHast cuJia WHEPIUHM BHOCST MPAKTHYECKU
paBHbIE BKJIA/IbI.

PaccMotpuM Terepb BONPOC O HAIPSKEHH-
SX, KOTOPbIe BO3HUKAIOT B MOJIU(UINPOBAH-
Hoit cepe laiicona mpu AeHCTBUN CHJIBI Tpa-
BUTAIIMM U IEHTPOOEKHON CHJIbBI MHEPIINN.
OceBasi cocTaBJsONAs Pe3yJbTaTupyloniei
CHJIBI TIPOEIMPYIOTCS Ha cedyeHue cdepbl B
9KBATOPHAJIBHON IIJIOCKOCTH W CO3/laeT TaM
JlaBJIeHIe aHAJIOTUYHO TOMY, KaK CO3/1aeT TH/I-
pocTaTudecKoe IaBJeHne CHJIa TSHKECTH Ha 3eM-
sie. [lonepeunasd cocraBJdionias CUJbl BbI3blBa-
eT pacTsiKeHne Matepuasta cepbl B HOTIEPEYHOM
HAallpaBJICHNN U TOPOK/JAET HalpsiKeHue, Jieii-
cTByIOlIME B MepuanoHaabHOM cevennun MC/I.

[TombrTaemMcst OIEHNTD BEJMYIHY STHX HAIPsI-
skennil. Haunem ¢ Haxoxx/eHUs JaBJIeHUs, KO-
TOpOE OKa3bIBaeT Kaxkjas moJycdepa Ha Apy-
T'YIO B 9KBAaTOPUAJIbHOM IJIOCKOCTU. ITO JlaBJie-
HUE MTOPOXKJAETCS BCEMH OCEBBIMH KOMIIOHEH-
TamMu cuaibl F,, geficTBytomieil Ha KaxK/blil aJre-
MeHTapHbI 06beM cepbl. C yyeToM aKkcHalb-
moit cmvmerpun MCJ/I B KadecTBe aJjieMeHTap-
Horo o6bema 1eeco00pa3Ho B3SITh YYaCTOK
CTEHKH TOJIIUHON A, BBICOTOW f; W MIHPHHON
l; = 7.0, Tiie © — MaJbIil akCHaIbHBIH yroJI, Moz
KOTOPBIM BHUJICH € OCH z OTpe3ok [; (Mepuumo-
HasbHBIH cpe3 yyactka MC/l npe/craiieH Ha
pucynke 5). Macca BBIGPAHHOrO 3JieMeHTa
pasua m; = pAkr, 6, rae — p maoTHOCTD Marte-

— A w3

X R

Puc. 5. MepuamnoHaibHoe cevyeHmne CTeHKMU v Bbi-
JESICHHOIO 371eMeHTapHoro obbema MCL]

36e3da
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puaJjia C(bepbl. OceBast KOMIIOHEHTA CHJIBI, Jeii-
CTByIOH.[efI Ha 9TOT 3JIEMEHT, paBHa

F, = pAhzﬂini siny;,

rjie [; — MOJyJib CHJIbI, JAEHCTBYIONIEH Ha e/i-
HUYHYIO MacCy B MeCTe HAaXOXK/IEHUsl dJIeMeH-
tapHoro o6bema cdepnl. UTo6b! HaliTu AaBIIe-
HUE B 9KBATOPUAJILHON MIJIOCKOCTH, HY’KHO ITPO-
CYyMMHpOBaTb 110 BceM F;, W pasgenuTb Ha
OTOPHYIO ILIOIA/Ib, HA KOTOPYIO TIPUXO/UTCS
nefictBue Beex atnx cma Fj,. B pesynabrare
MOy 4uM

[ PABr Bf;siny; | p & .
Pn = 21: T RAO —E;(hﬂﬂ SlﬂYi),

r7le CyMMUPOBaHUe UET 10 BCEM 3JeMeHTap-
HBIM 06beMaM, 3aKJII0YeHHBIM BHY TPH aKCHAJIb-
HOro yrJa 6. 9rta cymma MoKeT ObITh HaiijieHa
MPUOIUIKEHHO C TIOMOIIIBIO TIOAXO/ISIIETO BbIGO-
pa uncsa N, KOTOpOe oTipe/iesisieT YUCJI0 pas6u-
ennii ocu z Ha orpesku f;. Ha pucynke 6

2000
17507
5 15007
B 12507
<1000t
= 7501
500t
2501
o — , 4 4 4
0 10 20 30 40 350 60 70 80
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Puc. 6. 3aBUCHUMOCTI OCEBOIro HArPsSXeHUs B K-
BaToOpraibHoW [/10CKOCTH OT yr7ia o . CuHAS
JIMHWA MOCTPOEHA [J1 3eMJIv, OPaHXEeBasa — 1A
Mepkypus

TIPEeJICTAaBJICHbI Pe3yJ/IbTaTbl pacdyeToB p, A

Mateprasia ceppl IJIOTHOCTbIOP = 3 - 10° Kr/ M
B 3aBHCHUMOCTH OT yrIJia O, KOTOPbIil CBSI3aH C
nporskennoctbio MCJI o ocu z (ueM 60.1b-
e o , TeM nporskennee MCJL Bposb ocu z).

O1eHnM Temepb TMONEepevYHbIe HAPS)KEHNS B
matepuane MCJ/I. /i 9TOro paccMOTpuUM He-
60JIbIII0} A1eMeHT 060JI04KY CDEPDI, e
B ILJIOCKOCTH, MEPIEHANKYISIPHOIl OCH Bpalile-
nug (puc. 7). Ha aroT s71€MeHT A€iiCTBYIOT
MoTrepeyHasl COCTaBJISIONIAS Pe3yJIbTaTupYIo-
weit cuivt Fy = pAlyr, Of; cos y; n cuibt Hanpst-
JKeHusT Ha TopIllaX »dJeMeHTa, paBHbBbIe
Ts = p;sAh;, tie p;g — HANPsDKEHNE Ha TOPIe-

3eesda

Puc. 7. [TonepeyHoe ceqerme snemeHTia MCL v
AeVICTBYIOLYME H3 HErO CUJIbl

BOI MOBEPXHOCTH dJieMeHTa. [[Jis1 MaJsbIX yIioB
0 nmMeeM Takoe ycJIOBHE PABHOBECHS 3JIeMEHTA!

2T sin O = 2p;sARO = pAlyr, 6f; cosy;,

OTKyJa CJEAYET, YTO

1
Pis = Epﬂ,fi cosy; .

PesynbraThl pacyeToB pg B 3aBHCUMOCTH OT
yrJja o IpUBe/ieHbl Ha PUCYHKe 8.

I'paduku wa pucynkax 6 u 8 MOKa3bIBAIOT,
YTO TOJBKO B JOCTATOUYHO Y3KOM JHAla3oHe
YIJIOB 0L HATPSDKEHWS OKA3LIBAIOTCS TO BEJH-
YIHE HUJKE TIPE/IeIbHBIX HATIPSUKEHNUH, Xapak-
TEPHbIX JIJI51 GOJIBITMHCTBA COBPEMEHHBIX CBEPX-
MIPOYHBIX MATEPUAJIOB. JTOT JMANA30H a3NUMYy-
TAJIbHBIX YTJIOB B YBEJIMYEHHOM MacITabe Ipe/i-
cTaBjieH Ha pucyHke 9. Kak BujHO U3 3TOTO
PHCYHKA, TOJIbKO B 06JIACTH YTJIOB O MeHbIIe
1,5° [t opOuTbl 3eMJn pacuyeTHble HarpsiKe-
nusg B Matepuaje MCJ/l okasbiBatoTcsi HUKe

0 10 20 30 40 50 60 70 80
Veon a,°

Puc. 8. HarnpsxeHws Ha TOPLEBOY MOBEPXHOCTH
3JIEMEHTa C /I0THOCTbO 3 -1 0’ Kz/ M. CuHga
JIMHNS [TOCTPOEHA U181 3eMJTH, OPaHXEeBas — A/1d
Mepkypusa
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4+ 77 KpI/ITI/I‘{eCKOC HallpssKenue

0,000,250,500,751,001,251,50 1,75 2,00
Yeon a, °

Puc. 9. lNpuskBaropmalibHas 0bacTs yr7ioB o., B
KOTOPOU HanpsxeHus B marepuane MCL mMeHb-
e rpenebHoro HanpsxeHus p = 1 11la

npesiesbHoro Hanpspkenus p = 1 I'lla. Oror pe-
3yJIbTAT O3HAYAET, YTO BO3MOKHO co3sanme MC /]
TOJIPKO B BH/E JOCTATOYHO IMHPOKUX KOJIETI,
PACTIOIO’KEHHBIX B NTPIIKBATOPUATBHON TIIIOC-
Koctu 3emuoi opoutot. [Ilupuna koer L orpa-
HmynBaercs yeaosueMm L < 20R. [{nst opOuTh!
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3eMJ MaKCHMaJIbHAaS MIHPUHA KOJbIIA JIOJIK-
Ha YIOBJIETBOPSATH HEepaBeHCTBY
L< 2,6-106 kM. Kaxk BujHO, TeopeTHuecKu
BO3MOJKHO CO3/[JaHWe KOCMHWYECKUX KOJeIl B
GOJIBIIIOM JINATIA30HE MIUPHUH: OT Y3KUX B ThICS-
YN W JECATKN TBICSAY KHJIOMETPOB J/I0 OYEHDb
MUPOKUX B MHJIMOHBI KUJOMETpoB. Taxme
KOJIbI[A TIPUHSATO HA3bIBATh KoJbitaMu HuBena,
o umenn nucaress Jlappn Husena, koTopbrit
BIIEPBbIE OIUCAJ TI0J00HOE KOJIbIIO B CBOEM
pomane «Mmup—Koabio», msmannoit B 1970
roay. Hysxmo otaats qomxHoe dpanrtacty JI.Hu-
BEHY, KOTOPbIil, He Oyayyu (PU3NKOM, MHTYH-
TUBHO YBH/IEJT KOHCTPYKIIUIO MPUHIUMUATIHHO
peasma3yeMoro acTpONHKEHEPHOTO COOPY KEHUS.
B aTom otHomenun ero dantacTuyeckas naes
okasaJsach peasucrtuunee wujgen D./laiicona,
TPeIVIOKEHHON (DU3UKOM.

ABTOpBI BBIpasKaOT GiarogapHocts Mapuu
Bacnmnmenoii, yuennie 9 xmacca COIIL Ne 47
roposia Kanununrpasa, 3a nomoln B IpoBe/IeHIN
YUCJIEHHBIX PACYETOB.

JABOPATOPUA «KBAHTA»

SNEeKTPM4eCTBO
C napycamm

C.TEPACMOB

OJKHO JIN TVIBITD, I¥YA B ITAPYC
co6cTBeHHON oK ? OKaspIBaeTCs1, 910
BITOJIHE BO3MOYKHO, €CJIU JIO/IKA HaMarHuJyeHa, a
B armMocdepe TeueT 3TeKTPUIECKU TOK.
Y6enntbesi B 9TOM MOKHO [PEK/Ee BCEro
IKCIEPUMEHTAIBHO. [1JIs1 9TOTO He HYKHBI CJI03K-
HOoe O0O0Opy/OBaHWe, CHeNHWaJbHAs XUTPas WU
KanpusHasi o0paboTKa 9KCIEePUMEHTATbHBIX
Pe3yJIbTaTOB, BbICOKOE HAIIPSIKEHIE U CUIbHbBIE
toku. HyskeH 0ObIYHbIN TTUJIMH/PUYECKUIT Mar-
HUT, IUJITHAPUYECKas KIOBETa ¢ MEJHON BHYT-
penneit 60KOBOII TOBEPXHOCTHIO M OCHIO B BH/IE
TOHKOTO MEJIHOTO CTEPKHS, 3JIEKTPOIIPOBO/IA-
mas sKuAKocTb (MeAHbII Kynmopoc — K mpume-
py). B kauecTBe MCTOYHMKA 3JIEKTPUYECKON
HEPIHUH JIOCTATOYHO B35ITb OOBIYHBIN MCTOYHUK

DOI: https://doi.org/10.4213/kvant20231005

TIOCTOSTHHOTO TOKA C MaKCHMaJbHBIM TOKOM B
HECKOJIBKO aMIiep.

IlosBechTe MarHUT Ha TOHKOIT HUTH Ha/l KIOBE-
TOM C 9IEKTPOTTPOBOIAIIEN JKIIKOCTBIO, B KOTO-
poil OT Kpas K HEHTpPY TedeT 3JeKTPUYECKUil
TOK, — KHJKOCTh HauHerT Bpamatbes (puc. 1).

Puc. 1. Maraut Hag XuaKoCTbio C 371eKTPUHECKUM
TOKOM



JABOPATOPHUA

CuiibHee TOK — ObICTpee BpaIlaeTcs JKUIKOCTb.
qEM 6JII/I>Ke MarHuT K HOBerHOCTI/I JKUIKOCTH,
TeM cHJIblee Bpatienye. Tak 1 JoKHO ObITh: Ha
TOK B KHUJKOCTH, TIJIOTHOCTB KOTOPOTO i, Jefi-
cTByeT cusia Amrmepa f , TIePIeHANKYJISIpHAs
HalpaBJICHAI0 TOKA M MHYKIMM MarHUTHOTO
o1 B, co3paBaemMoro MaruuToM. 11oHsaTHO, 94TO
BCe OCTaJIbHOE, BKJIIOYas TPOBO/Ia BHEITHET AJIeK-
TPUYECKOI I BMECTe C HUCTOYHUKOM TOKA,
JIOJIKHO BpAIIATbCsl B IIPOTUBOIOJIOMKHOM Ha-
MpaBJIeHIH. JTO — CJEACTBUE 3aKOHA COXpaHe-
HUS MOMEHTA UMITYJIbCA: B 3aMKHYTOI CUCTEMe
CYMMAapHBIIf MOMEHT CHJI CTPOTO PaBEH HYJIIO.

IToka HIYero HeOGBIYHOTO, HEOPAMHAPHOTO U
WHTEPECHOTO He TTPOUCXOJINT, Pa3Be UTO MArHUT
IMOKOUTCST, KaKOI Obl TOK B SKUKOCTH 1 BO BCeil
3JIEKTPUYECKOII et He Tek. HaBephoe, Maruut
CJIMIIKOM TSIKeJl, YTOObI €ro TIOBEPHYJI CJIa0blii
aJIEKTpIUecKuii Tok. BripoueM, o mpuunne, 1o-
yeMy MarHWT He BpallaeTcs W He JOJKEH Bpa-
MAThCs, TTOTOBOPHUM TTO3Ke. A BOT €CJIM MaTrHUT
cHa6auTh 1mapycamu (puc. 2), BO3HHKAOT He
TOJIBKO BOITPOCHI, HO 1 /TAJIEKO UAYIINE BBIBOJIBI.
[Tapyca — aT0 4TO-TO BpPO/ie KPBLIbYATKH, U3TO-
TOBJIEHHON U3 TIJIACTMACCHI, 2JIEKTPUUECKUIT TOK
OHa He TIPOBOUT. Takoe pucrocobIeHre, Tpe/-
BapUTEILHO IEPEBEPHYB ero BBepX Horamu (1ipo-
CTHTE — BHHU3 TApPyCaMm), YCTaHABIUBAEM TIO]
MarHutoM. IIpu aTOM paccTosiHre OT HUMKHErO
OCHOBAHUS MaTHUTA /IO TOBEPXHOCTH JKUIKOCTH
CJIeZ[yET OCTAaBUTb HEM3MEHHDIM.

[Ipexxjie yeM BKJIIOYATH HJEKTPUYECKII TOK,
MOJKHO ITOITbITATbCA yI‘a]IaTb, qTo HpOHSOﬁIIeT C
KUAKOCTBIO 1 ¢ MarauToM. (MHTepecysch Tem
NJIN UHBIM dBJICHUEM, TaK HOCTyHaIOT BCQI‘[[a.)

Puc. 2. Marsur ¢ napycamu B XuGKocT C 3J7€K-
TOUHECKUM TOKOM

«KBAHTA »

Mpicab TiepBast: HOCJIe BKJIIOUEHUS 3JIeKTPH-
YeCKOTO TOKa KUIKOCTD ITepecTaHeT BPaIaThCs,
MarHuT OCTaHeTCsl HeNoJBIKHBbIM. Ho aTo He-
BO3MOXXHO. BepHee, BO3MOJKHO TOJIBKO B TOM
cJlydyae, €CJIM MarHUT IIPOYHO IPHUKPEIIeH K
MO/IBECY M HUKAKAasl CHJAa He MOJKET ero HoBep-
HyTb B Ty WJIN HHYyIO cTOpoHy. Ilokoil MaranTa
MOKHO OGOCHOBaTb U TAaKUMU apryMeHTaMH.
Bpamatoniasicst skujikoctb 06J1a/[aeT MOMEHTOM
UMITyJIbCa, KOTOPDIi Tiepegaercs: napycam. s
TOro 4TOObI 3aCTABUTh MArHUT TIOKOUTHCSI, STOT
MOMEHT MMITYJIbCA JIOJI’KEH ObITb CKOMIIEHCHPO-
BaH CHJION, JleficTBYyIOleil Ha napyca U Ha Mar-
HUT, HO CO3/IAIONIEeH TTPOTHBOMOJIOKHO HAIPAaB-
JIEHHBIIt MOMEHT nMIyJibca. He GbL1o aT0ii crtbl,
KOI'/Ia y MarHuTa He ObLIO 1apyCcoOB, HE MOTYT ee
CO3/1aTb W HETIPOBO/IAIIIE TLTACTHHBI MTapyCOB.

Mpbicib BTOpast: TP BKJIIOYEHUH TOKA MarHUT
GyJieT BpaIaTbcsl B IIPOTUBOIOJIOKHOM HAIPaB-
siennu. Ho He MoryT napyca cos3ziaTb MarHuTHy1o
CHJIY, CBOUM JIEHICTBUEM ITPEBBITIAIOILYIO N3MEHe-
HIE MOMEHTA MMILYJIbCa BPAIAIONIEICs JKI/KO-
cru. Bouiee Toro, ecsin 6e3 napycos jpeiidp Hocu-
TeJsiell TOKA B JKMJIKOCTH HPOUCXO/IJI, BOOOIIE
TOBOPSI, TIO CIIMPAJIH, TO IIApYca ero JesaoT 6osee
MPSIMOJIMHEHHBIM, B HAHOOJIBIIEIl CTETeHN TIPO-
ucxoxamumM 1o paauycy. (YMeHpiuenne He-
OIpe/IeJIeHHOCTH HUKOT/Ia He TIPUBO/IHT K T0sIBJIE-
HUIO HEOIPe/IeIeHHBIX a(D(EKTOB U sIBJICHMUI. )

OcraeTcs ToJIbKO OJIHO, U peasbHbIi TpocTeii-
MU SKCIIEPUMEHT 3TO TIOJATBEPKAAeT: MArHUT
BMeCTe ¢ TapycaMHi BPAIAeTcs B Ty JKe CTOPOHY,
YTO U SKUAKOCTD C TEKTPHUECKUM TOKOM. IIpo-
UCXOJIUT CJIe/lyiollee: MarHuT B 3JIEKTPOIPOBO-
JISIell SKUJIKOCTH CO3/IaeT BpallleHne, KOTopoe
3aCTaBJIsIeT BPAIaThCsl €ro ke BMecTe ¢ Imapyca-
Mu. O6pasHO roBOPsI, MATHUT <«/1y€T >KU/IKOCTHIO
Ha CBOM >Ke Tapycay, 4TO 3aCTaBJseT ero JIBU-
raTbCsl BMECTE C «KU/IKOCTHBIM BETPOM>.

SIBneHue 3aciy’kuBaeT TOro, 4yToObl O HEM
MIOrOBOPHTD MO/IPOGHEE, XOTS CKa3aHHOE BbIIIIe —
He MbICJIEHHbIII 9KCIIEPUMEHT, a BIIOJIHE PeaJib-
HOE HEOJIHOKPATHO IIPOBEPEHHOE SIBJIEHNE.
[Ipexe Bcero HeO6XOAUMO OOBSICHUTD, TIOYE-
My MarHUT He BpallaeTcs W He J0DKEeH Bpa-
marbest. {y1st Toro 4To6bl BO3HUKJIO BpallleHHE,
JMO0 MarHUT JIOJKEH ObITh aKCHATbHO HECHM-
MeTpuieH, Jm6O JOJKHO ObITb BbIJIEJIEHHOE
HarpasJieHne s Bosjeiictusi. Her Hukaxkmx
OCHOBAHMIi 110/[03PEBATh MATHUT B €r0 CUJIbHOI
ACHMMETPUH: ITPH GOJIBIIIOM TOKE OH COBEPIIAeT
o4eHb GoJibiioe uncyao o6opotos. [losepuure
KIOBETY, & OHa CHMMETPHYHA, Ha YTOJI IPa/[yCoB
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Ha 90, HMYero He M3MEHHUTCS: KAaK MArHUT
BpalIfajics, Tak u Bpaiaercsi. MoXKHO /la’ke TOK
B KIOBETY T10/IaBaTh 110 GUUISAPY, T.€. IPOBOJI-
HUKAMU ¢ MUHUMAJbHBIM PACCTOSTHHEM MEXK]Y
HuMu. Byner To ke camoe.

MOJKHO MHaue: MarHUTHOE II0JIe, CO3/aBae-
MO€ OJIHOPO/IHO HaMarHMYeHHbIM TEJIOM, B TOY-
HOCTH COBIIA/[a€T ¢ MATHUTHBIM II0JIEM TeJIa, 110
TOBEPXHOCTH KOTOPOTO TE€YET TOK, MO BEJINIUHE
U TI0 HAIIPABJIEHUIO COBIA/IAIONINII C MOJIEKY-
agpHbIM TokoM. (Dto — rumoresa Ammepa.)
BexTop HaMarHM4eHHOCTH OJHOPOIHO HaMar-
HUYEHHOTO MarHNTa HAIPaBJIeH M0 BEPTUKAJIM,
3HAYUT, MOJIEKYJSPHBII TOK C ILJIOTHOCTBIO ]
SIBJISIETCSI  AKCHAJIBHDBIM, MEPIIEHANKY TSI PHBIM
paJilycy MarHuTa BCIOIY HA €ro MOBEPXHOCTH.
Kak 6bI He ObLIO HAIPaBJICHO MArHUTHOE TI0JIE
EC, cOo3/1aBaeMoe BHENIHEN 3JIeKTPUUECKON 11ie-
b0 U TOKOM B JKUJIKOCTH, U KAKY10 Obl BEJINYH-
HY OHO HE COCTABJISLIO, CHJIA fM MePIEeHNKY-
JISpHA HAIPABJIEHUIO TOKA, T.€. HE CO3/aeT
BpalllaTeJIbHbIIl MOMEHT, IeHCTBYIONUN NN He
JleficTBytoluii Ha Mmaraut. HeT BpamareibHOTO
MOMEHTA — He JI0JIKHO ObITh M BPAIEHHs, & OHO
eCThb U JIOJIKHO ObITh!

YUt0o6b1 pazo6paThCst ¢ ATUM HKCIIEPUMEHTAb-
HbIM (pakToM, o6patumcs K Mogean (puc. 3), B
KOTOPOII MarHUT TIPEJCTaBJEH B BUIE TOHKOTO
JIICKA, HAMArHUYEHHOTO BJOJIb BEPTUKAJIBHOI
OCH, BHEIHSS 9JIEKTPUYECKask IIellb BMECTE C
HMCTOYHUKOM TOKA BBITVISAUT Kak [I-o6pasmbrii
MIPOBOJIHUK C TOKOM, a YYacTOK >KUKOCTH,
JIEHCTBYIONINI HA OJIUH U3 MapyCOB, MPEICTaB-
Jisiet co00ii yuacTok Toka, 0603HayeHHbIit CuSO 4.

IIposodnux
C MOKOM

Puc. 3. Monenb MarHuta ¢ rapycom

2023/Ne10

[TockoJibKy [UCK HAMAarHWYeH BEPTUKAJIBHO,
MOJIEKYJISIPHBIE TOKU BHYTPU JMCKA KOMIIEHCHU-
PYIOT IPYT [Ipyra; HECKOMIIEHCUPOBAHHBIM OC-
TAETCS TOJIbKO TOK J, <«TEKyIIuii» 1mo o601y
nucka. [lns mo60ro HalpaBJIeHUsS MATHUTHOTO
101 B, CO3/1aBaeMOro TOKOM I B IPOBOIHUKE
1 B y4acTKe KHU/KOCTH, a 3HAYUT, U I JT000I
(bopMbI IPOBOIHNKA CUJIA f,, HATIPABJICHA BJI0JIb
pajmyca Jucka.

CucremMa 3aMKHYTa, 3HAUMUT, CYMMapHbBII
MOMEHT CIT paBeH Hy.1i0: N = (. B cucteme tpu
TeJla: MarHWUT C TIapYCOM, YYACTOK KUJIKOCTH 1
IT-06pasmbiii MPOBOJHUK, CJI€AOBATENIBHO, B
CyMMapHBIl MOMEHT CUJI JIOJDKHO BXOJAWUTH 9
caaraeMblx. Maruur ¢ mapycom cam Ha ce6st He
JIeHiCTBYeT, JKUKOCTD caMa Ha ce0st He JIeiiCTBY-
eT, TIPOBOJIHUK caM ceGsl He BPAIAeT — OCTAIOCh
6 craraemMbIx. B3amMoselicTBue TOKOB B 3aMK-
HYTOI 11eru, BKJIovaiotiei B ce6st [1-o6pasubrit
ITPOBOJIHUK U SKU/IKOCTb, HUKAKOTO BpAIEHNUsI
He CO3/laeT — OCTaJIoCh 4 caraeMbIxX. ITockon-
Ky BHEIITHSIS TIETb 1 TOK B 3KU/IKOCTH He BPAIIaloT
MAarHuT C ero MOJIEKYJISIPHBIMU TOKaMHU, TO OCTa-
I0TCS TOJIBKO JIBa CJlaraeMbIX: BpallaTe/bHblii
MOMeHT N, IeCTBYIONIHII CO CTOPOHBI MarHuTa
Ha SKUJKOCTb, W BpamlaTe/ bHblii MOMeHT N, ¢
KOTOpbIM Marhut Jeiicrsyer Ha Il-o6pasubiii
MPOBO/IHUK, 1103TOMY N; + N = 0.

