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C TaHrpama Hayanca Mo MHTepec K MaTeMaTuKe, Toraa MHe 6bino 8 net. Pogutenn nopgapunm
MHe MJIOCKYI0 KOPOOOUKY, B KOTOPOW Obll MNacTMacCoBbli KBagpaT, CNOMXEHHbIN 13 cemu
MPOCTbIX reomeTpuyecknx ¢Guryp pasHoro pasmepa. M3 atmux yacteir MoXHo 6bino cobupatb
durypbl cnoxHom ¢popmbl. bbiio yaneuTenbHoO, YTo Aaxke cobpaTtb GUrypKr 06paTHO B KOPOOKY,
He MoNb3yACb NMOACKA3KOW, — 3afaya TpyAHaA ANd HOBMYKA. JTa, Ka3anocb Obl, He3aTennnaas
Urpa Hagonro 3aBsajerna MoUM BoOOpa)eHreM, pa3BUB B UTOre NMPOCTPAHCTBEHHOE MblLLsie-
Hue.

WcTopus urpbl yxoauT B ry6b BeKOB. JlereHza rnacuT, UTo KUTanCcKnia imnepaTop 6bi1 yapy-
YeH HeXkerlaHneM CBOEro CbiHa yunTbcA. Toraa oH cobpan MyapeLoB 1 fan M 3agaHre — npugy-
MaTb Urpy, KoTopas 6ygeT BeCbMa 3aHMMaTESIbHOW U NPV 3TOM OYeHb NONEe3HON ANA Pa3BUTUA.
W Torpa npugymanu TaHrpam.

Mopa3nTenbHO, YTO BCErO M3 CEMU MPOCTbIX YacTell MOXHO CobpaTb ThbICAYM KPaCUBbIX
duUryp, Kak reoMeTpryecKmx, Tak v MOXOXKUX Ha NPEAMETbI M XXNBOTHbIX. [lepBas Lenb nrpbl — no
KOHTYpPY $pUrypbl BOCCTAaHOBUTb BO3MOXHOE PacnosiokeHne yacten. A HaunHaoLwmx nyyiie
pUCOBaTb KOHTYPbl GUTYp B HaTypasibHYO BEIMUMHY, YTOObI MOXHO OblfIo BHYTPY HUX YKagbl-
BaTb YacTu. Bropas uenb nrpbl 6onee TBOpUYECKan — COCTaBUTb 13 BCeX YacTel Gurypy ¢ 3apgaH-
HbIMX CBOWCTBaMM, Hanpumep: LeCTUYroNbHUK, pakeTy, Bepbnioga. Cnegyowas uenb —
HayuMTbCA 3apMCOBbIBaTb NPUAYMaHHble GUrypbl Ha Oymare B KNeTKy. 3To, KCTaTu, He TaK yX
npocTo.

Ecnn y Bac HeT TaHrpama, To Habop N1eMeHTOB LA Hero nerko M3roToBUTb CaMoMy W3
KapToHa unu n3 daHepbl, HO Nyylle, KOHEYHO, KyMNNTb KaUeCTBEHHbIV fiIePEBAHHDIN — cenyac 3To
nerko cpenatb Yyepes MHTepHeT. Ha cerogHA B npofake NoABUIOCb MHOMXECTBO MOXOXMUX Ha
TaHrpam Urp, HO HN OfiHA U3 HUX He CPABHUTCA C HUM MO COBOKYMHOCTU 3aN0XKEHHbIX UAEN,
KOTopble Mbl 06CyAMM Aanee.

(lMpooonxeHue cm. Ha c. 22)
A.Kosaneoxu
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Bpemsi XX13HU Wwnnyyen
TaOneTky B CTakaHe Boabl

A.MUTPODAHOB

A ITOCJIEAHEE BPEM{A ¥ YHACTU

HaceJIeHUs BO3POC MHTEPEC K Me/MIINHC-
Kot dusuke, dapmakosoruu, mpodaemMaMm
3/[paBOOXpaHeHNd 1 ToMy mogo6Hoe. U ato
HE OT XOpOIIIel >Kn3Hu. 3anuTHble MeININH-
CKHIe MacK! 1 IepYaTK, HOroJI0BHOE 3Mepe-
HHe TeMIIepaTypbl Y COTPYAHUKOB Ha IIPO-
XOJIHBIX IPEAPUATHI, CUTHAJIBI MAIITTH CKO-
POt TTOMOTITH M CBOJIKY O YHCJIe 3a00JIEBIINX,
aBpaJsibHas, reponyeckas pa6ora MeJNKOB U
peasibHble MOTEPH JIIo/[ell TOBINAIN Ha 06pa3
SKU3HU, MBICJIN HACEJEHUS U OTHOIIEHUE ero
K Me/IMIIHE U MEJIMITMHCKIM HayKkaM. O6bIy-
Hble oz (1o KpaitHe Mepe, HEKOTOPbIE MOH
JIPYy3bsl M 3HAKOMbIC), COBCEM HE BpauH,
CTAJIN 32/[yMbIBATbCS N HHTEPECOBATDHCH, YTO
JKe TAKOe aHTUTEJA, BAKIINHBI, BS3KOCTDb KPO-
BH, TPOMOBI, aHTHarperantbl (K KOTOPBIM
OTHOCATCST cJabble BOJHDBIE PACTBOPBI alfe-
TUJICAUIIIIOBON KUCJIOTBI, T.€. aCIUpPHHA),
AHTUKOAryJIIHTBl (rermapuH w Ip.) W Tak
jasiee, T.e. TeMaMU M MOHSATHSIMHU, KOTOPbIE
0OBIYHO M3YHYaIOT CTYACHTBI-MEIUKN.

B at0ii cTaThbe MbI TTOrOBOPUM 1 TIOPA3MbIIII-
asteM (¢ Touky 3penust ao6uTest GU3UKI) 0
cBoficTBax TaGJETOK IUIYYeTro acIMpHUHA U
nojipo6Hee — O PEAKINH MUTHEBOH COJ/BI C
JINMOHHO}1 Kucjoroil B Bozie. VIMeHHO 3TOT
IIpPOIecC OYeHDb YacTO MCHOJIb3YeTCs B Me/IH-
IIIHE JIJIS TPAHCIOPTa Ha3HAYEHHOTO JIeKap-
cTBa K 60JIbHOMY Oprany. Xotesoch Obl ajipe-
coBaTb 3Ty CTATbl0 HE TOJIBKO IIEHUTEJSM
6€3aJIKOTOJIBHBIX IIUITYYUX HAIUTKOB, HO U
TeM 6e1o1araM-60IbHBIM, KOTOPBIE I0MA HJIN
Ha 60JTBHIYHOM KOfiKe TpuHUMAaN TabJeTKI
MIAITYyYero acIUPHHA, YTOOBI IPUTYTIUTD 60JIb
WJIM TIPOCTO BPEMEHHO 06JIErYUTh CBOU CTpa-
JaHNs 0T 6OJIC3HM.

DOI: https://doi.org/10.4213/kvant20210901

Yactb 1

AHITIMYaHuH Mucrep Xorirn
CMOTPUT B [UTMHHBIV TEIECKON.
Bunut ropbl v sieca,

Obnaka u Hebeca.

Ho He BuanTt Huvero,

Yro nog Hocom y Hero.

Hanvumn Xapmc

Mucrep Xomm 1o-cBoeMy IpaB: y/1aJeH-
Hble TIPEJMETDI JIydllle PACCMATPUBATD B Te-
Jieckorn, GUHOKJIb WU TTOA30PHYIO TPYOy. A
JUIs HAGJTIO/IeHusT APYTUX OOBEKTOB CyIile-
CTBYIOT Jipyrue npuGopbl, HATIPUMEP MUKPO-
ckorbl. O6 OKpy:KaIoIeM MUPe MOXKHO MHO-
roe y3HaTh C IOMOIIBIO PA3JIMYHBIX HAOTI0/Ie-
HUII 11 OTIIBITOB, MCIOJIb3YST YaCTO TIPOCTENTIIIe
M3MepUTebHBbIe TIPUGOPDI, TaKMe KaK BeCHI,
JIMHEHKa, 9achl WM Jake OOBIYHBIN Ipayc-
HUK. He ToBops y»X O JOCTYNHBIX B Halle
BpEMST «ITPOJIBUHYTBIX> CPEJICTBAX U3Mepe-
Huit — GPS-naBuratopos, Ja3epHbIX ypOB-
Heil U 1aJbHOMEPOB, YIbTPA3BYKOBBIX U3Me-
puTesieil TOMIMHBI U XOJOTOB, PA3IMYHBIX
«YMHBIX» JJATYNKOB, CEHCOPHBIX YCTPOIICTBAX
U Tak JaJsee.

Mol ke moripo6yeM Koe-4To MOHSTD O IIPU-
pozse Hamero Mupa (Ha ypOBHE aTOMHBIX
pPasMepoB) U3 MPOCTEHIINX MCCIEA0BAHNIA, a
MMEHHO, 13 HaOTIOeHUI, KaK pacTBOPSIETCS
tabJeTka JeKapcTBa B cTakaHe Bombpl. K
MIPUMepY, BBISICHUM, KaK BPEMST PACTBOPEHUS
B BOj/Ie JIeKapcTBa — TaOJEeTKHW IIUITy4ero
acrmpuHa ¢ BuTamMmHOM C — 3aBHCHT OT
TeMIIEPATYPbI BOJIbI B CTAKAHE, U IOCMOTPHUM,
YTO MHTEPECHOTO U TOYUYUTENBHOTO CJeyer
U3 Pe3yJIbTAaTOB HAIIMX HEXUTPBIX OIBITOB.

Bbl, KOHe4yHO, 3aMeyasu, YTO B TEILIOI
BO/I€ JIerye MBITh MIOCY/LY, YeM B X0JI0/1HOM. 11
YTO MHOTHE XUMHYECKHUE PEAKINU WU TIPO-
ecebl (M HE TOJBKO XUMUYECKUE) U/yT Obi-
cTpee, KOTAa TPOUCXOAT TIpn 60Jee BBICO-
Koif Temmeparype. JlekapcTBa u MpOTUBOBH-



BPEMSA XKHU3HU MUNYYEN TABJETKHU B CTAKAHE BO/B5I

PYCHbBIE BaKI[UHBI YACTO XPAHST B XOJIOIUIb-
HUKe, YTOObI OHM Ha XO0JIO/IE Me/IJIeHHEee «CTa-
puanchy. Eciii cTakaHYMK ¢ y3Ke pasBe/ieH-
HBIM 3MOKCUIHBIM KJI€EM TIOMECTUTH B COCY/T
C JKUJIKUM a30TOM, TO KJieil ObICTPO He MOJIH-
MEpU3YyeTcsi, OH 3aMep3HeT, HO 0JTo 6yaeTr
COXPAaHSATD CBOU (DYHKITMOHATbHBIE CBONCTBA,
€CJIU TIOTOM €T'0 BBITAILUTh 13 a30Ta U Pa3MO-
posutb. C 9TUM XOPOIIO 3HAKOMbI HEKOTO-
pbie GepeskyuBble (DU3UKU-IKCIIEPUMEHTATO-
PbI U UX JTabOpaHTHI.

Kro-To ckaxer, uTo 3710 3Ke oueBuHO. [Ipn
HArPEBAHUU BEIIECTB CKOPOCTU MOJIEKY T HJIU
ATOMOB YBEJIUYUBAIOTCS, YACTUI[BI, KOTOPHIE
B3aUMOJIEUCTBYIOT IPYT C IPYTOM, Yalle CTaj-
KUBAIOTCS M Peakiuu ujyt Opictpee. B neii-
CTBUTEJBHOCTH BCE IPOUCXOAUT HAMHOTO
cJIoKHee W mHTepecHee. TemmneparypHas 3a-
BUCHMOCTB CKOPOCTH ITPOLIECCOB coBCeM (Kap-
quHanbHo) apyras! M paso6paTbes B 9TOM
BOIIPOCE HaM TIOMOXKET U3YYEHHEe OJTHON XMW-
MUYECKOI peakIinu, BepHee — MpsIMble H3Me-
PEHUS 3aBUCUMOCTH €€ CKOPOCTH OT TeEMIIEpa-
TYPBI CPEJIbI.

PaccMoTpuM XMMHYECKYIO DeaKIuio pa-
CTBOPEHUS] B BOJIe JUMOHHOW KHUCJIOTBHI
(C¢HgO;) u nutbeBoit compl (rugpokap6o-
nat Harpust NaHCQO3). Cyzs o cooGieHu-
M U3 UHTEPHETa, 9TO caMasl JIoOMMas peak-
1S Y ITKOJTbHUKOB, 3HATOKOB XUMUH. VIMeH-
HO C ee TOMOTIBIO yAaeTcs MOJy4arh Mpo-
CTBIM C€IIOCOOGOM Ta3WPOBAHHbBIA HAINUTOK,
MMOXO3KMIT HAa TUMOHA/I. B ceTu npe/craBieHo
BEJINKOE MHOKECTBO PEIENTOB U OIBITOB C
JUMOHHOU KUCJOTOU U IIUTHhEBOI COJ0M, I10-
poii oyeHb 3a6aBHBIX U TTOYYUTENbHBIX. /7151
[PUIOTOBJIEHKS CTaKaHa MUIYYKU (rasupos-
K1) HA/I0 CMENIaTh IPUMEPHO MOJOBUHY Yaii-
HOIT JIOKKY JTAMOHHOM KMCJIOTBI U Uy Th MEHb-
111€ II0JIOBUHBI YaITHOM JIOJKKU ITUThEBOI CO/IbI,
3aJINTh CMechb BOOH, He 3a0bIB JOOABUTH U
PacTBOPUTH HEMHOTO CaXapHOro IMecKa WJn
¢GpyKTOBOTO CHpOIIa AJIS BKYyCa.

K Mmecty ckazarb, 4TO OTIIOM COBPEMEHHOI
UHIAYCTPUH 6e3aJKOTOJTbHBIX HATUTKOB TIPH-
HSITO CUUTATD TPOTECTAHTCKOTO CBSIIIIEHHUKA,
dunocoda, 607bIIOr0 JTIOOUTETS XUMUU U
yuenoro 1o npussanuio /[>kozeda Ilpucran
(1733—1804). Panom ¢ Jlugacom (Anrmms),
TJIe OH YKILJI ¥ CJIY>KUJI IACTOPOM, HAXO/IUJICS
MMUBOBAPEHHBIN 3aBojI, OTKyAa [IpucTtaum mo-

LIxozeq Npuctim

JIydaJl JIIS CBOMX JIIOOWTETBCKUX OIBITOB
YTJIEKUCJIBII Ta3 B HYKHBIX €My KOJTMYeCTBAaX
(aTOT raz 06pasoBBIBAICSA OT GPOKEHUS MHB-
HOTO cycaia B Goukax). HaGmoparenbHbrid
CBSILIIEHHUK-XUMUK 3aMETUJI, UYTO eCJI COOH-
paTb YIJIEKUCJBIN ra3 HaJl BOJIOI, TO 4acTb
ra3a pacTBOPSETCS B SKU/KOCTH, YTO IIPUIAET
eil IpUATHBIN TepKuil npusBkyc. Takum 06-
pasom Ilpuctin nonyunsn (4 mepBbIM 3aKy-
MOPHJ B GYTHIJIKY) HAIIUTOK THIIA CEIbTEPC-
KO WJTH COJTOBOI BOJIBI. A B UCTOPUN HAYKU
OH 6oJiee M3BECTEH KaK YUEHBIH, OTKPBIBIINIT
kucaopos (He3aBUCHMO 9TO OTKPBITHE CJie-
Jan mBeAckuil xuMuk Kapa Buubreabm
Ieene, 1742—1786). Ilpucr/m OTKPBLI TaK-
JKe WJIN BIIEPBbBIE MOJYYUJ W U3YYaT TaKue
raspl, KaKk 3aKHCb a30Ta, XJOPUCTBIH BOO-
PO/, aMMUaK, (PTOPUCTBIN KPEeMHUIA, HOK-
cu/l cepbl U OKuCh yriaepoga. Ero pa6oter ¢
razaMiu HEMAaJO CIIOCOGCTBOBAH PA3BUTHIO
xumuueckoii Hayku. [lozanee [>xozed Ilpu-
cTyin Hammcasa MoHorpaduio «lcropus yue-
HUS 00 2JIEKTPUYECTBE» — TPYJ, 32 KOTOPBIi
OH ObLT W30paH TMOYETHBIM YJICHOM Psijia
akajiemuii, B Tom uncJe [lerepOyprekoit Aka-
nemun nayk (1780).

Ho Bepuemcs k rasuposke. Koneuno, [1pu-
CTJIM BPSJL JIN JIOTQIBIBAJICS, KAKYIO0 BAYKHYIO




4 KBAHT

poJib 6yAyT UTpaTh MOTOM B JKU3HU JIIOJEN
IUITyYKe ra3upoBaHuble HaUTKU. 1 He Mor
[IPe/IBUIETD, YTO 24 anpeJis Jlaske Ipas/iHy-
eTcst BceMUpHBIN /IeHb Ta3upPoBKHU. Kak cka-
3aJ1 OIMH aCTPOHOM, «OTKPBITHE HOBOTO KY-
JIMHAPHOTO PETIenTa JIJIST 4eJI0BEYeCTBA ObIBA-
eT Topoit 6oJee BAKHBIM, YeM OGHAPY KeHne
Ha HeOe HOBOM 3BE3IBI».

XuMHUueckoe ypaBHEHUE PEAKINU ITUThe-
BOW CO/bI C JIMMOHHOW KHCJIOTOU B BOJE
3aICbIBACTCS TaK:

3NaHCO3 + C6H807 =

B peaxiiu o6pagyercs utpar HaTpust, yriie-
KuCcabli ra3 m Bojga. lurpar Harpus
(NasC4H50;) npumensiercsi Kak BKycOBas
no6aska (E331) B cocraBe TasupOBaHHBIX
HAIllUTKOB U B JIPYTUX MPOAYKTaX, a TakKiKe
KakK O/lHa M3 HEOOXO/MMbBIX COCTABJISAIONINX
[IpU TIepeJTUBAaHUN KPOBY — JIJISI TIPEIOTBPaA-
IIIEHUsT CBEPTBIBAHUS JIOHOPCKOI KPOBU U ee
KOMIIOHEHTOB.