Koneuno, cuma, ¢ KOTOpo#l >KUAKOCTb [€Hi-
CTBYeT Ha Iapyc, paBHA ¥ IIPOTHUBOIOJIOKHA
cuJie, ¢ KOTOPOH mapyc JelcTByeT Ha y4acTOK
JKUJIKOCTH, HO ATH CHUJIbI JIEHCTBYIOT HA Pa3Hble
tesia. BoT n nostydaercst, uTo BpaieHue xKuiKo-
CTU KOMIIEHCHPYETCSI OBOPOTOM 3JIEKTPHYEC-
koii menu. Ilpm 3TOM MarHMT M SKUAKOCTD
BpAIAIOTCS ¥ JIO/DKHBI BPAIATCSI BMECTE M B
OJIHOM HarpaBJjeHnu. /[eficTBUTENBHO, MOKHO
3aCTaBUTD IJIBITH JIOJKY, /ysl B ee napyc. Bor
TOJIBKO JIOJIKA U OKPY’KAIOMAsH CPeIa JOJKHbI
06J1a/1aTh He COBceM OOBIYHBIMH CBOHCTBAMU.

I10 emnfe He Bce. IloMHS O TOM, UTO CMBIC]
BCEX pacyeToB M u3MepeHUil He 1undpa, a
MOHUMaHKE TPOUCXO/IAIIEro, Ha/l0 MPHU3HATD,
YTO OYEHb YACTO NOHUMAHWE TIOSIBJISIETCST BCJIE]T
3a nudpoit. [Toaromy 661710 GbI XOPOIIO U3Me-
PUTDH BpalaTe bHbIiI MOMEHT, a TAaK)Ke HKCIIe-
PUMEHTAJIbHO, T.€. CChLIasch Ha IU(PbI, MO/1-
TBEPAMTD, YTO MarHUT He Bpaiaercs. bes rta-
KMX M3MEPEHMH MOXKET I0Ka3aTbCst, 4To ad-
dexT mpenebpesKIMo MaJ.

Ecsim orpaHn4uTbCcs M3MEPEHUSIME yTJIa T10-
Bopota (puc. 4), To 9TO OCTATOUHO MPOCTO —
HA/I0 JIMIIb TOHKYIO HUTb, HA KOTOPOH T10/Be-
IIIEH MarHuT, 3AMEHUTb TOHKOM METaJJIMYeCKOi



O9K3AMEHAINMOHHBIE MATEPMAIJDBI

T \ \ \
N=keo, k=1,3-10° H .M, a=1,27 A"

3n/4 -
C napycamu /
/2 /

z
p
-
-
P

Veon nosopoma mazuuma, pag

7'5/4 //l
¢=al
0 /L// be3 napycoe
0 0,5 1,0 1,5 2,0

Cuna moxa, A

Puc. 4. BpaiyaresibHbivi MOMEHT, yroJ1 [oBopoTa
MAarHuTa v cnia Toka

crpyHoil. Ecim cTpyHa HOCTaTOYHO J/IMHHAS,
TO MPOIOPUMOHAIBHOCTh BEJMYMHBI MOMEHTa
cut N yIJ1y IOBOpPOTa  He BBI3BIBAET COMHEHHI
W CIpaBeIuBa Jaske s GOJBIION0 YHC/Ia
noBopora Marmuta. [/l mepepacuera yTrJIoB
MOBOPOTA B 3HAYEHNS BpalllaTeIbHOro MOMEHTa
HyskeH Ko3(PPUIMENT KeCTKOCTH R, KOTOPBIH
MOYKHO JIETKO HaiiTH, TPeIBapUTENBHO OIPE/Ie-
auB nepuon (KpyTuabHbIX) KoJeGaHuit

T = 27‘5\/{ , T/ie J — MOMEHT WHEePIUU MarHUTa.

Macca IlapycCa AOCTATOYHO MaJia, €€ IPpUu BbI-

YNCJIEHUN MOMEHTAa WHEPINN YYNUTbIBATb HE
00s3aTebHO. /LI KIOBETBI ¢ pasinycoM GO0JIb-
IIOTO IUJIMH/PUYECKOTO 3JIEKTPO/A 5 CM, Ana-
METPOM IEHTPATBHOTO 3JIEKTPO/IA 8§ MM 1 BBICO-
TOW OGOMX 3JIEKTPOJIOB 3 CM, 3AIOJHEHHON

S-TIPOIEHTHBIM BOIHBIM pacTBopoM CuSO, Bpa-
I[aTeJbHBIII MOMEHT OKasaJicsd HEeOKUJaHHO
OGOJIBIITM JIJIsT MarHUTa JAuamMeTpoM 6,5 cM ¢
HaMarHMYeHHOCTBIO | =5 - 10° A/M, CHaOKEH-
HOTO TIapyCcaMu, U TPEHE6PESKUMO MAJIBIM, €CJTH
mapyca 1o TeM WJIM WHBIM TPUYUHAM He TIpu-
KPEIUJIN K MarHUTy. PasMepsI mapycoB: BbICO-
ta 2,5 cm, mupura 1,5 cMm. Heb6ombimme kpy-
TUJIbHBIE KOJIe6aHUs MarHuTa 6e3 mapycoB OKO-
JIO HEM3MEHHOTO TIOJIOJKEHHST PAaBHOBECHS €/1Ba
JIN MOTYT CO3/IaThb OCHOBY [IJIsT cOMHeHuii. Pa3
YTOJI TOBOPOTA MIPOMOPITHOHAJIEH CHJIE TOKA, TO
PA3HHUIIBI B TOM, KaK APeNH(YOT HOCUTEN TOKA
B JKUJKOCTH — IIO CIIUPAJU WJHU IO TIPSIMOJIH-
HENHBIM TPAEKTOPHSM, HET.

IIpm Bcex pasyMHBIX 3HAUEHUSX TOKA B IETH
MarHut «6e3 HUYero» He BPAIAeTCs, OJHAKO
IIPU TEX JKe 3HAUCHHUSIX TOKA MarHWT C Mapyca-
MU TIPUXO/UT B MHTEHCHUBHOE BpallleHue, TPH-
YeM B TY JKe CTOPOHY, YTO U SKUJKOCTDb C TOKOM,
KOTOPYIO BpalllaeT 9TOT ke MarHuT. Hpasurcs
9TO HaM WJIM HET, HO JTO TaK.
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EI'2 no pusmke 2023 ropa

Bapuantsr EI'9 2023 roga 61M3KH 10 CTPYK-
Type K BapuanTam rnpoiioro roga (em. «Ksants,
2022, Ne9). 31ech npuBoAATCA 3a4a4U OJHOTO
13 BApUaHTOB OTKPBITOTO cerMenTa 2023 rosa ¢
OTBETAMHU U pelieHusiMu. Perrenust myGanKyoT-
csl B pelakiuy mpeaMeTHoll Komuccuu. Kpome
TOTO, 37IECh K€ MPUBOIATCS HECKOJBKO 3ajad
13 IPYTUX BapHAHTOB OTKPBITOTO CETMEHTA.

WHCTPYKIWTO TIO BBITTOJHEHUTO paboThl W He-
00XOINMbIE CITPABOYHBIE JAHHBIE MOKHO HANTH
Ha caiite OUIIN. Tam ke MOKHO 03HAKOMUTHCSI
C JIEMOHCTPAIMOHHBIM BapuanToM 2024 roza.

Yactb 1

1. Ha pucynke 1 mpuBenen rpaduk 3aBUCH-
MOCTH HPOEKIINU CKOPOCTH ¥, OT BPeMeHH ¢ /LIS

TeJaa, JABUIKYIIETrocs \
MIPSAMOJIMHEIHO B/0JIb v,,M/C
ocu x. Ompepnenure 20
IPOEKIINIO &, YCKOpe- 10
HUA TeJla. 0 A
2. JIBe miaHeTsl 00- -10 24 6 8tc
pamaiorcda 10 KpPyro- -20
BbIM OpOHUTaM BOKDPYT Puc 1

3Be3bl. Moym Ccui
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MIPUTSDKEHUST TJIAHET K 3Be3/le OJMHAKOBBL. Y
NepPBOil U3 TIAHET PAJAUYC OPOUTDHI B IIECTb Pa3
GoJbllie, yeM y BTopoil. KakoBo orHomrenue m
my
MacCCbl HepBOfI IIJIaHETDbI K Macce BTOpOI‘/JI TLIAHEeTHI?
3. Touno nocepeune MeKIy HaOTIOIATEIEM
U CKaJIOW B JlepeBo yaapuia mosuus. Habo-
JIATesIb YCJIBINIAT TIEPBbI pacKat rpoMa uepes
1 ¢ mocse Bempimku MOJHUH. Uepes Kakoe
BpEMs TI0CJIe BCIIBIIIKKM MOJIHUN HaOJII0aTeNh
YCJIBIIINAT OTPA’KEHHBIH OT CKAJIbl 3BYK?
4. Ha mony smdTa pacrnososkeHsl [Ba OiMHA-
KOBbIX METaJlJIMYECKUX 6a1<a, JI0BEPXY HalloJI-
HeHnble Bogol (puc. 2).

% bak
Ne2
a bax Net
> a > a
2a a
Puc. 2

W3 npuBeieHHOr0 HUKE CIHICKA BbIOepHUTe
BCE BEPHbIE YTBEPIKIEHUSI.

1) Ilepsblii Gak geiictByer Ha 1oa JudTa C
cuJIoi, B 2 pasda GOJIbIIIEl, YeM BTOPOI.

2) Ilepsbrii 6ak okasbIBaeT Ha 10T udTa B 2
pasa MeHblllee JIaBJeHne, YeM BTOPOIi.

3) JlaBsieHne BoJBI HA JTHO TIEPBOTO GaKa B 2
pasa 6oJiblile, 4eM Ha J[HO BTOPOTO.

4) Cuipl IaBIEHUsT BOJBI HA JHO TEPBOTO U
BTOPOTO GAKOB OJIUHAKOBBI.

5) Ecau mudr HauHeT ABMKEHUE BBEPX C
YCKOpEHUeM 1M/ ¢?, naBnenne Ha AHO GakoB
yMenpimurest Ha 10%.

5. Ha nosepxHOCTH IOJICOJHEYHOTO MacJja
II7IaBAET JICPEBSHHDII MAPUK, YACTHYHO HOTPY-
JKEHHBII B JKUJAKOCTb. Kak msmensrces cusa
Apxumesa, eiicTByIonas Ha IapyK, U TIyGu-
Ha TIOIPY’KEHUS IIapuKa, ecJau oH Gyer Iia-
BaTh B Boje?

[t KaskJ10#1 BeJIMYMHBI OTIPE/ICJITE COOTBET-
CTBYIOIIMI XapaKTep M3MCHEHUSI:

1) yBeauuures; 2) yMEHbIIMTCS; 3) He u3Me-
HUTCS.

Sanunmre B TabauIly BbIGpaHHbBIC I(PPHI
JUIS KK 0 puamdeckoit BesmanHbl. ndpor B
OTBETe MOI'YT IOBTOPSITHCS.

6. B momenT ¢ = 0 MaunK 6pocaioT ¢ HavAb-
HOW CKOPOCTBIO Ty 110/ YIJIOM ¢ K TOPU3OHTY C
6ankomna Boicotoit i (puc. 3). Tpadukn A u B
(puc. 4) oro6paxkaior 3aBucumoctu Gusmdec-

2023/Nel10
Y KHX BEJIMYNH, XapaKTepu-
9 3YIOIUX JIBUKEHUE MIYNKA
/{ B IIpoliecce moJjerta, OT Bpe-
L MeHN t. YCTaHOBHUTE COOT-
BETCTBHE MEXKIy Tpaduka-
MU U (DU3NIECKUMU BeJH-
0 ¢ uuHaMu, 3aBUCUMOCTH KO-
Puc. 3 TOPBIX OT BPEMEHU 9TU I'Pa-

uku Moryt oro6pasKarb.
CornporuBieHneM Bo3jyxa rnpeneGpeub. [lo-
TEHIMAJIbHAsT SHEPIUsT MIUMKA OTCYMTBIBAETCSI
ot ypoBH: y = 0.

K kax 101t To3u1uy epBoro cTos1éra noaoepu-
T€ COOTBETCTBYIONILYIO IO3UINIO U3 BTOPOTO CTOJI-
O1a v 3anuiimTe B TaGsuIly BbIGpaHHBIE (DB
o coorserctBytomumu Gykamu (A u B).

ITPAOUKN OU3SNYECKUNE
BEJIMYNHDI

A) 1) KuHeTHYECKasd SHEPrus
MSIAKA
2) NOTEHIMANbHAS SHEPIUs
MSTUMKA

> 3) UpOEKIMA UMITYJIbCa Ms-
YMKa HAa OCh X

B) 4) MPOEKIUS UMITYJIbCA MsI-

YnKa Ha OCh Y

|
o~

0 t
Puc. 4

7. PaspesxeHHblil BO3/lyX B IIMJIUHJPE Tiepe-
BOJIUTCST U3 cocTostHust A B coctostnue B, mipu-
yeM ero macca He uaMensiercsi. Ilapamerpor,
OTIPE/IEJISTIONINE COCTOSTHUST BO3/lyXa, [IPUBE/Ie-
HbI B TabJnie:

p,10°IMa | V,103 M | T,K

Cocrosinune A 1,0 4 300

Cocrosine B 0,5 600

Kakoe uncso ciemyer BHecTH B CBOGOHYIO
KJIETKY TaGJIUIIbI?

8. Teepmoe Teso Maccoit 2 Kr ocrerBaer. Ha
pucynke 5 uzoOpaxken rpaduk 3aBUCHMOCTH
abCOJTIOTHOIT TeMITepa-

T§$I)<() Typbl Tesia T OT OTHaH-
HOTO UM KOJHNYeCTBa

360
330 rersiotel Q. Omupeje-
300 JINTEe Y/EJbHYIO Tell-
A JIOEMKOCTH BEIIIECTBa,

0 204060 Q, k[ U3 KOTOPOTO H3TOTOB-
Puc 5 JICHO TEJIO.
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9. Ha VT-anar- v 1072 M%)
pamme (puc. 6) 4 1
MOKa3aH IPOIECC 3
H3MEHCHH COCTO- 9 2'
AHUS HEU3MEHHOM 1
Macchl UJIEaIbHO 0 300 TR

ro OJHOATOMHOTO
rasza. Buemnue €6
CHJIBI B 9TOM IIPOIIECCE COBEPILIIJIN Hajl ra3oM
pabory, pasayio 5 k/[xk. Kakoe kosmvectBo
TEMJIOTHl OTJIAT T'a3 B OKPYIKAIOINLYIO Cpely B
3TOM TIpolecce?

10. B aByX cocymax oAMHAKOBOTO o6beMa
coJlepsKaTcsl paspeskKeHHble rasbl. B 1mepBoM
COCy/le HaXO/ISATCST 2 MOJIb TEJIUST TIPU TeMIepa-
type 127 °C, Bo BTOpoM cocyjie HAXOAUTCS

aykrusHoctbio 0,2 Tu 3a 0,05 ¢ paBHOMEpHO
yBesmumaach oT 2 A 1o 5 A. Uemy paBeH Mo-
qyab D/IC caMOMHAYKIINT B KaTyTIKe?
14. Jlyu cBeTa najiaer Ha ioc-
koe sepkano (puc. 8). Vrox na-
nenust pasen 20°. Omnpenennte
YTOJT Y MEX/TY HAIAI0NMM U OTpa-
JKEHHBIM JTy9aMHu.
13. B ujeanbiom kosaebarenn- Puc 8
HOM KOHTYpPE, COCTOSIIEM U3 KOH/EHCATOpa W
KaTYIIKN WHIYKTUBHOCTH, TPOUCXOAST CBO-
6OIHbIE BIEKTPOMarHuTHBIE KosteGanusi. B ta6-
JIMIIE TIOKA3aHO, KaK M3MEHSJICS 3apsii OJHOM
u3 OOKJIAZIOK KOHJIEHCATOPa B KOJIe6ATeTbHOM
KOHTYpE C TeYeHHEeM BpPEMEHHU:

1 Mousb aprona npu temneparype 300 K.
Bri6epute Bce BepHbIe YTBEPSK/IEHNS O Mapa-
METpax COCTOSTHUSI YKAa3aHHBIX Ta30B.

t,110%¢ |0 1 |2] 3 |4| 5 |6] 7 |8] 9
q,107 Ku| 2 |1,41| 0 |—1,41|-2|—1,41| 0|1,41| 2| 1,41

1) AGcommoTHas TeMIiepaTypa rasa BO BTopoM
cocy/ie BBIIIE, YeM B ITEPBOM.

2) JlaBiieHust Ta30B B COCY/aX OJANHAKOBBI.

3) CpeantekBajpatudHas CKOPOCTb MOJIEKY.JI
rasa B IepBOM cocy/ie 60JIbIlie, YeM BO BTOPOM.

4) KoHleHTpalus raza B IEPBOM cocy/e B 2
pasa MeHbIIle, YeM BO BTOPOM.

5) OTHolenne cpe/iHeli KNHeTHYECKOl aHep-
THH TEIJIOBOTO JIBUIKEHWS MOJIEKYJ aproHa K
CpeflHell KWHETUYEeCKOW SHEPTUU TEeIJIOBOTO
JIBUDKEHUST MOJIEKYJT resinst paBHo 0,75.

11. B xamopumerp €O JbJOM, HMEIOIIHM
temnepatypy 0 °C, 106aBuIn BOLy HPHU KOM-
HaTHOI Temmepatype. Kak maMmeHsrcs B pe-
3yJIbTaTe YCTAHOBJIEHUS TETJIOBOTO paBHOBE-
CUsl yJesbHAs TEIJIOEMKOCTb BOJBI M Macca
JbJIa B Kajopumerpe?

JLnst KasK 101 B TMYITHBI OTTPE/IETUTE COOTBET-
CTBYIOIIUI XapaKTep U3MEHEHHUS:

1) yBeamuurcs; 2) yMEHbIIHTCS; 3) He U3Me-
HUTCS.

3ammmmite B TabJUIY BBIOpAaHHDBIE ITUQPHI
IS KasK101 pusmaeckoil BemnanHbl. [{udpor B
OTBETE MOTYT TIOBTOPSITHCS.

12. Ha rpaduxke (puc. 7) nokasana saBucH-
MOCTD CUJIBI TOKA | B TPOBOJHUKE OT BPEMEHU
t. Omnpenpenute
3apsa, npomen- J AA
muii 1mo nposoja- 20
HuUKy3aAt=12c 16
¢ MoMeHTa Haua- 12
Jla OTcueTa Bpe- 8
MEHH. é

13. Cmra Toka
B Karymike uu- PUC 7

2 46 81012 ¢,c

BbiGepute Bce BepHble YTBEPIKIEHUS O IPO-
1ecce, MPOUCXO/IAIIEM B KOHTYPE.

1) AMmuTya KoseGanuii 3apsaga 06K/Ia K
pasna 4 -107" K. i

2) Tlepuox koseGanmii pasen 16 -107° c.

3) B moment ¢ = 2-107% ¢ Moztysb cutbt Toka
B KOHTYPE MaKCHMAJIEH.

4) B mMoment ¢ = 4 -1075 ¢ cuta Toka B KOHTY-
pe pasHa 0.

5) B moment ¢ = 6-107° ¢ smeprust Komemnca-
TOPa MaKCHMaJIbHA.

16. IIpocTpaHCTBO MEXK/IY MJIACTHHAME 3apsi-
JKEHHOTO TJIOCKOTO BO3/YITHOTO KOHJ/IEHCATO-
pa, OTKJTIOYEHHOTO OT MCTOYHUKA HATIPSI)KEH U,
MOJIHOCTBIO  3ATIOJIHSIOT JIMaJIeKTpuKoM. Kak
U3MEHSTIOTCS IPU ATOM 3apsiJi KOHJleHcaTopa U
€ro HJIEKTPOEMKOCTH ?

JLns Ka /101 BEIMYIHDI OTIPE/IeIUTE COOTBET-
CTBYIOIIHMI XapaKTep U3MEeHEHMWs:

1) yBesmumBaetcst; 2) yMeHbIIaeTcs; 3) He
U3MEHSIETCS.

3anuimure B Tabsuily BbiOpaHHble THQPHI
JUIST KOK/I01 pusmueckoil Besimaunbl. [{udpor B
OTBETE MOTYT HOBTOPSITHCSI.

17. YcranoBute coorBeTcTBUE MEKIy (HOp-
MyJIaMu JIJis pacdera (husMdecKux BeJUYUH B
HEnsX MOCTOSIHHOTO TOKA M HA3BAHUSIMHU 9THX
BesmunH. B hopmymax ucnosib3oBanbr 0603Ha-
yenusi: R — conporuBjenue pesucropa, W —
MOIIIHOCTD TOKa B pe3ucrope, U — HanpsikeHue
HA PE3UCTOpeE.

K kas 101l mosunmu nepBoro croJbia noade-
pHTE COOTBETCTBYIOILYIO MO3UIUIO U3 BTOPOTO
croJllia U 3anumuTe B TAaGJHIy BbIOPAHHBIE
1upbI MO/ COOTBETCTBYIONMMEI OYKBAMHU.
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DOPMYJIbI DOUSNYECKUNE
W BEJIMUNHDBI
A) I 1) conpoTuBIeHne PE3UCTOpa

2) cuaa Toka
3) HampsiKeHue Ha pe3ncTope
4) pa6ora ToKa

B) VWR

18. 3akoH pagMoOAKTHBHOTO pacraja sjiep
HEKOTOpOro usorona nmeer sug N = N, - 27,
rae A = 0,4 ¢!, Onpexesnre nepuos nomypac-
Majia ATUX sIEp.

19. Ha pucynke 9 uzo6pakeHa ympoiieHnast
JarpaMMma HIKHUX 9HEPTeTHYECKUX YPOBHEH

E, y
1 2 3 4

Puc. 9

aToma. HyMepoBaHHBIMU CTPEJIKAMU OTMEYEHbI
HEKOTOPbIE BO3MOKHbBIE TIEPEXO/IbI ATOMA MEXK-
Iy 9TUMH ypoBHAMHU. Kakoil u3 aTuX 4eTbIpex
MIEPEXO0/I0B CBSI3aH C MOTJIONIeHNeM KBAHTa CBe-
Ta HAMMEHbIIIEeil YacTOThl, a KaKoil — ¢ u3Jydve-
HUEM KBaHTa cBeTa HanGoJIblleil 4acToThI?

YcranoBute cOOTBETCTBHE MEXK/Ly Hpolecca-
MM TIOTJIONIEHNS ¥ U3JTyUeHNUs CBeTa U SHEPreTH-
YECKUMH [IePexX0/IaMu aTOMa, YKA3aHHbIMU CTPEJI-
kamu. K Kak10#l MO3WIUU TIEPBOro CToJIa
1016epuTe COOTBETCTBYIOILYIO TO3UIUIO M3 BTO-
poro croJiblia n 3anummuTe B TabJnIy BbIGPaH-
Hble 1UQPBI TIO/L COOTBETCTBYIONNMU OYKBaMU.

ITPOILIECCHI OHEPTETU-
YECKUE
ITEPEXO/IbI
A) morJoneHe KBaHTa CBe-
Ta HalMeHbIEN YaCcTOThI 1)1
B) masiyueHwe KBaHTa CBETa 2) 2
HanGoJIbINell YacTOThI 3) 3

20. BoiGepute Bce BepHbie yTBeé)KéeHHﬂ 0
pusnyecKkux SBJICHUAX, BEJUYNHAX W 3aKOHO-
MEPHOCTSX. 3anuinTe MIQPbI, TTOA KOTOPBIMI
OHM YKa3aHBI.

1) Ec/m B JaHHOIi cEcTeMe OTcueTa MaTepuaib-
Hast TOYKA COBEPIITNJIA POBHO OJTUH TIOJTHBIN 060POT
TI0 OKPY?KHOCTH, TO TIepeMeTIeHIe MaTepHaIbHOI
TOUYKH B 9TOH CcHUCTeMe OTCUYeTa PAaBHO HYJIIO.

2023/Ne10

2) Tlap Ha/i HOBEPXHOCTbIO SKUJKOCTH ABJIA-
€TCS HACBIIEHHBIM, €CJTH 32 OJTHO U TO K€ BPEMS
C TTIOBEPXHOCTH JKM/IKOCTH B CPETHEM BbLJIETAET
MEHbIIlee YNCJI0 MOJEKYJ, YeM BO3BpAIlaeTCs
06paTHO B JKHMJIKOCTb.

3) PazHouMeHHbIe TOUEUHbIE SJIEKTPUUECKUE
3apsiIpl MIPUTATUBAIOTCS APYT K JIPYTY.

4) WMHAyKIUOHHBII TOK BOSHUKAET B 3aMKHY-
TOM IPOBOJISIIIEM KOHTYpE IIPU WM3MEHEHUU
MarHUTHOTO TIOTOKA, TPOHU3bIBAIOIIETO TTOBEPX-
HOCTD, OTPAaHMYCHHYIO KOHTYPOM.

5) TepMOSIIEPHBIMY PEAKIIMSIMU HA3BIBAIOT DK~
30TEPMUYECKIE PEAKIIN PACIIA/IA TSKEIIBIX S/IEP.

21. [laHbl caeayiolne 3aBUCMOCTH BEJIMYITH:

A) 3aBHCMMOCTD TIEpHOJA CBOOOHBIX KOJIE-
OaHMii MareMaTU4ecKOro MasTHUKA OT JIJIMHbI
HUTU MasgTHUKA;

B) 3aBUCMMOCTD CHJIBI TOKA 110 YYACTKY LIEIH,
coJiepsKaleMy pesucTop COMPOTHBIECHUEM R,
OT HaIPSIKEHUST HA PE3NCTOPE;

B) 3aBucuMOCTb uKcIIa HepacnaBIIUXCA /e
PAJINOAKTUBHOTO 2JIEMEHTA OT BPEMEHH.

YcTaHOBUTE COOTBETCTBUE MEK/TY STHMU 3aBHU-
cumoctsamu u Bugamu rpaduros (puc. 10), 06o-

(2) (3)

(4) (5)

Puc. 10

3HavenHbIx rudpamu 1-5. /st Kaxk 101t 3aBucH-
Moctn A—B mom6epute COOTBETCTBYIOMINI BUJT
rpaduka u 3anuiure B TaGJMILy BbIGPAHHbIE
1 pol 10/ cooTBeTCTBYIoMmNMN OykBamu. Llud-
pbI B OTBETE MOTYT TIOBTO-
,0—  pATbCA.

22. Ompenennte mMOKa-
3aHUS JUHAMOMETpa
(puc. 11), ecim abeomor-
Hast MOTPENTHOCTD TIPSIMO-
rO M3MepPEeHUs: CUJIbI PaB-
—— HalleHe JIeJIeHUs [UHAMO-
Merpa. [luHaMoMeTp mpo-
TPaJyNPOBAH B HHIOTOHAX.
Puc 17 23. Yuenuky HeoOX0-
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Ne cocynal O6Gbem Temmeparypa Tas
cocyza, J|rasa B cocyjle, K|B cocyne
1 6 300 aprou
2 S5 350 HEOH
3 4 320 aprou
4 4 270 aproH
5 4 320 HEOH

JIIMO Ha OTIbITe OOHAPY KUTb 3aBUCUMOCTD J/1aB-
JIEHNSI Tas3a, HaXO/IIerocsl B cocyjie, OT MO-
JIIPHOI Macchbl rasa. Y HEro MMEIOTCsl TSTb
PasJIMUHBIX cOCY/I0B ¢ MaHoMerpaMu. Cocy/ibl
HAIIOJTHEHbI PA3JIMYHBIMU ra3aMM O/INHAKOBOH
MacCChl TIPU Pa3auuHol Temmeparype (cMm. Ta6-
auiy). Kakue aBa cocyna HEOGXOAUMO B3ATh
YUEHUKY, 4TOObI IIPOBECTH JIaHHOE MCCJIe/I0Ba-
HUe? 3anuiunTe HoMepa BbIOPAHHBIX COCY/IOB.

Yactb 2

24. B ompite mo m3yuennio Qortoaddexra
KaTOJT OCBENIAETCS 3eJIEHBIM CBETOM, B PE3YJTb-
TaTe 4ero B LeNu Bo3HUKaeT Tok (puc. 12,a).
3aBuCHMOCTDb HOKa3aHuii amnepmerpa I oT Ha-

Puc. 12
npspxenust U Mex/ly aHO/IOM U KaTO/IOM IIpUBe-

nena Ha pucynke 12,6. Vcmosmb3yst 3aKOHBI
doroaddexra m MpeATIONTATAS, UTO OTHOIIEHNE
qrca (POTOJIEKTPOHOB K YUCJTY MOTJIONIEHHDBIX
(pOTOHOB He 3aBHCHUT OT YaCTOTBI CBETA, OOBSIC-
HUTE, KAK M3MEHUTCS IPE/ICTABIEHHAST 3aBUCH-
mocts [ (U), eci ocBemarh Katoj Gpuosero-
BbIM CBETOM, OCTaBHUB MOIIHOCTbH IIOTJIOIIECHHO-
IO KaTO/JIOM CBeTa HeU3MEeHHOH.

25. Besocuteinet u3 COCTOSTHUS TIOKOST HAYH-
HaeT MPSIMOJIMHEHOe PAaBHOYCKOPEHHOE J[BU-
JKEHUE 110 BEJIOJOPOKKE B MOMEHT, KOT/[a MUMO
HETO C TIOCTOSTHHON CKOPOCTBIO MTPOGETaeT Yesio-
Bek. CKOPOCTD BEIOCUTIENCTA B MOMEHT, KOT/1a
o goruari Geryma, pasHa 4 m/c. KaxoBa cko-
pocTb GeTyHa B 3TOT MOMCHT?

26. Tonkasg mmH3a, ONTHYECKAS CIJIa KOTOPOI
paBHa 4 ATTP, AaeT AeHCTBUTESbHOE yBEJIMICH-
Hoe B 5 pas m3obpakenue mpeamera. Ha kakom
PaCcCTOAHNUN OT JIMH3bI HaXOAWUTCA npez[MeT?
[Mocrpoiite nzo6paskenne mpegMera B JNH3E.

27. B mununap o6be-
Mom 0,5 M° 3aKaunBaet-
csl BO3JyX CO CKOPOC-
tb10 0,002 xr/c. B Bepx-
HEM TOpIle IUJIMH/PA
(puc. 13) ecrp orsep- A1 13
CTHE, 3aKPbITOEC TPEAOXPAHUTEIbHBIM KJIara-
HoM. Kulanan y/iep:KuBaercsi B 3aKpPbITOM COCTO-
STHUM CTepPsKHeM JnHOM 0,5 M, KOTOPbII MOJKET
cBOGO/THO TIOBOPAYMBATLCSI BOKPYT OCU B TOUKE
A. K cBo60JHOMY KOHILy CTEPKHS IIO/IBEIIEH
rpy3 Maccoit 2 kr. OtpesennTe MOMEHT BpeMe-
HH, KOT/Ia KJIAIIaH OTKPOETCsT, CJIN B HAYaJIbHbIH
MOMEHT BPEMEHH JIaBJIeHHe BO3/[yXa B IINJINH/IPE
661710 paBHO atMocdepromy. [Lnomanb 3aKpbi-
TOTO KJIAMTAHOM OTBEPCTHS O CM”, PACCTOSTHUE
AB pasuo 0,1 M. Temneparypa Bo3ayxa B 1U-
JIMHJIpE W CHApY>KN He MeHseTcs u paBHa 300 K.
CrepykeHb U KJIAlaH CYUTATH HEBECOMBIMH.

28. B asieKTpuuecKoii cxeme, MOKA3aHHON Ha
pucytke 14, kmou K puresbHOe BpeMsi 3aMK-
uyt. I/IC 6Garapeiikn
6 =12 B, orHouenue 67 K C
BHYTPEHHETO COITPOTHB- =
Jienust Gatapeiiku K co-
IIPOTUBJIEHNIO PE3UCTO-

pak= % =0,2. ITocse Puac. 14

Pa3MbIKaHUA KJIIOYa K B Ppe3yJbTaTe pa3psa

KOHJ/IEHCATOPA Ha PE3NUCTOPE BBIEISIETCS KOJIU-
yecTBo Terothl Q = 10 mx/[>x. Haiigure 3aps
g KOHJIeHCcaTOopa 0 Pa3MBIKAHUS KJova.

29. Von c 3apsuom g = 3,2 - 107" Ku u mac-
coit m =107 kr MIPOXO/IUT YCKOPSIONIYIO pas3-
HOCTH MOTEHIIMAJIOB U ITOCJIe ATOTO TIOMAJAET B
OTHOPOJTHOE MATHUTHOE TIOJIe C WHIYKIIHeH
B =0,5 T, B KOTOPOM ABIIKETCS TIO OKPYKHO-
ctn pagunycoM R. Onpenennte R. Cunrarh, 4TO
YCTaHOBKA HAXOAUTCA B BakyyMme. Cuioii Tske-
CTH U CKOPOCTBIO MOHA JI0 IPOXOKIEHUS YCKO-
pSIIolIell Pa3HOCTH TIOTEHITNATIOB TPeHe6PeYb.

30. IIIap maccoit M = 1 kr, no/iBeNIEHHbBIN Ha
HUTH AUHON [ = 90 €M, OTBOJST OT MOJIOMKEHUST
paBHOBecuss Ha yroa o =60° m oTmycKaioT
(puc. 15). B MOMEHT MPOXOK/IEHUS IIapa de-
pe3 T0JIOXKEeHe PABHOBECHs B HEro II0Ta/faeT
myJst, JeTsdiias Ha-
BCTpEYy Iapy, KOTO-
pas poOUBaeT ero u
MIPOJIOJIZKAET JIBUTATH-
Cs TOPU3OHTAJBHO.
Ortipesiesiute MOJYJib
M3MEHEHUA UMITYIbCA  py,- 75
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IIyJTH B Pe3yJIbTaTe TOMaaHis B ap, eCJIi OH,
NPOJIO/KAS [IBIKEHIe B MPEsKHEeM HaTlpaBJie-
HUM, OTKJIoHSeTca Ha yroa B = 39°. (Maccy
IIapa CYNTaTh HEM3MEHHOM, a HaMeTp Iapa —
IIPeHeGPEeRIMO MAJBIM 110 CPABHEHUIO C JIJIH-

HOH HUTH; c0s 39° = 6.) ConpoTuBIeHneM BO3-

ayxa npene6peub. O6GOCHYiiTe TTPUMEHNMOCTD
3aKOHOB, UCIIOJIb3YEMBbIX JIJIS1 PEIICHHS 3a/[a4H.

N36paHHble 3agaun OTKPbLITOro cermMeHTa

1 (24). Jlunay yaep>KMBAlOT Ha PACCTOSHUN
3 cM OT TeTpajHoro JUCTa C KJIeTKaMM, Ha
KOTOPOM HapHCOBaHbI HAllpaBJIEHHbIE B O/IHY
cropony oanHakosbie crpearu. (Ha ¢ortorpa-
¢ym Ha pucynke 16 mokaszaHo nsoGpaskeHue

SR E % -‘ﬂd

EEE)
o X o
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Puc. 16

CTPEJIOK, KOTOPOE BHAUT M TJIa3 4YeJOBeKa.)
Vkaskure T iaH3b1 (coOuparolast nim paccen-
BaOIas) U BBIYUCJAHMTE, UCHOJb3Yst doTorpa-
duio, poxycnoe paccrogune atoil snH3bI. OT-
BeT OOBSICHUTE, ONTUPASICH HA SIBJIEHUS U 3aKOHDI
onTuKU. JIMH3y TTPU 9TOM CUUTATH TOHKOI.

2 (28). Tlo ropH30HTAIBHBIM IHEPOXOBATHIM
pesbcaM ¢ MpeHeOPEsKUMO MAsbIM 3JIEKTPHYeC-
KIIM COITPOTHBJIEHNEM MOTYT CKOJIb3HTD /[BA O/IH-
HaKOBBIX CTEPYKHI COPOTHBJIEHNeM (MesK Ty TOU-
kamu kacanus) R =0,1 Om kaxzapii (puc. 17).
Paccrosinue mexy pesbcamu [ = 10 cm. Pesbepr
CO CTEPKHSIMU HAXO/ISITCSI B OTHOPOTHOM BEPTH-
KaJIbHOM MarHUTHOM T10J1e ¢ uHyKimeid B = 1 Ta.
Ecin Ha nepsblil crepskeHb /1eiicTByeT ropru3oH-
tampHast cmiaa F=0,1 H,

2 1 HaIPaBJIEHHAS B/IOJIb PEJIb-

B £ COB, 006a CTEPIKHST [IBIKY T-
s MOCTYIIATEJIBHO PABHO-

MEPHO € PasHbIMU CKOPOC-

Puc 17 amu. KakoBa ckopoctb
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JIBUZKEHUST TIEPBOTO CTEPKHS OTHOCUTEJBHO BTO-
poro? CamMouH/IyKIMel KOHTypa TpeHeGpeyb.

3 (24). JIpauHKa HAXOAUTCS B SIME C TJIAIKU-
MU CTEHKAMU, B KOTOPOIl OHA MOJKET JIBUTATHCS
npaxkTudyeckn 6e3 rpenusi. Ha pucynxe 18 npu-

£, Tx
4
\

0 10 30 50 xX,cM
Puc. 18

BejileH TpaduK 3aBUCHMOCTH ITIOTEHIIMAIbHOM
9HEPIUH JbJANHKH OT ee KOOPJMHATH B siMe. B
HEKOTOPbIIl MOMEHT BPEMEHN JIb/IMHKA HAXO0/1-
Jach B Touke A ¢ koopauHaToil x =50 cM U
JIBUTAJach BJIEBO, MMesl KMHETHUECKYIO SHep-
ruio, pasuyio 2 Jlsxk. CMoO’KeT JIn JIbJIMHKA BBIC-
KOJIb3HYTb U3 MbI? OTBET MOSCHUTE, YKa3aB,
Kakue (usndecKkne 3aKOHOMEPHOCTH BbI HC-
MOJIb30BAJIN IS OOBSICHEHNS.

4 (30). OxHOPOMHDIN TOHKUIT CTEPKEHD Mac-
COIl M O/IHMM KOHIIOM IIAPHUPHO TIPUKPEILICH
K TOTOJIKY, & JPYT'MM KOHIIOM OIHpaeTcs Ha
MAaCCHBHYIO TOPH30HTAJIBHYIO JIOCKY, 06pasys ¢
neit yron o =30° (puc. 19). Ilox aeiicTBuem

B

Puc. 19

TOPU30HTAJIBHOI cuJibl ' oCKa BUKETCS T10-
CTYTATEJIBHO BJIEBO C MOCTOSIHHOI CKOPOCTBIO.
Crep:KkeHb TIpH 9TOM Hemo/BIKeH. Haiinnre m,
eca F =2 H, a xoapunmenT TpeHust CrepskHs
o focke W = 0,2. CaenaiiTe pUCYHOK C yKa3aHU-
€M CHJI, JIEHCTBYIONIUX HA CTEPKEHb W JOCKY.
TpenueM JOCKH TIO OTIOPE U TPEHWEM B TIAPHUPE
npene6peyb. OGocHYliTe TPUMEHNMOCTD 3aKO-
HOB, UCIIOJIb3YEMbIX [IJIsl PEIICHUS 3a/1a4H.
ITy6auxayuio nodzomosuiu
M. [lenudosa, A.Yeproyuan
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CaHkT-lNeTepbyprcknm
MNOJINTEXHUNYECKN YHBEPCUTET
[leTpa Benukoro

NMONNUTEXHNYECKAS
OJIMMIMNAZA LWWKOJIbHUKOB

[TonurexHUYecKass OJMMITMA/IA MTIKOJTbHUKOB
B 2022/23 y4e6HOM TO/y MPOBOJIUJIACDH IIO
YeTbIpeM Ipe[MeTaM: MareMartuke, Qusuke,
xumuu 1 uadopmaruke. OT6OPOUHBIN TYP MPO-
XO/JIUJI 320YHO C TIPUMEHEHNEM HHTePHEeT-TeX-
HOJIOTUH. YYaCTHUKU BBITIOJIHSIN 33JaHIS Typa
Ha odunmagbHOM caiite oaumnuaabl. [To6enu-
TeJIN ¥ TIPU3EPbI OTOOPOYHOTo Typa ObLIN HPU-
rJIalieHbl K y4acTHio B 3aKJIIOYUTENBHOM TYPE,
KOTOPDIH 10 MaTeMaThke, (pU3NKe U XUMHH
mporres B Cankt-IleTep6yprckomM moimuTexHu-
YecKOM yHHUBepCUTeTe B (POpMe OYHOTO THCH-
MEHHOTO UCTTBITAHWS . 3aKJIIOUYNTEIbHBIN TYP 1O
nHdOpPMATHKE TPOBOIUJICS JUCTAHITMOHHO C
MPUMEHEHUEM WHTEPHET-TEXHOJIOTUI.

Huke npuBosiTes 3aauu 060UX TyPOB OJIMM-
TUA/IbI 110 MaTeMaTuKe, husuke u nuHOpPMATHKE.

Undopmartiiio 06 omammuaze 2023/24 yue6-
HOTO rojia MOSKHO 1oJryanTh Ha caiitax CIIGITY:
www.spbstu.ru, school.spbstu.ru u olymp.
spbstu.ru.

MaTtemMaTuka

OTOGOpOUHBIN TYp

1. CKoJIbKO perieHuil uMeeT ypaBHEHUE
oS X — cos 4x sin x = +/2 Ha mpomeskytke [0; 572

2. Haiigure 4sin®15° + \/§ . Y6enurech, 4To
9TO YUCJIO TEJIOE.

3. Kakoe nau6oibliiee 3Hadenne MoKeT Tpu-
HUMAThb HAWOOJBIINNA OOUIMI [eTUTEb THCET
3n+2un+4, Tae n — HATypaJbHOE YNCJIO?

4. B ocHoBaHuU# mipaMu/ibl o6beMa 16 jresxut
MPSIMOYTOJIbHUK, & GOKOBbIE peGpa MUpPaMu/Ibl
HAKJIOHEHBI K OcHOBaHwMio no/ yrioM 30°. Haii-
JIITE CUHYC YTJIa MEXK/y JIMArOHAJISIME OCHOBA-
HUSI, €CJIU PAJINYC OIMUCAHHOTO OKOJIO TIHPaMU-
JIbl mapa pasen 8. B orBere yKaskuTe 4mCJIO,
oOpaTHoe HailJIeHHOMY CUHYCY.

5. B apudmernueckoii mporpeccui {a, } cym-
Ma BCEX UJIEHOB C MIECTOTO [0 JECSTOrO PaBHA

6. Haiizinre cymMy TI€PBBIX TISITHA/IIATH YJIEHOB
IIPOIPECCHU.

6. Haiifure HawMeHblllee 3HAYEHUE CYMMbI
JUTMH TPEX CTOPOH MPSIMOYTOJIbHUKA, TJIOMA/b
KOTOPOTO paBHa 32.

7. Y6enurecb B TOM, 4YTO MHOKECTBO 3Haude-

Huift QyHruun y = 9cos22x + €CTb

—sin’x

0Tpe3oK. B oTBeTe yKaskute JLIMHY 5TOT0 OTPE3KA.
8. Boruncmre 3log3 10 — 3log, 5 log, 20.

9. Bounciute 3cos’ alr(:sinL .
V3

10. ABTOGYC OTIIPABJISETCS Yepes Kask/Ible /[Ba
yaca ¢ 6:00 mo 24:00 Brurountesbao. CTogHKa
aBroOyca 15 mun. ITaccaskup MOKeT TPHOBITH
Ha OCTaHOBKY B JII000€ BPeEMsI CYTOK C OJINHAKO-
BOil BepoATHOCTbIO. C Kakoi BepOSTHOCTHIO
BpeMs oxkuianus nocagku t < 30 mun? B orsete
YKaKUTE BEPOSITHOCTDb, YMHOKEHHYIO Ha 32.

3aknounTenbHbIN Typ

1. HatypasnbHoe uncso gaet ocraTok 21 mpu
JleJIEHUH Ha 24 W OCTATOK S 1pu Aesennn Ha 40.
Haiiure octatok OT JieJIEHUS 9TOTO 4YnCJja Ha
120.

2. Pemure cucteMy ypaBHEHUi

2+ yz =7,
Jx 47 = 5.
3. Haiianre KOopHN ypaBHEHUS

sin® x N cos®x 1

’

cos’x sinx 2

npuHaIeKane orpesky [0;7).
4. Pemmre ypaBHenue

(3+242) +(3-2v2) =34,

3. [Maprus xkommbioTepOB Gblja pacrpe/eie-
Ha MEXAy IKoJaMu TpexX pafionoB CaHKT-
[TerepGypra B orHomenun 5:4:2. Ecmau Ob
pacripe/iesieHne 3Toil naptiun GbLIO TTPOBEAEHO
B ornomenun 10:7:3, To oauH W3 panoOHOB
noryunsi 6pl Ha 10 KOMIBIOTEPOB OOJIblIIE.
KakoB pasmep maptuu?
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6. B xomHuare 5 Ha 8 Hactumaior o1, Hacrun
OCYIIECTBJISIETCST TIAHEJISIMU JIBYX THUIIOB: IIPSi-
MOyroJibHHKaMu 2 X1 u kBajparamu 2x 2 6e3
yruoBoro kBajipata 1x1. Kaxoe nammenbliee
YICJIO TIaHeJIeli TOTPe6yeTCs /It HACTUJIA T10J1a?

7. B npsiMOYTOJIbHOM TPEyroJibHUKE JIBE OK-
PY’KHOCTH pajinyca 3 KacaioTcsi Apyr Apyra u
O/IHA M3 HUX KAacaercsi ABYX KaTeTOB, a [IPY-
rasg — KaTteta W TMIOTeHy3bl. Haiigurte JAauHbBI
KATeTOB TPEYTOJIbHUKA, €CJIM PAaJuyC BIUCAH-
HOHM OKPY>KHOCTH paBeH 4.

8. B mpaBusibHOII TPEYroJIbHOU YCEYeHHOI
nupamu/ie JJIMHbI CTOPOH OCHOBaHui paBHbI 11
u 2, a quaroHasu GOKOBBIX IpaHeil, He uMero-
e O6IUX TOYEK, B3AUMHO TEPIEHIUKYJISP-
Hbl. Haiiiute BbICOTY UPaMU/IbI.

9. Haiiqure MHOroueH p(x) ¢ eMHUYHBIM
K03 DUIMEHTOM TIPU cTapIiieil CTerneHu, ecan

2x 8p(x
—— |=——- upu Beex x # —1.
x+1 ( X+ 1)
10. Pemmute ypaBHeHue

2arccos (sinmx) = mcos (arcsin (x+ 1))

dusuka
OTOOpPOUHbIN TYp

Kaxnaa 3agava onenmBaiach B 10 6amios.

1. Mucrep u muccuc BoGEp permmim K KOpo-
HAIIMH TIO/TaTaTh TJI0TUHY 600POB, CTOSIILYIO HA
Besnukoit peke, uro mporekaer mo Hapuuu.
Bpesna /17151 pemonTa mpuiioch 6path B caMoit
3ara/iHoit vactu poiwm MorapHoro cros6a Bbiiie
110 TeYeHUIo Ha pacctosnun 16 KM OT 3ampy/ipl.
Bo6Gpbl 3ameTnsin, 4to B POILY OHH IJIBIBYT
t;=5,9 4, ao6parno —t, = 1,2 4. CKoJIbKO BpeMe-
HI 6y/IeT TIBITh GPEBHO OT POIIN /10 TJIOTHHBI?

2. JIBa KBaJpoKONTepa JeTAT Ha pasHoi
BBICOTE W TT0 OKPY’KHOCTSM Pa3HOTO pajanyca,
HO BCe BpEMS HAXOATCS Ha OJHON TIPSAMOI
OTHOCHTEJILHO OTIepaTopa, CTOSAIIEro Ha 3eMJIe.
OmepaTtop ommbesd, W OAMH W3 HUX Hayal
yCcKOpsiThesi. B MOMeHT Bpemenu, Korja o6a
KOIITepa CHOBA OKA3aJICh Ha OJHON TIPSIMOIl ¢
OTIepaTOpPOM, CKOPOCTH WX CTaJH OJMHAKOBBI-
mu. Ilpm aToM KomTep, KOTOPBIN ABHUTATCS
paBHOYCKOpeHHO, cienan 9 o6oporos. Ilo ok-
PY’KHOCTH KaKOTO paanyca JeTaa YCKOPSIo-
IIATCS KOTITEP, €CJIH BTOPOI JIETAJ TT0 OKPYK-
HOCTU PAJUYCOM ¥, = 25 M?

3. Ilo mpukasy xammtana Bpynrens Dykc
3aje3 Ha rpor-maury <«bezbl», yTO6bBI TOCTaA-
BuTh napyc. [Tox mopbiBaMu BeTpa sIXTa Havaaa
packaumBaTbcs. DyKC MOYYBCTBOBAJ, YTO Ha
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BepINHE MAYTHI IPU MAKCUMATHHOM OTKJIOHE-
HUM X, =59 CM OH WCIIBITBIBAET YCKOPEHHE
a=0,31 M/ ¢?. C KakuM nepuooM pacKaumpa-
gack «bega»?

4. CMemapuku M3y4YaJu 3aKOHBI TJIABAHUS
test. [Tun mpunec cocy/ ¢ skuaKocTbio, a Jlocsimn
OITYCTUJI B HETO CILJIONIHOI TIap, COCTOSIIII 13
HECKOJbKIX MaTeprasioB. [looBiHa mapa 6b11a
nepeBaHHol, p, = 480 KT, M°, yeTBepTh — mapa-
¢unosoit, p, =910 KF/ M, a OCTABIIASICS 9aCTb
6bL1a n3 npo6ku, Py, =160 KF/ M. Onpeseni-
Te, C KAKUM yCKOpeHueM Oy/IeT BCILIbIBATD 11ap
Y 9KCIIEPUMEHTATOPOB, €CJIH IIJIOTHOCTD SKUIKO-
cTu Py = 940 KF/ M°. Cuoit COIIPOTUBJIEHUSI
cpelbl mpeHe6pedb.

3. B nogapox 6orarbipio /lo6pbiie Huxwuru-
4y Macrepa u3 3JaTOyCTa BBIKOBAJIU M€Y Mac-
coit m=1,45 kr. JInsa 3aKajaKku Med, HarpeThli
J10 BBICOKOI TeMIiepatypbl ¢, = 817 °C, onycka-
JIT B KOPBITO ¢ BOZoii. Macca BOZBI B KOPBITE
my=41Kr, HavajgbHas TeMIepaTypa BOIBI
t, = 4 °C, Macca ncnapuBIieiica B pe3ysbTaTe
3TOTO BOADBI M, =64 . Haiimute temmeparypy
BO/IbI B ZiepeBsinaoM Kopbite (8 °C), Korga meu
octbiter? [loTepeii Teryia Ha HarpeBaHue OKPY-
JKAIOIET0 BO3/lyXa W KOpbITa IpeHebpeub.
Yaenbuas Temsiota mapoo6pasoBaHUS BObI
7 = 2260 k/[>x/KT, yaeabHAs TEMI0EMKOCTD
BO/BI ¢, = 4,2 kJ[x/(kr - K), cpeausist ynenn-
Has TEIJIOEMKOCTb CTAJTM B 3TOM JIHAra3oHe
Temmeparyp ¢ = 0,657 k/lxk/(xr - K).