Korpa cyxas tabmeTka ormyckaeTcsi B BOAY,
PeaKIMs UAET JOCTaTOUHO OBICTPO € 00Pa30-
BaHUeM BOJIIIIEOHDBIX MY3bIPPKOB rasa Ha I10-
BEPXHOCTH TAOJETKU W CTAKAHA, KOTOPBIE,
BCILIBIBasI, K TOMY JK€ IIUIIAT, MOKUIAsT BOJ-
HYIO MTOBEPXHOCTh. YacTh yryeKucaoro rasa
yCIleBaeT PacTBOPUTHCS B BOJe. AKTHBHAS
30HA PeaKIMy HAXOMWUTCS HA MMOBEPXHOCTU
TaGJIETKI, UMEHHO TaM POKIAIOTCS TTy3bIPh-
KU yriekucsjoro raza. Korga tabsierka pa-
CTBOPUTCSI MOJIHOCTHIO, BbIJI€JIEHUE Ty3bIPb-
KOB TTOYTH COBCEM TIPEKPATIALTCS.

CBOICTBO BeIecTBa MPEISTCTBOBATH CBEP-
TBIBAHUIO KPOBU ObIBAE€T MHOT/A KpaiiHe
B)KHBIM B MEAWIIMHE TIPHW JIEUEHUU TSIKe-
JbIx Heayros (Hampumep, KOrjga Mmpoucxo-
ouT 00pa3oBaHie CTYCTKOB TPOMOOB B MeJI-
KUX COCy/IaX JIEFKUX MPU KOPOHABUPYCHON
uH(EKIMT WK B JPYTUX caydasx). Peak-
U MATHEBOU CObI ¢ JUMOHHOU KUCJIOTOMN
YaCcTO WCIOJb3yeTcs: (papMameBTaMu U XH-
MUKaMH-TEXHOJOTaMU B MIMITYYUX TabJer-
Kax /IS TPAHCIIOPTa Pa3HbIX JEKapPCTBEH-
HBIX IIPENapaToB ¢ BOAOI K HAI[HEHTY, B TOM
YHCJie AaHTHATPETAHTOB U AaHTUKOATYJISTHTOB.
JlekapcTBEHHDII TTOPOIIOK, PACTBOPUMDIiT B
Boge (Mukpoxpuctawis Butamuta C u ap. ),
U BOJOHEPACTBOPUMBIil W ¢J1ab0 PacTBO-

2021/Ne?9

pumblii nopomok (Hanpumep, acuupuH)
[IPECCYIOTCS B eIUHYIO Ta0JIeTKY C TUTbeBOI
COZION ¥ IMMOHHON Kncaotoit (1 HeKOTOPbI-
Mu apyrumu go6aBkamu). Takue TabiaeTku
[IOMEIIAIOT B JIEFKYTO FePMETHYHYIO J1JIsT BOJIbI
U ee MapoB MHOTOCJONHYIO 6YMayKHO-TI0JIH-
MEpHYI0 YIakoBKY (MHOra aJioMUHU3NPO-
BaHHYIO ¢ BHYTPEHHEIl CTOPOHbI), 3alliiia-
IOIYIO CIIPECCOBAHHYIO CMeCh IOPOIIKA OT
BO3/lelicTBUS aTMOC(EepHON BJaru, cuaydaii-
HBIX KalleJib BOJbI U SPKOTO CBETa.

Ecm BCKpBITD yrmakoBKy u OpocuTh Tab-
JIETKy B CTakaH C BOMOH, TO 32 KOPOTKOE
BpeMs II0JIy4aeTcss PacTBOP WJIHM B3BECH Jie-
KapcTBa B cJab0 TAa3MPOBAHHOM HAINTKeE.
Tax ycTpoeHbl MHOTHE TINIYYHe TpernapaTbl
JIeKapCcTB, HarmpuMmep mumyunii acnupuH-C
¢upmbl Bayer mim Xopoimo W3BeCTHOE Jie-
kapctBo AIIIl Jlonr B Qopme TabJeToK,
[pPUMEHSIEeMBbIX IpH 3a60JIEBAHUE OPraHOB
JIBIXaHWsI. AHAJTOTHYHO YCTPOEHbI TabJIeTKI
JUUIsT GBICTPOTO TIPUTOTOBJIEHNST 6€3aTKOT0Th-
HBIX TIUMYYUX TOHUSUPYIONNX HAMUTKOB
(9HEPrOTOHMKOB), BUTAMUHOB M TaK JaJce.
YacTo B perentype MUMydYnx JeKapcTB JiH-
MOHHAsI KMCJOTA U IHUThEBAS COJA Ja’Ke He
YKa3bIBAIOTCS, TAK KAK 9TH BEIeCcTBa U IIPO-
JYKTBI UX PEAKIINU B BOJIE BBITIOJIHSIOT TOJTh-
KO BCITOMOTATeJTbHYIO POJIb.

[Tpoctpie HAOJIIOAEHNUST TTOKA3BIBAIOT, YTO
BpeMs PACTBOPEHUS TaOJETKHU TMUITYYETro ac-
NUpUHA B CTAaKaHe C BOJOI OJHO3HAYHO
3aBUCHUT OT TEMIIEPATYPBHI BOJbI — OHO PE3KO
YMEHBIITaeTcsT ¢ pocToM Temrepatypsl. [lo-
npoGyeM U3MEPUTh U U3YUUTH ATy TeMIlepa-
TYPHYIO 3aBUCUMOCTD. [Ipu cobogennn He-
KOTOPBIX TIPABUI 3TO yAAETCS CAeNaTh J10-
BOJIBHO TOYHO U HE OYeHb CJI0KHO. 3araceM-
csl 4acaMu ¢ CeKyH/IHOM cTpeskoit (MexaHu-
YECKUMU WJIM 3JEKTPOHHBIMU) € YETKUM
(BHATHBIM) TIMdEpP6IATOM U TEPMOMETPOM
JUISE I3MEPEHUST TeMTIePaTypPbl BOJbI. A JTyd-
nie IByMs WJU TPeMs TepMOMETpaMu, Mo-
3BOJIAIONIUMU TOUHEE U3MEPSITh TEMIIepaTy-
PY ¥ XOJIOJIHOM 1 ropsiueil Bozibl B crakate (B
Pa3HBIX TeMIepaTypPHbIX JANANa30Hax).

[Tpexxie yeM TPOBOAUTL HAMEYEHHBIE W3-
MEpEeHNs, HaM CJIeYET TIOATOTOBUTHCS K ATOM
pabote. He o6cyxmas Bce moapoOHOCTH,
3aMeTHM, YTO HAM HA/I0 HAYIUTHCS IIPUTOTaB-
JIUBATb B COCY/Ie, HAIIPUMED B CTaKaHe, BOIY
C 33JIaHHOM, HO Pa3HOU TeMIepaTypoi, ObITh
YBEPEHHBIM, UTO B 0GBbEMe TeMIIepaTypa BOIbI
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B Pa3HBbIX MeCTaX IPAKTHYECKN OJMHAKOBAS MEpUTEJIS TEeMIIEPATYPbl YeTKas U YyBCTBU-
7 9TO TIPM KOMHATHBIX YCJOBUSAX BHeENTHEH TeJIbHAs IIKaJsa ¢ 1eHoil gestenns 0,5 rpajy-
CpeJIbl 9T TeMIieparypa «He yOeKuT» 3amMer- coB llenbcus. /1711 OIBITOB TP TeMIepaType
HO M3-32 HArpeBa NJIM OXJIXK/IEHUS OKPYKa- BOJBI BOJIM3M HyJId ¥ OMDKE K TOYKE ee
IOIMM BO3/JyXOM 32 BpeMs IPOBEJECHUS KUIeHUsT Mbl Gpasn Apyrue JabopaTopHbIe
ozHoro namepenust (1.e. 3a «BpeMsi JKU3HI» IPa/lyCHUKN C COOTBETCTBYIONIMMH IITKAJIAMH.
TabsieTku B Boje). TeMieparypa BOJbl 10JIK- CaM ombIT COCTOSITT B cJjefyforeM. Ycra-
Ha GbITh HE TOJBKO OJMHAKOBOI 10 BCeMy HaBJIMBaJIaCh paBHOBECHAs TeMIlepaTypa BO/IbI
06beMy, HO 1 PaBHSATHCS TEMIIEPATyPe CTe- B IIOUTH ITOJIHOM CTaKaHe. 3aTeM BCKPbIBAJICS
HOK cTakana. Hajo Takxe 1poBeputhb, 4to y HAKeTHK C [IUITYYUM acIUPUHOM, U ero Tab-
TEPMOMETPOB He cOnTa TeMieparypHasi 1Ka- JIeTKa OITyCKasach B cTakaH ¢ Bogoil. OnHo-
ma, a iudepbat 4acos yAo6er u MoAX0AuT BPEMEHHO (DUKCHPOBAJIOCH BpeMs Hadasa

JUIS Ha/IeXKHBIX (DUKCcAlil BpeMEHHDIX HH-
TepBaJIOB ¢ ceKyHaHoil Tounocrolo. Ilosesen
TaKOW TO/ITOTOBUTEIHHBIN OIBIT: MCCIELyH-
Te, KaK N3MEHsIeTCsI CO BpeMeHeM TeMIlepary-
pa epBoOHaYa/IbHO HAarpeToii (HanpuMep, Ku-
MATKA) WJIN OXJKAeHHON (B XOJOAUIbHY-
Ke) BOJIBI IPU MPUGIMAKEHHN K PABHOBECHOM
KOMHATHOH TeMmIepaType, KOT/a CTaKaH C
BOJIOW CTOWT Ha CTOJIE HA BO3/AyXe.

npoliecca pactsopenusi tabsetku. Vsmepsi-
JIACh JITUTEIBHOCTD PACTBOPeHUs: TabJIeTKH,
KOTOPasi TOYHO (PUKCHUPOBAIACH BU3YATHHO C
[IOMOIIbIO CEKYH/HOH CTPEJKM Hapy4YHbIX
4acoB. 3aMEeTHM, UYTO, Mepejl TeM KaK MOJTHO-
CTBIO MCYE3HYTDh, TaOJeTKa YMEHbBIIAJIACH B
pas3Mepax 1 BCTIBIBAJIA HAa TOBEPXHOCTD BOIBI
13-32 ITy3bIPbKOB I'a3a, MPUJIHIIIINX K TOBEPX-

MBI 9KCTIEPHMEHTHPOBATH € TaIeTKaMIT HoctH Taionieil Tabnerku. [loaromy MoMeHT
munyyero acuupuna-C ¢upms Bayer HCYE3HOBEHM I11aBaloliell TabJIeTKU Orpe-

(pI/IC. 1) VkaszbiBaeMas MIPOU3BOIUTENIEM JAeJIAaCA JOBOJIBHO TOYHO M, KaK IIOKa3aJl
. OIIbIT, C MaJIbIM pa36p000M 3HAYEHUI JJIN-

tenpHocTH Tporecca (UTo oueHb BaxkKHO!)
IPH OJIHOI ¥ TOil e TeMmieparype BOJIPbL.
[Tocaie moaHoro (BU3ya bHOTO) pacTBOPEHNUS
TabJeTKM B BOJIE elle HeKOTOpOoe, HO OYeHb
KOPOTKOE BpeMsl MPOJIOJIKAMN  BbIAEIATCS
ITy3bIPHKH Ta3a. DTO BCILIBIBAI TPHIHIIIIIIE
K CTeHKaM U JIHy CTaKaHa Ty3bIPbKH 1, GBITD
MOKET, TIPOJI0JKAlach pPeakiusl OCTaTKOB
CJIeJI0B CObI M JIMMOHHOMN KHCIOTHI, TIOMAB-
IIMX B pacTBOP. Beero or oHol TabneTky 3a
BpeMs peakInu Bblesiserca B atMocdepy

: 3
Puc. 1. Tepmomerp, Yacel 1 tabnerka acrmprHa-C uyTh Gosee 100 cM” yraekucsoro rasa (1o
@upmbr Bayer (B yrakoBke), vcronb3yemsle B HalllUM M3MEPEHUSM C IMOMOIIbIO BOJAHOTO
onelte KOJIOKOJIa — I[IepeBepHYTOr0 MEPHOro CTaKa-

Ha ¢ BOJIOW C JIeJICHUsIMM) .

B Ta6smie coOpaHbl HalM HKCIEPUMEH-
TasbHbIE JaHHBIE, T.€. U3MEPEHHBIE BPEMEHa
(t) pactBOpenHns TaGJIETOK MIUITYYEro acIu-
puna-C npu pasubix Temmeparypax (T) Bobt

rapaHTHPOBAHHAS TEPMETUYHOCTD YIIAKOBKHU
tabseTku 6oJtee 2 ieT. B kayecTBe OCHOBHOTO
TepMOMETpPa MUCIOJb30BAJICA CTEKJISHHDIN
rpagycuuk TdD-3-M1, kyniennslii B Marasu-
He (POTOTOBApPOB W TpeJHASHAUCHHBIH 71T

paboThl ¢ pacTBOpaMu 3
doropeakTnsos. Tepmo- «Bpemst Xun3HW» Wwnnyyen Tabnetkn acnmprHa

METp OTOT 6e3 pTyTH: NpW pPa3HbIX TeMnepaTypax BOAdbl B CTakaHe

pabouee BEIeCTBO — MO/
KpalleHHas >KUAKocTh |leMueparypat,°C 63,5/ 50 | 86 | 0 | 18 | 24 |42,5/22,5/11,5

(Bugmmo, crmpt uau to-  |Auaurensnocrs ¢, mun| 0,37/0,55|0,3319,75| 2,1 |1,4210,58|1,33|3,25
ayon) B Kamugaasape. |Temmeparypa t, °C 15 117,5| 8 | 3,2 ] 10 |30,5| 20 [10,5| 10
Baxno, uyro y s10r0 U3- |[Lnurensuocts ¢, mun| 2,33/1,833/4,33| 6,5 13,1710,7911,29| 3,5 |3,17
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Puc. 2. TemneparypHasa 3aBuCMOCTb BPEMEHM
PACTBOPEHUS LLIMITYHELN TaONIeTKM B CTaKaHe BOAbI:
a) HeviHbI Maciutab no geym ocam; 6) rosy-
J0raprgdmmudeckmyi Macltab, B) 3aBUCHUMOCTb
HATYPATILHOIO JIOrapr@dma BPeMeHn pacTBope-
HUST OT 0BPATHOM abCOMIOTHOL TEMIEPaType Be-
JIMYMHBI, HAKITOH MYHKTUPHOU MPSMOU — ee ypas-

300
HeHney = 23,01 - - | OrPELREsIAET SHEPTIIO
aKTmBaLmm

2021/Ne?9

B crakane. /[JIMTeJbHOCTD MpoIecca pacTBo-
peHust yKa3aHa B MUHYTaX.

CaMm OIIbIT HECJIOJKHDIIT, €0 MOKHO ITPOBO-
NTHh faxke 6oJies, «I00bIBasi» ONHY — JIBE
HOBBIE 9KCIIEPUMEHTAJbHDBIE TOUYKH B CYTKH 1
UCIIOJIb3YSI TIOTOM JIEKAPCTBO 110 CBOEMY Ha-
3HAYEHUIO, €CJIU ATO PEKOMEH/IOBAJ BaM Jie-
Jamuii Bpad.

Panbiire, ueM fies1aTh husMUECKIIE BHIBO/IBI,
mornpobyeM HalTH aHAJIUTHYECKYIO 3aBUCH-
MOCTb BPEMEHU PEeAKINH ¢ WU €€ CKOPOCTU
v ~ 1/t or temueparypbl. OGBIYHO /IS OCT-
POEHUS KPUBBIX 10 3HKCIEPUMEHTATHHBIM
JTAHHBIM HUCIOJIb3YIOTCS YHCJEHHBIE 3HAaue-
HUS Pe3yJ/IbTaToB u3Mepenuii (B HaleM CJIy-
vae JaHHbIX n3 Tabuien) . Ho aus marasano-
CTH PE3yJIbTATOB YACTO MO HKCHEPUMEHTAb-
HBIM TOYKAM CTPOSIT TpaduKu, BbIGHpas y106-
HBIE TKAJIBbI TI0 OCSIM W €JIMHUTIBI U3MEPEHWH .

Ha pucynke 2,a pe3yJbTaTbl W3MepeHUil
[pe/cTaBJeHbl Ha Tpaduke ¢ JTUHEHTHBIMI
NIKaJIaMi 110 IBYM ocsiM. BuzHo, 4To uepe3
AKCIIEPUMEHTATbHBIE TOYKU MOYKHO TIPOBECTI
[JIAJIKyI0 MOHOTOHHYIO KPHUBYIO, BOJU3U KO-
TOPOI JIeKAT BCE TOYKM C OTHOCHUTETHHO
HeGOIBITIMU OTKJIOHEHUSMU OT KpuBOii. [Ipn
namenennu remmepatypbt o1 0 710 90 °C «Bpe-
MS JKU3HW» TaGJETKN ¢ YMEHDIIAeTCs TTOUTH
B 30 pas, T.e. BO CTOJIbKO K€ pa3 yBeJanunBa-
€TCsI CKOPOCTD MPOTeKaHus mpoiiecca v. [lpn
BBICOKUX TEMIIEPATypPaxX CKOPOCTH PEAKITHH,
KaK BU/IHO U3 rpaduKa, pacTer ¢ TeMiepary-
pOIii, HO He TakK GBbICTPO, KaK s PeaKIii B
XOJIOJTHOW BOJIE.

Uto6bI oIpO6HEE PACCMOTPETD ATU YACTH
pesyabratoB (s ropsiueii M XOJOAHOI
BOJIBI), TIPEJACTABUM JIAHHBIE B IIOJYJIOTa-
pudpmuueckom macmrabe (puc. 2,6). Hasrom
rpaduke BUIHO, YTO B [UATIA30HE TEMIIEPa-
Typ 0 — 30 °C 3aBUCUMOCTb CKOPOCTU OT TEM-
epaTypbl — 3TO ¢ BBICOKOH TOYHOCTBIO KC-
noHeHrta. Bblllle aTHX TeMIeparyp 3aBUCH-
MOCTBH CKOPOCTH TIpOIlecca TI0 CPABHEHUIO €
AKCIIOHEHTON GoJiee MIaBHAs.