6. OguH MOJIb Tesns coBepIIaeT IIKJINIec-
KUl TIPOIECC, COCTOSIIINI U3 n306apbl, ajnaba-
TBI M M30TEPMBbI, IIPUYEM H30TEPMUYECKUIT ITPO-
1[eCC POUCXO/IUT TIPU MUHUMAJIBHOI TeMIiepa-
type. KII/I storo tmkma pasen 17%. Ompene-
Jiute paGoTy BHEITHUX CUJT HAJ[ TA30M B M30TeEP-
MHUYECKOM IIpoIiecce, ecyin 00beM B n306apudec-
KOM IIpoliecce usMensercs B 2,9 pasa, a MUHU-
MaJjibHas TeMIlepaTypa B IUKJe pPaBHA
Tin =283 K.

7. UYerpipe koHjgeHcartopa eMmkoctsiMu C; =
=2MkD, Cy =2 MxD, C3=4 MxD, C; =2 MmxD
COE/IMHEHBI B II€Tb, KaK TTOKAa3aHO Ha PUCYH-

c, C, C, ke 1, W TOAKJIOUEHBI K
—HH—- HUCTOYHUKY TOCTOSTHHOTO
0 nanpsprenus Uy Pasnoctb
'c, [MOTEHIIMAJIOB Ha OOKJa/l-
Puc. 1 KaxX YeTBEPTOro KOHJeHCa-
topa paBHa U, = 100 B. Omnpenennre Hampske-
HUe MCTOYHUKA.
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8. ®uxcukam n [Ium/uMbray HeoOXOAMMO
OBLJIO OIPE/IETUTh TJIOTHOCTh MaTephajia Me-
TAJITTYECKOTO CTEPIKHST, BXO/ISIIETO B YCTAHOB-
KY, U300paKEHHYTO Ha
pucyHke 2. B Heit
cTepyKeHb, TPUKPeTI-
JIEHHBIH K IBYM YIIPY-
UM  HEMPOBOISAIINM
oiBecaM, HaXOUICS
B paBHOBeCUU B ropu- APuc 2
30HTAJIHHOM O/THOPO/THOM MarHUTHOM 1oJie. J{py-
3bsl Y3HAJU, YTO €CJIM U3MEHUTh HAIPaBJIEHUE
MPOTEKAHUsT TOKA B CTEpPXKHE Ha IPOTHBOIO-
JIOKHOE, TO BeJMYMHA Y/JIUHEHUs I0/BECOB
namenntes ¢ Alj=2,8cm o I,=0,8 cm. Uemy
paBHA IIJIOTHOCTb MaTepHasia CTEPIKHS, eCJu
K03(PDUIUEHT JKECTKOCTH KaKIOTO M3 TI0/IBe-
coB k=15 H/M, nuamerp crep:kHsi, M3MepeH-
HBIIT MUKpOMeTpoM, d = 5,65 MM, a €ro JJuHa
L =28,3cm?

9. HIKkoIbHUKN M3 KPY)KKA IOHBIX (PU3UKOB,
Y3HaB O CYIIECTBOBAHUY MATHUTHOTO TI0JIs1 3eM-
JIM, PENIUJIN TIPOBEPUTH U U3MePUTh ero. OHu
B3I MblieaoBKy (puc. 3), caenanu He60Ib-

Puc. 3

LIOI MPOIUJI HA HIDKHEM pebpe paMKu MblIlie-
JIOBKH, TIOJIKJTIOYNJTH B PA3PBIB BBICOKOTOYHBII
raibBaHoMeTp. OTHycKast pblYar MbIIIEJIOBKH,
TITIKOJIBHUKY M3MEPSIJIV CPETHION0 BETMYNHY TOKA,
MIPOTEKAIOIIETO Yepe3 rabBAaHOMETDP, a TaKKe
MIPOMEKYTOK BpEMEHU CPabaTbIBAHUSI MbIIIIe-
JioBku. OHU MOJYYUIN CJEIYIONIIe Pe3yabTa-
tor: [ =0,25MxA, At=90wmc. YUemy, mo pe-
3yJbTaTaM SKCIEPUMEHTA, PaBHA BEPTUKAJD-
Has COCTaBJIAIONIAS NHAYKIINT MAaTHUTHOTO TTOJIS
3emun? O61iee CONPOTUBJIECHNE PAMKH MBITITe-
JIOBKM ¥ TasbBaHoMeTpa R =19,3 OM, pamka
MBIIIEJOBKHU TIPEICTABJISET COOO0I TPSIMOYTOJIb-
HUK cO cropoHamu a=4,1cm u b=9,8 cm.
3aMeTHM, YTO HU O/[HA MBIIITKA B X0O/IC 9KCIICPU-
MEHTa He MMOCTpajiaa.

10. Cgeua ycTtaHOBJIEHA Ha PABHBIX PACCTOS-
HUSIX OT JBYX 3€pKaJ, ILIOCKOCTH KOTOPBIX
nepecekaoTcss 1o yraom o = 37° (puc. 4).
Hawub6oJtee sspkue oTpaskeHUs CBEYH HAXOATCS

Puc. 4

Ha paccrosinuu [ =60 cM apyr ot apyra. Haii-
JTNTE PACCTOSHIE OT CBEYM JI0 JIHUN Tiepeceye-
HUS 3epKaJl.

3aK/oumnTenbHbIN TYp

1. /IBa MaTbuMKa MEPEKNABIBAIOT MU, yAa-
PSS €ro HOTaMHM, Yepe3 OTKPBITBIH MYCOPHBIH
KoHTeiiHep. Boicora KonTeitnepa 1,75 M, mupu-
Ha 2,5 M. Ha xakoM MakcmMaJbHOM paccTos-
HUM OT CTEH KOHTEHHepa MOTYT HaXOJUTbCS
MaJIbYUKH, €CJH CKOPOCTb MS4a B MOMEHT y/la-
pa pasua 10 m/c? CompoTusienneM BO3yXa
npene6peun. (20 Gannos)

2. B Bojie m1aBaer MUJIMH/PUYECKOE O/[HO-
POJIHOE TeJIO C KPYTJIbIM OTBEPCTHEM HOCepe -
ue (puc.5). OTBepcTHE OBEPXY 3AOJHSIOT
OJINBKOBBIM MAaCJIOM, TIPH 3TOM MaCJI0 3aHUMaeT
3/4 oObema oTBepcTHS.
Uemy paBHa IJIOTHOCTD
MaTepuana Tesaa? Ilmor-
HocThb Bojbl 1000 KF/ M3,
MJIOTHOCTD MacJsa
920 xr/m>. (15 6annos)

3. Ilentpn! Tpex ympy-
TUX IIApOB JIeXKaT Ha OJI-
noit mpamoii. Ilepsomy #~4C 5
nrapy mMaccoit m = 100 r coo6ImanT HEKOTOPYIO
CKOPOCTb, IIOCJIE Yero OH CTAJKHUBAETCS CO
BTOPBIM IIApPOM, 3aT€M BTOPOIi I1ap CTAJKNBA-
€TCs ¢ TPETHbUM TapoM Maccoit 3m. IIpu kakoM
3HAYCHWN MaCChl BTOPOTO IIapa CKOPOCTb Tpe-
Thero Gyzer Makcumabioi? (20 Gasios)

4. ]l 3aMOpaskMBaHMS BBLIIOBJIEHHOI PbIOBI
MHOT/IA MCIIOJIb3YeTCs JIbJIOCOJIEBOE OXJIAXK/le-
HUE: TP CMEIINBAHWU MOBAPEHHOH CcomM u
JIbJa JIeJl TJIABUTCS, OTOMpasi TEIlIo y 3aMopa-
JKUBaeMoil pbiGbl. PacTBOp ¢ camoil HM3KOI
TeMIepaTypoi 3amepsanusi, paBHoit —21,2 °C,
o6pasyercsi, Korjla COOTHOIIEHHE MacC COJIM U
apga pasHo 3:10. Kakyto temmepatypy 6ymer
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UMETb 3aMOPOJKEHHAsI TPECKA, eCJU ee ToMec-
TUJIM B TaKyl0 CMeCb, IPUTOTOBJIEHHYIO U3
pacueta 1 xrapmanpu0 °CHal KrTpecku Toi
ke Temreparypbi? TemmoeMKoCcTb COJIeBOrO
pacTBopa npuHATh pasHoii 3,3 &Ik /(kr - K),
TeIIoTy IlaBjeHus Jjpia npu 0 °C — paBHOI
330 k/Ik/(xr). KosmuecTBo Temiorsl, KOTopoe
TpeGyercsi oto6parb y oxaaxaentoit jo 0 °C
TpecKu, 4TOObI 3aMOPO3UTD €€ [0 TeMIIePaTy-
pot t (B °C) B auamasone —20 °C < t < =5 °C,
ommcbiBaeTcst GopMyJIon g = ~0,16t> = 7,9t +
+185 kI /Kr. Tenmo06MeHOM ¢ OKPYsKaromei
cpenoit ipenebpeun. (15 Gamnos)

5. KoHTyp M3 MeIHOrO TPOBO/a CEYEHUEM
1,5 Mm? mMeer hOpMy KBajpata co CTOPOHOIL
10 cM 1 pactonoKeH B OJHOPOTHOM MarHUTHOM
nose ¢ unaykuueit 0,4 Ta
THePIEH/IUKYJISTPHO JIMHISM
unaykiuu. KoHtyp crasu
nedpopmuposars  (cm.
CTPEJIKM Ha pucymke 6)
TaK, 4TO TLJIOIIAb, OTpa-
HUYEHHAs! KOHTYPOM, paB-
HOMEPHO YMEHbIIaeTcs
B/IBOE 33 KQXK/YIO CEKyH-
ny. Kakoe kosmuecTBo Tet-
Puc 6 JIOTBI BBIIEJUTCS B TIPO-

BOJIHHKE 32 BCe BpeMsl Jie-
dopmaru? Y genbHOe COMPOTHBIIEHUE MEIH
16 nOM - M. (15 Ganios)

6. Koraa yrpom Kcenus IlerpoBna co6upaer-
cst Ha paboTy, oHa, Jleas MaKUsK, JEPKUT
3epKaJo rnepe JuIoM Ha paccrosinuu 20 cM. A
KaKoii OlTHYeCKO! cuJibl oukn Jexkar y Kcennn
[TerpoBubr B cymre? (15 6asion)

NHdopmaTuka

O6a typa onmMmuajgbl Mo WHHOPMATHKE
MIPOXO/INJIN B KOMIIbIOTEPHOM (popMmaTe, TIpu-
4yeM BTOPOIl — B BUJIE€ OJIUMITUAIBI IO CIIOPTUB-
HOMY TIporpaMMupoBanuio. [lo aToit mpmunHe
B 1yGJIMKAIINIO BOIILIN HE BCE 33/[a4i [epPBOTO
Typa, a TOJbKO Te, KOTOPbIe HE CBSI3aHBI C
3arpykaeMpiMn daiiramu. K 3agagam 3akirio-
YUTEJbHOTO TYPA OTBETBI HE PUBOSTCS, MIPO-
BEpHUTh pellleHns] MOXHO Ha cajite http://
contester.avalon.ru:23501/, typuup <«Ilomnu-
TeXHUYeCKas OJIUMIUAJa M0 UHPOPMATUKE
2022-23: 3aKJOYNTETbHBIN 9TAIT> .

OTGOpPOUHbIN Typ

1. [Ipodeccop Kpyrmkos u gorent Cron6o-
Ba BMeCTe NMPUHUMAJIHN 9K3aMeH 110 aJbTepHa-
TUBHOIT GUOJIOTUU B TPEX CTYJEHYECKUX TPYII-
nax. /lannbie 06 06IeM KOJHYECTBE JIBOEK,
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TPOEK, YETBEPOK U IMATEPOK B KAXK/OH IpyIiie
ObLTM BHECEHBI B eIMHYyI0 Tabauily. 3arem
Kpyraukos 1 Cron6oBa, HE3aBUCUMO JIPYT OT
JIPYTa, COCTABUJIN TI0 OJIHUM U TEM K€ JIAHHBIM
nquarpammbl. CTos160Ba /les1ama THCTOTPAMMBI 1
pacroJsiaraja ux B HOPs/IKe HOMEpPOB Ipymi. A
Kpyriukos, ecTecTBeHHO, JeJial KPyTroBble -
arpaMMbl, pPacrioJiarasi uX B HOPSI/IKE AT 9K3a-
MeHa. Ha pucynke 7 mpejcTaBJieHbI IOJTyYUB-

10 10 14
12
8 8 10
6— ~l 6 8
4 4 2
2 H -2 P
0 0 0
Puc. 7

myecs y InpenojiaBaresieil auarpammbl. Y cTa-
HOBWTE COOTBETCTBHE MEK/Ty KPDYTOBBIMU JIHaT-
paMMaM# 1 TIOCTPOEHHBIMU 110 TeM K€ JJaHHbIM
TECTOTPAMMaMU.

2. Ha or6opouHbIil TYyp TypHUpPa 1O WIPE B
«Banny» sagsuimcesr N urpokos (N uerHo).
ITockosbKy Urpa BbICOKOMHTEIIEKTY aJIbHAST, UT'-
paloIux B Hee HEMHOTO, BCE BCEX 3HAIOT, U3Be-
cTeH peliTuHr KaskAoro yyacruuka (1esoe Heo-
TPULATEILHOE YKCJI0). YUYACTHUKOB YIIOPSIIO-
YN TI0 HeBO3PACTAHUIO PEHTHHTA U PA36UIN Ha
napbl: 1-it urpaer co 2-M, 3-ii ¢ 4-M u T./1. Bopert
3a crpaBe/InBOCcTh MDelpriieeB 3aX0TeJ BbIsIC-
HUTH, CKOJbKO Ha TYPHUPE Tap, B KOTOPBIX
COTIEPHUKU MMEIOT HEOJMHAKOBDBII PEUTHHT, U
3aMpOCUJI Yy OPraHU3aTOPOB JIAHHbIE 00 YUACTHNU-
kax. CocJiaBIMCh Ha HETPUKOCHOBEHHOCTD TIep-
COHQJIBHBIX JIAHHBIX, OPraHU3aTOPbl MPUCTIATIN
DefiprsieeBy TOJBKO YIOPSJIOUEHHBINI MAacCUB
peiitunroB R. IIpoasumnytoiii Delipsees Hau-
can nporpammy (puc. 8) mis mozcyera nap, B
KOTOPBIX PENTUHTHM He paBHbI (Ha ICEBIOKOIE —
a TO BJPYT He BCe Pa3rOBApUBAIOT HA POJHOM
i Deiipreesa C++). BoisscHnioch, 4To mpo-
rpamma paboTaeT HeKOppeKTHO. Bam nipeacrout
HAUTH OMIMOKY U UCIPABUTD €€, 3aMEHUB JIHIITh
o/lH CUMBOJI. B oTBeTe yKaxkute yepes 1mpolest
HOMEp CTPOKH C OIMHOKOI, 3aMEHSIEMBII CUMBOJT
1 CUMBOJI, Ha KOTOPbIil €ro cJjeyeT 3aMeHUTb.
Hanpumep, ecsiu B 13-ii cTpoke Hal0 3aMEHUTD
AwnaY, BnoJe orBeta cieyet BBecTr « 13 A Y».
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3. 3agymaHo HaTypaJbHOE YNCJIO U3 AMara-
30Ha ot 22 10 37 BKJIIOUNTEIbHO. Huske nipuBe-
JIeHbI BBICKA3bIBAHUS O 3a/lyMaHHOM uncJie (oHu
He CBSI3aHbl MEXK/y COOOI M MOTYT OTHOCHUTbBCSI
K pasubIM ynciaam). Onpesenure KOJIMYECTBO
(B 6utax) comepsKamencss B KakKIOM U3 HUX
uHdOpMaIUU 0 3ayMAHHOM YHCJIE.

A. Tlpu npezicraBjieHnn TO JiM B IATEPUYHOM,
TO JIM B IMIECTEPHYHON CHCTEMe YHCJIO Ha OJIHY
nudpy ATMHHEE MPEAbIIYIIETo.

B. B mecrtepuuHoM mpe/cTaBICHUN YHCJIA
ectb mudpa 3.

C. Yncno gBasgercd MaIMHIPOMOM POBHO B
OJIHOW U3 CUCTEM CUMCJICHUSI C OCHOBAHUSIMU 2,
5, 6.

D. B aByx cuctemax CUHCJIEHUS U3 CHCTEM C
OocHOBaHHMSMH 2, 5 W 6 3aJyMaHHOE YHUCJO
COCTOMUT W3 OJHOW ! TO# >ke Imu@pbl, HO B
PAa3HbBIX KOJMYECTBAX.

4. Byca m [lycg, 3HaKOMble yYacTHUKAM
TPEJBIIYIINX OJUMITHA/T, UCCTENYIOT TIOBe/Ie-
HUE BUPTYAJbHBIX MOHCTPOB B KOMITBIOTEPHOIT
urpe. IIporpaMmma pacrosnaeT THIT MOHCTPa —
A6o6a, by6nmk, Bsaska, I'virpix, [lomamgon, Emne-
enb, EmkunkoT u 3as — M 3anmmchIBaeT ero Ko
B (aitn. Korga mporpamma yske 6blia rotosa,
a BpeMs ellle octaBasoch, byes n lycs pemmamn
YMEHbBINHUTH 00beM (haiiJia ¢ JAHHBIMU O PACTIO3-
HAaHHBIX MOHCTPaX, MPUMEHUB MOOUTOBOE KO-
nupoBanne. [lycs, He MyAIpCTBYS JyKaBO, HMC-
[10JIb30BaJIa PABHOMEPHDBINA KOJ[ ¢ MUHUMAJIb-
HOI BO3MOXKHOH JJIMHON KOZOBOrO cJioBa. A
Bycsa permia npuMeHNTh HepaBHOMEPHBIH KO/,
BOCIIOJTH30BABINUCH TEM, YTO YACTOTA TOSIBJIE-
HUS MOHCTPOB pasHad. IlyreM BuU3yambHBIX
Ha6moaennit Bycs onpenesnia, 4To IpuMEpHO
IIOJIOBIHA BCEX MOHCTPOB — 9TO LIMKMHKOTHI,
yerBepTb — 3au. Bsaxm n By6umkn Bmecre
COCTABIJIN TIPUMEpPHO 1/8 oT HaGM0aBIIMXCS
MOHCTPOB, HY a OCTaJIbHAS MEJI0Yb HOSBIAIACDH

PEIKO W TPUMEPHO B OJMHAKOBBIX KOJHMYE-
cTBax. bycs nocrponsia cucremMy KoJ10B TaK, 4To
KO/l y 6oJiee 4acTbIX MOHCTPOB OBLIN KOpOYe,
4yeM y 6oJiee PeJIKUX, 'y MOHCTPOB C O/IHHAKO-
BOIl 4YacTOTOH /JAMHA KOJO0B oamHakoBa. Ha
CKOJIbKO GaiitoB (aita ¢ manmupiMmu o 40000
MOHCTPOB B Ko/iInpoBKe Bycn kopoue, yeM atin
C 3TUMU >Xe JaHHBIMHU B KoampoBke [lycn? B
KauecTBe orBeTa BBeAuTe uncao (ecam Bee
CJIETATIN BEPHO, OHO MOJYYHUTCS IEJIbIM).

3. [Ipodeccop 3108 so6uT mBoiiku. Ho uto6ot
nx 6bIJIO He o4eHb MHOIO. HOSTOMy n3 MHOI'O-
3HAYHDIX YHCEJI €My HpPaBATCA T€, B KOTOPDIX
poBro nBe 1udps 2. K mnpumepy, 70241725.
Crynent Banana n3 o4eHb >KapKoil CTPaHBI JIO-
6ut aByrop6uix BepOmozioB. I[loatomy emy Hpa-
BSTCST YMCJIA, Y TIOCJIE/I0BATE/IbHOCTH NP KOTO-
PBIX POBHO /IBA JIOKAJIbHBIX MaKCUMyMa — I1up,
KOTOpPbIe CTPOrO GOJIbIE IIPEIIECTBYIONIEN 1
rocterytoreit (TlepBast 1 mocIeIHsIs — He B CUeT).
Hamnpumep, Banane upasutcst uncso 2583541, A
acrmrpanTka IO mo6uT Besueckne pesikocTu —
HarpuMep, HaTypaJibHbIe YNCJIA, Y KOTOPbIX POB-
HO TIATH PasJMuHbIX JlesmTesieii. B oTBeT Ha
npocb0y HazBaTh Takoe uncao lOuss 3aragouno
yapiOnyaach. [lust Gyymux MepBOKYPCHUKOB
[TosmTexa MPUTOTOBNU/IN 3avyeTHblEe KHIDKKH C
Homepamu ot 1874000 mo 1875678 BrIIOUNTEH-
HO. CKOJIbKO HOMEPOB 3a4€TOK MOHPABUJINCDH Obl
370By, ckoibko banane u ckonpko IOmne?

6. Ha ogmoM m3 KOMITBIOTEPOB JIOKATHHOI
cetu pacnosioxen (aiin pasmepom V M6, koto-
pBIif HaJ0 pacTHpaKUpoBaTb Ha N JApPYrux
KoMITbIoTepoB cetr. Ilepenava ocymiecTBisier-
cst nakeramu 1o P M6, riepeiaya 1makera JUIMTCst
T cexyna. CkavaHHbIl TaKeT CTAHOBUTCS JIOC-
TYIIHBIM [IJI1 CKQUUBAHUA C APYTUX KOMIIBIOTE-
POB, IIPH 3TOM KOMIIBIOTEP-UCTOUHUK MOJKET
OJITHOBPEMEHHO BBITIOJIHATD U IIPUEM U TIepe/ia-
4y JJAaHHBIX, HO IPUHUMAETCs JIUIIb OJ(MH TIa-
KeT, MepejlaeTcst TakyKe TOJbKO OJINH HaKeT U
TOJIBKO OJTHOMY a0OHEHTY .

[Tpeanonoxkum, umeercss ¢aiin o6beMoM
50 M6, KOTOpBIil HA/0 TTEpeaTh Ha 3 KOMITbIO-
tepa maukamu no 20 MO, nepegaya mavyku
qmtest 1 cexynny. @aitn 6yzxer pasbur Ha 3
nakera, 1-ii maker nepegaercsi 1-my aGoHEHTY
3a 1-10 cexynny. Ha 2-it cekynme 1-if KOMIIbIO-
Tep CKaumBaeT 2-1 MakeT ¢ MePBONCTOYHUKA U
OTHOBPEMEHHO TIepeaeT CKauYaHHbIN TTepBBIi
nakeT Ha 2-it kommbiotep. [Ipogomkas Mmojenn-
poOBaTh MPOIlECC, YBUIMM, UYTO Iepejava JlaH-
HBIX B 3TOH cuTyaruu 3ansia 5 cekyns (a ue 9,
Kak Obly10 Obl TIPU KOUPOBaHuU (ailia ToabKo
¢ nepBorctouHrKa). CKOJBKO CEeKyH/ 3aiimer
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nepemava Jaunubix mpu V =777, P=200,N=9,
T=10? CkoJbKo CcexkyHA 3aiiMeT Tepenada
jpanupix pu V=777, P=10, N=19, T=1?
7. Ojna BuUpTyasibHasl [UBUJIU3AINS UCIIOJb-
3yer JIJIsI 3aIiCH Yuces1 3a6aBHYIO CHCTEMY CUHUC-
JIeHVsI, OCHOBAHHYIO Ha JIECITUYHOMN, HO BCETO C
aeyms riudpamu: 0 u 1. Ynesro 3anmcbiBaeTcst Kak
CyMMa CJIATAeMBbIX, COCTOSTIINX TOJIBKO M3 €/INHUII
n HyJIeil U WAYIHMX B TIOPSI/IKE HEBO3PACTAHUS,
[IPU ATOM YHCJIO CJIATA€MbIX MUHUMAJBHOE U3
BCEX BO3MOKHbBIX. [IpH 9TOM JIJIT MHOTUX YHCET
BO3MOKHBI HECKOJIBKO TIPEJICTABJIECHUIT: HAIIPH-
Mep, 2023 MOMKHO TIPEACTaBUTb M Kak
1011 + 1011 + 1, ukax 1011 + 1001 ++ 11. Ckob-
KHMHU CIIOCOGAMI MOXKHO 3aIncaTh 4nuco 42337

3aknounTenbHbIA Typ

1. UBanog, Ilerpor, Cuzopor u HUP

Cryaentsl MBanos, [Terpos u Cugopos joJi-
SKHBI CDOYHO 06paboTaTh Pe3yJIbTaTbl SKCIIEPH-
menra HUP (may4no-uccieoBarebckas pa-
6ora). Bcero Tpebyercsi BBIIOJHUTH PACYETHI
110 N roukam. VMBaHOB IIPOCUMTHIBAET TOUKY 32
A munyr, Ilerpos 3a B, Cunopos 3a C MuHyT.
Hauanu pa6orars onu onHoBpemento. Paspa-
6oTaiiTe IporpaMMy, KOTOpast 1o 3TUM JIaHHBIM
oTIpe/iesIsieT, CKOJIbKO MUHYT 3aliMyT pacdeTbl.

Bxoanbie gannbie. Hatypasabnbie yncaa N,
A, B, C B oiH0i1 cTpOKe, pas/esentbie mpode-
samu. Bee uncsa He GoJible ThICSYH.

Boixoanble panuble. OJHO HaTypaJbHOE
YHUCJIO0 — JITUTEJbHOCTD BBITIOJHEHHS PAacueToB
B MHUHYTax.

2. Tymannsni MoayJjieB u mnpousBe/eHHE
wudp

Mogy.ieB, 00y4aBIImii IEPBOKYPCHUKOB BbIC-
1reii MateMatuke, 6bLI CPABHUTETIHHO JOOPHIM
nperiojiasareseM. OH roJslaras, 4To 3HaHUE
TaGJINIBl YMHOKEHHST 1 HAJINYNE JIOTHIeCKOTO
MBIIIJIEHUST U BOOOPA)KEHUSI — JOCTaTOYHOE
YCJIOBHE JIJIs TOTO, YTOObI HE BBITOHSATD 11EPBO-
KyPCHUKa B HEPBYIO JKe ceccuio (MOXKHO JKe
IIOTOM BO BTOPYIO CECCHIO OTYHCJIUTD, €CJIN He
[POrpeccupyer). 3aBaJUuBAIOIIIM SK3aMEH CTY-
nAentaMm MojysieB 3a7aBaJl BOIIPOC THIIA TAKO-
To:

— Uro ob6uiero y umncen 2922, 1249, 833,
2323272

Ecam crysent orBevas, 4To y BCEX ITUX
qrceJ1 Ipou3BeieHue dp pasHo 72, MoyieB
3a/1aBaJl BTOPOIi BOIIPOC:

— A Kakoe HamMeHbBINee HATYPaJbHOE YICJIO0
C TaKUM TIpou3BesiecHneM Iudp?

2023/Ne10

3a BepHbIil oTBeT Mo/1yJieB BIIUCHIBAJ B 3a4eT-
KY <«y/IOBJIETBOPUTEJIBHO»> W CTYZEHT OCTaBAJICSI
cTyzsieHToM emie Ha cemectp. Ho MomyieBy
TpeGOBAINCH TECTOBbIE JIAHHbIE — OH He JIOGUT
oBTOPsiThCsi. PazpaboTaiite mporpammy, KOTO-
pas moJiydaeT Ha BXoj 4yucao N U BBIBOAUT
HanMeHblIlee HaTypaJbHOE YHCJO, TTPOU3BEIe-
uue 1mdp xoroporo paBHo N. Ecum Taxoro
YrIcJIa HeT, porpamMMa JIoJIKHa BbIBecTH —1.

Bxopaubie mannbie. HarypasnbHoe uncio N,
He TIPeBOCXO/IATIee MUJIIHAPI.

Brixoaubie fannble. [lesoe umcsio — nanMenn-
1ree HaTypasbHOE YHCJIO C TPOU3BeeHIEM TP
N nm —1, ecam Takoe 4nCJI0 He CYIIECTBYET.

3. Tom Coiiep

— Tom! Tooom! Mmu cioga, 6e3menbHuK!
[Tepeonenbcsi-ka BO 4TO-HUGYIb TIOTPSI3HEE. ..
BIIpOYEM, KyJa YK TpsidHee... Bor 3a6op. Bor
6aHKHU C KPACKOU, C MPOIILJIOrO pa3a OCTATHCD.
3abop Hazo nokpacutb. Ho He Kak momaso, a
Tak, 4ToObI HUKAKNE 2 COCEAHME TOCKN 3a60pa
He ObLIU TOKPAIIeHbI B OJMHAKOBBII 11BET.

— 3ayeM Tak cJ0kHO, TeTd [lomm?

— 9rto kpacuso, Tom! 1 MmosHO: BOH TTIOCMOT-
pH, Kak nepekpacuia cBoii 3a6op Mapu bpaiit.

— Tets [Tonnu, a MOXKHO 1epeKpacuTh He BCe
JIOCKHU, a TOJbKO HekoTopble? Tak mosydurcs
6bicTpee, 1 Mapu ycIieeT JIOMHYTh OT 3aBUCTH
etmie /10 3akatal

Urak, y Toma ectp Gankm c¢ kpackoii K
PasHbIX 11BETOB. Tak Kak KOT/a-To JaBHO 3a60p
Kpacujim U3 3TuX ke GaHOK, Ha 3a6ope MOryT
BCTpeYaThCs TOJBKO UMelonuecs 1Beta. Kakoe
MUHUMAJIbHOE KOJUYECTBO JOCOK IPUIETCS
nepexpacuth Tomy?

Bxopaubie gannbie. B nepBoii cTpoke — 1Ba
neapix yncaaNu K (1 < N <10000, 2 < K< 26).
Bropas crpoka cocront u3 N 6yKB JIATHHCKOTO
andasura. Kaskgas 6ykBa 0003HA4YaeT OT/eJb-
HBIN [BET, «a» — MepBbIi 1BeT, «b» — BTOPOI
u Tak jajnee. B cTpoke HCHOJB3YIOTCS TOTBKO
nepsbie K 6ykB snarunckoro asndasura. Kax-
nast 6yKBa 0603HAYAET UCXO/HDII IIBET COOTBET-
CTBYIOIIEN /IOCKK B 3a6ope.

Bruixoausie gannbie. HatypasabHoe uncio —
HCKOMOE YHCJIO MepeKpaITiBaHIH.

4. Momenas nionjajaka

[Jaunuk /[lyaxkun 1OArOTOBUJI K MOIIEHHUIO
IJIUTKOM KBa/IpaTHYIO Ionaky . CTopona KBaji-
para — K mmrtok. ¥ Jlyakuna B capae P Buzion
itk (OAMHAKOBOrO pasMepa, HO PasHOro
Bera). 3aMOCTUTD J[BOP OH PEIIUT Y30POM U3
KOHIIEHTPUUYECKUX KBA/PaToB, IO MEPUMETPY
IIMTKY THa 1, 110 1epuMerpy ocTaBIIEeics



O9K3AMEHAINMOHHBIE MATEPMAIJDBI

yactu — Tuna 2, ..., tuna P, tuma 1 u 1.71. Bor,
K TIPUMeEPY, KaK BbITJIsi/Ie a Obl ILIOIIA/KA pas-
MepoM 7 Ha 7 TIpU MOIIEHUN 3 THITAMU TJINTKHU:

111111
1222221
1233321
1231321
1233321
1222221
111111

Moctutb 1tomaky Oyzer Gpurajia HaeMHbIX
pa6oTHUKOB, MoKa caMm [lyakuH 6ymer oTcyT-
cTBOBaTh. /Iy HUX HY)KHO 3apaHee TOATOTO-
BUTD uTKYy. Pazpabotaiite porpaMmy, KOTo-
pas ompefessgeT KOJTMYECTBO TIUTOK KaxKIOTO
THIA, HY>KHOE JIJIST MOIIEHUS TIIOIAKNA.

Bxoanbie mannbie. B mepBoii crpoke Haty-
pasbroe yncao K — cropona kBagpara. OHo He
npesbiitaer 1000. Bo Bropoii cTpoke HaTypasib-
Hoe yucJso P, ne menpiuee 2, e 6osbiee 9, —
KOJIMYECTBO TUMOB ILJIUTKH.

Boixogusie gannbie. P 11esbIX HeoTpHIla-
TeJIbHBIX YNCeJI B O/[HOI CTPOKeE uepe3 npodest —
KOJIMYECTBA TIUTOK THIIOB 1, 2,..., P, Heo6xo-
JINMBIE [IJI MOTIEHUS TIJIOMIA/IK.

3. Po6or /IsaBaiira

Crynent VIBaHOB 13 OJPYYHBIX MaTEPHATIOB
coopyaui po6oTa, croco6HOro 6ECKOHETHO TIe-
peMeIarbCcss M0 KOOPAWHATHOH TIITOCKOCTH B
COOTBETCTBUN € 33JaHHON Tporpammoii. I1po-
rpamMma po6oTa cocTOuT u3 AByX Oaiitos, A u B,
BCe OCTaJIbHOE Peasl30BaHO ammapaTHo. /[Bu-
JKeHre po60Ta OCYIIECTBISIETCS] B OECKOHEUHOM
IIUKJIe, HA KaK/I0W UTEPAIIi KOTOPOTO BBITIOJI-
HSETCS BOT YTO:

e BbIUUcsgeTcst X — OCTATOK OT JiesieHus A Ha 4;

eccim X =0 — BBIOHSAETCS TIepeMeleH e
Ha 1 BBepx, nmpu X=1 — Ha 1 BOpaBo, 1npu
X=2-mna 1 Bun3, npu X =3 — Ha 1 BJIEBO;

e GaiiTy A mpucBamBaeTcs 3HaueHUe

(A+B) mod 256.
Ceituac po60T HAXO/UTCS B HAUaJle KOOP/IMHAT.
Paspa6oraiite mporpamMMy, MOCYUTHIBAIOILYIO
KOJIMYECTBO TOYEK, PACIIOJOKEHHBIX BHYTPH 1
Ha rpanuie kpyra ¢ pagmycoM R (R — mary-
pasibHoe wncio, He mpesbimaomee 10%), o
KOTOPBIX POOOT MOKET 106PaThCs 3a He TPEBbI-
masomee 10 KOIHYECTBO MArOB, €CaM TO/I0-
6paTb coorBeTcTByIomue A n B.

Bxopaubie gannbie. HatypanabHoe uncsio R —
paamyc Kpyra.

Boixoanbie ganabie. O/1HO HATYPAJTbHOE YUC-
JIO — KOJIITYECTBO TOYEK BHYTPHU KPYyTa 33JJaHHOTO
pajimyca, KOTopble J0CSTaeMbl Jijisi PoO0Ta 1pH

KakoM-ynm6o coueranmn A um B 3a KoimvectBo
[IaroB, He IPEBBIMIAIONIee MUJLTHAPI.

6. MaremMaTuKu Ha MeIOCMOTpe

CorpyanukoB lonurexa rortaam Ha odepes-
Holl MeocMoTp. Heo6xonumo mocieoBaTesibHo
MPOHTH [Ba KabWHETa: B OJHOM C TIOMOIIBIO
XUTPOYMHBIX ITPUOGOPOB MTPOU3BOJIST BCSIKUE aHa-
JIM3bI W 3aMepbl, a BO BTOPOM >KHMBOW Bpay
006CYK/IA€T C TAIIMEHTOM PE3YJIbTATHI MOCEIEHNST
nepBoro Kabutera. Mex 1y KabrHeTaMu MaJjieHb-
KWl KOPHJOPYHK, B KOTOPOM, €CJIM Bpad IMOKa
3aHAT, MOJKHO 1To10k1aTh. B Ilommrexe maTema-
TUKY 3HAIOT Jaxke rymanurapuu. Kpome Ttoro,
KaK/IbIil COTPYHUK JIOBOJIHO TOYHO 3HAET CBOU
JIMarHO3bI U, CJIe/IOBATEIbHO, BPEMSI CBOETO TIpe-
ObIBaHUST B KaXKIOM U3 KaOuHeToB. U KaskiIoe
O/Ipa3/IeJIeHIIE CTAPAETCS IIPOXOUTD MEIOCMOTD
B ONTUMAJBHON TIOC/IE0BATENBHOCTH, YTOGBI
BpeMsi MeocMOTpa ObLIO MUHUMAJIbHLIM. Ha-
npuMep, B Jaboparopun Hecranpapthoii CraH-
JIAPTU3AINE TP COTPYAHUKA. 3aBJa0 MPOBeET
B 11epBOM KaOuHeTe 3 MUHYTBI, a BO BTopoM 20,
HAYYHBIH COTPYZHUK — COOTBETCTBEHHO, 7 W §,
sgabopant — 15 u 2. Ecam noiiayt Ha MeocMoTp
B TOpsijike YOBIBAHUS [TOJKHOCTHU, YIIPABSTCS 32
33 MUHYTBI. A BOT ec/i B TOPSIZIKE BO3PACTAHNA,
To morparsaT 50 MuHyT. Paspaboraiite mporpam-
My, KOTOPast 110 JIAHHBIM O ITPE/IONOMKHUTETBHOM
BpeMeHH MPeObIBaHNs KasK/Oro COTPYIHHUKA B
KQXK/IOM 13 KaGUHETOB OIPEJIeNsieT MUHUMAJIb-
HYI0O BO3MOKHYIO JIIUTEJBHOCTD MTPOXOKICHUS
MeocMoTpa noapasaesenneM (0T BX0Ja 1epBoro
COTPY/IHUKA B TIEPBbINl KAGUHET JI0 BHIXO/A T10C-
JIEJIHETO U3 BTOPOTO).

Bxoanbple manbie. B mepBoii cTpoke HaTy-
pasibHOe uncsio N — KOJTMUeCcTBO COTPY/THUKOB B
noapasnenenun. lamee crenyior N cTpok, B
KaXTOH — /Ba HATypaJbHBIX YHCJA: BPEMS
peObIBAHUS COTPYAHUKA B TIEPBOM U BTOPOM
KaGuHeTe COOTBETCTBEHHO. Bee umcna B 3a1aue
ne tnpesbiaior 100.

Boixoansie gamnbie. OnHO HaTypaJbHOE
YUCJIO — BPEMs OT BXO/[a TIEPBOTO COTPYIHUKA
B MEPBBIN KaGUHET JI0 BBIXO/A TIOCJTEHEr0 U3
BTOPOTO TIPH ONTHUMAJIBHON OYEPETHOCTH CO-
TPY/IHUKOB.

Hy6auxayuio no mamemamuxe
nodzomosuau A.Moucees, A.Odunyos,
C.IIpeobpaxencrui;

no gusuxe — T.Andpeesa, T.Bopobwesa,
C.Cmaposotimos;

no ungopmamuxe — E.Kpuvirosa,
K.ITnomnurxosa
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HoBoCMbOKMpCKMNA
rOCYAaPCTBEHHbIN YHMBEPCUTET

dusuka

ONIMMMNUALA «TBOM NYTb
B HACTOSALLYIO HAYKY»

I (oTGopoUHbIN) 3Tan

BapuaHT 1
8 knacc

1. Tang u [lers oTnpaBusnch Ha MalnHaX U3
nyHkTa A B myHKT B. Tana Bblexasa nepBoil u
exajla, He OCTaHABJUBASCH, CO CKOPOCTHIO
50 kM/u . Tletst BoIEXAT Yepe3 5 MUHYT MOCJE
Tanu u panee peilcTBOBaJ CrIeAylomIM 06pa-
30M: JIBUTAJICS CO CKOPOCTBIO 60 KM/U, a Kak
TOJIBKO JloroHsT TaHio, ocTaHaBIMBajCS Ha S
MUHYT, a 3aT€M OIISITh TIPOJIOJIKAJ JBHKEHHE C
npekHelt ckopocTbio. TaHs He OYeHb TOYHO
3aCeKJla BpeMsi, HO MOKET C YBEPEHHOCTHIO
CKa3aTb, 4TO IPOBeJa B IyTH 6GoJiee 2 4acoB, HO
MeHee 3 yacoB. Kakoe Bpems TaHs Haxoumach
B IIyTH, €CJI U3BECTHO, YTO B IYHKT B MalMHbI
Tpuexaan oJHOBpeMeHHO? Bpemenamu pasro-
Ha M TOPMOXKEHUSI TPEeHeOPEeYbD.

2. Teno miaBaer B KUAKOCTH ILJIOTHOCTHIO
Py - UTOOBI ME/JIEHHO TOJHOCTBIO BBITAIINTD
TEJIO U3 JKUJIKOCTH, HYKHO K HEMY ITPHJIOKUTD
BEPTUKAJIBHYIO CUJIY BJIBOE GOJIBIIYIO, YeM JIJist
TOTO, 4TOObI ME/IJIEHHO MOJHOCTBIO MOIPY3UTh
TEesNo B JKUJKOCTh. Haitsinte miioTHOCTD Teua.

3. ITo peke, CKOPOCTH TEUEHUST KOTOPOI MOK-
HO CYUTATb TIOCTOSIHHOM, HA /IBYX O/INHAKOBBIX
CaMOXO/IHBIX 6apyKaxX 1epeBO3sT IIECOK U3 ITYHK-
ta A B nyukT B. [lyakTer A n B HaxoaaTCd Ha
o/HOM Oepery peKi, TeueHne HalpaBjieHo u3 A
B B. B MomenT, Korza niepBasi 6ap:xa ¢ 1meckom
pUOBIBAET K TIPUCTAHM B IyHKTe B, BTOpas
6apKa C MeCKOM HaxOJMTCS HAa PACCTOSHUM
3 KM BBepx Mo Teyenuio. K mpucranm Bropas
6apka mpuOBIBAET B MOMEHT, KOT/Ia PA3rPy3nB-
miasicst repsast 6aprka OTILIBIBAET OT ITPUCTAHU.
Kaxoe paccrosinue Oyzer Mexjay Oapskami,
Korja oHu o6e OyAyT IUIbITb B IyHKT A?
CKOpoCTb caMOXO/IHOI 6ap:Ku B CTOSTYEN BOJIE
60JIbIIIe CKOPOCTH TEYEHHS PEKH B 5 Pa3, BpeMs
pasrpysku oiuHakoBo. CUnTarh, 4YT0 CKOPOCTD
6ap:KU He 3aBUCUT OT TOTO, 3arpy’keHa OHa
MIECKOM UJIN HET.

4. K nienTpam cTOpoH /IByX KyOUKOB ITPUBsi3a-
Hbl HEPACTSDKUMbIE HUTH, BTOPbIE KOHIIBI KOTO-
PBIX TIPUBSI3aHbI K PA3HbIM KOHI[AM HEBECOMOTO

a, 4. |g TOHMKOrOCTEpKS At~
2 l Hoit [ (puc. 1). Ha He-
I 4'_—_’— KOTOPOM PacCTOSIHUK
9 X OT TIEHTPA CTEPIKHSI
<> K HeMy IIpUKpeILIeH
—Oo—— rpysuk. Cucremy
< L OIYCKaIOT B COCY[ C
JKUJIKOCTBIO. B paBHo-

Puc. 7

BECHU CTEPIKEHb OCTa-
€TCsl TOPUBOHTAJIbHBIM, & KaXK/IbIil 13 KyOUKOB
HOrPY’KeH Ha MOJIOBHHY cBoero obbema. Haiian-
T€ X, €CJIM N3BECTHO, YTO pe6pa KyGHKOB PABHBI
a; n a,. Maccoii KyOUKOB IpeHeGpeyb.

9 knacc

1. Cm. 3amauy 2 st 8 Kiacca.

2. Baromumk TpHKpeTIeH K CTeHe ABYMS
npysKuHaMK skecTKocTbio k (puc. 2). C apyroi
CTOPOHBI K BArOHYMKY TIPUCOEUHEHA OJ[HA

g TaKas ’Ke IPY»KIHA, BTO-

l POI KOHEIl KOTOPOH Jiep-

k k JKUT B PyKe MaslbuyuK.

7 [Ipy>xunbI He HATAHY-
Tbl. Kakyto MuUHUMAasb-

Puc. 2 Hyf0 pa6oty A momxen

COBEPIIUTH MAJbUYUK, YTOOBI NEPEMECTUTH Ba-
TOHYMK BIPaBo Ha paccrtosHue L? Tpenuem
[P [IBUKEHIH BaroH4uKa mpeHedpedb.

3. Nmeetcs cxema, cocTaBieHHAs M3 PE3WC-
TOPOB [BYX pPa3HBIX HOMHHAIOB Ry n R,
(puc. 3). UsBectHO, YTO €CaM 3aMKHYTb B
cxeMe TOJIbKO KJod Nel, TO CONpPOTHBJIEHME
Meskly BpiBogiamMu A u B cocraBut R, =16 OM.
Ecan ke 3aMKHYTH TOJNBKO KJII04 Ne2, TO
COTIPOTHBJICHNE MEXK/Iy STHMHU BBIBOJIAMH CO-
craput R, =22 Om. Haiiaure R;.

A
R Katou Noft
Kaiou 1
No2
e m]
R,
R, R, B
— ——=—0
Puc. 3
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4. B TpyGy IOCTOSTHHOTO CEYeHHs KaK/1LyIo
CEeKYH/Iy 3aKaYMBAIOT IIOCTOSTHHBIN 00bEM BOJIbI
¢ temneparypoit Ha Bxoge T, =10 °C. Ha ox-
HOM M3 Yy4YacTKOB BOJY IOJOTPEBAOT [0
T; = 50 °C. T'me-to f0 y4acrka, rjie nojiorpesa-
eTcsl KUJIKOCTD, B TPy6e MosIBUJIACh Teub. TeM-
nepartypa Ha BbIXo/ie ctasia paBHoii T, = 55 °C.
Haiiure oTHOIIIEHME pacxXo/ia BOJBI B TeYH K
MIOJIHOMY PacXojy Bo/ibl. Teroo6MeHOM ¢ OK-
pysKarolieii cpe/ioil mpene6pedb.

10 knacc

1. Cm. 3amauy 3 ama 9 kiaacca.

2. Cwm. 3amauy 2 aig 9 xuacca.

3. Cm. 3amauy 4 nna 9 xuacca.

4. Ha ropusoHTabHOI TIOCKOCTH HAXO/HT-
¢s1 MOJBIDKHDBIN KJIUH Maccoit M ¢ yrjoMm pa-
crBopa o.. Ha mem mexxut Gpycok Maccoil m,
[IPUKPEIIEHHBII HUTHIO K CT€HE, KaK TIOKA3aHO
Ha pucyHKe 4. Kaxkylo MUHHMaJIbHYIO TOpPH-

Puc. 4
30HTAJIBHYIO CuJIy F HAI0 IPUJIOKHUTD K KJIUHY,
4TOObI CABHHYTH ero ¢ Mecra? Koadduuuent
TPEHUST MEXK/Y KJIUHOM M IJIOCKOCTBIO U, OC-
TAJIbHBIM TPEHHEM IIPeHeOpeyb. YYacToK HUTH,
MOJXO/ANINHN K CTeHe, TOPU30HTaJIeH. Y CKope-
Hue CBOGOHOTO TaJIeHNusT §.

11 knacc

1. Ha HakJIOHHON TOpKe JIeXXUT OPYCOK Ha
Bbicote H. Eciin ero cramurb BHU3 JI0 CaMOTo
KOHIIA TOPKH, TO GY/JIeT COBEPIIeHA HEKOTOPast
pa6ora A. Ecau morom 3aramutb OPYyCOK OT
KOHIIA TOPKM JIO IIPEXXHEero mMecra, TO Oyjer
coBepIlieHa B JiBa pasa Gosbiiast pabora. Haii-
nute A, eciu macca 6pycka M. Yckopenue
CBOGO/THOTO TAJIEHUS (.

2. Cwm. 3azmauy 2 ams 9 xiacca.

3. [Tocepennte ropu3oHTaNbHON TPYObI, 3aK-
PBITOI € TOPIIOB, HAXOAUTCS MOJBUXKHBIH Terl-
JIOHETIPOHUIIAEMbBIIl TOPIIEHb cedeHneM S. B
JIEBOIl M TIpaBoOil 4acTsix TPyObl HAXOIUTCS
OJINHAKOBOE KOJMYECTBO UJI€ATBHOTO ra3a Mmpu
O/IMHAKOBOM TeMIlepaType U AaBienuu p. Jle-
ByI0O 4acTb HarpeJgu Tak, 4To 0o6beM TPyObl
JleJIUTCST TIOpITHeM B miporiopiinu 3:1, a B mpa-
BOIi TemIieparypa He nomensiiach. [locse yero
TeMIepaTypbl B JIEBOW W MPaBOM yacTsax (Huk-

CUPYIOTCsI, TPYOY CTaBST B BEPTUKAJIBHOE T10JI0-
JKEHHE U TIOPIIEHb OIMYCKAETCS /10 CEepPeUHbI
Tpy6bI. Haiigure mMaccy mopurHs. Y cKopeHue
cBOGOTHOTO Tiajienust g. TpeHueM npeHe6peyb.

4. Ha Tiasxyto TOPU30OHTAIBHYIO CIIUITY Ha-
JIETbI /IBE OJIMHAKOBbIE MACCHBHbIC GYCHHKHU C
3apsiiamMu ¢, KOTOpble BHAYaJIe yIePsKIBAOT-
cd Ha paccrosguun [
(puc. 5). [Ise ogunako-
Bble TOPU30HTAJIbHDIE HE-
PaCTSIHyTbIe HETIPOBOJIS-
TI7e TIPYKUHKA KeCTKO-
CThIO R TIPUKPEIJIEHbI OJHUM KOHIIOM K JIeBO
1 1IpaBoii 6yCUHKE COOTBETCTBEHHO, & [PYTUM —
K crtie. Hafiimre MuHUMaTbHbIN 3apsia 6ycu-
HOK, TIPM KOTOPOM OHW CTOJKHYTCS, €CJH UX
oriycTuTh. Tpenuem mpeneGpeyb.

Puc. 5

BapuaHT 2
8 knacc

1. Taug pemmiaa W3roTOBUTH TPHOOP ST
n3MepeHus TIIOTHOCTEH JKUIKOCTENl Ha OCHOBE
MOJIOTO TIMJIMHAPA C TPy3ukoM. B kadecTBe
IUJIMH/PA OHA B3sJIa MEAUIUHCKUN IIPUII,
TaK KaK Ha HEero y)Ke HaHeCeHa IKaaa B MUJLIH-
JINTPaX, BBITAIUIA TOPIIEHD W K KOHITY UTJIbI
MpUKpeNnIa TPY3UK.
O1ycTuB KOHCTPYKIINIO B
Bony, Tans onpenenmina,
YTO YPOBEHD BOJIBI COBIIA-
llaeT ¢ PUCKOU 2 M
(puc. 6). 3nauut, penm-
JIa OHa, OTMETKa 2 MJI CO-
OTBETCTBYET TIJIOTHOCTH
KugKocT P =11, eM,
Kakoii miotHocTH SKuI-
KOCTH ) COOTBETCTBYET OT-
MeTKa mKajel 3 mi? Ton-  Puc 6
IIUHOW CTEHOK INTPUIA 1
00bEMOM TPY3UKa ¢ UrJIoi 1peHe6bpeunb. K-
KOCTDb B IITIPUI] Yepe3 UTJTy He MOCTYTaeT.

2. Mexnay ropogamu A u b xomut aBro6yc,
KOTOPDIi, COrJIACHO PACIUCAHUIO, JIEJIAeT JJIU-
TeJbHYIO TTPOMEKYTOUHYIO OCTAHOBKY B JI€PEB-
He C Ha ofHO U TO Ke BpeMs. OHaX/IbI TTOUTH
cpady mocye ornpasienuss uz A y asroGyca
JIOTTHYJIO KOJIECO, W BOJIUTEJNb €ro MEHSJI B
TeueHre 35 MUHYT. V3-3a aTOTO, YTOGBI TIPH-
ObITh TOYHO II0 pacHucanuio B b, BOAUTE]D
mocJie 3aMeHbl KoJieca YBEJUIIT CKOPOCTb aB-
ToGyca Ha 10% 1 COKPATHJ BPEMST OCTAHOBKH B
C. Ha cxoJbKO MUHYT TPHINLIOCH COKPATUTDH
BpeMsI 9TOI OCTAHOBKH W3-3a JIOITHYBIIETO KO-
Jieca, ecJin ¢ TIOBBIEHHOI CKOPOCTBIO aBTOGYC
exaJs Bcero 54 30 Mun?
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Puc. 7

3. Ha npaByio uaiiy JieBbIX U JIEBYIO Yallly
MIPABbIX OJIMHAKOBBIX PABHOILICYNX BECOB MO-
JIOKHJIM HEBECOMYIO OaJIKy, Ha KOTOPYIO IIOMe-
crun HeGosbIon Tpys Maccoit M (puc. 7).
Paccrosinue ot JieBoro kpast 6aJKu /1o rpysa [,
a OT TIPaBoro Kpas /1o rpysa l,. Haiiaure macco
IPY30B My U 11y, KOTOPbIE HY’KHO TIOJIOKUTD Ha
KpaitHre cBOGOIHbIE Yalli, 4TOObI BeChl OBLIN
B PABHOBECHH.