Cpnenaem erte oqus mar. B tepmoannamu-
Ke U TEeMI0(PU3IKE YaCTO TEMTIEPATypy H3Me-
psror He B Tpajycax lleabcust u o603Ha4AI0T
T, a B a6COJTIOTHOII MIKaJe B rpagycax Keinb-
BruHa u o6ozuavaror T, ipu atom T =T + 1,
rae Ty = 273,15. UTo6b! N3MEHNUTD 3HAK Ha-
ks1oHa kpuoil ¢(T) U CABHIYTH ee MO OCH
abcruce, Oy/leM OTCYMTBIBATH HE a0COJIOT-
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HYIO TeMIIeparypy, a 06paTHYIO eil BeJTHMYIHY
1/T. B pesyibraTe Mbl MOJTy4nM rpaduk,
MMOKa3aHHbBIN HA pucyHke 2,6. [IpaBasg rpyn-
a Toyek rpaduKa pacrooskeHa IPaKTHIec-
KU Ha TPAMOHN JIMHUU, KOTOpast Ha PUCYHKe
n3o6pakeHa TYHKTHPOM. A 3TO O3HAUaer,
YTO TeMTIepaTypHast 3aBICHMOCTb KOHCTAHTBI
k (k ~v) cKopocTH pacTBOpEHUS HIMITydYel
TabJeTKH B BOJe B 3TOM TeMIIepPaTypHOM
nuarasone BejieT ce0si KaK 9KCIIOHEHTA!

k= Aexp(-T,/T) = Aexp(-E,/(RT)). (2)

Ho 3710 ecTb He 4TO MHOE Kak 3HAMEHUTOE
ypaBHeHue AppeHuyca, TJe B — KOHCTaHTa
CKOPOCTH peaknnu, A — moctogaHas AppeHn-
yca, XapaKTepusylomas Kax/aylo KOHKpeT-
nyio peakuuio, E, = RT, — eie ogua 110cTo-
SHHAsI, XapaKkTepHas /I KaK/I0H peakiinu u
Ha3bIBaeMas SHepPrueil akTUBAIMK WA TeM-
neparypoil akruBaruu 7T, /I TeMIlepaTyp-
HOW MIKaJbl 2HEpPruit, R — yHWBepcasbHAas
razoBas MOCTOSHHASA. 3aMeTUM, YTO B KUHe-
THKE [IPUHATO PACCMATPUBATL HE CaMy CKO-
POCTh PEakIuu, a ee BeJUINHY, HOPMHUPO-
BAHHYIO Ha OOBEM pearupyronmxX BeNecTB
WJIH Ha TLJI0TIA b TIOBEPXHOCTH 06pasIia, ecJii,
KaK B HalleM cJayJae, peakius UAeT Ha
nosepxHoctu (Ha Tpanuie paszgena ¢as).
ITa HOPMUPOBAHHAS CKOPOCTD U HA3bIBACTCA
KOHCTaHTO# ckopoctu peakiuu k. [Ipu ¢puk-
CUPOBAHHBIX YCJOBUSAX OIBITA UM KaKOTO-
60 XUMIYECKOTO TIPOIIECCa CKOPOCTb PeaK-
IIUU CO BpeMeHEM OOBIYHO YMEHBIAeTCsT, TaK
KaK pearupylornue BemecTBa pacXoayoTcs B
X0/le PeaKIHH.

CoOTHOIIIEHNE MEXK/Ty CKOPOCTBIO PEAKITNT
u temmneparypoii srepsoie (1889 1.) ycrano-
BUJI IBe/IcKMit pusnko-xumuk Canrte Appe-
muyce (1859-1927), HoGenesckuii maypear
o xumuu 3a 1903 rox. IlnogorBopuas uies
Appennyca, KOTOpasi «CU/IUT» B €ro ypaBHe-
arn (2), COCTOMT B TOM, UTO <...MOJEKYJIBI,
CTAJIKMBASICh, He Pearupyior, ecjau me 00Ja-
JIAIOT OIpe/leJIeHHBIM MUHUMYMOM 3HEPrui,
WHaUYe TOBOPsS, sHepruelr axTwBaruu. I[lpm
MAaJIOW SHEPTUU aKTUBAIUU PEAKITUH MTPOXO0-
JIAT OYeHb ObICTPO, a MPH BBICOKOU dHEPrUu
AKTUBAIMM XUMUYECKUH IIPOIECC MOXKET [1PO-
TeKaTb € OECKOHEYHO MaJioil CKOPOCTHIO U
JUINTHhCS BeyHOCTh. Ecam ke B mocsenHeM
cJydae TIOJHSTH TEMIIepaTypy HACTOJbKO,
YTO TPYIIIA MOJIEKYJT PHOGpeTeT HeoOX0I1-

CBaHTe ABrycr Apperiyc

MYIO 9HEPTUIO aKTUBAINH, TO CKOPOCTH Peak-
U MOXKET PE3KO TMOBBICUTHCS, W JTa’Ke BCE
3aKOHYHUTHCS B3PBIBOM. .. » . ITO MBI IIPOIIUTH-
POBaJIN OTPBHIBOK M3 KHUTH «KpaTkas mcro-
pus xumun» (M.: Mup, 1983) ussecrroro
YUEHOTO, TOMyJIIpU3aropa u nucares-Qan-
tacta A.A3uMoBa.

B ciyuae pactBopenus muiydeii TabaeTKn
acnupuHa B BOJle DHEPTUSl AKTUBAIMU U3
OTIBITA MOJIYYHJIAch paBHOI oko10 6900 K B
TeMIlepaTypHOii MKaJe uiu 57,4 ®J»k/Moub
B OOMIETTPUHSTHIX €AMHUTIAX. B aTOMHBIX
eIMHUTIAX 9TA BEJUYMHA COOTBETCTBYET 3HA-
yeHuto okoso 0,6 3B. OtHocuresnpbHas 1mo-
TPEITHOCTD Pe3yIbTaTa HANX N3MepeHuii £,
JUIST pacCMaTPUBAEMOll PeaKIni, KaK CJeIy-
eT u3 ydyera pazbpoca ToueKk BOJIU3U MPSMOIt
Ha pHUCYHKe 2,6, MeHee 2%.

YpaBuenne Appenuyca B MCTOPUU HAYKU
3anuMaer ocoboe Mecto. OHO YACTO MCHOJIb-
3y€eTCs B COBPEMEHHBIX HAYYHBIX MCCJIEI0BA-
HUSX B Pa3HBIX 0071aCTAX (PUBUKHI T XUMUYEC-
KO KMHETUKY, B TEXHOJOTHUECKITX MTPUITIOKE-
HISIX, HAITPUMED TIPU YCKOPEHHBIX HCIIBITAHI-
X JIOJITOBEYHOCTH WHTETPATBHBIX CXEM WJIN
U3y4YeHU# Pa3HOro poja mnpoieccoB auddy-
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311 BEIeCTB B cpejie U Ha II0BEPXHOCTHU.
@opwmy.ia (2) crosb 1eHHa U paboToCIO-
co6Ha, 4TO HEKOTOPbIE HCCJeL0BATENN Celi-
Jac Jaske yBepeHbl, YTO UMEHHO 34 ee BbIBOJ]
Appennyc nosnyuns HobGeseBckyio npemuio.
Ito He Tak. lIpemMuIo o XUMUN eMy Jau 3a
TEOPUIO JIEKTPOJIUTHUYECKOI iccoluanum —
yHIamMenTaIbHOTO Ipolecca, 06bACHSIONIe-
rO [IPUPOJY MHOTUX XUMUYECKUX peakiuil.
O pa6oTax y4eHbIX IIPOIIJIOTO Terepb MaJjIo
KoMy u3BecTHO. YacTo MbI 3a6bIBaeM, 4TO
ucropusi — yuurenb skusuu (Historia est
magistra vitae). Murepecro, 4ro Gosee Beka
Ha3a/l AppeHnyC, KpOMe BCEro Ipovero, 3a-
HUMAJICSI BOIIPOCaMU GUOJIOTHYECKOI XUMUM,
MMMYHOJIOTHEN, Tpo6jeMaMi KOCMOJIOTHI 1
JlaKke TIPOUCXOXK/ICHIEM MIApOBOH MOJIHUM.
OH, Kak 3TO HU YJUBUTEJIbHO, — aBTOP
1IepBOro y4yeGHUKA 110 KOCMUYECKOIl (PU3NKe.
Appennyc 1epBbIM ¢OpMyIUPOBAT FUIIOTe-
3y O NMapHUKOBOM 3(deKTe, CTOJIb BAXKHOM
A1 3eMJIH, U3ydasl BJIUSHUE COJTHEUHON pa-
JMAIK Ha 3eMHYIO arMocdepy U elie MHO-

roe-MHoroe ipyroe. Corpyaankam dusdaxa
MI'Y 3makoma ero mepenucka u Ipy:xéa ¢
poccuiickum yuyenbim I1.H. Jle6eneBbim, Ko-
TOPOMY OH IIOMOTaJ B TPYIHOE BPeMs ero
yXO0/Ia U3 YHUBEPCUTETA M PA3rOHA PYKOBO-
JIUMON UM 3KCIEPUMEHTAJbHONH TI'PYIIIIBI.
AppeHnyc noJiiep KiBaj HayYHble KOHTAKTbI
C POCCUIICKMMHU y4eHbIMU, ObLT WHOCTPaH-
HBIM 4JIeHOM-KOoppecnonienToM [letepOypr-
ckoit Akagemun Hayk (¢ 1903 r.), mouyeTHbIM
uynenom Akagemun nayk CCCP (¢ 1925 r.).

AppeHnyc TepBbIM MPEJIOKIT UCTIOTH30-
BaTh MOHSTHE dHEPruu aktuBanuu E, , npa-
BUJIBHO OODBSICHWB €€ POJib B XUMHUYECKUX
PeaKIUX, Wi, IPYTUME CJIOBaMU, PACKPBLI
¢usnyeckuit cMpica cBoero ypaBHenus. C
MTOMOTITBIO TTPOCTHIX TEOPETHUECKUX OTEHOK 1
npe/icTaBJIeHuH ceffuac ysxe HeCJI05KHO BbIBe-
cru ero dopmyay (2). Ho 06 atom moiiger
pedb BO BTOPOIl 4acTH CTaTbHu.

(ITpogonxeHmne creqyer)

KOHKYPC UMEHU A.II.CABUHA

Mb1 HaynHaeM KOHKYPC 10 PeLUeHUIO MAaTeMaTuvyeckux 3aAad. 3afaHusi paccyuTaHbl B
OCHOBHOM Ha yYalymxcs Ha4YuHas ¢ 8-9 knaccos, a bosee MAa[LWNM LWKOIbHUKAM COBETYEM
nonpoboBatb cBOU cUllbl B KOHKYpCE XXYpHana «KeaHTuk» (cm. caut kvantik.com).

Bbicbinaite peweHnss 3afad, ¢ KOTOPbIMU CIIPABUTECh, 3/IEKTPOHHOM [MOYTOU 110 aApecy:
savin.contest@gmail.com. Kpome vumeHu v gpamnivim yKkaxute ropod, WKoy U Kacc, B KOTOPOM Bbl

yunuTech, a Takxxe obpaTHbIV MOYTOBbIVI agpec.

Mbi npuBeTCTBYEM yyacTve B KOHKYPCe He TOJIbKO OTAE/IbHbIX LKO/IbHUKOB, HO U KOMAaHg (B Takom
aIyyae npycbinaeTcs oaHa paboTa co CrMckoM yYacTHUKOB). Y4acTBOBaTe MOXXHO, HA4YMHas ¢ /ilo6oro
Typa. Mobegurenesi XAyT AUMIOMbI XYpHana «KBaHT» U rpu3bl.

3aganus, peleHus v pesynpTatel MybnnuKyoTca Ha cairte sites.google.com/view,/savin-contest

Xenaem ycnexa!

1. MO3KHO /I paccTaBUTDh B KJI€TKaX KBa/l-
pata 3x3 pasJyHble HATYypaJbHble YUCIA, B
3aIUCH KaXKO0TO U3 KOTOPBIX MOTYT MPUCYT-
CTBOBATb JIUIIb NUGPLl 7 1 8, Tak, 4TOObBI
CyMMa 4Hcesl B KaK/OH CTPOKE U B KaXKJIOM
cToJibIe OblIa OJHAa U Ta JKe?

C.Kocmun

2. a) MoKHO Jin paspesarb Kakol-HuGY /b
[PSIMOYTOJIbHIK Ha HECKOJbKO PaBHOOEI-
PEHHBIX TPIMOYTOJbHBIX TPEYTOJIbHUKOB,
Cpe/ii KOTOPBIX HET OIMHAKOBBIX ? 6) MOKHO
JIN TaK pas3pe3arb KBajpar?

K.Banxos

3. EcTb mpoBOIOUHBII KapKac MPsIMOYTOJIb-
HOTO SIKa W BepeBKa. Paspernraercss BbIO-
parb JioOble HECKOJIbKO TOYEK Ha KapKace,
COE/IMHUTD UX MO/PS/L HATSHYTON BepEeBKOI 1
U3MEpUTh ee VINHY — OT MEePBOW TOYKU [0
nocaeareii. [pemmoxnte crocob 3a aBa Ta-
KUX W3MEpPEHNs HAlTH CYMMapHYIO TIJIOMIA/Th
BCeX MIECTU TpaHel AINKa.

A.Ilepeneuxo

4. Jlan tpeyrospuuk ABC. Tloctpoiite Tou-
xu Ay, B, C,, ob6pasyomme TpaBUIbHBIIT
TPEYTOJBHIUK WJIN COBMA/IAIONTIE, TaKHe, YTO-
6pr orpesku AA;, BB, CC, 6blmu paBHBI U
MMeJIT HAMMEHBIIYI0 BO3MOXKHYIO JITTHHY .

E.Bbaxaes
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B.KJIETILbIH

JorapudmMudeckast JuHelKa Oblia He-
MPEMEHHOW TPUHA/IJIE’KHOCTHIO WHXXKEHePa.
Ona 11o3BoJ1s1/1a GBICTPO BBITIOJHSATD Pa3JIy-
Hble JIEHCTBUS — YMHOXKaTh, BO3BOJIUTH B
CTereHb W MHOTOE JIpyToe, 4TO ceifyac st
Hac JieaeT KOMIBIOTep, KaJdbKyJISATOp WJIN
WHOT/IA JlaKe MPUJIosKeHne Ha Tesnedone.

A xaxk ona 6bL1a ycrpoena? /laBaiite pasGe-
peMcst Hanbosree HAJesKHBIM CIIOCOO0M: TIPH-
JlyMaeM ee caMi — a 3a0/IHO Hay4uyuMcs ¢ Heil
o6pararbcs.

Haunem ¢ ropaszio 6oJiee pocToro BOIpo-
ca: a Kak Obl HaM cJieJaTh YTO-HUOY/Ib, UTO
ITO3BOJISJIO ObI OJIHUM J[BVJKEHUEM CKJIa/[bl-
Barb (He6ouibine) yncsaa?

IIpencraBum cebe, uto MbI B3saam ase (ma-
CTOAINME, JepeBAHHbIE!) MUHEHKH, IIpIYeM
Ha O/IHON M3 HUX ITKAJa Y BepXHEl I'PaHuIlbl
(kax 210 O6BIMHO GbIBAET), a HAa APYTOH y
HmkHel (a BOT Tak IMOYTH HUKOT/IA He GbIBa-
€T, HO MOYKHO >Ke U CAMUM IePEHECTH JieJie-
HUS C OJHOU JIMHENKHN Ha L[pyrylo). IIpuo-
JKUM UX JPYT K JIPYTY Tak, 4yToGbl COBIIAIN
HyJM — TOTJia IIKaJdbl HAa HUX COBIAJAIOT
(puc.1). CaBuHeM Temepb OAHYy M3 HHUX,
HIDKHIOIO, BIPAaBO — cKaxkeM, Ha 2 cM. Yto
Oy/IeT Tor/ia HAIIPOTUB OTMETKHU 3 CM Ha TOI
JKe JmHelke? JTa OTMeTKa Ha PACCTOSHUH B
3 cM OT HyJIs Ha HIDKHell aunelike — KOTO-
PbIii caM HAXO/IUTCS HA PACCTOSTHUK B 2 CM OT
HYJIsl HA BepXHeii. 3HAUUT, BCETO 3Ta OTMETKA
HaXO/IUTCS HA PACCTOSHUN 2 CM + 3 CM = 5 CM
OT HyJid Ha BepXHell JinHelKe, M HAIPOTUB
OTMETKH B 3 CM MbI BUJMM OTMETKY 5 CM.

Ypal Bceero smib ¢ iomoribio aé3aia pac-
CY>K/IEHUIl ¥ [BYX JIMHEEK Mbl HAYYHMJUCDH
MEeXaHWYEeCKN CKJIAJBbIBATL 2 + 3 W MOJIydarh
B orBere 5. Ho smuxa 6exa Havasio!

A Kak CKJIaIbIBaTh /IBy3HauHbIe uncaa? [la
TOYHO TaK »ke. Ha nmmelike Beib 0OBIYHO €CTh

I[O KAK MIMHUMYM 1960-X TOLOB

DOT: https://doi.org/10.4213/kvant20210902
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Puc. 1. GroxeHmne ¢ noMoLUbo ABYX JIMHEEK

He TOJIbKO CAaHTHMETPOBas, HO ¥ MUJLJIUMET-
poBas mkana. M MoskHO ckazarh, uto 16 + 27 =
=43, MOXXHO, 4TO 16 MM + 27 MM = 43 MM,
a MOHO, yto 1 ¢cM 6MM+2cM7 MM =
=4 cm 3 mm (em. puc.1).

Hy xopoto. Mbl Hay4n/uch MeXaHUIeCKH,
C/IBUTOM JIMHENKHU, CKJIAIBIBATD OHO- U JIBY-
3HauHble yncaa. Ho ymMHOXKaTh-TO Tpy/Hee!
Kax Gbr HaM 1 3Ty OTIEpaInIo MePETOKUTD Ha
HAITIETO MEXaHMYECKOTO TIOMOIHUKA?

[laBaiite cnauana tpenacraBum cebe, 4TO
Mbl XOTHM YMHOXaTb /JpPYyr Ha Jpyra He
Jr06b1e yucaa, a toabko 10, 100, 1000 u Tak
nasnee. He To yTo6bI 9T0 6BITIO OYEHD CIO0KHO!
KOr/la Mbl YMHOXKAeM APyl Ha Jpyra 4ucja
BU/IA «EMHUIIA ¥ CKOJbKO-TO HyJIeil», HaM
HY>KHO [IPOCTO CJIOXKUTb KOJUYECTBO HY.JIeH:
ckaxxeM, 1001000 = 100000.

[Tocrotite, caoxuth? Tax aTo MBI yKe
ymeem! /JlaBaiiTe OomATH BO3bMEM HAILy JIH-
HelKy W BMeCTO jiesieansi «1 cM» moctaBum
10, BMecTo nenenuda «2 cM» nocrasuM 100,
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Puc. 2. YmHoXeHue creneHev 10

BMecTO jesieHnd «3 cM» moctasuM 1000 u
Tak gasee (puc.2). VI BMecTo HyJ1€BOTO jieJie-
HUS TIOCTaBUM <«CIMHWILY C HYJeM HyJeil»,
T.e. npocto 1. Ho BoT KyZa HaM IIOCTaBUTb
JIpyrue 4ucJjaa, 9ToObl BBIIOTHITD YMHOXKe-
HHUe TaKUM Ke C/IBUTOM JIMHEEeK?

[laBaiite copMmyaupyeM SIBHO, 4TO UMEH-
HO JIOJUKHO BBINOJHATbCA. HyskHO, 4TO6DBI
€CJIM Ha PACCTOSIHUU 7 CM CTOUT YHUCJIO ¢, a Ha
pPAcCTOSTHUU S CM CTOMT 4HucJ0 b, TO Ha
PACCTOSTHUU 7 + S CM JIOJIXKHO CTOSITh YNCJI0 ab
(puc.3). A MOXKHO JIil Tak C/iesath?

Hama KoHCTpPyKIMA I[03BOJIAET yrajaTh,
KaK 3TO HaJlo JeJaTb. A HMEHHO: 4YUCJIO

rt+scm

P N
o~ 7.
eran a
3 S
| 1 S CM b |

Puc. 3. Jlorapr@muqeckas JIMHEVKA: PUHLMIT
paborb/

«€InHUIa C 17 HYJIAMA» — 3TO IIPpOU3BeE/[eHNE
n OECATOK, nHave roBopsd, 7n-4 CTCIICHb 10:

10...0 =10x...x10 =10".
—— —
n nyJjaen n AecAaToxK
OxaspIBaeTcsd, 4TO MOXKHO OIPEAEJUTh U
HelleJIylo cTelleHb yucsaa. Tak, Hampumep,

XOTA «II0Jipada» 4hCJO CaMO Ha cebs1 YMHO-
1
JKUTHb HEJIb34, HO CTEIIEHb 5 orpejaesieHa, n

3TO TPOCTO KBAJAPATHBII KOpeHb u3 yucaa. 1
BCE OCTaJIbHbIE HEIleJIble CTEIIEHH — XOTSI 3TO
qeno u 6osee caoxkuoe (M TexXHUYHOE) —
OTIPEIENTH TOKE MOKHO. A TOT/Ia CTAHOBUT-
csl TOHSATHBIM, KaKOil JI0JKeH OBbITb OTBET:
11060€e 4ncyIo @ > 1 Mbl XOTUM IIOCTaBUTh Ha
PACCTOSIHUU B 7 CAHTUMETPOB OT HavaJsa, rje
r takoe, yto 10" = @. Uncjao r HasbpIBAOT

1 2 3 4 5

7
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decamuunvim 102apuhmom ducia a — u 060-
snavaior log,, a (umm 1ga).

ITpocroe Tosxmectso 10™ - 10" = 10™*" BbI-
HOJIHAETCA W JJIs HeleJbIX CTeleHeit,
10" -10° =10""* — m ero mepeBoJ Ha A3BIK
(necsatnunprx) morapudMoOB JaeT Kak pas
Tpebyemoe:

(1

Temepb, uyT0GBI CHeath Jorapudmudec-
KYIO JIMHEHKY, OCTaeTCs pa3MEeTUTD HAIIN J[BE
JINHENKHU, TIOCTABUB KAXK/I0€ YNCJIO d HA Pac-
crosiiun B Jorapudm a cantuMerpos (co6-
CTBEHHO, [IOTOMY €€ U HAa3bIBAIOT — J102Apudh-
muuecxotr). Vlnu, tounee, B log, a, ymHo-
JKEHHOM Ha KaKylo-HUOY/(b e[INHUILY [IJITHbBI
L. Ha camom jene, equHuia juHbl 1 cm
CJIMIITKOM MaJIeHbKasi, W JIydine B3dIThb L B
paitone 10—15 cantumerpo. Ha o6e smHeii-
KW HAHOCUTCS MIKAJIA, TTOKA3aHHAS HA PUCYH-
Ke 4. Takwme mIKaJbl, YTO JIOTUYHO, TOXKe
HA3bIBAIOT JI02APUDPMULECKUMU.

Pazymeercst, orapudMbl 6bIBAIOT HE TOJIb-
KO JlecITUYHble — MOYKHO 3adUKCHPOBATDH
J1060€e 0cHOBaHUe ¢, TOT/IA pellleHne X ypaB-
HEHUsl ¢ = a Ha3bIBACTCS J02APUPMOM d NO
ocHosanuo ¢ n o6oznavaercs log, a. Koneu-
HO 3Ke, M [l HUX BepHO aHamormdynoe (1)
TOK/IECTBO:

(2)

Bropouem, cMeHa OCHOBaHUS JorapugpMa
IIPpUBOAUT TOJDBKO K TOMY, YTO BCE€ PE3YJIbTa-
TBI U3MEHSIOTCS B OJJHO U TO XK€ KOJTHIECTBO
pas. IloaToMy cMeHa ocHOBaHUS JoTapudMa
PaBHOCHUJIbHA USMEHEHNIO €/TUHUIIDI TJTNHDbI L
IIpy MOCTPOEHUN MIKaJbl — WJIM, YTO TO K€
caMoe, CXKaTHEM WJIH PACTSKEHIEM ITKAJIbI B
COOTBETCTBYIOIIEE UNCJTIO Pas.

B nacrosmieit torapudmmdeckoii JuHelKe
0OBbIYHO ee IIO/IBUKHaA 4aCTb BCTaBJIAECTCA B
cBO€OOPA3HBIN «Kea06» B HEMOABILKHOIM,
YTOOBI OZTHOBPEMEHHO JIETKO BOJb Hee CKOJTh-
3UThb U He BbInajaTh. CamMoMy ciesiaTh Takoe
U3 JiepeBa, KOHEYHO, He caMast IIPOCTas 3aj1a-
vya. Ho 17151 1leMoHCTpaIiy IpuHIIAIIA MOKHO

log,. a +log, b =log, ab.

8 910
T

20 30 40 50

Puc. 4. Jlorapugmudeckas Lkana
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1,5 2 25 3354455

Puc. 5. CamonenbHas 110rapr@mMm4eckas JimHes -
Ka u3 bymarv

crenath ee M u3 Oymaru, «06epHyB» HETO/I-
BUKHYIO 9aCTh BOKPYT MOABMKHOM (prc.5) u
HaHecs Ha KaXkAy1o JorapuMUIecKyIo MKa-
gy (HanpuMmep, BOCIOJbB30BABIIMCH PUCYH-
koM 4). ITonpoGyiite sTo caenarh!!

Kax moxHO yBujgerb us ¢ororpaduu Ha
pucynke 6, Hactodmiasg Jjorapudmudeckas
JINHEKa cJI0KHee, yeM Hallle IIPOCToe OIrca-
HUe: Ha Hell 3HAYMTeJbHO GOJIbINIE KA, U
6s1arojiapst 9TOMYy OHA [O3BOJISIET JIETKO BbI-
MOJIHSATD HAMHOTO GoJibllie omeparmii. Tak,
mkasbl A (Ha HenoaBKHOM yactn) 1 B (Ha
MOABWKHOI) Ha 3Tol (potorpadum — 1o Te
camble Jorapudmudeckue mrkasbl. [kama
D — ato mkama A, cxxartad B [aBa pasa.
Baarogapst aToMy MOXKHO BO3BOJUTH B KBA/I-
paT ¥ M3BJIEKATh KBAJPATHbIE KOPHU OJHUM
JIBIDKEHUEM TIOJI3YHKA ¢ HUThio (KOTOpBIii
MIO3BOJISIET TOYHO COTOCTABJATD 4YUCTA Ha
pasubix mKanax). Ilogymaiite, Kak UMEHHO
3T0 Jlesiaercsal

I
]
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Puc. 6. Jloraprigpmm4eckas JImHevika: Lwkassl v
HUTB

! Cumysitop JorapudMuiyecKoi JINHEIHKN ecThb
Ha caiite «MaremMarudeckue aToabl»: cM. http://
www.etudes.ru/ru/etudes/slide-rule/. Ho caenarn
CBOMMHM PyKaMU BCe-TaKi HHTepecHee!

Ha nekoropbix mkasnax (MX 3a4acTyIo Mo/1-
MUChIBAIOT cuMBosIaMu LL) uncsio @ crout Ha
paccrosiunn B log (loga) epunun pinubr.?
OTO TO3BOJISIET OJHUM BIDKEHHEM BO3BO-
JINTHh YUCTO B JIOOYI0 — Jaske Hereayio! —
creneHb. [leficTBUTEIBHO, TOYHO TaK JKe, KaK
sorapuM MpeBpaliaer Mpon3BeeHNe B CyM-
My, log(ab)=1oga +1logb, on npesparmaer
BO3Be/[eHUEe B CTEIIEHb B yMHO)IQeHI/Ie:

log (a”) =bloga.
[Ipumenss sorapudm ere pas, noaydaeMm
log log (a” ) =logloga +logb,

1 TI09TOMY JIJISl BO3BEJIEHNS B CTElEeHb J10CTa-
TOYHO HMMETb JIOrapu(pMUUECKYIO MIKaTy |
log log-1mKasy, HOJABMKHbIE PYT OTHOCHTEIb-
1o apyra (puc.7).

loglog (a”) 5
|LL logloga a C;lb |
| £ Tgb b |

Puc. 7. BozseneHue B crerneHsb

EnuncTBenHas TOHKOCTb — Hallle ompeje-
Jenue Jjorapudma tpebyer yMeHHs BO3BO-
JINTH B HEIIEJIYIO CTETIeHD, & MBI TIOKA HU CJI0BA
He CKasaJu O TOM, KaK 3TO XOTsl Obl B
[PUHIIAIIE MOXKHO Jie1aTh (He mosarasich Ha
yiKe 3alporpaMMUPOBAaHHbIE KaJIbKYJSATOD
wn KoMiibiotep) . [Toatomy — faBaiite 1pe/rbsi-
BUM COBCEM JIPYIYIO, 280MEMPUUECKYIO KOH-
CTPYKIIHIO Jiorapudma.

A wMeHHO, HapucyeMm rpaduk (yHKIHNA

1
y = —, UHBIMU CJIOBaMH, zunepbory xy = 1.
x

W nng xaxxgoro uncsaa g > 1 HalijieM 10T
KPUBOJIMHEITHOTO YeThIPEXYTOJbHIKA, Orpa-
HIYEHHOTO 0ChI0 abCImCe, Halel runep6oJIoi
U BEPTUKAILHBIMU TIPIMBIMA X =1 1 x =a
(puc.8). HazoseM oty muiomamb Hamypaiv-
HOLM J02apupMoM dUCTa d T 0003HAYNM €€
yepe3 In a.

Boo6riie roBopst, MBI ceffdac MPUMEHUIN
MOHSITHE <«ILIONA/[b> K HE COBCEM IITKOJBHOMY
06bEKTY: KPUBOJMHEHTHOMY YeTHIPEX-
yroJibHuKY. V1 Ha ypOBHE CTPOTOCTH YHUBEP-

2 Mbi He YTO4YHSEM OCHOBaHUE JIOI‘apI/I(l)MaZ OHO
O/[HO 1 TO K€, HO /[AJd HalluX paccy}KL[eHI/Iﬁ
HEBaXHO, KaKUM MMEHHO MbI €TI0 BbléepeM.




12 KBAHT

YA x CHUTETCKOTO Kypca
2¢-- 3/1€Ch IPUILIOCH ObI
[POUBHOCHUTH KaKKe-

{ 7, HUGYAb CTpalIHbIE
1 7 croBa (ckaxem,
2 i\ «Mepay NI «MHTer-
BV pam» ). Ho ¢ xureii-

2 CKOH TOYKU 3PEHUS

Puc. 8. Mvnepbona v so- NMOHATHO, YTO KAKaA-

wanp y4acrka TO TLIOA/b Y 9TON
durypsl ectb.?

Tax BoT — saBaiiTe Kax/0€ 4MCJIO0 @ MOCTa-
BUM Ha PaccTOSHUM B Ind@ caHTuMeTrpos oT
«Hayansa orcyera> (B KOTOPOM CTOUT YHCJIO
1). Yto6bl POBEPUTD, YTO MIPU TaKOil pac-
CTaHOBKE MBI JIEHiCTBUTENBHO CMOKEM YMHO-
JKaTh YMCJIA TIPOCTHIM CABUTOM JMHEHKN, KaK
MOKa3aHO Ha PUCYHKE 3, HAM HYKHO MTPOBE-
puth anagorndnoe (2) TOXKAECTBO

Ina+1Inb =In(ab). (3)

N 370 MOKHO ZIOKA3aTh YICTO FeOMeTpUIecKn!

[eiictBurenpuo, mycts a,b>1. Torma
In (ab) — 9TO IJIOIIA/b KPUBOJIMHEITHOrO Ye-
TBIPEXYTOJbHUKA, OTPAHUIEHHOTO OChIO abc-
nucce, runepboIoi, mpsaMoil x = 1 u npsaMoin
x = ab. Wl npsamas x = a pazbusaer a1y du-
rypy Ha JiBe 4YacTH, ILIOMAJAb OJIHOW W3
KOTOPBIX paBHa In a (sTa yacTb Ha pucyHKe 9
cJieBa KpacHas ). 3HAYUT, HAM HY)KHO [IPOBe-
PHUTH, YTO ILIOmAAb ocTapmreiica (cumeil)
dburyper pasHa Inb. Wupivu caoBamu (eciu
BCITOMHUTD, KaK MBI OTIPE/IECTISAIN HATYPATh-
HbIi sorapudm b), uto maomaan AByX ¢Gu-
TYp, BBICEKAEMbIX U3 06JIaCTH MO/ TUIep6Oo-

Y Y

—_
—_

| T

T ba abx 1 ba abx
Puc. 9. lposepka toxaecrsa (3)

3 ABTOp TOJIB3YeTCsT CITydaeM TIOPEKOMEH/[0BATD
yutatesisiM MysbTuiabM «[lnomamm duryp» Ha
TOM JKe caiite «Maremarnueckue sTo/bl», http://
www.etudes.ru/ru/etudes/.gures-area/, nocss-
I[IEHHDI Kak pa3 pacckasy 00 ONpeiesIeHnH I110-
a1 He-MHOTOYTOJbHBIX (DUryp.
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soit HepaBenctBamut 1< x <b u a<x<ab
(oHM TIOKa3aHBI CUHUM Ha PUCYHKe 9 cripa-
Ba), PaBHbL.

Yro6bl 5TO MPOBEPUTH, JaBaiite COXKMEM
BCE M0 TOPU3OHTAJM B @ Pa3 — U BO CTOJBKO
JKe pa3 pacTsHeM 10 BEePTUKATH. 3aMeTHM,
9TO BTOpast (hurypa MpH TOM MEPEXOUT B
nepsyio. /[lefictButesnbHo, runepbora xy = 1

x
nepexoaut B cebsi: Beb | — |- (ay) = xy , ocb
a

x — rtoxke. W makomen, nosnoca ¢ < x < ab
MepexoIuT Kak pas B mosocy 1< x <b.

Ho mpu Takom mpeo6pa3oBaHuN COXpaHSI-
10TCA U oI, JeldcTBUTENbHO, OYeHb
€CTECTBEHHO OKHU/JATb, YTO IIPU CXKATUU 110
TOPU3OHTAJIN B @ PA3 TJIOIMA/U BceX DUTyp B
a pas u ymenbuiarcda. VM ato geilcrBurtesibHo
Tak. MOXHO B 3TO IIPOCTO IOBEPUTH, a
MOJKHO CKasaTb, YTO 9TO TOYHO IIpaBja JJIsd
JIIO60TO MPSIMOYTOJBHIKA C TOPU30HTATBHBI-
MU M BEPTUKAJIbHBIMM CTOpOHaMH. A ecun
HAJIOKUTD Ha (DUTYDY METKYIO-MEJKYIO CeT-
Ky, TO MOKHO O0bEJIMHEHNEM TaKHX [PSMO-
YTOJBHUKOB 3Ty PUrypy mpub3nthb. TouHo
TaK ’Ke, pacTssKeHue 110 BepTUKaJi B ¢ pas3
YBEJINUYNBAET IJIOIMA/IN B d Pa3. A BMeCTe OHU
YMHOJKAIOT ILJIOIMAAN Ha d - l =1, T.e. He

a
N3MEHAIOT.

WNrak, nHame mpeoOpasoBaHUe COXPAHSIET
IJIOMAAN W TIEPEBOINT BTOPYIO W3 CHHUX
¢uryp Ha pucyHke 9 cmpaBa B TepBYIO.
3uauut, moma/m atux ¢uryp pasubl! Bor
MbI U mpoBepuan ToxAectBO (3). U Tem
caMbIM Hay4uIuch (XoTst Gbl TeOpeTHIecKn!)
€03/1aBaTh JIOTAaPU(PMHUIECKYIO JHHEHKY.

Konewuno ke, HaTypaJbHBIA Jorapudm
In @ — ato JIorapud™M 110 HEKOTOPOMY OCHOBA-
Huto. Hecio)kHO TMOHSATH, KaKuUM yCJIOBHEM
9TO OCHOBaHUe — ero 0603HAYAIOT OYKBOU € —
3a/1aeTCs: pas

Ine=1log,e=1,

TO € — 9TO TaKasi aOCIICCa, YTO MJIOIA/b 110/
runep6oJioit xy =101 x =110 x = e paBHa 1
(puc.10).