4. Ilerst N3roTOBUJT BeChbl OPUTHHATBHOI KOH-
CTPYKIMH: YAl BECOB OH BBITMOJHUI B (hopme
Ky6muecKux KOpPo6GOK 6e3 KPBIIIKU, JEBYIO C
JUTMHON pebpa a, npaByio — b, 1 TOMECTUJT UX
B GOJIBINON COCY/T C KUAKOCTBIO TIIOTHOCTBIO P
(puc. 8). Ha siHO paBoil KOPOGKHU OH TIOJIOK KT

g
M —?
m 5
(_] b
p a
Puc. 8

uccJjielyemMplii Tpys, Ha JHO JIEBOW — THPIO
Maccoil m, koTopas ypaBHoBecu1a Becbl. Ilers
CUNTAET BECHl YPABHOBEIIECHHDBIMH, €CJIH Yallll
BECOB BBIPOBHEHBI 10 BepXHeMy Kpato. Hatian-
Te Maccy M wuccraenyemoro rpysa. Maccoil u
TOJIIINHOM CTEHOK KOPOGOK IIpeHeGpeyb.

9 knacc

1. Hanpsxenne B posetke 220 B. Tous 3axo-
TeJl NCTIOIb30BATD JJISI OCBEIEHIST 3IEKTPIYec-
KyIO JaMHOYKY, PAaCCUMTAHHYIO Ha HaIpsDKe-
nue 50 B, BmasB mocJie/[oBaTeNbHO € JTaMIIOU-
KOl conpoTuBeHne. Bo CKobKO pa3 BeJmamHa
9TOTO CONIPOTHUBJIEHUS JIOJIKHA IPEBBIIIATD CO-
IIPOTHUBJICHUE TOPSAIIEHl JTaMIIOYKH, YTOObI OHA
CBETUJIA CBOUM HOPMAJIbHBIM HAKaJIOM?

2. Cm. 3agauy 3 nug 8 kJacca.

3. MaccuBHBIH TNJIMHIPHYECKUH TPY3 CTOUT
Ha jiHe BojoeMa rurybunoii H =2 m (puc. 9). K
Ipy3y IPUKPENNJIN HEPACTSKUMBII TPOC 1 Ha-
YA €r0 MeJICHHO TSHYTb TaK, YTOOBI I'Py3
TIOJTHAMAJICS PABHOMEPHO. 3aBUCHMOCTD CHJIBI
HATSDKEHUST TPOCAa OT BPEMeH! MOKasaHa Ha

2023/Ne10

Puc. 9

rpaduke. Haiiure pa6ory, KOTOPYIO COBep-
HINJIK JIJISE TOTO, YTOObI IOCTaTh I'PY3 U3 BOIbI,
T.e. C MOMEHTA BPEMEHHU HavaJja IojbeMa [0
MOMEHTA, KOT/Ia T'PY3 IOJHOCTbIO OKAXKeTcs B
Bo3ayxe. Tpennem mpexeGpeyb.

4. Ha npsiMotiHeli Hy 10 TOPU30HTAJIBHYTO CTIN-
Iy Ha O/IMHAKOBOM PACCTOSIHUM JPYT OT Jpyra
Hanu3aHo N = 2023 ojimHakoBbIx 6ycrHOK. Kpaii-
Helt 6yCHHKE Pe3KUM yAapoM COOOIIAIOT KTHETH-
YecKy1o sHepruio, pasHyto £. Cunras Bce coyza-
peHust aGCOTIOTHO HEYIPYTUMHU, HAlJNTe dHEp-
TUIO, IIPEBPATHUBIIYIOCS B TEILJIO MOCJE TOTO, KaK
IpoM30iiJieT TocaeaHee coyaapenne. TpeHunem
OGYCHHOK O CIHILYy TIPEHEOPEeYD.

10 knacc

1. ¥ JeBoii cTeHKM BHYTPH 3aKperieHHOI
KOPOGKHU JIIMHBI [ HAXOAUTCS HEeGOJIbINAs Iaii-

g 6a (puc. 10). IaiiGe

. l W — 9| YAapoMmpuiaorcKo-

5 poctp v. 1aii6a ogun
= I pas yaapsieTcs o mpo-
Puc. 10 TUBOMOMOKHYTO (1Tpa-

BYIO) CTEHKY U 3aTeM OCTAHABJIUBAETCS Y JIEBOI
crenku. Hatimure koadduiiment Tpenns U maii-
6bI O JHO KOPOOKH, €CJIi M3BECTHO, YTO IMPH
COY/IapEHUH CO CTEHKOI Mmaii6a TepseT MoI0BU-
Hy CBOEH KMHETHYECKOIl sHepruu. Y CKopeHue
€BOOO/HOTO IAJIeHUA ¢ .

2. Cm. 3amauy 3 nng 9 xiacca.

3. Ha mpsaMosmHetHy 10 TOPH30HTATBHYIO CITH-
Iy Ha O/IMHAKOBOM PACCTOSIHUM JPYT OT Jpyra
HAHM3aHO OOJIbINOE KOJUYECTBO OJ[MHAKOBDBIX
6ycunok auamerpom d = 1 cm. Paccrosinie mex-
Ny 1enTpamu OycuHoK a = 2 cM. Kakyio Makcu-
MaJIbHYIO CKOPOCTb MOXKHO COOOIINTD KpaiiHeii
Oycutke, 4to6bl Oycunka ¢ Homepom N = 2023
He c/IBUHYJIach ¢ Mecta? Bce ymapbl 1ieHTpasib-
Hble 1 abcosiotHO ynpyrue. Koadduiment tpe-
ansg Oycmakn o cominy M=0,01. Ycxopenne
cBoGoHOro masernst g = 10 M/c?.

4. Mexnay nByms nynkramu A n B, pacnoso-
JKEHHBIMHU HA OJIHOM Oepery Peku, Kypcupyior
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O/ITHAKOBBIE 6AP3KU, KOTOPBIE IEPEBO3ST IIECOK
o Teyennio n3 A B B. Kak TosbKo B MyHKT B
npubbiBaet ojHa 6apka, u3 myHkra A cTapryer
crenyiomasi. CKopoctb Gap:Ku B CTOSTYEH BoJie
B 5 paa 6oJIbllle CKOPOCTH TeueHus pexu. V3se-
CTHO, YTO €CJIM YBEJHYUTD MACCY IIEPEBO3UMOTO
IecKa Ha X IPOIEHTOB, TO HAa CTOJIBKO JKe
IIPOIEHTOB YMEHBIIHUTCS CKOPOCTb GapyKiu B
crosueii Boge. Haiiinte onTuMaabHyIO BeJIndu-
Hy X, TP KOTOPOIl TakuM 06pasoM MOKHO
[ePEBO3UTh MAKCHUMAJIbHOE KOJMYECTBO [1ECKA B
€/INHUITY BPEMEHHU.

11 knacc

1. Cm. 3amauy 1 ama 10 kiacca.

2. Cocyn B BHJIE TOPU3OHTAJIBHON TPYOBI
JUIIHON 2L pas/eseH Ha [Be paBHBIE TTOJTOBIHBI
HETIO/IBMKHBIM TTOPUCTBIM TTOpIiHeM. OjuH
Topell TPyObl TJIyXOil, APYroil IpeacTaBJseT
c060i1 TIOJIBMIKHBIN TOpIneHb. B HavabHbIi
MOMEHT B KQJK/I0i TTOJIOBUHE TPYObI HAXOIUTCS
CcMechb JIBYX Ta30B C UYNCJIOM MoJieH Vi T V,
COOTBETCTBEHHO. VIX cyMMapHOe JJaBJIeHIE PaB-
Ho armocdepuomy. CHapyKm cocyjia aTMoc-
deproe nasienue. M3BecTHo, 4TO CpemHuUit
MTOPUCTBII TIOPIIIEHD TTPOITYCKAET TOJIBKO MOJIe-
KyJabl BToporo rasa. Kakywo cmiay F Hamo
MIPUJIOKUTD K TIOPIIHIO, YTOOBI B PABHOBECHH
oH okasasics BaBHHYT Ha L/2? Temmeparypa
MIOCTOSTHHA U paBHA 1. Y HUBepcaJbHas Ta30Bas
nocTosiHHast R.

3. Ha ropusoHTan bHON TMJIOCKOCTA CTOUT
TOHKOCTeHHast TpyOa paauycom R (puc. 11).
Uepes kpaii TpyObI Tie-
pe6poliieHa HUTh, K KOH- g l
1IaM KOTOpOii TpHBs3a-
HBI IIapbl: Macca W pa-
JINyC mapa BHYTPH TPY- M,r
661 M u ¥ <R cooTBeT-
CTBEHHO, a CHapy»Ku 2M
u 2r. I1pu xkaxoit MuHU-
MaJbHOI Macce TPYyOBI
TaKast CCTeMa MOKET Ha-
xoauThcs B paBHoBecun? Illaper He KacaoTcs
TIJIOCKOCTH, TPEHUEM NpeHeOPeYb.

4. KoHTeitHep TPSAMOYTOTBHOTO CEUYEHUS
mMpUHONW d ¢ OHOTO KOHIA 3arJyIleH, a ¢
JIPYTOTO 3aKPBLIT TEPMETHYHBIM TO/BUKHBIM
MTOPIITHEM,, KOTOPBIH MOKeT 6e3 TpeHus TepeMe-
marbest BIOJb KoHTeliHepa. [lopriens coenu-
HEH C TPOTHBOMOJIOKHOI CTEHKON HepacTsHY-
TOI Npy»KUHOW. Mexy CTeHKO# 1 mopiiHeM
yepe3 OTBEPCTHE B KOHTEHED HAYMHAIOT MeJI-
JIEHHO HasimBath Boxy. Korga wammim o6beM

—e
R 2M ,2r

Puc. 71

BOJIbI, PaBHBII V, TIOpIIEHb OTOJBUHYJICS Ha
paccTtosiHue X OT WMCXOJHOTO IOJIOKEHUs, a
BBICOTA CJIOSI BO/IbI OKa3aJjach pashoii . Haii-
nute o6beM BOJbI B KOHTeIHEpe, KOTJa Iop-
[IEHDb OKAJKETCSI HA PACCTOSTHUU 4X OT MCXO/IHO-
IO IOJIOYKEHU.

Il (3aknounTenbHbIN) dTan
8 knacc

1. [lIkonbHUK HO6GUPAETCS U3 IOMA B IITKOJY
[0 OJHOW ¥ TOW 3Ke [opore, HO MOXKET 3TO
JIeJIaTh IByMsI CIIOCOOAMU: OH MOYKET TOUTH JI0
aBTOOYCHOI OCTaHOBKM, CECTb B aBTOOYyC U
JIOEXAThb HA HEM /IO IIKOJIbI UJIH OH MOYKET B3SITh
JIOMa 3JIEKTPOCAMOKAT U /I0€XaTh HA HEM CPa3y
J10 TIKOJIbL. [Ipu 9TOM TENIKOM IIyTh OT JI0Ma JI0
aBTOOYCHOI OCTAHOBKM OH MPOXOJUT 3a
t, =8 MuH, a ecJm eJIeT HA BJIEKTPOCAMOKATE, TO
TpPaTUT Ha 3TOT MyThb ¢, = 2 Mun. Haiinure pac-
CTOSIHUE OT OCTAHOBKH [0 TITKOJIbI, €CJIU U3BeC-
THO, YTO CPE/HSISI CKOPOCTD JIBMKEHUST aBTOOY-
cav, = 30 km/4, camoxarav, = 20 KM/4, acpes-
HSISI CKOPOCTb IIKOJbHUKA HAa BCEM IIyTH HE
3aBUCHUT OT TOTO, KaKUM CIIoco60M OH J06upa-
€TCsI JIO TIKOJIBI.

2. B 6ane uMeloTCsI €MKOCTHU JIJis BOJIbI Pas-
HOro o6beMa. B ymaT Haquau Bo/y, HarpeTyio
JI0 TeMmIiepaTypol kumenus t,,, =100 °C, a B
JIOXaHb — BOJly IPM KOMHATHOW TeMIepaType
teon = 20 °C. BblamB Bcio aTy Bojy B 6OJIbINON
6aK, TOJIy4IId BOfy ¢ TeMieparypoii t =70 °C.
Kaxast temneparypa Bojibl B 6ake MOJIy4nTCS,
€CJIM BMECTO ATOTO B YIIAT HAJINTH BO/LY KOMHAT-
HOI TeMIlepaTypbl, a B JIOXaHb — KHIISITOK U
MOTOM BCIO BOJy M3 HHUX II€peJuTb B Gak?
TenmoeMKOCTb COCY/IOB CUNTATD MAJOil, TEIIO-
BBIMH TOTEPSIMU TIPeHe6peyb.

3. DBoubmas rpynna IIKOJbHUKOB HIET B
KUHO Ha 6-if aTaK Toprosoro mentpa. C nepBoro
ATaXKa Ty/1a MOXKHO J100PATHC 110 JIECTHUIIE UK
Ha MeJieHHOM Jiudre. Bee mikonpanku B mdt
He TIOMENAJINCh, T0ATOMY O/IHA YacCTb 110exaJa
Ha sindre, BTOpast 4aCTh PEIINIIA TTOHSATHCS 110
JIECTHUIIE TIEMIKOM, & TPETbSI YacTb IIKOJIbHU-
KOB CTaJIa K/1aTh, oka JudT BepHercs. Te, KTo
HOJIHSJICS HA TUTE TIEPBBIM, CPa3y OTIIPABUIN
ATOT JU(T HA3a/l U OH MPOEXajJ MUMO BTOPOi
YaCcTU IIKOJbHUKOB, KOT/Ia OHHU 3allliIn Ha 4-i
aTax. MeK/y MPUX0/I0M BTOPOIl 4aCTh MIKOJIb-
HUKOB Ha 6-11 3TaK U mMpuesoM Tyjaa Judra ¢
TpeTbeil vacTbio mpoiio 80 ¢. CkoJbKO BpeMe-
HU Jutes noabeM gudra ¢ 1-ro Ha 6-it atax?
Ckopoctb BUKeHUsT TudTa BCera OJAMHAKO-
Ba, BPEMEHEM BXO/a-BbIX0/a U3 Judra 1 Bo3-
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MOKHBIMH POMEKYTOUHBIMU OCTAHOBKAMU
npere6peb, [BUKEHNE MIKOJbHUKOB TI0 JIECT-
HUIE CYUTATH PABHOMEPHDIM.
4. JIBa mapa ¢ ToMOIIbIO HUTEH TPUKPEITUIN
K KOHIIaM pbluara ¢ tedamu 2L w L u ¢
IIOMOILBIO CHCTeMbl 6JIOKOB IIOIPY3UJIH B BOLY
mrorHocTbio P, = 1 1/em® (puc. 12). Boabmoii
2L L 11ap pacioOKIIN TOY-
lg HO TI0/] MAJIBIM TaK, 4TO
OHM KacaloTcs APYT
npyra. B paBHoBecun
mapbl JaBaT APyr Ha
npyraccunoit F =32 H.
Puc. 12 O6beM MaJoro Imapa
Vi=2 1, a ero nyorHoctb p; =9 KI‘/[IMS. Yemy
paBHa IJIOTHOCTD P, GOJIBIIOTO 1apa, eCJI ero
o6beM V, =16 1?7 Maccoii ppruara npese6peub,
ycKopenne cBo60IHOTO majenus g =10 M/ 2.

9 knacc

1. Ilo mocce B 6e3BETPEHHYIO TOTOAY C
MOCTOSIHHOH CKOpOCTBIO v = 40 M/c Ha omuHa-
KOBOM PAacCCTOSTHUH L [IPYT 3a JPYrOM eXaJin
Tpu MoTorkaucTa: Auzpeii, [lerp n Hukosaii.
B nekoropblit MOMeHT AHJpeil, exymuii noce-
pennte, mpocurHagua. IleTp ycapimam atoT
curaan Ha At =0,1 ¢ panpme Huxomas. Kro
exast Briepean — [erp nim Hukonaii? Hafigure
paccrostHe L MesK Iy MOTOITMKJIAMH, €CJIN CKO-
poctb 3ByKa ¢ = 300 M/c. PazmMepom MOTOIHK-
J1a ipeneGpeyb.

2. Compotussienrie R HEKOTOPBIX METaJIJIOB
3aBUCUT OT TeMIIepaTypbl { 10 JUHEHHOMY
sakony: R(t)= Ry (1+ Kt). IIpu temmeparype
t; = 200 °C compoTuBJIeHNE TTPOBOJOKN U3 Ta-
KOro MeTayia paBHsoch Ry=2OwM, a 1mpn
teMmepatype t, =400°C omo cocTaBHJIO
R, =3 Owm. Ilpnu xaxoii Temmeparype t, COTpo-
THUBJIEHIE TTPOBOJIOKU OyieT paBHo R, =5 OM?

3. UenoBek B TeslexXKe JEPKUTCS 32 KOHeIl
HEBECOMOIl BEPEBKH, MePEKUHYTOil uepe3 GJIOK
(puc. 13). K apyromy KOHILy BEepeBKH IIPHUBS-
3aH I'py3 Maccoii B 3 pasa 6oJibliie CyMMapHOI
Macchl YeJI0BEeKa BMecTe C TesIexkKoii. Temexka
u Tpy3 BHauaJe nokosrcs. HavaabHoe paccro-
SIHUEe MeX/ly TeJIeXKKOW M Tpy3oM paBHO L. B
HEKOTOPBIIT MOMEHT YeJIOBEK CTaJ TSIHYTb Be-
peBKy Kk ceGe. Kakoil JIMHbI yU4acTOK BEPEBKH
BBITSTHET YeJIOBEK K MOMEHTY, KOT/Ia TeJIeKKa

FD (n] L %@m

<>

Puc. 13
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JIOTOHUT TPY3, €CJH BepeBKa TIPH 3TOM HE
mpoBucaa? Tpenns Her.

4. ABTOMOOWJIb e[leT TI0 TOPU3OHTATHHOI
jopore co ckopoctbio v = 20 M/c. MomutHocTb
aBuratessi Bo Bpemsi ABukeHus W =30 kBr.
[Ipu morpeMe ¢ Takoii ke CKOPOCTHIO TIO JI0pore
¢ YIJIOM HakJoHa K ropusonty o (sina = 0,3)
MOIIHOCTD, pa3BUBaeMas /IBUTATeJeM, CTata B
3 pasa Gouipbiite. HeMy paBHa Macca aBTOMOOUIISE
M? Yckopenue cBOGOAHOTO TMaJeHUs
g =10 M/ . [Ipockasb3biBaHus KoJiec Ha J10-
pore HET, BUKEHIE MTPOUCXOINT B 6E3BETPEH-
HYTO TIOTOY.

5. C 1oroJsika cBucaer Jierkast pesuHka, JJiu-
Ha KOTOPOI paBHA MOJOBUHE BbICOTHI KOMHATBI.
K pesunke HPUKPENJSIOT [BA OJUHAKOBBIX
rpy3a — OiuH K CBOGOTHOMY KOHITY PE3UHKH, a
BTOpOIi — r1e-To 1oBbIiie. [Tocsie ycranoBaeHUsS
PaBHOBECHST OKa3aJIOCh, YTO OJWH TPYy3 TTOUTH
KacaeTcs ToJ1a, a BTOPOH BUCUT POBHO THocepe-
JUHE MEX/Iy TOJOM U TIOTOJKOM. BHesamHo
pe3uHKa [opBasach B MeCTe KperieHus: BTOpo-
ro rpy3a. Bo cKoJIbKO pa3 OTJIMYAOTCS JTHHBI
JIBYX Pas3/ICIUBIITIXCS YacTell pe3NHKH B Hepa-
CTSTHYTOM COCTOSTHUY ?

10 knacc

1. Wmeercst GOJIBIION IUJIMHIPUYECKUI CO-
CY/l, 3aI0JHEHHbI njeanbHbiM razoM. Cocyj
TIEPEKPDIT IMMOABUKHDBIM TAKEJIbIM ITOPITHEM T1J10-
mazpio S (puc. 14). Buyrpu 6o.bimoro cocyna

l Fo 9 HaXOIUTCS TI0JIOKEHHbIN
) HabOK MEHBIINI COCY/I,
lg TaK)Ke 3aIMOJHEHHDBIH Tra-
30M U IIEPEKPBITHIN ITOPIII-
HEeM ¢ TOH ke Maccoil u
mronmapio S/4. B mavamn-
HOW CHTyaluu JaBJeHue
BHYTPU MEHBIIEIO COCY/a
paBHO py. Bosburoil mop-
Puc 14 IIEHDb Me/IJICHHO C/[BUTAIOT,
MIPUKJI/bIBAsT K HEMY BHEIIHIOW cuity. Kakoro
3Havyenus F JOCTUTHET 9Ta CUJla K MOMEHTY,
KOT/Ia JIaBJIeHHE BHYTPH MEHbIIEro cocyaa y/i-
Boutcs? Tpennem npene6peub.

2. JIBe CIIUIIBI JKECTKO COEeIMHEHBI KOHIIAMU B
oniHol Touke O U pacxogaTcs U3 Hee MO/ yTJIOM
o (puc. 15). Ha crmmax HaxomsTcst aBe Ma-
JieHbKkre OYCHHKH, coe/MHeHHble HejedopMu-
POBAHHOI PE3UHKOI 3KECTKOCTBIO k 1 COOCTBEH-
Hoil mymHoi [. 3a CPeaHIon TOYKY PE3UHKH
HAYUHAIOT TAHYTh C HEKOTOPOI CUJIOH, HarlpaB-
JIEHHO# B/10JIb GUCCEKTPUCHI yTia, 06pa3oBaH-
Horo crmnamu. Kakyio cuny criemayer npuio-

M,S

p aTt™

Po S/4
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Puc. 16

Puc. 15

JKUTb, 4YTOObI YBEJMYUTb PACCTOSTHUE MEKILY
6ycunkamu B n pas? Tpenunem 1peneGpeub.

3. /lBa mapa opuHAKOBOiI Maccbl M, HO
PasHbIX PAJMYyCOB ¥ 1 R CBSI3aHbl HEPACTSKNU-
MOii HUTBIO JnHOIL L. Huth ¢ mapamn nepe6po-
CHJIN Yepe3 TOHKYI0 BEPTUKAIbHYIO CTEHKY TaK,
YTO IIApbl HAXO/SATCS 1O Pa3Hble CTOPOHbBI OT
crerku (puc. 16). UeMy paBHO HATSKEHUE HUTH,
€cJI paBHOBECHE YCTAaHOBUJIOCH, & TPEHUST HeT?
Yckopenne cBOGOHOTO TaJICHUS ¢ .

4. B cepenuHe OTKPBITOH ¢ 060MX TOPIOB
TpyObI IMHON 2H HaXOJUTCs NOpIIEHb. Ty
TpyOy YCTaHABJIMBAIOT BEPTUKAJIBHO TaK, 4TO
ee HIDKHUI TOpell KacaeTcsl IMIPOKOTO cocy/1a
¢ Boj1oii. [Topienb Me/I/IeHHO TT0/THUMATOT BBEPX
no sepxzero topua (puc. 17). Haiigure, na
KaKyl0 BBICOTY X TOJHSI-
Jach Bosa B Tpybe. Tou-
IIMHON TOPIIHS TIpeHe6-
peub. Armocgeproe nas- Y 2H
JIEHNE Py MOKHO TIPejiCcTa-

BUTD BBUjIE py = pgH, (p —
IJIOTHOCTD BOJbBI, § — yC-
KOpeHue CBOGOJHOTO Tia-
JICHUST) . Puc. 17

5. MajbyuK XOUYeT BBICTPEJIHUTH B MTOTOJOK U3
BOJISTHOTO THCTOJIeTa. Paccrosinue oT mucTote-
Ta 10 notosika H. CTpys BblIeTaeT 1o yrjaoM
o Kk Beprukaau. Ha KakoM MaKCHMaJbHOM
PACCTOSTHUM OT TOUKM, HaXO/SIIIENCsT Hajl TIHC-
TOJIETOM, CTPYSI MOXKET IOINACTb B TIOTOJIOK ?

17 knacc

1. UssectHo, uro ammuak (NH3) pactBopsi-
ercs B BoJie 10 KOHLIEHTPalUii B 1eCATKM ThICSY
pas Goubiiie, yem azor (N,). [lis BbljesieHus
aMMHaKa U3 CMECH C a30TOM TepMeTHYHbIH
COCy/Jl, HAIIOJHEHHbBI TaKOW CMEChIO IPU ar-
MocepHOM J[aBJIeHNH, HATIOJOBUHY 3all0JIHSI-
10T BOJIOH, He BblIycKas ras. Uepes HEKOTOpOe
BpeMs, KOTJa BeCh aMMHMaK PacTBOPUJICA B
BOJle, [aBJIeHIe ra3a B COCy/Ie yCTaHOBHJIOCh 1

craso B 4/3 pasa GoJbiie, ueM GbLIO 10 06aB-
JeHus Bojbl. KaxoBa Oblna MoJbHAs [0JIs
aAMMIAKa B HCXO/THON CMECH, €CJIH PACTBOPUMO-
CTBIO a30Ta B BOJIe MOXKHO Tpene6peun? Cun-
TaTh MJOTHOCTb BOJBI Hem3MeHHOil. Bce mpo-
[ECChI TPOTEKATOT ITPH TIOCTOSTHHOMN TeMIiepaTy-
pe.