Yucno e =2,718281828459045... — oaHO
U3 CaMbIX 3aMeUaTeTbHbIX YNCEJ B MATEMATH-
Ke, CTOJIb JK€ Ba)KHOE, KaK BCEM HM3BECTHOE
YICJIO TT.



N3 NCTOPUU HAYRKHU

S=1

0 1 e x
Puc. 10. OnpeneneHne e: equrHnYHasas rnioLyanb

KcraTn, 13 Ha1rero reoMeTpuIecKoro ompe-
JIeJIEHTsT HaTypaJbHOTO JorapudMa MOXKHO
MOJTYYUTh U XOPOIne npudauxennvie $hop-
MYJIBI JI7IS1 HETO. A MMEHHO: BO3bMeM YHCJIO
a =1+¢, 6xmskoe K exunuie (T.e. ¢ OYeHD
MaJIeHbKHM €, Hatipumep a = 1,01). YUTo MoxK-
HO CKa3aTh O €ro HaTypaJbHOM Jorapugme?

B atom ciaryuae purypa, miaomaab KOTopoit
paBHa Ina, mMoOXo)ka HA TPSIMOYTOJBHUK C
OCHOBaHHEM € 1 BbICOTOH 1 — M 9TO ;IaeT HaM
niepsoe npubmmkenne In (1+ €) = €. Ho mox-
HO TIOHTH Jafbllle — CKa3aTh, YTO 3Ta GUTypa
OTJITYAETCST OT MPSIMOYTOJIbHNKA Ha KPUBO-
JTHEHHBIN TpeyroabHUK. [Ipmbmmsmm atoT
KPUBOJIMHENHBIN TPEYyrOJbHUK HACTOSIIUM,
IpoBesis K runep6ose xy = 1 KacaTeJbHYIO B
touke (1,1) (puc.11). Dra KacarenbHas u3-

0 11+e «x €
Puc. 11, Mpnbmxerme ang In (1+¢)

3a CUMMETPUU TOWAET TOX yrioM B 45° K
TOPU3OHTAJN; 3HAYUT, W TPUOIMKAIOIINI
TPEYTOTBHUK OyJeT paBHOGEAPEHHDBIM TPSsi-
MOYTOJIBHBIM — & TOT/Ia €T0 ILJIOTAa/lb IIPUMep-

€
HO paBHa —. U aro maer 6Gojiee TOYHYIO
bopmy.ry
82
1D(1+€): 8—?.

XOTs1 MBI M TOBOPHWJIN, YTO € JIOJIKHO ObITh
Ou€eHb MaJIEHbKUM — HO JIa)Ke, HallpUMep, JIJIs
¢ = 0,2 npubJIMKEHNE OJTyYaAeTC JOBOJIHHO
xopormm: oHo gaet In 1,2 = 0,2 - 0,02 = 0,18,
B TO BpeMs KaK HCTHHHOE 3HadeHWe
In1,2 = 0,1823... 1 910, HaBepHOE, XOPOILIUii
MOMEHT, YTOObI 3aKOHYHUTH HAIl PACCKa3.

N3 NCTOPHUU HAYKHA

K 130-netnio VI.M.BrHorpanoBa

Broporo (14) cenrsa6psa 2021 roga ucrno-
nustoch 130 JieT co HS POsKieHus Bblatole-
rocs COBETCKOro MareMaTuKa akajeMuka I1sa-
na MarBeeBuua Bunorpazona.

CbIH ceJIbCKOro csinennuka, V.M.Buno-
rpazoB poauiacs B 1891 romy B morocte
Mutoio6 MakciuMOBCKOI BotocTi Besnko-
aykckoro yeszna. B 1910 romy, oxkonuus
peasbHOe yunsmnie B Bemmknx Jlykax, mo-
CTYTIIJI Ha (PIISMKO-MaTeMaTHIeCKIi (paKyTh-
teT [lerepbyprckoro yamBepcurera. B 1920
rofy oH y:xe mpoeccop Ilepmckoro, a 3aTem
[lerepOyprckoro yHmBepcuTera. Bmecre ¢
akajemukom C.U.BasusoBbiM Bunorpamon
paspaboTaJt 1IaH KOPEHHOW peopraHu3ainn
Du3nKo-MaTeMaTUYeCKOTO UHCTUTYTA, KOTO-
porit B 1934 roay 6bLa ripeo6pasoBan B Du-

smdecknii nHetuTyT MMenu 11.H.Jle6eesa Bo
raase ¢ C.11.BaBuiosbiM n Marematnyecknii
nHetuTyT uMeHn B.A.CrekmoBa. [lupexro-
pom tiocsierero Misan MatBeeBud GbLI 110-
YTH TOJIBEKA.

Tpynbr Bana MartseeBuya Bunorpaosa
B KOpPHE M3MEHMJIN OOGJUK aHATHTHYECKON
Teopur uuces. CepilleBUHON ero Hay4yHOro
TBOPYECTBA SIBJISCTCS CO3/IaHHBIH UM METO[|
TPUTOHOMETPUYECKUX CYMM.

Tpuronomerpnieckne CyMMbl — 3TO BbIpa-
JKeHUs BUJA

S= 2 eZnif(x).

1<x<P

3nech ™) = cos (2nf (xx)) +isin (2nf (x)) =
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WBan MarsBeeBuu Bunorpazaos
(1891 — 1983)

MHIMasi 9KCIIOHEHTA, 7> = —1, MepeMeHHast X

npoberaeT HEKOTOpoe KOHEYHOE MHOMKECTBO
eabIX umcen, a GyHKima [ (x) mpuHEMaer
BeIeCTBEHHbIE 3HAYEHNUS.

Takue cymMMbl eCTeCTBEHHBIM 00Pa30M BO3-
HUKAIOT B KJIACCUYECKUX TTpobJeMaxX Teopun
yucesg. Merosi TPUTOHOMETPUYECKUX CYMM
nozposins VI.M.BunorpasioBy 3HauuTeIbHO
YCUJIUTD MOJIyYeHHbIe paHee pe3yabrarhl (11po-
6sema Bapunra, acuMITOTHYECKHUIl 3aKOH
pacupejiesieHusl IPOCTBIX YHCeJ, IoJjcyer
KOJINYECTBA TOUEK C 1[eJIOUUCACHHBIMUI KOOP-
JIMHATAMU B IIJIOCKUX M OGBEMHBIX 06,1aCTAX)
WJIN JKe HAWTW peIreHus 3a/1ad, KOTopble 70
HETO BOBCE HE TO/IABAJINCH MCCIEIOBAHUIO
(repuapnas npobaema Tompabaxa, npobie-
Ma Bapmara—Tompa6axa, cyMMbl 3HAUEHUI
xapakrepos [lupuxie u np.).

XapaKTepHbIMH dYepTaMU TBOPYECTBA
W.M.BunorpajioBa sIBJASIOTCSI KOMOMHATOP-
Hast n306peTaTeIbHOCTD U CIIOCOOGHOCTD 06X0-
JUTbCA MUHUMYMOM BCIOMOTATeJIbHbIX
CPE/ICTB, 3a4acTyl0 BOBCE 3JIeMEHTAPHDIX.

2021/Ne?9

Otmiune metojoB V.M.BunorpajioBa ot
M3BECTHBIX paHee MOKHO MOSICHUTDH Ha TIPH-
Mepe npo6sieMbl Bapuhra, KoTopasi CoOCTOUT B
caemytomnieM. Ilycts n > 2 — mpounsBosbHOE
nesoe 4yncao. Tpebyercss JoKasarh CyIie-
CTBOBaHUE Yncaa R, 3aBUCAILETO JUIIb OT 72,
TaKOTO, 9TO BcsAKoe 1esoe N > 1 mpeacrasJis-
€TCsT CYyMMOiT R HEOTPUIIATENBHBIX 71-X CTEIe-
Hell LIeJIbIX YUCEJI:

N=m{ +...+mj. (1)

B o6mmem Buzse npo6eMa Oblaa pelieHa B
1909 roxy /1. I'mab6epToM, OHAKO BOIIPOCHI
0 HAaUMEeHbIIeM BO3MOXKHOM 3Hadennn k (kax
Gbyskunn or n), a takxe o unciae I(N)
npegcrasaennii N B Buge (1) ocrasanuch
orkpbiTbiMu. ! /151 ux paspemenus I'. X. Xap-
g Jix. M. JIutTaBy cranm udydatb 6eCKo-
HEYHbIE CTEIeHHbIE PSI/IbI BUIA

oo
.
F(2)= 2 2"
m=0
r/1e z — KOMILIEKCHOE 1HCJ10, |2 < 1. Bossese-
HIIE TAKOTO Psfia B CTENIEHD k U NIPHUBEAEHNE
HOﬂOéHbIX cJgaraeMbIX HpI/IBO[[I/IT K Bblpa>Ke—
HUIO

+oo u . T
Fk (2)= Z S +...+mk=2 I(N)ZN.
my,...,m=0 N=0
[anbrelimee BpMuCIeHne Koadhuimen-
10B I (N') TpeGyeT 04eHb CIOKHBIX U KPOIIOT-
JIUBBIX BBIKJIAJIOK, KOTOPbIE OMUPAIOTCS Ha
TaK Ha3bIBAEMYIO WHTETPATbHYIO (OpMYTy
Komm. VcniosbzoBanne V.M. Bunorpaiosbim
BMecTO GecKOHeuHoro psifa F (z) KOHEUHOM
TPUTOHOMETPUYECKON CYyMMBbI

S: 2 ele:l‘(Xf'Cny P — an, (2)
1<a<P

a BMecTo mHTerpasibHoil dopmysibl Ko —
OYEBH/IHOTO TOXK/IECTBA

! JKenaomme Gomee m0APOOHO 03HAKOMHTHCST
co Bkaagom [[.Tunp6epra, T.X.Xapnu,
[Lx. N JIntrasyaa, .M. Bunorpagosa m MHOTUX
JIPYTUX YY€HbIX B penieHue 1pobsembr Bapunra
MOTYT OGpAaTUTbCS K 3aMedaTesbHOM 0030pHOi
cratbe H.A.BaBunosa «Kommbiotep kak HoOBas
peasnbrocth Matematuku: II. IIpo6rema Bapun-
ra» («KommbiotepHbie HHCTPYMEHTBI B 00pa3oBa-
nuny, 2020, Ne 3, c.1-46).



N3 UMCTOPHUU HAVYKHU

J: (cos (2moum ) + i sin (2nocm)) do=

1, ecau m =0,

0 B IIPOTHUBHOM cJlydae

(m — 11es10e YNCJI0) MO3BOJIIIO 3HAUUTETBHO
VIIPOCTHUTDh peliienue 1pobJembl Bapurra,
cienaTb ero 6oJiee TIPO3PAUHBIM.

[lpyroe cyiecTBeHHOE HOBINECTBO, MPHU-
BHecenHoe 1. M. BunorpaioBbiM, KOTOpOE 110-
3BOJIHJIO CYTIECTBEHHO YCUJINTH PE3yJIbTaTbhl
MIPEIIIIECTBEHHUKOB, 3aKJII0YaeTCsI B criocobe
oreHok cymmbl (2). Tlocsennsisi sBJsieTcst
YACTHBIM MPHMEPOM CYMMBI S, OTBEYaIONen
obueMy c.rydaio, Korja f ()~ MHorousien n-ii
CTETIEHH:

f(x)=o,x" +...+oyx.

Panee a1 pabGoTBI ¢ TAKUMHU CyMMaMHU HUC-
OJIb30BaJICId MeToj1, Bocxoasamuil Kk I'. Beii-
aio. OH ommpaercss Ha COOTHOINEHUE st
KBaJIpaTa MOy Jis TPUTOHOMETPUYECKOU CyM-
MBI

ISP=s-5= 3 M),

1<x,y<P

3aMeHa ITepeMeHHOH ¥ =X + i NpUBOJAUT K
HOBOHl CcyMMe, B IIOKasarese 3KCIOHEHTDI
KOTOPO# BO3HUKAET PA3HOCTD BHU/IA

f(x+h)=f(x)=no,x" "+, px" 2 +.. +Bx

— MHOTOYJIEH, UbsI CTEIIEHb HA e/[MHUILY MEHb-
nre, yeM y ucxonHoro. llocsenoBartesnbHoe
[pUMEHEHNe STOrO IIPUEMa CBOJAUT B UTOTE
3a/1a4y K OIleHKe JMHEIHOH TPUTOHOMETPH-
deckoii cymmbr S ¢ dynkimeii f(x) = nlo,x,
T.€. K 3JIEMEHTaPHOMY HaXOKIEHUIO CYyMMBbI
YJICHOB TeOMEeTpUYecKoit mporpeccun. OHa-
KO MHOTOKPATHOE BO3BE/ICHIE NCXOIHOI CyM-
MBI B KBa/[paT U NCUE3HOBEHUE BCeX KO3 Pir-
[HEHTOB MHOTOUJIEHA, KPOME CTAaPIIIEro, MPH-
BOIUT K CYIIECTBEHHOW MOTEPE B TOYHOCTH
OLIEHOK.

[ns npeonosieHnss 3TOil TpyAHOCTH
M.M.Bunorpa/ioB UCIOJb3yeT JUIIb JIBY-
KpPaTHOE BO3Be/IEHIE UCXO/[HOIT CyMMbI B 60JIb-
IIYIO CTEeTIeHb, KOTOPOE COXPAHSIET U «3aCTaB-
JistetT paboraTb» Bce KOA(DDUIIMEHTHI MHOTO-
yreHa. OfHAKO AJg ycrexa Ha TakoM MyTH
TpebyeTcs JOBOJTHHO TOUHAS BEPXHSIS OT[CHKA
JUIST KOJTMYECTBA PENIeHNiT HEKOTOPOi cucTe-

Mbl ypaBHEHMIi, HEU3BECTHbIE B KOTOPOH —
HaTypaJibHble yncaa. VIMeHHo aTa olleHKa,
HOCAII[as Ha3BaHUE «TEOPEMbI O CpeJIHEM», U
COCTaBJISIET O/IHO U3 KJIOYEBbIX JOCTHKEHUN
WBana MatBeeBnya.

Ente ogHO# BepmmHONW HAYYHON JesTesb-
Hoctu V.M.BunorpamoBa ctam MeTof olle-
HOK TPUTOHOMETPUYECKUX CYMM C ITPOCTBIMU
yucJaaMu, T.e. CyMM S, B KOTOPbBIX TIepeMeH-
Hag X IPUHUMAET 3HAYCHUS TTPOCTBIX YNCET.
B npocreiiem ciydae JuHEHHON DYHKITIHA
f(x)=o0x, KOTOpBIH OTBeuaeT TEpHAPHOI
npobsieme [onbibaxa o mpeacTaBIeHUN He-
yetHOro umcja N CyMMOH TpeX IPOCTbIX
yrcesn, MBan MarBeeBnd OGHApY>KUJI, YTO
OlleHKa CyMMBbI S CBOJIUTCS K OI[EHKE He OUeHb
GOJIBITIOTO YHCJIAa ABOWHBIX CYMM BH/IA

sz 2 ambnehiotmn,

m n

B KOTOPbIX @,,, b, — HEKOTOpbIE MOCJIeI0Ba-
TEJBHOCTH, & epeMeHHbie 7M1, 7 MPOOeraioT
(B oT/IMYMe OT mepeMeHHOH x) Bce MOAPS/I
UIyTINe TeJble YNCJa U3 HEKOTOPBIX TTpoMe-
KyTKOB. [Tocsemree 06CTOATENBCTBO TIO3BO-
JIgeT TIOJIyYUTh OTleHKy cyMMbl W, a BMecTe
C HEI0 — W MCXOJHOW CYyMMBI, MPAaKTHYECKN
3JIeMEHTapHO.

JKeMuyKnHOH TIe[arornyeckoil /1esaTenb-
"Hoctu MIBana MaTBeeBrnya SBUJI0OCH CO3/[aHIe
uM yuebnnka «OCHOBBI TEOPUU YHCET», BbI-
JlepsKaBiiero 6oJjiee JeCsSTH U3/IaHNN U Tiepe-
BEJIEHHOTO HA MHOTHE I3bIKU.2 TIaTebHblil
mo6op MaTepuasia, KPHUCTAIbHAS SICHOCTH
M3JI0KEHWS, KPAcuBble W TJyOOKHE 3aJlauH,
IIOMeII[eHHbIe B KOHIlE KasK/[Oi I'JIaBbl, Jleja-
IOT 9Ty KHUTY HE3aMEHWMBIM TTOCOOMEM ISt
TeX, KTO JKeJaeT CePhbe3HO 3aHUMAThCS TeO-
pueit unces.

T. Bookxuna, M. Kopoaes

2 U.M. Bunoepados. OCHOBBI TEOPUH YHCET.
9-¢ max. — M.: Hayka, 1981 (Bce mocaenytommue
U3/IaHUSA ABJSAIOTCS €r0 PEIPUHTHBIM BOCIIPOU3BE-
JICHUEM).




SAJAYHUK «KBAHTA»

3a4a4M
Mo MaTeMaTuke N Pusnke

10T paznen BegeTcs y HaC U3 HOMepPa B HOMEP ¢ MOMEHTA OCHOBaHMS XypHana. llybnvkyemsie B
HeM 334341 HeCTaHAAaPTHbI, HO AJIS UX PelleHns He TpebyeTcs 3HaHWV, BbIXOASMX 3a pamMKu
LUKO/ILHOW MporpamMmel. Hanborsee TpyaHbIe 334341 oTMeYaroTcs 38e3404kou. [Toce gpopmynviposku
3a4a4u Mbl 06bIYHO yKa3bIBAEM, KTO HaM ee MPERIOXWI. PazyMeeTcs, He Bce 3Tv 3aAa4u ryonvkyroTcs
BrepBble.

PeluerHus 3a4a4 1o MareMatvke v @usvKe U3 3Toro HoOMepa CIegyeT OTNpPaB/sTh 10 3/1eKTPOH-

HbIM agpecam: math@kvant.ras.ru v phys@kvant.ras.ru cooTBeTCTBEHHO WJ/IN 110 [TOYTOBOMY aApPecy:
119296 MockBa, JleHUHCKm rpocnekT, 64-A, «KBaHT».

YarnoBus Kaxxpodi opurMHanbHod 3agadqu, npesnaraemMon A nybnavkauyny, Bmecte ¢ Bawwwim
peLLeHruemM 3Tov 3a4a4u MPUCbISIAUTe 1o TeM XXe aapecam.

3apava M2667 npeanaranace Ha Marematnyeckosi onumnuage bonrapun 2021 roga.

3apaun M2666-M2669, ©2673-D2676

M2666. Ilyctb x, y — HATypaJbHBIC YHCJIA,
Goubimme 1. Okazanock, uto x> + y2 —1 ne-
gurcsina x + y — 1. JJokaxxure, urox + y —1—
COCTABHOE.

Doavkaop

M2667. CymiectByeT Ji Ha TIIIOCKOCTH MHO-
sxkectBo M u3 100 Touexk Takoe, UTO /I
Jo6b1x 10 pa3amuHbIX TOYeK 13 M UX HeHTP
Macc TakyKe MpUHAJIeKUT M?

I1. Kosxeenuros

M2668*. [/laHbl 1B OKPYKHOCTH, JIJIST KOTO-
PBIX €CTb CeMEeNCTBO YeThIPEXYTOJbHUKOB,
OIUCAHHBIX BOKPYT TEPBOU OKPYKHOCTU U
BIMCAHHBIX BO BTOPYIO (BIMCAHHO-OIMCAH-
HbIe 4eThIpexyroJabHukn). O6o3Haunm a, b,
¢, d ocJieJoBaTeIbHbIe JIJIUHBI CTOPOH OJTHO-
ro M3 TaKuX 4eTbipexyrosibHukos (puc.1).

b d

a c¢

JlokaskuTe, 4TO BEJMYMHA — + — + — + — He
c a d b

3aBUCUT OT BbIéOpa I{eTpreXyl‘OJIbHI/IKa.

H. Baiinwmeiin

A\

Puc. 1

M2669%. [lokaxxute, 4To JIJist JTIOOOTO HATY-
pasibHOTO Yncsaa n uynucaa 1, 2, ..., n MOXKHO
pa3buTh Ha HECKOJDBKO TPYII TaK, 4YTOOBI
CyMMa 4uceJsl B KaXK/I0i Tpyrine Oblia paBHa
CTEeTIeHN TPOWKM.

B.Hosurxos

d2673. «Boga xkameHb TOUUT», — FOBOPUT
nocyoBuiia. Acdasnbr nmeer KoahdUIeHT
NpoYHOCTH Ha cxarne 6, = 10 MIla. C xa-
KO BBICOTBI TOJIKHBI TTAIaTh B OTHO 1 TO K€
MeCTO KaIlJIl BOJABI Ha achaibT, 4TOOBI OH
HayaJl pa3pyuarbes?

A.Ceharom

MD2674. Inunnas, L = 2 M, TOJUITHIEHOBAS
Tpyba guameTrpoM D =2 cM pacrosoxeHa
Beptukasibho. TpyO6y morepJiu cBepxy AOHU-
3y LIEPCTSAHOM TPAIIOUKOM, 1 Ha ee TOBePXHO-
CTH IIOSIBUJINCb PABHOMEPHO paclpe/ie/ieH-
Hble 3JIEeKTpUYecKue 3apsiipl. M3 mmpuia,
3aTIOJTHEHHOTO BOJION U HE MMEIOIIETO HJIEKT-
PUYECKOTO 3aps/ia, B HATPABJIEHUH, MTEPIIEH-
JIIKYJISTIPHOM OCH TPYObI, BBIITYCKAIOT CO CKO-
pOCTbI0 © = 2 M/C TOHKYIO CTPYHKY BOJBI,
KOTOPAas TYT Ke Pa3buBaeTcs Ha OINHAKOBDIE
0 pasMepy MeJIKHe KameJabKu. MecTo BblIe-
Ta KaTeJeK U3 UTOJIKH MITTPUTA HAXOIUTCS Ha
H =2 M mmke Bepxa TpyObnl. Kammm Bce
BpeMs MaJICHUI HAXOAATCS Ha OJHOM U TOM
JKe pacctostnun R =2 ¢ oT ocu Tpy6bl. Ka-
KOB 3JIEKTPUYECKUIT 3aps/], HaXOAANIMiCS Ha
Bcelt moBepxXHOCTH TPYOBI? COMPOTUBJICHIEM



SAJAYHHUK

BO3JlyXa MPH JIBUKEHUH KAIleJeK B HEM MOXK-
HO TIpeHe6bpeyb.
A.Bodsnoii

®2675. Bo Bpems 10K/ BO/IA, YIIABIIAS HA
KPBIILy, ME/JIEHHO CTeKaeT K ee Kpaio, U
OTPBIBAIOIIUECS OT Kpasl KPbIIU KallJu, J1-
aMeTpoOM 5 MM B TIOJIETe, IMEIOT HAYaJIbHYIO
HyJsieByio (110 OTHOIIEHHIO K MECTY OTPbIBA)
ckopocTb. OJiHAKO, IPOJIETEB PaCCTOSHUE
L=0,2M B Bo3ayxe, 3TU KpyIHble Kalliu
MpHOGPETAloT TaKylo ke CKOPOCThb, KaKyio
UMeJIN MeJIKIe KalleIbKHU B JOK/Ie, a 1aJIblie
obrousioT ux. Ha pucynke 2 nmokasana cBsi3b

300

100
30
10
C /,LUap
3
1 ) — N
03 Hununop — !
’ :
0,1 L
) - - v N
0,1 1 10 10> 10® 10* 10° 10° 10’
Re
Puc. 2

koaddurmenTa nporoprronaabuoctu C Mex-
ny cuioii conporusieHust cpeapl Foo n
BesmunHoit Spo? / 2 B 3aBHCUMOCTH OT YUCJA
PeitnonbacaRe = DO ey /Mepess CPEBI IS
mrapa u i JJMHHOTO UJIMH/PA TIPU TTOCTY-
MaTeJbHON CKOPOCTH JBUIKEHUS IUJIHHIPA,
MEePIEeHNKYISIPHOIl €ro OCU CUMMETDPHH.
3nech S — MaKCUMaJIbHAS TJIOMIA/b TToTiepey-
HOTO K CKOPOCTH JIBUJKEHHS IIpeMeTa cede-
HUs, D — XapakTepHBIN pasMep JIBIKYIIETO-
s B IOABMIKHOM cpefie (B rase MM B JKHUAKO-
ctn) ipeaMera (mamMeTp mapa M ITHTHH/-
pa B 4aCTHOCTH), © — CKOPOCTD MOCTYATE b~
HOTO [IBUKEHUS TMpPeMeTa OTHOCUTEIHHO
TIOKOATIENCS CPEIBL, Pepeyyy ~ MIOTHOCTD CPe-
JIbI, 1) CPEJIbI — BSI3KOCTH Ccpe/ibl. Eciu qmciio
Peiinosbica menbime 103, TO YCTaHOBUBIIE-
Mycs PeXUMY OOTeKaHUS IMapuKa Cpeaoi
COOTBETCTBYET CHJIA BSIBKOTO TPEHUs, KOTO-
pas omnwucbiBaetcsa ¢opmyaoit Crokca
F = 3nDno. Haiigure (onenure) ycraHoBUB-

«KBAHTA »

IIYIOCS CKOPOCTD IaJJeHUs KPYIIHbBIX KaIle/Ib.
OleHuTe paccTosiHUe, Ha KOTOPOM yCTaHaB-
JIMBAETCSI CKOPOCTD GOJIBIIKX Kallesb, U Pas-
Mepbl (JImaMeTphl) MEJKUX KarejeK M0,

K. Zloxoesot

D2676. Acrepous numeer ¢GHOpMYy TLIOCKOTO
JIICKA O/IMHAKOBOI TOJIIUHBI IO BCEHl ero
ntonau. /lumamerp iicKka BoO MHOTO pa3 60.1b-
ITI€ €T0 TOJIIIUHBI. DTOT IIICK COCTOUT U3 MEIH,
U BCST €T0 MTOBEPXHOCTD YepHas-uepHasi. Acre-
ponz 1aBHO JietaeT BOKpYT CoJIHIIA TT0 KPYTO-
Boit op6ute u obpaiieH Kk CoJHITy Bce BpeMst
OJTHOH GOJIBINON TOBEPXHOCTHIO, HA KOTOPYIO
gyun  CoJiHIIA TafaloT TepreHnKYJISPHO.
Oo6pamiennas k COJHITy MOBEPXHOCTD JIMCKA
umeet Temneparypy 7; = 300 K, a nporusorio-
JIOKHAsI IOBEPXHOCTD, He ocBemientas CoJrt-
1ieM, umeet temneparypy 1, = 250 K. Conneu-
Hasg T[OCTOSIHHAS JJisi 3eMJu paBHa
E =1370 BT/ M2, Paccrosiue ot 3emn 7o
Connna L =150 mun kM. Ha kakom paccro-
saun x oT COJTHITA JIeTaeT acTepoN/] I KaKoBa
ero tosmuHa h? Ilocrosunas Credana —
Bosbiimana o = 5,67 - 10~ Br (M2 K4 ), Tell-
sonposojtHocTh Mean A = 400 Br/(m - K).
A.Meonwuit

PeweHunsa 3apa4y M2654-M2657,
$2661-D2664
M2654. Ha cmopone BC napainenozpamma
ABCD ommeuenvt mouxu E u F, npuuem E
nexum mexdy B u F (puc.1). Auazonaiu

Puc. 7

AC u BD nepecexaromcs ¢ mouxe O. Ilps-
moie AE u DF xacaiomcs okpyxnocmu,
onucannoil okoso mpeyzoavnuxa AOD. /lo-
Kaxxume, 4mo OHU KACAOMCS U OKPYKHOC-
mu, onucanmnoil okoao mpeyzosvnuxa EOF.

W3 kacanmst okpyskuoctn (AOD) n npsamoit
AE nmeem LEAO = ZADO, a u3 napaJiesb-
noctu BC || AD umeem ZEBO = /ZADO
(puc.2). Takum ob6pasom, ZEAO = ZEBO,
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CJIeTIOBATEIBHO, YeThIPeXyTroabHuK ABEO Briui-
canubiii. AHasornuto, CFOD BIucaHHbIN.
Orcrofa, ¢ NCNOJHb30BAaHIEM TTAPAJLJICTBHOCTH
AB||CD, mnonyuaem <ZOFE = /Z0DC =
= Z/0OBA = ZOEA. Hous pasenctBa LZOFE =
= ZOFA cneayer KacaHue OKPYKHOCTH
(EOF) u upsamoit AE. AHaIOTMYHO JI0Ka3bl-
BaeM Kacanme okpyskuoctu (EOF) n npsamoii
DF. 3ajaua pelieHa.
Bosmosken u apyroii nogxox k perennio (B
KOTOPOM BOOOIIE HE UCTIOJB3YIOTCS TOUKH B
n C), OCHOBaHHBIN Ha TAKIX COOOPaKEHUAX
paauKaabHasg och okpysxkuocTeir (AOD) n
(EOF) — »5T0 cpemHss JIWHUS TpaIern
AEFD, noatomy oHa npoxout dyepe3 O; ¢
JIPYTOil CTOPOHDBI, PAJUKAIbHAS OCb JICJUT
MOTI0JIAM OTPE30K 00TIEl KacaTeJbHOM, 3aK-
JIOUEHHDIIT MeX/y TOYKAMU KaCaHUs.
A.Ky3neuos

M2655. /Jama 6eckomeunas wxaemudmas
naocxkocmy. Yuumenonuua u xaacc us 30
YUeHuKos uzpaiom 6 uzpy, oeads x00vi no
ouepedu — CHAYUALA YUUMESbHUY, 3AMeM N0
ouepedu 6ce YUeHUuKu, 3Amem CHOBA Yull-
meavHuYyd u m. 0. 3a 00uH x00 MOKHO NOKPA-
CUMb eOUHUUNHBIL OMPE3OK, S8AAIOUUICS
epanuyeti mexoy 08ymsi COCCOHUMU KK -
mu.  Jleaxovl Kpacumv OmMpesKu HeAb3s.
Vuumenvnuua noéexdaem, ecau nociie xoda
00Hoz0 u3 31 uzpokos Haiidemcs KJemud-
molil npamoyzoavrux 1x 2 uau 2x1 maxou,
4Mo Y Hezo 6Cs epanuud NOKpaweHd, d
eQUHUYHDBLI OMPE3OK BHYMPU HE20 He NOKPA-
wen. [lokaxume, umo yuumesbHUyd CMO-
JKem nobedumy.

[Tyctp yumrtenpauia BbIOepeT KBaapar K
paszmepa 100 x 100 u 6yzer 3akpanmBaTh OT-

2021 /Ne9

PE3KN ero I'PaHUllbl, €CJU 3TO BO3MOXKHO.
[Iyctb niepesr n-M ee X0/10M BCE 3TU OTPE3KH
3akpanrenbl. Torma n < 401, mockoIbKY Bee-
ro "a rpanuie 400 orpesxoB. K atomy mo-
MEHTY Bcero 3akpatieHo He 6oJiee yem 30 - 400
OTPE3KOB, TOITOMY XOTS OBbI OJINH OTPE30K
BHYTpH KBazipata K He 3akpanieH. Kaxapim
CJIETYIOTIUM XO/IOM YUUTEeTbHUIIA OY/IeT 3aK-
pammBaTh OJWH W3 OTPe3KOB BHyTpum K.
CrycTs HeCKOJIbKO X0/I0B BCE OTPE3KH BHYT-
pu K 6yayT 3akpaiiensl. Torza mepe/ Xo010M
UTPOKA, KOTOPbIN 3aKpacuT IOCJAe[HUN U3
TAKMX OTPE3KOB, HANJIETCS UCKOMbIN MIPSMO-
YTOJIbHUK 1X 2, U yU4nTeJbHUIIA TTOOEIUT.
M. Tudun, A.Kysneyos

M2656. Bospacmaiowas nocaedosame.iv-
HOCMb HAMYPALLHBLY YUCeL ) < dy < ...
maxosa, umo npu kaxoom n > 100 vuczio a,
pPasHo HaumMeHvuemMy HamypaibHoMy YUcLy,
bonvwenmy a,_; u ne OersuemMycs Hi Ha 00HO
U3 uuUcen ay,dy,...,a, . /loxaxume, umo 6
maxou noc1ed006amesvHOCU UL KOHeY-
HOe UUCTIO COCTNAGHBLY UUCEL.

[Tonoxum A = a,. [lokaxeM, 4TO Bce Yuca
a,,, OOJbIINe YeM A% — MPOCTbIE UUCJIA.
[Tpennonoxum nporusHoe. Torna a,, nmeer
Jesmresib d Takoil, 4To @ < d < a,,. CoraacHo
OTIPE/IEJIEHUIO d,,, d He SIBJISICTCS] HU OJIHUM U3
a,ay,...,a,_y. 3HAUNT, a;, < d < a4 0TI Ka-
koro-To k € {100,101,...,m — 1}. Pa3d ne 6110
BBIOPAHO B KAuecTBE dj,(, OHO JIEJNTCS Ha
kakoe-t0 @;, 1€ {1,2,...,k}. Ho Torna un a,
Jeaured na a;. IIporusopeune.

11. Koxeenurxos

M2657%*. Hamypanvrole uucran > 20uk >1
maroswt, umo n deaumecs na k> Joxaxume,
4Mo HAllOYymcst Hamypaivhvle Yucad d, b u c
maxue, umo n = ab + bc + ca.

3aMeTHM, 4TO W3 pABEHCTBA 1+ a° =
=(a+b)(a+c) crexyer paBeHcto n = ab +
+bc + ca. TloatoMy /1S pelienns 3aja4n J10-
CTaTOYHO HAMTH TaKoe HATypaJbHOE @, UTO
YHCI0 7+ a” PACKIA/BIBACTCS B IPOU3BE/Ie-
HHe IBYX HATYPAJIbHbIX YHCE]T X 1 I/, GOJIBIINX
a (torga MOXKHO MOJNOKHTb b=x—-a 1
¢ =y —a). CorsacHo yc/IoBHIO, 1 = [p? st
HEKOTOPBIX TIPOCTOTO P U HATyPaabHOrO /.
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Ecmu [+1>p, To B culy pasioxKeHUd
n+p* = (l+1)p” B KavecTBe @ MOKHO B3ATH
ynucJio p. Takxe, ecau uucno [+ 1 — cocras-
HOe, TO [+1=st mpu s,t >1; Torga cHoBa
MOKHO TIOJIOXUTh @ = P, TaK KaK 1+ p° =
=(1+1)p* =sp-tp. .
B ocrapmenmcs ciyuae umeem n = (g —1)p°
IIpU HEKOTOPOM TIpocToM g < p. Ecan p > q,
TO p = mq + r TP HEKOTOPOM OJIOKNTEb-
HOM 7 < ¢ u HarypaabHoM m. Toraa uucio

n+r’ :(q—1)(r+mq)2 +r =
= q(p+mq)2 —mq (2r + mq)

AeJIUTCS Ha ¢, & YACTHOE OT JieJIeHust 6o.IbIIe
7, nockoabky n = (¢ —1)p* > 1-q . Tosto-
My MOKHO ITOJIOKUTH d = 7.
Haxkonen, ecin p =q, To n = P> = p? upu-
deM p > 5 1o yeaosuo. Torga n+ 6% = p® -
-p*+36= (p + 3)(p2 —-4p+12), rae oGe
CKOOKHM 6oJibllie 6; B 3TOM cjydae paboTaer
a=6.
3ameuanue. HecnoxHO TOKA3aTh, 4TO B BUJIE
ab + bc + ca MOKHO TIPEJICTaBUTh BCE HATY-
paJbHbIe YUCJIA 72, IJIsT KOTOPBIX YuCJo 7 + 1
COCTaBHOE, — B YACTHOCTH, BCE HEUYETHBIE
ypcja, oriinuable or 1. C IIOMOIIBIO 3TOrO
HaGJII0/IEHUS 1 KATbKYJISITOPA HECJI0KHO Haii-
TH TiepBble 18 unces, He TPEICTABUMbBIX B
Bugie ab+bc +ca (Bce oHu MeHblIe SATH-
cor). B cratbe 2012 roga [Ix.Bopseiina u
C.Yost yTBepKIaeTCsi, 4TO KOJUYECTBO YU-
ceJsi, He TIPeJICTaBUMbBIX B Bujie ab + be + ca,
He 6osee 19, w0 cyriecTBOBaHME JIEBATHAIIIA-
TOTO TAKOT0 YHCJIa MPOTHBOPEYnIo 6b1 0600-
mennoi runoreze Pumana (kotopas B HACTO-
SIUI MOMEHT He SIBJISIETCSI HU JJOKA3aHHOM,
HU OTPOBEPTHYTOM ).