2. Testo maccoit m, moKosiIeecs: Ha TOPU3OH-
TAJIbHON MTOBEPXHOCTHU, MPUKPEIJIEHO K CTEHKE
€ TIOMOII[BIO JIETKOTO YIPYTOTr0 TOHKOTO CTEPK-
H$1 JKECTKOCTBIO k 1 JI7TH-
noit L (puc. 18). Bmua- gl
yajie CTep’KeHb He Jie-
opmuposan. Ha cxoJib-
KO TPasycoB At HYKHO
OXJIAIUTh CTEPIKEHD, puc. 18
4TOOBI CABUHYTH Test0? KoadduimenT nuHeii-
HOTO TEILIOBOTO pacumpenus crepxus 3 (um-
Ha 3aBUCHT OT TeMIIEpaTypbl JHHEHHO:
L(t)=L(t,)+B(t-t))), yckopenue cBOoGOM-
HOTO Ta/IeHNs ¢, K03 UINEHT TPEHUST MKy
TEJIOM ¥ HOBEPXHOCTBIO W.

3. [AMMHHBIH KyCOK NTPOBOJIOKY, M30THYTHIH
noz yriaoM 90°, nmoMemamT B 0HOPOHOE Mar-
HUTHOE TI0JIe ¢ WHAYKIMEHl B Tak, 4To JUHUU
MHJYKIUH T0JI TEePIeHUKYJIAPHDI IJIOCKO-
CTH, B KOTOPOil HAXOIUTCS M30THYTAst TPOBOJIO-
ka (puc. 19). B Hauasib- Z)T ®B
HBIII MOMEHT BPEMEHU ,
IPOBOJAIIAS IepeMbIu- P \<>/

Ka HaXOAUTCS B yTJIy

npoposoku. Ee maum- Puc 19

HAIOT JIBUTATb C TIOCTOSHHOW CKOPOCTBIO ¥
BIOJTb GUCCEKTPHCHI Yrya TakK, YTO OHA BCE
BpeMsl KacaeTcsl M30THYTOH npoBosoku. Haii-
JITE, CKOJIBKO SHEPIUY BBIIACINTCS 32 BpeMs ¢
JIBUJKEHUST TI€PEMbBIUKH, €CJIM COMPOTUBJIEHNE
€/INHUIIBI JUIUHDI [IEPEMBIYKN PABHO P, & COIIPO-
TUBJICHUEM MPOBOJIOKH MOKHO IpPeHeOpedb.

4. Ha ropnsoHTaIbHOl TOBEPXHOCTH 3aKPETT-
JIeH KJIMH U3 TIPO3PAYyHOro MaTepuaa ¢ IoKa-
sateseM mpesiomieHnst n = /3. Kmun ocsea-
eTCcs IMMPOKUM TOPUBOHTAJIBHDBIM IIyYKOM CBe-
Ta, KaK IOKAa3aHO Ha
pucynke 20. Ha xmmn
KJIQJyT Teao HeOOJb-
MINX pa3MepoB U OT-
MyCKAOT, TIOCJE Yero
TEJIO HAYMHAET COCKAb-
3pIBaTh BHU3. Haiigure yckopeHue TeHH aTOro
TeJla Ha TOPU30HTAIbHOMN IIJIOCKOCTH. Y TOJI IIPU
Bepimne kanna pasen 30°, koaurpent Tpe-
HUS Tesia 0 KJIMH WU.
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3. Ha cB0OOIHDIN MOKOSIIUICS TIap Maccoii
M HauMHAIOT HAJETaTh MaJIeHbKHe JIUITKUe
HIAPUKHU, KOTOPbIE UCXO/IHO UMEIOT CKOPOCTD 0,
maccy m (m < M), u OpU CTOJIKHOBEHHH C
IapoM ITPUJINIAIOT K HeMy. MaJieHbKe 1apu-
KM JIETST B O/THOM ¥ TOM ke Hanpasyenun. [lap
1 [IApUKN C/IeJIaHbl U3 OJJMHAKOBOTO MaTepua-
JIa, yAeJbHas TEeTJIOEMKOCTb KOTOPOTO ¢, a UX
HavasabHag Temneparypa T,. Hafinure, no xa-
KOI1 MaKCUMaJIbHOH TeMmiepaTypbl T Harpeercst
o61asi Macca Imapa ¢ HAJUIMIINMK IapuKaMu.
CornpoTuBJIleHHEM OKPYsKaoOIei cpe/ibl U 1oTe-
pSAMH TeIIa B OKPYJKAIOUIYI0 Cpejy IIpeHe6-
peub. CUJIbI TSKECTH HET.

6. 3amaua-gemoncrpanus (JeMOHCTPUPYET-
¢ Bueopoank). Ha ropusoHTasbHOM CTOJIE
co6paHa yCTaHOBKa, OCHOBHBIM 3JIEMEHTOM KO-
TOPOII SIBJISIETCST KATyIIKA, HAMOTAHHAs MTPOBO-
JIOM B M30JIS1IMU Ha MeHy1o TpyOKy (puc. 21).
Y geBoro Topma TPyOKHM, a TakXXe CHHU3Y W
CBEPXY OT €e Cepe/UHbI PACIOJOKEHBI TPH
komraca. [ToaBossuue mpoBojia KaTyIku Co-
€/INHEHBI ¢ KJIeMMaMi HCTOYHHUKA TIOCTOSIHHOTO
TOKAa. B HauaJbHbIII MOMEHT TOKa B KaTyIlIKe
HeT, a CTPEeJIKH BCeX KOMIIACOB HallPaBJIEHBI
MEPIEH/INKYISIPHO TPyOKe W yKa3bIBAIOT Ha
cesep. IlpoBogdar nBa sxcnepmmenta. B mep-
BOM, KOT/Ia IOJBOJSIINE IPOBOJA OCTAIOTCS

OTBETHI,

«KBaHT» and Mnapauwmx WKOoJIbHUKOB
(cm. «Keanms No9)

1. 4.

Ouenka. PaccMOTpUM 4eTbIpe CTOJIONA TI0 JBA KY-
Ouka. B kaxkgoMm po/pkeH ObITb XOTd Obl OJMH
YepHbIIl KyOWK, MO3TOMY BCErO KyGHKOB HeE MeHee
YeThIPEX.

Ipumep. PackpacuM KyOUKH B IIAXMaTHOM IIOPSI/I-
Ke, TOrjla 4epHbIX KyOukos Oyner 4. Herpyamo
MIPOBEPUTDH, YTO MPUMEP MOAXOAUT IO/ YCIOBHE.
2. He o6s3atesbHO.
Ilycrp kBajpar paspesasu
TaK, Kak IOKa3aHo Ha pH-
cynke 1. Uro6bl U3 T1MOJIO-
COK CJIOKUTD IIPSIMOYTOJIb-
HUK 8% 9, HyXHO BBIOPO-
CHUTb HOJIOCKN of1eil 110-
mau 9. OjHako Bce I10-
JIOCKH COCTOSIT M3 CEMH HJIH
Puc. 7 BOCBMHU KJIETOK, I109TOMY
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Puc. 271

CHAPY>KM KaTYIIKU, TIPH YBEJIMYEHUN TOKA de-
pe3 KaTyIIKy CTpesKa TOPIEBOTO KOMIIaca Io-
BOPAUMBAETCS HA 3arlajl, BEPXHEro Ha ior, a
HIDKHETO TIOUYTH He U3MeHsIeT HalnpaBjenue. Bo
BTOPOM CJIy4ae, KOTJa MOJBOJSAIIII TTPOBOJ
MPOITYTIeH BHYTPH TPYOKM, TPH YBEJNICHUN
TOKa CTPeJKa TOPIEBOTO KOMITaca Mo-TpeKHe-
MY TIOBOPAUMBAETCS HA 3aMaJl, & CTPEJIKH HIDK-
HEro W BepxXHero — Ha BOCTOK. OO6bsicHUTE
HabJII0/[laeMoe SIBJICHIE.
Iybauxayuio nodzomosunu B.Boposkos,
E.JKodanos, C.Jexnun, M.Maxmyouan,
A.Henawees, E.Ilanvuurxos, A.Ilozocos,
/. Iloxab6os, I'.Dedomosuu

YKAS3AHUA, PEIIEHUNA

CYyMMapHYIO IUIOmab 9 U3 HUX HOJTyYUTb HEJb3s.
3. Macca Maxapa GoJiblite Ha 3 KT.

W3 ycsoBus caemyer, 4To cpeiHsAs Macca IMOPOCAT U
tesisiT Ha 20 Kr 6oJibllle CpejiHell Macchl MOPOCAT U
Ha 30 Kr MeHbllle Cpe/iHell MacChl TeJdIT. 3HAuuT,
ecJIi K Macce KasKJ0To nopocenka npu6asutsb 20 Kr,
a OT Macchl Kaxoro TejeHKa oTHATb 30 Kr, TO uX
Cpe[Hue MacChl CTAaHYT paBHbI. [loaTomy Ko.mde-
CTBa MOPOCAT W TeJAT OTHOCATCA Kak 3:2. AHaJo-
MYHO, CPEIHSSI Macca KO3JAT M TeJaT Ha 23 K
6oJIblIle CPEHENl MACChl KO3JISAT U HA 75 KT MEHbIIe
cpeHell MacChl TeJIAT, MOITOMY KOJMYECTBA KO3JIAT
u ressaT otHocsATest Kak 3:1. CiiezioBatesibHO, KO3JIAT
B 2 pasa 6oJiblie, YeM MOPOCST. PazHoCTb MEXIy
cpenHeil Maccoil TIOpoCAT M Cpe/iHeil MacCcoil KO3JIST
paBHa 50 kr. UTo6bl HANTH CPEHIO MACCY MOPOCST
U KO3JISAT, HAMO 3Ty PA3HOCTDb MOEJUTH B OTHOIIIE-

100 .
nuu 2:1, T.e. oHa Ha 3 KI' MeHbllIe cpejHell Macchl

IIOpOCAT, a 3HAYUT, U MaCCblL MaKapa.
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4. 30°.

Oo6o3naunm yepe3 DE cTOPOHY, Ha KOTOPOII JICKUT
touka B (puc. 2). Tak kax BA=BC, BD=BE u
/D = ZE =60°, 10 1u60
tpeyrosbuuku ABD u CBE
paBHBI, OO CyMMa YTJIOB,
IIPOTUBOJIEKAIMX CTOPOHAM

BD u BE, pasua 180°. Ilep- A
BbIil ciyyail HEBO3MOXKEH,
TIOCKOJIBKY U3 YCJIOBHS CJle-
JlyeT, 4TO He PaBHbI COOT- D B E
BETCTBYIOIHE BbICOTBI THX pac. 2
TPEyTOJIbHUKOB, TIpoBejieHHble 13 BepumH A u C.
3uaunr, ZBAD + Z/BCE =180°. Torza

ZABD + ZCBE = (180° - /D — ZBAD) +
+(180° - LE - ZBCE) = 60°,
orkyna ZABC =120° u
ZBAC = ZBCA = (180° - 120°): 2 = 30°.

C

XXIX n XXX MexayHapoaHblie
onMMmnuaabl LWKOJIbBHUKOB
«Tynmaapa»

(cm. «<Keanm» No9)
dusuka
Teopetnyecknn Typ 2022 ropa

1. TopusoHTaJIbHBIE COCTABJISIONINE BCEX BHEIIHIX
CHJI, JIEUCTBYIONMX HA CHCTEMY, PaBHBI HYJIIO. 3Ha-
YHT, 3ABHCHMOCTD X, (£) MOXKHO HCKATh, CYUTAS, YTO
meGeHb BBIBAJMBAETCS Ha 3€MJI0, a maardopma
e/IeT C TOCTOSTHHO CKOPOCTHIO:

(1) = M-(L/A+ovpt)+pt-0 L A+4opt/L _ 0

M +ut 4 1+w/M

Bpemst ¢ cOKpaTHIOCh 3a CYET BBIMTOJHEHUST COOTHO-
[IEHUST MEXK/Y YUCJICHHBIMU Janubivu: UL = 4Mvy,.
B atoM cuaydae mmardopma c me6HeM OyIeT ABH-
raThbCsi, a HEHTP MacC — MOKOUThCs. B ofmiem ke

cJiydae HaiijieM HNCKOMYIO CKOPOCTb 4Ye€pe3 Ipous-
BOJHYIO KOOpDJAWHATHI:

o
4Mv,

)
M

2. Bpamas umamHApP, MOXKHO COOGHIATH KOJBILY
YCKOpeHune npu HaJan4unnu HeHyJIeBOI;'I CHJIbI TPEHUA,
41O TpeGyeT HEeHy.1eBOil cubl N HOPMAJIbHOIl peak-
IUH IIUTHIZIpA, AefiCTBYIONmeH Ha Maiyio Ayry 20
pesunosoro kosbia (puc.3). Ilyers R — pammyc
mHApa, S — IUIOMAJb TOIEPEYHOr0 CedeHHs
PE3MHOBOTO KTyTa, 00pPa3yIolero KoJblo. Bropoii
saxon Hplotona 11g paccMarpuBaeMoii Iyrn, nme-
Tomteit Mmaccy m = pS - 20LR, B MPOEKIINN Ha HaMpPaB-

1

v, (t)=x'c(t) =1

TS TS

el
v

Puc. 3

JIEHNE HEHTPOCTPEMUTEJIDHOTO YCKOPEHUA IMPUMET

BU
2
m% = 2TSsino,— N = 2TSo — N.

MaxkcuMasbHast cKopocTh jgocturaercst mpu N = 0.
Orcrofa noJydaeMm

0= £:2M/C4

3. Ilyctp m — macca nmopuras, S — IJIONAAb MOMe-
peuHoro ceyenus MuaMHApa. Toraa 3aKoH coxXpamHe-
HUST 9HEPTUU U ypaBHEHUE aualaTbl ¢ TOCTOSHHON
Y =5/3 A1l OJIHOATOMHOIO Tasa UMET BUJL

SH

min

+mgH,

min>

3
EPOSHO +mgH, =

5 Pmax

Po (SHO )Y = Pmax (SHmin )Y .

Vcnosbayst BBefeHHbIe B ycaoBuu 6e3pasMepHble
HCKOMbIEC IapaMeTpbl M M3BeCTHOE 3HaycHUE
@ = poS/(mg), npeoGpasyem oTH ypaBHEHUS K BULY

%(p(Ph—1): {—h P=T.
Orciofa nosyyaeM HeJUHEHHOe ypaBHEHUE
3 (-3 _
5(p(h —1)_ 1-h.

Ero MOXHO pemurh NPHOIMKEHHO, €CJH YUecTb,
yto h < 1 upu @ < 1, ¥ HaWTH T1E€PBbIl OTBET:

302
h:( 3¢ ] ~1,8-1073,

2+ 30
3nast i, HAXO[UM BTOPOU OTBET:
5/2
P=ht z[“&"j ~3,8-10%
3¢

Tpernii oTBer HailfeM u3 ypaBHeHHS MeHeneeBa—
Knaneiipona, 3amnucaB ero 4epe3 OTHOCUTEJIbHbIE
napaMeTpbl rasa:

t=Ph=

2+ 30
30
4. Cm. pemenne 3asaun M2774 «3ajaunuka «Kpan-

Tay.

5. PaccMorpuM TipesiomMiieHHe Jiyda B HPOU3BOJIb-
HOIl Touke E Ha paccrosgHun R ot nentpa O TymaH-
woctu (puc.4). Ilycrb ny u ny — moKasaTenn mpe-

= 67,7.
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JIOMJIEHUSI CHAPYXKU U
BHYTpU cdepudeckoit
TPAHUIbI pas/iesia BOJIM-
31 Hee, TOr/a

Oy

y
nysin oy = ny sina,,
. I,
simnoy = —,

R

. l
S oy = E%

Ilonyuaem nnBapuant

(0]
Puc. 4 mly = myly.
[IpuMenuM ero K JABYM TOYKAM — BJAJH OT TyMaH-
nocru (B Bakyyme 7 =1) U Ha MUHUMAJBHOM pac-
CTOSTHUHU OT €€ I[eHTpa:

H
1-H =mny-D, orkyna ny :B.

6. Cm. pemmenne 3amaun M2776 «3agaunuka «Ksan-
Tar.
7. Cum. pemenne 3ajjaun 2775 «3anaunnka «KBan-
Tar.

TeopeTnuyeckun Typ 2023 ropa

1. ITockosbKy Kamnst 60JbIIast IO TOPU3OHTATHHBIM
pasMepaM, MOKHO CUHUTaTb €€ BEepXHIOI IOBepX-
HOCTb TIJIOCKOW TIOYTH Be3jie — KpoMe Kpas, KOTO-
pblil MMeeT BUJ KPUBOJUHEHHOTO MOJIYIMINHIPA
(puc.5). B pambHeiimmx pacyetax Mbl OyJeM HC-
10JIb30BaTh BbICOTY L
HUJINH/pA, KOTopas mep-
MEHJNKYJISPHA  TJIOCKO-
CTH PHUCYHKAa U paBHA
060 pacnpsMIeHHOTT
YACTU MEPUMETPA KaTLJIH.
Puc 5 3anuieM ycJoBue pas-

HOBeCHUs JKUJKOCTU B
o0beMe KPUBOJIMHEWHOTO TIOMYIMJINHPA B TIPOEK-
MM Ha TOPU3OHTamb (CpeaHee THAPOCTATHYECKOE
nasiaenne pgH /2 npeiicteyer Ha nsomaau HL u
KOMIICHCUPYET /[BE€ CUJIbI [TOBEPXHOCTHOTO HaTsXKe-
Husg oL Ha rpaHuIiax, OTMEYeHHbIX B TOUKaMu B u
C):

pg% -HL = 20L,
OTKY/la TI0JIyyaeM IepBbIil OTBeT:

c
H=2|—.
pPg
AnasnornyHplM 06pa3oM HaiileM BBICOTY /i KallIu

HaJl YPOBHEM TOYKU A:
pgg-hL =oL,orkyna h = 2—0.

Py
IToryuaem BTOpOIi OTBET:

I
k=——=+2+1.
g V2t

2023/Ne10

IMpumenus dopmyaay Jlammaca st 106aBOYHOTO
JTaBJIEHNUST TT0/T NUCKPUBJIEHHOIT TIOBEPXHOCTBHIO B TOU-
Ke A, sammiieM ypaBHeHUe

o
= =pgh,
R =Y
13 KOTOPOTO I0JIy4aeM TPeTHil OTBeT:
R= |-
2pg

2. V3BecTHO, 4TO /I AOCTMKEHMS MaKCHMaJbHOI
JlaIbHOCTH GPOCKA M3 HETIOJBIYKHOTO TOJIOKEHHS €
(UKCUPOBAHHOH 1O MOYJIIO HAYAJIBbHOH CKOPOCTHIO
Uy HY’KHO HAIPaBJSATb ee 110ji yriaoM 45° K ropu-
30HTY, TOT/A AAJBHOCTb TOJETa BBIYUCJSAETCS TI0
dopmyJe L = 0(2, / g, 13 KOTODOIi IoJTyyaeM v, = \/gj
BoracunM, kaxk BuUHTHKY ciexyeT HamnpaBUTh Ha-
YaJIbHYIO CKOPOCTb alleJbCHHA 1Ipu GpocKe ¢ JBH-
JKYIIErocst CTepykHs. Y 106HO 06e3pasMepuThb 3a/ia-
4y, 0003HaYMB CKOPOCTb BUHTHKA B MOMEHT 6pocKa
uyepes koy. Ilyctb @ — yron Mexay HadaabHOI
CKOPOCTBIO ¥y alleJIbCHHA M TOPU30HTOM B CHUCTEMe
orcyera BuUHTHMKA, TOrZIa TOPM3OHTAIbHAS COCTaB-
JIIOIIAsT CKOPOCTH 0, AlleJIbCHHA OTHOCUTEIBHO 3eM-
i, BpeMst T M JaabHOCTD X MOJETa UMEIOT BH/
v, =0ycos@+ky, T= 7200;1n(p’

P
x=0T= Z)—O(sh12(p+ 2ksing) = L(sin2¢ + 2ksing).
g

BbIYKCIMB TPOM3BOHYIO:
() = L(4cos2 @+ 2kcos@— 2)

1 IPUPABHAB €e K HYJI0, HaXOJUM YIoJI, 110/l KOTO-
pbIM BHUHTHKY Hy:XHO 6pocaTb aneJbCHH [ J10C-
THKEHMA MaKCUMaJbHOM JaJIbHOCTH IIOJIeTa:

VEX +8 -k
—

¢ = arccos

Ocranoch BBIACHUTD, KOLJA »Ke HyXKHO COBepllaTh
6pocok. IIycTb B HEKOTOPBIIT MOMEHT BPEMEHN CTep-
JKE€Hb COCTaBJIAET yToJl Y C TOPU3OHTOM, O U U —
ckopoct Bunruka u HlnynTuka cooTBeTCTBEHHO,
M — Maccbl KOPOTbILIEK. 3allulleM YCJIOBHE IOCTO-
AHCTBA JI/IMHBI CTEPIKHA M 3aKOH COXPAaHEHUS SHep-
THUN:
vCosY = usiny,
2 2
mo | me mgH(1 - siny).
2 2
[Toce rickTOUeHNS ¢ TIOTYINM © Kak (DyHKIIO OT Y:

v= \/ZgH (sin2 y —sin® y).

Borunciamns IIPOU3BO/IHYIO:

gH (2= 3siny)cosy

V' (y) =
() 2 J1-siny



OTBETBHI,

. 2
U IPUPaBHSB ee K HyJI0, HAaXO/[IM YCJIOBHE Siny = —,
PN KOTOPOM CKOPOCTh BunTHKa OyaeT MaKcHMalb-
Ha, M 3Ty CKOPOCTb:

Orcioa 1osiyyaeM Jiydlllee 3HAUeHHe BBE/IEHHOIO
panee koadduienTa:
v |8H

o \27L
1 NCKOMYIO MaKCUMAJbHYIO JAaJIbHOCTD!

s=1L sin2(p+§ /é—i]sm(p

- ¢ = arccos ——————— H 27l \/—
3V6L

3. Cm. pemtenne 3aaun M2773 «3agaunuka «Kpan-
Ta».

4. TIo 3aKOHY TEILIONPOBOHOCTH MOIHOCTD HOTOKA
9HEPrUN Hapy’Ky udepe3 cepy pajmycoMm 7 W TOJI-
IMHON d7 uMeer BuJ

dT
N = —k-4mr® ==,

rjie 3HaK <«MuHYyC» obecrieunBaer yciosue N >0
npu dT/dr <0. B craiuoHapHOM COCTOSHUM 3TH
MOTEPH PABHBI TEIJIOBOH MOIIHOCTH, BBIAEIAIONIEN-
€S BHYTPH 1Iapa PajnycoM 7:

43
N =—mr’q.
3 q

[TpupaBnuBast aBa BbIpaxkenus st N, Tosiydaem
nmuddepeniuaibHoe ypaBHEHHE

AT = - qrdr
3k
HHTErPUPYs KOTOpOe HaxXo[uM o0Iiee pelienue:
2
T=-1"4 C,
6k

a U3 T'PAHUYHOIO YCJIOBHA T(R):T0 BbIpaskaeM
KOHCTAHTY HMHTETrPUPOBAHUSI:
2
R
C=T,+1>
6k
OKOHYATEJNbHO OJIyYyaeM

T =T+ (R -?).
6k

5. Ilyctb ny, ny, N3 1 Ny — yCTAHOBUBIINECS KOHICH-

Tpalun 4acTUIl COOTBETCTBEHHO B TPEX COCYy/laX U B

CBOGOIHOM MPOCTPAHCTBE BHYTPHU TpoiiHuKa. Toraa

yYpaBHEHUSA COCTOAHUSA HNACAJDBHOTO Trada AJIA dTUX

‘{eTpreX 06'beMOB UMEIOT BU/

P =mkTy, py =mk-2T;, ps =nsk- 3T, ps = nkTy,

rae k — mocrosiHHAs BOJH)LIMB.HB.y Tb — HaYaJibHasdA
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temiieparypa cucreMmbl. OGbeMbl TPEX COCY/IOB paB-
HbI MEK/Iy co60il 1 MHOTO 60Jibllie 00beMa BHYTPHU
TPOIHUKA, TT03ITOMY
3P0

kT,
[TockoJIbKY [MaMeTp KaHaJOB MHOTO MEHBIe JTH-
HBI CBOGOJIHOTO MPOGera MOJIEKY.JI, X MOTOK CJe/y-
€T PaCcCUNTBIBATD YePe3 JIBIKCHHE OT/EJbHDLIX Yac-
TuIl, a He raza B ueaoM. llotox Z wactui yepes
kaana (B OJHy CTOPOHY) NPSIMO IPOIOPIUOHATEH
KOHIIEHTPAINN 7, YACTUI[ HA BXOJE B KaHAT U UX
Cpe/iHel CKOPOCTH, KOTOPast IIPOTIOPIHOHAIbHA KOP-
HI0 U3 a6CcoOTHOH Temiepatypsor 1,

Z = A, [T,

rne A — koapduiueHt, OAMHAKOBBIN Js BCEX
Tpy6OK ¢ Jto6oit ctopoHbl. Uepes GoJibllioe BpeMs
MIOTOKN B Pa3HbIe CTOPOHBI 4epe3 KakIylo TPYOKy

CPABHSAIOTCS:
An“/T:AnM/T,
AnZ\/f:AnM/Ti,
An3\/ﬁ=An4\/To.