A.Xpabpos

MD2661. /s naasnozo usmenenus ypoeHs
pPacnonoxenus 0emanu Haod NOGEPXHOCMbIO
CMOJIA COOPYOUNU NOKASAUHYIO HA PUCYHKE
YCmanoeKy, COCMOAWYIO U3 HECKOIbKUX
WapHupHo coeounennvlx cmepsxnetl. Yauol,
obpasosannvie cmepxuamu, pasuvr 120° u
60°. Cmepienn, ommeuennvili na pucynie
KPACHbLM UBEMOM, CMAJILHOU, OH UMeem
dauny L =10 cm. Ezo nazpesarm co ckopo-
cmoro 10 K /mun. C xaxoii cxopocmuio noo-

«KBAHTA »

HUMaemcs: Oemann?
Koagpduyuenm men-
7108020 PacCUWUpeHus.
cmanu pasen
107 K7L

Ecau Mpicienno npo-
JNOJDKUTH  JIMHUIO
KPacCHOTO I[BeTa, 1300~
PasKAOIITYTO CTATbHON
CTEepP:KEeHb, BBEPX U
BHU3, TO OHA MpOiieT
yepe3 BePXHUN W uYepe3 HIDKHWI IMapHUPDI
KOHCTPYKITNH. Bee TpeyroJbHIKN, B KOTOPBIX
0J[HA CTOPOHA KpacHas, a JBe pyrue CUHUe,
paBHBI ApyT Apyry. Ecam cumrath, 4TO 1pH
HATPeBAHNU U3MEHSIETCS IJIMHA TOJIbKO Kpac-
HOTO CTEP3KHSI, TO TIO/ICTABKA T JeTajin
[IOJIHUMAETCST BBEPX CO CKOPOCTHIO B TPU Pas3a
60JIbIIIEIT CKOPOCTH N3MEHEHUS JITTUHBI CTEPIK-
nst. Takum oGpasom,

0=3-01nM-10 K/mun -10™ K™ =

=3-107 /v = 30 Mrm/MuH = 0,5 MKM/c.
C.Bapaamos

M2662. 'opuzonmarvnviii cmepienn, ce-
20a HAX00AWUILCA 1A 0OHOTL BLICOME, KeCT-
KO coedunsiem 06a napdiiebHvlx Opye Opy-
2y 6EPMUKAILHOIX CINEPIKHSL U NEPREHOUKY-
asiper umn (cm pucynox ). Bee cmepixnu nege-
comvie. Ha eepmu- B

KAbHble CIepKHU, CT:> gl
ocu cummempuu Ko-

MOPLIX PACNON0Ke- R
Hbl HA PACCMOSIHUU a ’
a opyz om Opyea, Cl
nacasxenvt nodwunnuxu (mosxe negecomvie).
A K 8HeWHUM 000UMAM NOOWUNHUKOS NPU-
KpenaenvL 06a 00UHAKOBHIX MACCUSHBLY NIOC-
KUX MOHKUX OUCKA C PAGHOMEPHLIM PAChpe-
desenuem macc no ux nogepxrocmsn. Ocu
cummempuu OuUCKo8 Co8nA0Am ¢ OCIMU
CUMMEMPUU 6EPMUKATLHBLX cmepkHetl. Odun
u3s eepmuxarvnoix cmepxnei (Ha pucymke
caeea) moxem ceo6oono (coscem 6e3 mpe-
HUSL) BPAUAMNBCS BOKPY2 CE0EU OCU CUMMEM-
puu (u ama oco BC 6cezda nenodsuxna).
Tpenue 6 nOOWUNHUKAX MAI0, NOIMOMY HA
HEOONLUUX NPOMEKYMKAX BPEMEHU UM MOXK-
Ho npenebpeun. CHAUAIA KOHCMPYKYUIO, Hd-
x005Uy0Ccs 6 6aAKyyMe, PACKPYMuUIU Mmax,
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4Mo OHA KAK UeJloe 8pauyalach 60KpYz ocu
BC ¢ nocmosnnou yeno60i cKopocmuvio o,
m.e. Mpaexmopuu ecex Mmouex KOHCMPYK-
Uuu nPeocmas.isanu cobotl 20pU3OHMAIbHbLE
OKpYKHOCIU. 3ameMm 20pU30OHMATLHBLU
cmepKens Oblcmpo OCMAHOGUU U Y Ke
61066 omnycmuau. Yepes nexomopoe epems
3a cuem neboaLUO20 MPEHUsL 8 NOOUUNHU-
Kax cucmemd cHO8d CMAAA KPYMUMbCA KAK
yes0e, MO C HOBOU Y2060l CKOPOCMULIO,
pasnoi w/10. Kaxosvt paduycor duckos?

HOCKOJII)Ky IIpr Bpalll€eHnnm CUCTEMbI BOKDYT
ocu BC TpeHne OTCyTCTBYeT, TO 3TO O3HAUa-
€T, 4TO 1ocJie ObICTPOI OCTAHOBKY U OTITYCKa-
HUSA TOPU3OHTAJIBHOTO CTEPKHS COXPaHSAETCs
CyMMaprIﬁ MOMEHT KoOJInm4yeCcTBa /[ABUKCECHUA
cucrembl. [loka ropu3oHTaNbHBIN CTEPKEHD
6B B IOKOE, MOMEHT KOJIMYECTBA JIBUIKEHIIS
CKJIQ/IBIBAJICS U3 [[BYX MOMEHTOB KOJINYECTBA
JIBUDKEHUS JIMCKOB, KOTODPblE BpAlllaJUCh C
YIJIOBOI CKOPOCTbI0 ®. [lig ABYX IUCKOB
9TOT MOMEHT paBeH WMR", Tae R — NCKOMDBIH
paanyc IMCKOB. MOMEHT KOJTMUECTBA IBYIKE-
HUS 3TOHM KOHCTPYKIIMU KaK IIeJIOTO TIpU
BPAIIEHNT C YTI0BOH CKOPOCThIo /10 paBen
MIPON3BE/ICHUIO 3TON YIJIOBON CKOPOCTH HA

MOMEHT MHepPIIMU MeXaHWYecKON KOHCTPYK-
2

o m
MY OTHOCUTETBHO ocu BC, paBHbBIN 2 - T +

+ ma’. Wrak,
omR? = B(mR2 + ma’ )
10
Ortciosia cienyer, 4to
rR=2
3
B./Imumpues

®2663. IIpo naanemy Cheese ussecmmno,
4mo ona npedcmagasem coooi 00HOPOOHLI
wap paduycom R, 6 xomopom umeemcs
chepuneckas norocmo paduycon R/2, npu-
uem NOJ0CMb Conpu-

D) Kacaemcs. ¢ noeepx-
HOCMBIO NAAHEMbL
(puc.1). ILromnocmo
Mamepuaira naanemol
p. Tax:xe useecmmo,
4mo ama naanemd
pasHomepHo epaud-
emcs 60Kpye ocu, Npo-

Puc. 7

2021 /Ne9

X00swetl uepes ee uenmp Macc u nepnenou-
KYASAPHOU OCU CUMMeMPUU NAAHembL. Bruym-
U NOAOCIU 6BLIO PEULEHO PASMECTRUND HA-
6100amenvHblil NYHKM max, ¥modvl On 0Kd-
3aACA HA OCU CUMMEMPUU NIAAHeMbL U NPU
Mo He nompe608as0ch Ovl GKAIOUAM 06U~
2aAmenu U NPUBS3vIGAMs €20 K GHYMpPeH-
HUM CMenKdMm noaocmu. Buuucaenus noxa-
3aauU, UMO 3MOM HAOIIO0AMENOHBIL NYHKIN
MOXKem PAacnoidzamoCs 6 CAMOM UeHmpe
noaocmu. C Kaxoil yz10680i CKOPOCMbIO 8Pa-
waemcesi niaawema?

Ilyctp Z,, — uweurp wapa, a Z, — LeUTp
nosoctu (puc.2). Toraa nenrp mace O 1aa-

Do

Puc. 2

HETbI C IIOJIOCTbIO 6ya63T PacIIoJIOJKEH Ha €€

4

OCH CUMMETPHUU, TPHUUYEM OZH=;R,

oz, = iR. Kak ussecrno (cM., Hanpumep,
kaury: JI.9.Tengenmreiin, JI.A.RKupnxk,
N.M.Teabdrar. Pemenne KI04eBbIx 3a/1a4
1o ¢dusuKe A OCHOBHOW MIKOJbI. — M.:
Wnekca; sagaua O-130), BHyTpu mHOJIOCTH
MeeTcs OJTHOPOIHOE TPABUTAIIMOHHOE TI0JIE,
HallpaBJIeHHOE B/I0JIb JIMHUU IIEHTPOB 0T Z, K
Z,,. HampskeHHOCTD 3TOTO TOJIST paBHA

4 2
g= §1tGp(ZH -Zy = §nGpR.

B a6coatorHol cucteme orcuera HaOIIOmA-
TEJbHBIA MYHKT PABHOMEPHO ABYIKETCS TIO
oKpyskHOCTH pamuycom r =O0Z, + R/2=
= OZ,, T.e. UMeeT MeCTO PaBEHCTBO O7 = ¢,

OTKyZIa
/9 /7

o=,[* =, [=-1nGp.

r 6 P
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3ameuanue. Herpynno coo6pasuTh, 4To Hali-
JIEHHOE PABHOBECHE He TOJbKO HEYCTOWYNBO,
HO W He WM30JMPOBAHO: TaKWe PaBHOBECHS
3aIOJIHIIOT OTPE30K, TapajIebHbIl OCH
BpAIlleHNs, PACHOJOKEHHBIN BHYTPH TOJIOC-
T U TIPOXOISANINN Yepe3 ee TEeHTP.
B.Huxonos

D2664. Paccmosinue om FOnumepa do Co.-
Hya npumepro 6 5,2 pasza 6oavue cpeorezo
paccmosinust om 3emau do Coanya. FOnu-
mep ceemum e coOCMEEHHbIM USLYUCHUCM,
a paccesannviM 60 6Ce CMOPOHBL COTIHEUHBIM
c6emom, Komopvim o1 oceewaemcs. Inocko-
cmu noumu xpyzoevix opbum 3emau (3) u
FOnumepa (FO) npu ux dsuxenuu 60xpye
Connya ( C) noumu cosnadaiom. Ipu xaxom
snauenuu yeaa 3CHO eudumas ¢ 3emau
uacmo oceewennol nogepxnocmu IOnumepa
canas marenvias? Haioume maxixe omuo-
wenue BUOUMDBIX ¢ MeKOYHAPOOHOU KOCMU-
veckoi cmanyuu (MKC) sprxocmeii IOnu-
mepa 6 cumyayusx, xoz0a 6uoHoO noumu
100% ezo oceeuennoii nosepxuocmu.

[ toro 4to6bl BuAMMas € 3eMJH 4YacTb
ocBellleHHOiT ToBepxHocTH IOmnuTepa 6bliaa
caMoil MaJIeHbKOI, HY>KHO, 4T00bI yros1 3I0C
(nm, uro TO )€ camoe, yron CIO3) Gbun
caMbIM 6oJibIiM. [1o TeopeMe cuHyCOB nMeeM

sin Z3I0C _ sin ZC3I0
C3 cio -

ITockoabky paccrosuust CIO u C3 dukcupo-
Banbl (op6utbl 3emun u IOnurepa nouru
Kkpyrosbie), 10 yroa 310C makcumasen, Kor-
Jla MAaKCUMAaJIeH CHYC 9TOTO YIJIa, T.e. KOor/a
yrost C310 pasen 90°. IIpu sTom
sinz310C= 2 = 1 1o
CIO 5,2 1
£310C = arcsin — = 11°,
5,2

)

A 3HAYUT, NCKOMBIH YTOJI paBeH
£3CIO =90° - £L310C = 79°.

IMourn 100% ocBeleHHONH IIOBEPXHOCTH
IOnurepa ¢ MKC 6yaer BuHO B AByX CJIy-
vyagx: korzpa lOnurep HaXOAWTCS ajibiie
BCET0 OT 3eMJIU U KOT/1a OH HaXOUTCs OJINKe
Bcero k 3emse (B 060uX ciyyas IIOYTH Ha

muaun Cosnne — 3emus). Iloabsysch un-
dopmartueit u3 npeBapUTETbHBIX CBEJEHUI,
MoJIy4aeM, YTO OTHOINEHWE BUMMBIX SIPKO-
creit fOmuTepa B cuTyaIisax, Korjaa ol 6JIisKe
Bcero K 3emste (MakcnMyM) M JaJIblIe BCETO
ot 3emun (MEHUMYM), PaBHO

6,2
4,2

= 2,18.

. Cepeees

BUBJINO-I'JIOBYC

W FNABHbLIN KHUXHbIN

Mbl NPEOJTATAEM
BOJbLLOW BbIEOP TOBAPOB M YCIYT

YCIYTU

HHuTepHET-Marasua
www.bgshop.ru

Kade

KiyOHbIe (ZMCKOHTHBIE)
KapThl ¥ aKIUKI

ACCOPTUMEHT

1 Kaurn

1 AyauoKHUrn

1 AETHKBapuar
U IpeaMeThl

KOJIJIEKIITUOHUPOBAHUA

ITonapounbie KapThI 1 PunbMBI, My3BIKa,
IIpeaBapuTebHbIE WUTDHI, cOPT

3aKas3bl HA KHUTU 1 KaHHeﬂﬁpCKHe

Berpeun ¢ aBTropamu 1 O()UCHDIE TOBAPDI

YurareabCKue KIyObl
10 MHTEpecam

1 IIBeTsr

1 CyBeHUpHI
NupuBupyansHOe

of0ciIysKuBaHue
ITomapouyHas yakoBKa

OCTaBKa KHUTI U3-3a Oexa
A Py r. Mockga,

M. Jly6sHka,

M. Kutain-ropog,

yn. Machuukas, a. 6/3, ctp. 1
8 (495) 781-19-00
www.biblio-globus.ru

nH —nT1 9:00 - 22:00

c6 - Bc 10:00 - 21:00

6e3 nepepsliBa Ha 0ben,

BBICTaBKH'l'IPOI(aXCI/I




UTPbl U TOJOBOJOMKMH

Henc4epriaeMbi TaHrpam

(nauano cm. na 2-i c. 061.)

B «KBante» tanrpam y)ke HeOJHOKPATHO
o6cyxaancs (eM., Hanpumep, cratbio A.IT.Ca-
BuHA «3ajaun Ha paspe3anue» B «KBanre»
Ne7 3a 1987 r. u crarbio A.IlanoBa «3arajaka
durypsr Ne51» B Ne12 3a 1982 r.), Ho ara
UTPa-TOJIOBOJIOMKA HACTOJIBKO 6orara, dYTo
paccKasbIBaTh O HEHl MOJKHO CHOBA M CHOBA.

B raHTpaMe He MPOCTO ceMb 2JIEMEHTOB, a
rIy6OKO TTPOlyMaHHast CICTEMa, KOTOPast CO-
JIEPSKUT PSIZT 3aKOHOMEPHOCTEN W BBISBJISCT
HECKOJIBKO YPOBHE TIOHUMAaHUs OTHOIIEHNH]
MEK/ly HUMHU.

[Inomaa 37€eMEHTOB SIBJISIOTCSI CTETIeHsI-
M JBoiiku. Eciu miomanb MajieHbKOro Tpe-
YTOJIbHUKA TIPUHATH 32 1, TO ILI0MAIu Tpex
cpeaHUX GUryp paBHbBI 2, a MO 6OJIb-
IIMX TPEYroJAbHUKOB paBHbl 4 (puc.1). Cym-
MapHas TIJIOIA/Ib BCEX 3JIEMEHTOB TOXKE CTe-
MeHb JBOMKN — oHa paBHa 16.

Puc. 1

Tpu cpegHNUX 3/1eMeHTa — KBajpaT, mapaJ-
JIeJIOTPaMM U TPEYTOJIbHUK — IMPE/CTABJSIOT
co6oil BCe BO3MOKHbIE KOMOWHAIMH JIBYX
MaJIeHbKUX TPeyroJbHUKOB.

Ecsm mMbl X0THM, 4TOGBI CTOPOHBI (QUTYD
TOYHO IIO/IXO/IUJIN 110 JUINHE, TO TUIOTeHY3y
MaJIeHbKOT'O TPeyToJbHUKA HAJ0 IPUKJIbI-
BaTb K KaTeTy CPEJHEro TPeyroJbHUKA, a
TUTIOTEHY3Y CPEAHETO TPEYTOIbHNKA — K Ka-
TeTy Goubioro. Ecim mpogenats aTo mocJie-
JIOBATEJIbHO, TO KAK/Iblil pa3 paBHOOE/PEH-
HBI TPSIMOYTOJIbHBII TPeyroJbHuK Oyaer
yaauBatbesi (puc.2). Togxmiodas ocTasb-
HbIE 37IEMEHTBI TAHTPaMa, 3TOT IIPOIIECC MO3K-
HO TIPOJIOJIKUTD. Kak c105knTh camblit 60J1b-
1IOI TPEyroJbHUK Ha PUCYHKe 27

Puc. 3

AHAJIOTUYHO MOKHO TIOCTPOUTD U TIOCJIEI0-
BaTeJIbHOCTD YBAMBAIONINXCS KBaJpPATOB.
Kaxk u3 Bcex 2/leMEHTOB TaHTpaMa CJIOXKUTD
caMblil GOJIBIIION KBAJpaT HA PUCYHKE 37

[TapammeorpamMm, BXoasmIni B HaGop TaH-
rpaMa, OTJMYAeTCS OT OCTAJIBHBIX 3JIeMEH-
TOB: €T0 CBOWCTBA MEHSIOTCS MPH TIepeBOpa-
yuparnu (puc.4). Uto6br yoeauThes B 9TOM,

Puc. 4

cJoxxuTe GOJIBIIOI KBAJPAT U3 BCEX dJIEMEH-
TOB, II0TOM BbIHbTE IapaJsliesorpaMM, Iepe-
BEPHHUTE €T0 U MONPo6yiiTe TTOI0XKITh 06paT-
HO — OH He BCTaHET Ha CBOE MECTO, T.€. 3TO
6yzeT yxKe Apyroii mapasiesorpamm. C aTnM
CBSI3aHBI TPYAHOCTH TIPH cOOPKE HEKOTOPBIX
¢uryp, mockoJabKY WHOT/IA HEOOXOAMMO Te-
peBepHyTHb TapaJsesorpamMm. Ha atom ke,
KCTaTH, <IIOTOPEJN» IIPOU3BOAUTENN Mar-
HUTHOTO TaHTPaMa: OHU TPUKJCUIN MAarHUT
TOJIBKO C OJIHOHM CTOPOHBI TTapaJiie/orpaMma
U, TeM CaMbIM, 06€/[HILIN BO3MOYKHOCTH CH0P-
KH.