Pemasi coBmectHO Bce 8 3alMcaHHBIX YpaBHEHMUIA,
UCKJII0YaeM 4 KOHIIEHTPAIMU ¥ HAXOAUM 4 MCKOMBIX
JlaBJICHUS:

ntny, +tng=

3
P1=Ps= 1p 1 =1,3py,
1+ +
V2 B
3py2
P2 = ?0 1 = 1’9’)01
1+
NG
3pyV3
P3 = ’1)0 1 = 2,3py.

MNCRING

6. Paccmorpum oO1uii ciyyail B3auMoeiHCcTBUST TO-
4eyHOro 3apsijia Q ¢ MJIACTHHO ITPOU3BOJIBHOI HOP-
MBI, 3apsDKEHHON PABHOMEDPHO C IIOBEPXHOCTHOM
MJIOTHOCTBIO G ¥ BUMMOI U3 TOUEYHOTO 3apsi/ia Mo/l
tesecbM yraoMm Q. Ilo teopeme laycca naiigem
MOTOK 3JIEKTPUYECKOTO TIOJISI TOUEYHOTO 3apsijia ye-
pe3 IIaCTHHY:

0 Q

€y 4T

D= =kOQ.
[TocsieoBaTeIbHO UCIIOIb3YsT TP OIIPE/ICJICHNS, T.€.
MOTOKA T10JISI, TOBEPXHOCTHOII IJIOTHOCTH 3apsijia U
HaTNpPsUKEHHOCTHN OIS, YCTAaHOBUM CBSI3b MEXK/IY MO-
TOKOM ® U IIEPIEHIUKYIAPHON IPOEKIUeH CHIbL
F,, neiictBylomieil Ha IJIACTHHY CO CTOPOHBI TOYEY-
HOTO 3apsija:

I I Sy N | F
q>=£Ed$:E£EodS=E£Edq:g£dFl=?L,
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IJIe TOJI <BEKTOPHBIM» 3apsiioM dq TOpasyMeBaeT-
cs1 MareMaTHyecKast aGCTPaKIUS: BEKTOP, YUCTIEHHO
paBHBIN 3apsity dg W TepIeH/ Ky ISIPHBIN TTOBEPX-
HOCTH dS, TO KOTOPOi pacipeseseH 3TOT 3apsi.
IIpupaBuuBass aBa BbIpaKeHUs st O, HAXOAUM
MIPOEKITNIO CUJIbI B3AMMOJICHCTBUS:
F, = kROoQ.

ITo Tperpemy 3akoHy HbloToHa aTO Takke u cuia, ¢
KOTOPOIl TJIAaCTHHA [efiCTByeT Ha TOUEUYHBIH 3apsf
BJIOJIb HOPMAJIN K TIJIACTHHE, TOITOMY U3 OIpejieie-
HUS HAIPAYKEHHOCTH HaXO/JIUM HOPMAJIbHYIO COCTaB-
JITIONIYIO TIOJIs TIIACTUHBI B OGJACTU TOYEUYHOTO
3apsaa:

EJ_=i=kGQ.
Q

B cuiy cumMerpun Kadk/ash paBHOMEPHO 3apsiKeH-
Hasl TpaHb IPAaBUJIbHOTO MHOTOTPAHHUKA CO3/IA€T B
€ro I[eHTpe II0JIe, HalpaBJeHHOe 10 HOPMaJl K
aToll rpanu, T.€. 10 dopmyse aast E, Mbl I8 BCexX
rpaHeil o6enx paccMaTpuBaeMbIX B 3agade (QUTYD
Oy/1eM HaXO/NTD HOJIHOE T10JIe, a He TOJbKO OHY U3
HEHYJIEBbIX INTPOEKIU.

1) Kakaas m3 Tpex B3aMMHO MEPIEHANKYJIAPHBIX
MIPOEKINIT HANpPSDKEHHOCTH II0JIT B IIEHTpe Ky6a
co3/IaeTcs 3apsiiaMi, pacipe/ieIeHHbIMHI 110 TIPOTH-
BOIOJIOKHBIM T'PAHSIM M B CYMMeE COCTaBJISION[IMHE

7q:

Ex:k6(2147n_ (7]247” SqZ
a6 a® 6 6gya
5q 4m | 2q 4= 3q

Ey=k———k——=
a a” 6 6gya

PRNEUELINE L S
a 6 a- 6 6gya

VckoMblii MOLYJTb HAIPSIKEHHOCTH HAI/IEM IO TpeX-
MepHoii Teopeme I[Tudaropa:

E = E2+E}+E? _ a3

5+
6ega

2) Tlosie B EHTPE MPABUJIBHOTO TETPAdAPa, CO3/1a-
BaeMoe 3apsi/laMi Ha OCOGEHHOII 'paHu, NMeeT BUJL

E, = ko, in _ S
4 g,
Ecsim Ob1 ocrasibHble TPH TPAHM HMEJH TaKylo JKe
MMOBEPXHOCTHYIO IJIOTHOCTD 3apsi/ia Gy, TO OHU BMeC-
Te co3faBasim Obl B IIEHTPE TaKoe Ke IoJie, HO B
TIPOTHBOTIOIO’KHOM HAIPABJCHNH, TaK Kak cyMMap-
HOE MOJIe JIOJIKHO OTCYTCTBOBATb B CHJIy CHMMET-
pun. Iloatomy dakrtudeckoe mose E_ aTHX Tpex
rpaHeil MOJKHO HAlTH M3 TPSMOI MPOIOPIMOHATD-
HOCTH HAIPSPKEHHOCTH 3apsiy:
E=E2-05
o, 4g,

2023/Ne10

OTBeT 1oJtyyaeM, enie pa3 MpUMeHss [PUHIIUIL CY-
Iepro3uiumn oJieit:
o1 — 03]

4gy
7. Ilycts R — pajmyc IIACTHHBI, TOT/lA CHJIA TOKA
HacTull, majlaioluinx He gajiee 4eM Ha paCCTOAHUN X
OT IIEHTpa IIJIaCTUHbI, paBHA

E,=|E,-E|=

JL71s1 HaXO>KAeHUsT TPUPAIleHUsT OTEeHIANA Ha pac-
CTOSIHUM X OT IIEHTPA IJIACTHHBI MPUMEHUM 3aKOH
Oma n dopMyTy A1 YAETBHOTO COMPOTHBIECHHS K
TOKY 4epe3 4acTb ILTACTUHLI B (pOPME COOCHOTO C
Hell IUJIMHPA PaJIyCcOM X U BBICOTOI /2 ¢ TOHKMMHU
CTEHKAMH TOJIMHO dx:

dx _ plyxdx
2mxh 2mhR*

M3menenue morennuaia ot IEHTpa K Kpalo HaiizieM
C IIOMOIIbIO MHTEr'paJia:

do=-Ip

R 2 R
plyxdx plyx pl,
O(R)~0(0) =~ T =—— g =
2[27111R AThR*| 4nh

U3 ycaosust @(R) =0 mosydaeM nepBblil OTBET:

Pl
4mh’

J171s1 HaX 0K I€HUST MOTITHOCTH, BBIIEJISIIONIENCS B pac-
CMOTPEHHOM TOHKOCTEHHOM IIMJIMH/IPE, TPUMEHUM
3akoH J[koyna—Jlenna:
2.3
dx  pljx’dx

2nxh 2hR*

Vckomyto o6IIy0 MOIIHOCTDh HAli[ieM MyTeM WHTer-
PUPOBAHMS:

R 12 3 2 4 |R 2
plyx’dx  pljx pl
pozjoi_ 0 - Pl
0

Py = (P(O) =

dP = 1%

2mhR"  8mhR'| ~ 8mh
8. l13BecTHO, YTO MTOBEPXHOCTH BPAIIAIOIIEICS KU/~
KOCTU sBJIIeTcsl 1apaboJIonioM BpaleHus. Pac-
CMOTPHM OTpaKeHUe Jydell JTIyHHOTO CBeTa, TaJaio-
IIX MApAJIIeTbHO OCH Y, B TouKe (X;y) MOBEPXHO-
cru prytu (puc.6). V3 3akoHa oTpaxkeHUs U Teo-
METPUYECKIX COOTHOUIEHUI BBIPA3UM KOOD/UHATY [
TOYKN F, B KOTOPOIl OTpa)KeHHbIN JIyd mepeceyer

Y
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ocb Y:
[ =y+xctg2e,
TJie @ — yTOJ HaKJIOHa KacaTeJbHON, PaBHBIN yTriaM

, o
nagenus u orpaxenus: tge =y’ (x)=——. Ilocne

[IO/ICTAHOBKY € TIOMOII[BIO TPUTOHOMETPUYECKOiT (pop-

1-tg’
MyJbl ctg2¢ = ———=— ToayJaeM HCKOMYIO KOOp-
2tge
JAUHaATY:
- 9
! 20

KOTOpasi yJAMBUTEJIbHBIM 00PAa30M HE COJAEPIKHUT KO-
ODIMHAT TOYKH OTpakeHms (A;y), T.e. BCe Tajaio-
mue Jy4n IpoiIyT 4epe3 TOUuKy F, KOTOPYIO M03TO-
My JIOTHYHO Ha3biBaThb (DOKYCOM MapaGoJiyecKoro
3epkasia. Vzo6paskenne JlyHbl Gy/leT HAXOIUTBCS B
oKaIBHON TJIOCKOCTH MapaGoJIMIecKOro 3epKaJa,
a auaMeTp M300paKeHUsT MOKHO B TPHOIMKEHUN
MaJIbIX yTJI0B Halitu no ¢opmyae d = [y = %, u3

KOTOpOﬁ rnoJjy4aem OKOHYATEJbHBII OTBET:

o= 11,
2d

MOCKOBCKMI rocyaapCcTBeHHbIN
yHuBepcuteT umeHu M.B.JlomoHocoBa

(cm. <Ksanm» No9)
MexaHuka

1. Tena ABMXyTCS TOA AeficTBIEM CHJI, N306paskeH-
HpIx Ha pucynke 7. Ilo BropoMy 3akony Hbiorona
(B TpOEKIUSIX BCEX CUJI M YCKOPEHWUi) wuMeeM

Puc. 7

mya; = mygsin o — T; — umyg cos oL IS JIEBOTO TPy3a,
mya, =T, —mygsinf} ans mpasoro tpysa. Kpowme
TOTO, CIIPaBEUINBBI paBeHCcTBA dy = 2a;, T; = 2T,.
Orcro/la HaXO UM

_ mysin o — 2m, sin p — pmy cos o

a g =022 M/CQ.

my + 4m,

2. Moaysib CKOPOCTH IIapUKa HA HUTH JJIMHOU L
HeTIOCPE/ICTBEHHO IepeJ] CTOJKHOBEHHEM paBeH
u; =+/2gL, a MOJyJb CKOPOCTH IapuKa Ha HUTH
amunoit 2L pasen u, = 2\/g_L, [Ipu atom ckopoctu
HAalpaBJIeHbl TOPU30HTAJIbHO M B3aMMHO IIPOTHUBO-

nos105kHO. [Ipn a6coJIoTHO yIpyroM IeHTPaTbHOM
COy/IapeHNHN IIapUKN PaBHOH Macchl 0OMEHUBAIOTCS
CKOPOCTAMNI. YpaBHEHNE JBIDKEHHS MIapuka Ha
}IJII/IHHOI;I HUTH B HIDKHEH TOYKE TPAeKTOPHU HMeeT

mu
BUJL o =T —mg, rne T — MOJyJIb CUJIbI HATSIXKE-

HUA HUTU B 3TOT MOMEHT. HOSTOMy HEINoCpeACTBEH-
HO nepea CTOJKHOBEHUEM IMIapUKOB MO/YJIb HATA-

. , mu?
JKeHUs JAMHHON Hutn T = YA +mg = 3mg, a cpa-

2
mu
3y nocJe cronknosennst T” = —L + mg = 2mg. Cue-
" 2 L
A0BaTeJIbHO, 1 = s = —.
773
MonekynsipHasa ¢pu3nka n TepMoguHamMmKa

1. BuyTpeHHSsIsI SHEPTHUST OTHOATOMHOTO UI€ATHHOTO
3
raza U =5vRT. ITo ycaoBuio U = ocVz, rge o —

HEKOTOPDBIN MOCTOSHHBIN Koadduiment. B coorBeT-
crBun ¢ ypaBHenueMm Menzeneesa—Kianeiipona,
VRT = pV, mostoMy B faHHOM mponecce p ~ V. Pa-
60Ty, COBEPINEHHYIO TAa30M, MOYKHO HAWTH, BBIYHC-

JIMB TLIONIA/Ab MO TPaUKOM 3aBUCUMOCTH P OT V-
1 1
A :§(P1 +p)(Va=-V)) =5(P1V2 =pVi+ Vo = pVi).

1
Tockommbky p ~ V, 10 p;V, =sz1HA=5(Psz -pVi) =

= %VRAT . Vsmenenue Buytpenteii sueprun AU = SVRATA
CormacHO HepBOMY 3aKOHY TEPMOJUHAMUKI,
Q=AU+ A. B paunom mporecce Q =AU + % =
=§AU, Orcoga AU = %Q =15 JIx.

2. Tlo 3akony /laabToHA HAYATbHOE [ABJIEHIE BJIAK-
HOTO BO3/lyXa PaBHO CyMMe [aBJIEHHI CyXOTO BO3-
ayXa W BOJSHBIX [apoB: pPy=p+p, =

RT RT RT
_PRL L PRl Py (KM, + M), raie T — Teme-
M M MM,

B
paTypa BJIQKHOTO BO3/yXa, P — IJIOTHOCTb CYXOTO

BO3/lyXa, Py — IJIOTHOCTHb BOJISTHBIX IAapOB. OTCI()Z['d
pOMMu

IIJIOTHOCTb BO/JIAHBIX TIapOB pB =m, a

M
€T0 IlaplMaJIbHOC JaBJICHUC p, = Po . Z[aB]Ie-

M, + M

HIE CyXOro BO3/yXa B HAYaJbHOM COCTOSHUHU
— kpBRT _ prMB

M kM, +M

JyXa He U3MEHSeTCsS, TO IOoCJe CXKATHS JaBJeHHE
nkpyM,,

EM, + M’

[laBieHue mapa mocJe CxKaTusi TaK:Ke JOJKHO BO3-

.Tak kax macca CyXOoro BoO3-

CyXOro BO3/lyXa BO3pPacCTE€T B 1 pa3s: pl =

pacTu B n pa3, HO €CJIK HOJYYUTCHA, YTO €ro JdaBJie-



64 KBAHT

HUEe OKakeTcsl 6OJIbllle, YeM JIaBJIeHUEe HACBIIEeHHO-
ro mapa npu 9TOll TeMueparype, TO Py = Puy = Po
(pyy — JaBJIEHNE HACBIIEHHOTO Tapa IPU TeMIepa-

npOM 5
TERM, +M
=p,. Oxonuare/bHO

type 100°C). B mamem cuayuae p,

=14py > py. 3Hauur, P, =p,

JUIA TaBJICHUA B IIUJIMH/IPE TIOCJIE COKATUA TTOJydaeM

,  nkpM, nkM,
Pozipo +po=po(

41|~ 3,6p, = 3,6am.
kMB+MJ Po = et

dnekTpoaAnHaMuKa

1. CorjacHo 3aKOHY H3M€EHEHUA ITOJIHOII MeXaHM-
2

. mo
4ecKoll aHeprumu, 5 mgH =q (9,4 —¢p), TaC Oy

n Qp — IOoTeHIMaJbl, CO3/laBaeMble HEIOABUKHDIM

3apsi/IoOM ¢ B HAyaJbHOW Touke A M B KOHEYHOI
Touke D. V13 TeoMeTpHUECKIX COOOPAsKEHHI CJICIY-
er, 9yto AABO — TpAMOYTOJbHBIN CO CTOPOHAMH

AO=5H, OB =4H, BA=3H, mostoMy ¢, = Sk—g
0p q (31ech k = —) Tornao® = 2gH — 4kq
4me, 3mH

CoryacHo BTOPOMY 3aKOHY HbIOTOHa, 3alliCaHHOMY
I Toukn D B ITPOEKIINN Ha BEPTUKAJIbHYIO OCb,

kq?

2

v

ma=N-mg-F, a=—, [ =—5. Orciona noayua-
ng K R K H2 y

11 k
mg q;
5715 |

Ha cuJa, L[CI/ICTByIOH_[aH Ha CTEpyKEHb CO CTOPOHbI

em N = [To Tperbemy 3axony HbloTo-

OYCHHKH, paBHA IO MOJYJIO CHJIC PEAKIINN CTEP3K-
7 11 kq?
HA: F:N:7mg+—i2.
5 15 H
2. CorsiacHO 3aKOHY 3JIEKTPOMArHUTHOW UHIYKITHH,
OC unpykiyu, Bo3HHUKawomas npu gedopManun
BAS
At

I KOHTypa 3a BpeMsa Af. VHAyKIMOHHBIH TOK B

,_le

KOHTYpa, 6 = — , Tie AS — u3MeHeHMe ILIO0Ia-

KOHTypE paBeH . 3a BpeMsa At B KOHType

B|AS
nporekaer 3apaj Ag = IAt = %, a 3a BpeMd

ﬂe(i)OpMaL[I/II/I KOHTYypa B He€M IIPOTEKaeT TIOJIHBII

B(S,-S .
3apsij q:%, rae S, =a’ — HavasbHAs

mwiomanp, Sy = a? sin o, — KoHeuHas ILJIOIIA/b, OTpa-

HUYeHHAas Takum
Bd® (1-sina)

R

KOHTYDOM. o6pasom,

. CpeZIHHH ClJla TOKa B KOHTYpE

2023/Ne10

paBHA OTHOIIEHWIO 3aps/a ¢, TIPOTEKIIero B KOHTY-
pe, K TIPOMEXYTKY BpeMeHH T, 3a KOTODBIH TIpo-
nsomuaa jgedopmanuss kourypa. Ilockoabky

a (cos(oc/2) - \/5/2)

[

, OKOHYATEJIbHO IOJIyYaeM

Boa (1 -sina)

R(Cos (0/2) - x/§/2)

=156 MKA.
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IMMAXMATHAA CTPAHUYKA

BOﬂbLUaﬂﬂ

LLIBEMLIAPKA

Ha octpoBe Mban 3aBeprmiach
O/lHA U3 CaMbIX IIPEJCTaBUTEIb-
HBIX <IIBEHIAPOK» Tro/la, B KOTO-
Ppoii 6oJiee cTa BeLylUX rPOCCMeii-
CTEPOB CPASKATNCH 32 J[BE TyTeBKU
B TYPHHUD HpETEHeHTOB. EanHo-
JIMYHBIM TT00€/INTesIeM COPEBHOBA-
HUS CTaJl WHIUNUCKUI TpoccMeli-
crep Canroc Buaut, koTopbIii oc-
Jie TOPKCHIS B IIEPBOM TyPe CMOT
ojilepykaTh cepuio 1o6es;, HaGpaB
8,5 oukoB B 11 Typax. Bropoe
MECTO U IIyTE€BKA B TYPHUP ITPETEH-
JICHTOB JIOCTAJIUCh CaMOMY CTa-
TYCHOMY IIAXMaTHOMY CTPHMEPY CO-
BpemeHHoct — Xukapy Hakamype.

C.Bugut - A.lNpepke
FIDE Grand Swiss, 11 Typ

1. d4 d5 2. c4 dc 3. af3 af6
4.e3¢€65. fcha66.0-0c57. de
bc5 8. Wd8+ 2d8 9. Le2 We7
10. &4bd2 4d7 11. @b3 4b6
12. &d2 Ac6 13. Lc3 Zhg8
14. Bfd1 2ad8 15. Bacl g5! (¢
uneeii g4-£g5) 16. afds ad4?!
(cunbnee 16...Ad5, coxpansas Ha-
npsokenue) 17. QLb4+! Baxubrii
TIPOME3KY TOUHBIH XO/T, YITyTIIeHHBII
YEPHBIMI, UX KOPOJb BBIHYKICH
3aHATH HEYJA4HOE MOJOMKEHHE.
17...% 8 18. &d4 g4?! Buosb
cuibiee 18...4d5! ¢ xopormmmu
[aHCAME Ha HUYBIO MOCJIE CepUun
pasmenos. 19. @b3 Xg5 20. Qcd
L6 21. Qa6! Ad7. Ocroxnenns
nocyse HauboJsiee AaKTHUBHOTO
21...4f317 22. Bd8 2d8 23. h4!
L2 24, hg Ad5 25. fLc5! Lab 26.
Hb6 Ab6 27. Rh2!, u B aHIIIHIC
«JIaJibsi TIPOTHB J[BYX JIETKUX (pH-
Typ», B KOTOPOM MIAHCBHI OEJIBIX
MPENIOUTHTEbHEE 32 CUET AKTHB-
HOCTH KOPOJISL M CJTAGOCTH YePHBIX
TENIeK Ha KOPOJEBCKOM (hJIaHTe.
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22. &.f1! Tounbrii mpodumaxru-
YeCKUU XOJ, OTPaKaIoNIMil Bce
yTPO3bI, CcBa3anuble ¢ 22...4f3.
22... 2a8 23. &.d6 La4 24. Lf4.
Emte cunbree 24. b3 ba 25. ba ¢
BBIUTPBIIIEM 3a CUYET MPENMYIie-
CTBa IBYX CJOHOB. 24...2ad. Bos-
MOJKHO, CTOWLJIO TOTIBITATHCS CTa-
CTHCh B aH/IIIIIe 0e3 MelKu
nocae 24..4d1 25. Qg5 La4
26. @b4. 25. Qc7+ Lc7 26. Lc7
Ld1 27. Lad Ead 28. Bdl e
(28...8a2? 29. &.b5! ¢ BoUTpBIIIEM
konss) 29. a4 Ecd 30. Bd4! Eci
31. Bb4 Eb1. Iocseanuii manc co-
cros1 B 31...%al!l 32. b3 7
33. Bb7+%f6, 1, HecMOTpS Ha /BE
JIMIIHAE TEMKN, 3aa4y GeJbix
OCJIOKHSIET AKTHBHOCTb YEPHBIX
duryp. 32.f4! Ocramproe — geso
rexunkn. 32...gf 33. gf Af3+
34. 2g2 Ad2 35. £L.d3 Zel 36. 2f2
2h1 37. ©2g2 Eel 38. Hb7 EZe3
39. &b3+ 2f8 40. a5 Eed 41. a6
g5+ 42, 2f2 Aeh+ 43. 2e3 Ad6
44. aT BedS+ 45. 23 Ef5+ 46. 2g2
#g5+ 47. 2h1, yepHble caaaUCh.

X.Hakamypa - ®.KapyaHa
FIDE Grand Swiss, 10 Typ

1. e4 ed 2. &f3 Af6 3. Ac3 Ac6
4. d4 ed 5. 2d4 Lb4 6. 2c6 be
7. £d3d58.ed0-09.0-0cd 10. h3
(o6brano 3aech urpaior 10. £g5)
be611. ¥43 ¢512. Bd1 £¢313. be
Wa5 14. Lg5 Ae4 15. Le4 de 16.
Wg3 ®2h8 17. a4! Hosunka. Panece
Berpevasioch 17. Bab1 Wa2 18, Bb7
e3!, 1 yepHbIE CMOTJIN AaKTHBHU3MPO-
Barth ciona. 17...2fe8. Ueprbie e
MOTYT TPOCTO PA3MEHSITh JIA/IbU:
17...f6 18. Lf4 2fd8 19. Eel! ¢
JIBOITHOIT yrposoit Bed n fc7. 18.
Bd6 h6?! 3a uepnbIx c10KHO Hali-
TH XOpoliee TMPOJOJTKEHHUE.
18...Wc7? we roaurcst mz-3a 19.
He6!, BO3MOKHO, CTOWJIO TIO/IIOTO-
BUTb OTCTyIIeHNe (epas 18.. . Eac8.
19. &f4. Cuon orerymm, a renika
Ha h6 cranoBuTCS MHUIIEHBIO /171
ataku. 19...2e7 20. ¥e3 Ec8.
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21. &h6!? Emie cunbree 21. LeS!
f6 22. Af6! gof 23. Whe+ %g8
24. Bad1 Ef8 25. Eeb6! Ee6 26. Bd7
¢ martom. 21...f6 (ciona Gparb
Hemb3ana-3a21...gh 22. ¥h6+2g8
23. Hell Ed8 24. Be3) 22. Me4
We3 23. Badl Ece8 24. 2d8 4g8
25. %h4 Wc2 26. B1d3 Lh7
27. B3d7 g528. g3 Wh1+29. 2h2
Wf5 30. Be7 2d8 31. ¥c7 Wf4i+
32. Wfh gf 33. Lg7+ g8 34. L.f6
Lb1 35. Bg7+ 28 36. LdS t2g7
37. 28513 38.g4¢439. g3 be4
40. &d2, ceasannble Genble mpo-
XOJIHBIE TIENTKN GYIyT CTOUTD CJIO-
Ha, M03TOMY YEPHbIE CAAJIHCh.

O/Hy 13 caMbIX SIPKUX HapTuit
Ha TypHHUPE MPOBEJ IMaXMATHCT
u3 Ys6ekucrana yKasoxup Cun-
JIapOB, 3aHSABIINHA B HMTOTOBOM
POTOKOJIE 8 MECTO.

C.CeBsiH — X.CnHpapos
FIDE Grand Swiss, 6 Typ

1. ¢4 g6 2. e4 e5 3. &f3 ag7
4.d4 ed 5. ad4 Af6 6. 2c3 0-0
7. %e3 c6 8. ¥d2 Ee8 9. {3 d5
10. ed cd 11. 0-0-0 2c6 12. 2¢6?
Tounee axkkypathoe 12. 2b1 uu
fac3. 12...be 13. &d4 (ua 13. cd
cuenyer 13...Ee3! 14. %e3 AdS ¢
cusbHenein atakoii) b8 14. cd.

HoWN @
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14...c3!! Yepuble OTBJIEKAIOT
cioHa OT GOJIBIION [IMATOHATH,
HOJTy4asi HECKOJIBKO PEIIAIONINX
temnos. 15. Le5 Wad 16. Ld6
Lf5 17. g4 Ebc8 18. gf AdS5!
19. fg (xoHs Gpartp Heab3s M3-32
mata: 19. ¥d5 Ec3+! 20. 2b1 Wd5
21. Bd5 Eel+ 22. Bd1 Edix) hg
20. £.h3ac321. Lc8Ec822. d3
(B3ATHE KOHSI CHOBA BEJIET K MaTy:
22.bc Ec3+23. 2b1 Wh5+24. ¥b2
Ec1+25. Bel Wh2x) Wa2 23. A7

Ad1, u 6eabie caaauch.
A.Pycanos
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