Puc. 2

Puc. 5

[TompoGyiiTe MO aHATIOTUHU C PSAaMU Tpey-
TOJTBbHUKOB 1 KBa/JpPaTOB IIOCTPOUTH N3 BCEX
(uryp ranrpama camplit 60JIbIION TTapaJie-
JIOTPaMM Ha PUCYHKE J.

(Mpogonxerme crneqyer)

A.Kosanvdxu
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aad4yl

3 . meetcqa 100 kapTOo4ek ¢ HoOMepamu
1, 2, .., 100. Homepa HaneyaTtaHbl Tak, 4TO
onga et oHW HeBuMaUMbl, a ana Bacu
BUAVMbI CKBO3b CreLuanbHble O4KK. 3a

1. bapoH MioHxrayseH yTBep>XOaeT, 4To
pacctasun umdpsl 0, 1 1 2 B KeTkax
Tabnnupbl 7 x 7 1aK, 410 4mncsio 2021 MoXHO

npo4ectb (Mo ropm3oHTanM, BepTMKanu
NN AMaroHanu, npuyemM B ioOOM Ha-
npaeneHnn) bonee Yyem 30 cnocobamm.
MoryT nn cnoa 6apoHa ObITb NpaBAoON?

O. Mensesns

2. ®dens corHyn nUCTok Oymaru no
NPSMON NINHUK, 3aTeM MOJyYEHHYIO
burypy CorHyn no Apyrowv npsMou elle
OOMH pa3, a NOTOM MPOTKHY ee Uron-
Koun. Korfa oH pa3BepHyn NMcTok obpat-
HO, Y HEro Mony4Mnocb YeTbipe AbIPKU.
[lokaxuTe, 4YTO Yepe3 BCe 3TU OblPKK
dens MoOXeT NPoBeCTV NMOO OfHY Nps-
MYi0, MO0 OOHY OKPY>KHOCTb.

M. Bonykesiry

OTK 3afayn npegnaranucb Ha XXVI TypHupe
Matematuyecknx 6oes MmeHn A.M.CaBuHa.

ofHy nonbiTky lNeTs pa3buBaeT KapToy-
K1 Ha napbl, @ Bacs yka3biBaeT BCe Napbl
C HEYeTHOM CyMMOW HOMepPOB. 3a Kakoe
HanMeHbLLIee YACIO NONbITOK [leTs cmo-
>KeT HaBEePHAKa PasnoXmTb BCe KapToY-
K Ha Mapbl C HEYETHOW CyMMOW?

A. Llanosasnos

4. byksamu B, O, E, N, P, C, T, b, 4
3aWMMPOBaHbI pasHble LMdPbI, Npu4emM
TaK, 4TO 4110, 3aLNPPOBAHHOE CJTOBOM
TPNOEBATL, pmenutcs Ha 27, a 4nicio,
3awmndposaHHoe cnosom TPUNOECATD,
nenntcsa Ha 30. Kakyto undpy o6o3Hava-
eT bykea C, ecnn GykBa B obo3Havaet
TpowKy?

C Tokapes

Wnmoctpaumm .1 puiykoBovi
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TO TaKoe
LUMYHTUK?

C.4ABOPSAHUHOB

A, UMEHHO 9TOT BOITPOC MOJKET

BO3HUKHYTD Y YATaTesel 3aMevaresbHOi
kumkkn Hukonas Hocosa «Ilpukmouenus He-
3HAlKU W ero jpy3aeit». I'epou 1Ol CcKa3ku
HOCSIT TOBOpsIe nMeHa. Kask/joe nMs yKasbl-
BaeT Ha XapakTep IepCOHa)Ka WM Ha POJ €Tro
sangaTuii. ITnmonpkun — Bpau [{BetouHoro ro-
poaa, Tiobuk — xygaoxuuk, ['ycist — My3bIKaHT
(rycm — 9TO CTApUHHBIA My3bIKAJIbHBIN THCT-
pyment). Bcee sicho ipo Bopuyna u MosuyHa.
O so6uTesaX cJajkoro ropopst uMena Ilon-
gk 1 Cuporunk. Ba gpyra Buntnk n Hlmyn-
THK — H300peTaresn, MacTepa Ha BCe PYKH: 1 110
Mertasty MoryT paborath, u 1o jgepeBy. C
BUHTHKOM BCE€ MOHATHO — 3TO IIUJINHJP C Pe3b-
6011, KOTOPbIil 3aBOPAYNBAIOT M OTBOPAYMBAIOT
OTBEPTKOI{, OH CJIY>KHUT JIIST COEJMHEHNs pas-
JIMUHBIX JleTajieil. EcTb ete BUHT-TIponesiep y
camoJieTa, rpeGHOI BUHT Y MOTOPHOM JIOJIKU. A
BOT CO IIMITYHTHKOM B TTOBCEIHEBHOH KU3HU MBI
uMeeM JIeJI0 He YacTo. ITO YMEHBIIUTEJIbHOE
CJIOBO ITPOMCXO/IUT, OYEBU/THO, OT CJIOBA WUNYHIN.
Bor o HeM u noroBopum.

3aMeTuM cpasy, YTO BUHTUK — 3TO OT/EJIb-
HBIIl TIPE/IMET, OH MOXKET CYIECTBOBATH CaM I10
cebe. B ynoMsinyToit KHUKKE HOTOM MOSIBJISIIOT-
ca Hlypymunk n I'Bosauk. MoxkHO TOAyMaTh,
YTO aBTOP MOT" Obl Ha3BaTh KOPOTHIIKY BosTn-
koM. Ho kopenb aToro csoBa — 6oJT, U TOT/IA
Cpasy BCIIOMUHAETCST TJIaroJl 604mamy, CyIie-
CTBHUTEJIBHOE O01MYH, MMEIONIe HeraTuBHbIN
CMBICJIOBOIl OTTeHOK. Boartuk me roxurcd, n
noatomy nogBuics InmyHTuK.

[HysT — 210 BBICTYII HA pebpe JOCKU, KOTO-
PbIii BXOZIUT B COOTBETCTBYIOIIMIT €My T1a3 J[py-
TOIl JIOCKH, KOTOPBII TO’KE HA3bIBAETCS IITYH-
toM (puc.1). JIocka co TITYHTOM Ha3bIBACTCS
nIyHToBaHHOR. TakuMm JOCKaMu HAaCTHIAIOT
most. Ilom M3 OTAESbHBIX TOCOK B pe3ysbTare
moJIydaeTcs ebHbIM. Jlaske ec/y yJIoXKeHHbIe
JIOCKM HEMHOTO PAacCCOXHYTCS, TO W B 3TOM
cJIydae CKBO3HBIX Iieselt He mosyuntes. HYacto
1 caM 3TOT CIOCO0 COEJMHEHHS JleTaseil Ha3bl-

DOI: https://doi.org/10.4213/kvant20210903
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Puc. 7

Bator niynroM (Hemerkoe ¢ioBo Spund o3Ha-
yaeT npoOKa, 3aThIUKa).

[TpumeuaresbHO, UTO B HAIIU JHU HA JieJie CO
HITTYHTOM 3HAKOMbBI MHOTHE JIETH, UTPAIOIINE B
nero (puc.2). Komnanua LEGO Group nosisu-
gacb B 1932 romy. Ee ocHoBaresnem cras natda-
nun Ogne Kupk Kpucrtmancen, B To BpeMs
paboTaBiiuit GPUTAIMPOM ILIOTHUKOB U CTOJISI-
poB. Bot on u porajascs caenaThb IITyHTOBOE
COe/IMHEHIE OCHOBOU CTOJIb TOIYISIPHOIT HbIHE
UTPYIIKH.

[TponsBoACTBEHHBIE MOITHOCTH (PUPMBI pac-
TTOJTO’KEHBI B PA3HBIX CTpaHaX. [JTaBHBIN 3aBOJ
Haxojutcd B Jlanuu, rae B 1exax JJUHON 10
MOJTYKUJIOMETPA CTOAT PS/IBI ABTOMATOB, TITAM-
nyfonmx okoso 21 mapa ky6ukoB B rox. Ha
3TO yXOoUT nopsiaka 60 TOHH MJacTuKa B JICHD.

Xopoulo u3BecTHo, uTto «byparnnos Anex-
ces Tosctoro — ato Bapmwant kHUTH Kapio
Kommomm nipo Ilunokkno. Tak m BuHTHK co
[ImynTrkomM noaTonKHyan nucateas Cranmc-
saBa CaxapHOBa HAIKMCATh CBOIO CKAa3Ky IIPO
NBYX JIpyrux apyaeii-mactepoB. B 1959 roxy
6blya m3gana KHIKKa «[ak n BypTuk B cTpane
6€e3/1eIbHIKOB», TepPON KOTOPOI BO3BPAIIAfOT-
cS B CBOIO POJIHYIO CTpPaHy He Ha BO3IYNTHOM
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Puc. 4

mape, a Ha nmoctTpoeHHoi umu pakere. Mms I'ax
€03BY4HO raiiaposckum Uyky u I'eky, a OTKy-
na Bypruk? Ilpenmaraem Bam pazoGpartbesi ¢
3TUM CaAMOCTOSITEJIbHO.

|

Puc. 5

He Hago aymarb, 4TO IIIYHT PacHpoCTpa-
HUJICS TOMBbKO Ha Aerckue urpymku. C 1910
rojla B CTPOUTEJbCTBE IMPUMEHSETCS IIITYHT
Jlapcena (puc.3). Bee mmyHTHHBI 31€Ch OMHA-
KOBBI, OJIHA COEMHSIETCS] C JIPYTOil 3aMKOM,
N01060HO TOMY KaK DPA3OMKHYTBIE KOJIbIIA CO-
eIMHAIOTCS B IIelb 1060 uHbl. Ecii 1enb
HATSHYTA, TO HU OJIHO KOJIBIIO M3BJICYDb HEJIb3S.

[ImmyrToM JlapceHa yKpemIsaioT 6epera BOI0-
€MOB, HACbIIIEll, KOTJIOBAHOB, OH 06pa3yeT Ipoy-
HYI0 BepTHKaJIbHYyIO cTerky (puc.4). [Ipu atom
COE/IMHEHNE OTAEIbHBIX MIIMTYHTHH MOX0XKe Ha
COe/IMHEHIE KyCOYKOB I1a3J1a, KOT/la O/IH Bbe3-
skaer B Apyroii (puc.5). Takue masJabl MOSIBU-
guch B 1909 romy.

MOMCKax
ONTUMabHbIX
MNOCTPOEHUW

(13 memyapos b6apoHa MioHxray3eHa)

PY3bd MOU, Bbl, BE3YCJ/JIOBHO,
HACJIBIIITAHBI O MOeii 06BN K reomMeTpun!
A B reoMeTpun — K 3aJauaM Ha MOCTpoeHne. A
B 33jla4aX Ha I[OCTPOEHHE — K IOCTPOEHUSIM
HaMMeHbIINM 4ucJaoM JuHuil. Takne mocrpoe-

DOI: https://doi.org/10.4213/kvant20210904

HHSI 4acTO Ha3bIBAIOT Onmumdivhuimu. Eire
OJTHA MOS CTPACTD — 3TO MyTeNecTBI: Ha JIyHy!
Bo BpemMs TakmxX myTeniecTBUii s OXOTHO pac-
CKa3bIBAI0 MECTHBIM JKUTEJISIM O KPACcUBbIX 3a-
JlayaX ¥ TeopeMaxX TeoMeTpuu, o6ydarn ux
ONTUMAJIbHBIM TIOCTPOEHUSIM.

Tak, BO BpeMs TepBOTO ITyTEIIECTBUS Ha
JIyHy MBI 3aHUMAJICh TOCTPOCHUSMHI C TTOMO-
1[I0 OAHOU JuHuKu. Hamomuio, 4To 3amaum Ha
MIOCTPOEHUE BBITIOJHSAIOTCS IUPKYJIEeM 1 JIUHEH-
Koii 6e3 JleJieHuil, a JTUHUEeN Ha3bIBAeTCs Ipsi-
Mas, JIy4, OTPE30K, OKPYKHOCTb UJIN ee YacTHY-
Ka B BuJle 3aceuku. I3 mocrpoenuii ojgHoi
JguHuel sxuresisiM JIyHbl 0COGEHHO TIOHPABU-
JIACh TaKasl 33/1a4a; Ha MPSIMOIT [ OTJIOKEH yTOJI,
pasublii o0 (puc.1), m Hago OXHON JMHMER
[IOCTPOUTD YT0Jl, PaBHbIN JJaHHOMY. MbI BMecTe
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l

Puc. 1 Puc. 2

C JIyHSIHAMU YJIBIOHYJIMCD U BBITTOJHHJIN MOCT-
poenne (puc.2).

B masbreiinieM s Toxke Oyay JAeMOHCTPUPO-
BaTb pellleHust 3aja4 Ju60 PHUCYHKOM, JnGO
CCBHILTASICHh HA BAKHDBIE (DAKTBI TEOMETPHHU, KOTO-
pbie xuTean Kak JIyHbl, Tak 1 3eMJu TOJKHbBI
3HaTb!

Bo Bpemsi MOero BTOPOTO IyTEIIECTBUS HA
JLyHy MbI M3ydYasju ONTHMAJbHBIE TIOCTPOCHUS
yKe IBYMST JUHWSMHU. B KauecTBe TPHUMEpPOB
MIPEJITIONKY BOT Takue JBe 3a/[auu.

3apava 1. [an yeon, pasnoii 108°. ,ZZ@nyz

JUHUAMU NOCIPOTINE Y20.1, COCNAGAAIOULULL 3
danmnozo yzia.
A Pemenue. [Tycto yron

10 ¢ BepmmmHoii A paBeH
C A g 108°. Ilepsas aunus —

OKPY>KHOCTDb C IIEHTPOM
Puc 3 B A TIPOM3BOJILHOTO pa-
nuyca. Ona nepecekaer
CTOPOHBI yIIa, cKaskeM, B Toukax B u C (puc.3).
Bmopas aunus — orpesok BC. Tak kak AABC

paBHOOEIPEHHDIN, TO
/ZB=/C =36° , 4ro

COCTABJISIET % yraal08°.

3apnauva 2. [1pusedu-
me npumep yzid, Ko-
mopuitl MOKHO pasde-
JUMb HA MPU pasHvle
yacmu, npoeeds He
6oaee 08yx uHuUil.

Pemenue. J10 yrou,
pasubiii 270° (puc.4).

Tax BOT, ApYy3bs
MOM, COBCEM HE/IaBHO
s BO3BpATHJICA HAa 3eM-
JIIO TIOCJIE CBOETO Tpe-
TBETO IIyTEIIECTBUS Ha
Jlyny, tne Mmbl, ecte-
CTBEHHO, BBITTOJTHSLIN
OTNTHMAJIbHBIE TTOCTPO-
€HUS C TIOMOTIIHIO TPEX

2021 /Ne?9

sunnit. JKurean JIyHbI
TTOKOPMJIN MEHS TOCTOM-
HBIMU 3HAHUSIMU U XO-
POIIIUM YyBCTBOBAHUEM
L/ reoOMEeTPUYECKUX IOCT-
poenuii. O 3amavax,
HamboJsiee UM TIPUTJIS-
HYBIMUMCSI, S TIOBETY
JIATbHEN I paccKas.

Puc. 4

3anmava 3. fana npamas l. Tpems aunuamu
nocmpoiume yzox, pasnuiti 30°.

Pemenne. [lepsas aunus: OKPY>XHOCTD ()
Joboro pajamyca ¢ 1earpom O Ha npsmoit L.
Ilyctp ona mepecekaer [ B Toukax A u B
(puc.5). Bmopas aunus: 3acedxka u3 touku B
3TUM Ke PaiiycoM JlaeT Ha O touky C. Tpemos
aunus: orpesok AC. Torpa yron CAB paseH

C

Puc. 5

30°, nockomeky BC =R, AB=2R . Ilpu
stoMm yroa ACB pasen 90°, a karer, Jieskanuii
MIPOTUB yTJIA... OH-0i-0ii, 51 06elan Tak MHOTO
He TOBOPUTB!

PucyrHok Jlevisnbl HaBpo3atysusi
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3apava 4. Jan xeadpam ABCD. IIposeds
ne boaee mpex aunull, nOcmpolme yzoa, pas-
nout 15°,

Pemtenne. [lepsvie dée aunuu — 3aCE€UKU U3
BepiinH A u D pajnycoM, paBHBIM CTOPOHE
kBajipara. [lyctb ot 3a- g C
CEUKH IIepeceKaiorTcs B
touke K (puc.6). Tpe- K
movs AUHUS — OTPE3OK
BK.Torpa ZKBC =15°.
ITO HETPY/IHO MOKA3ATD,
tTak Kak AAKD paBHO- A D
cropouamnit 1 LKAB = Puc 6
=90°-60° = 30°. 3uauur, B paBHOGEAPEHHOM
TpeyroyibHuke AKB yTJibl IPM OCHOBAHUH. ..

3apava 5. Jana npsmas [ umouxa N na netl.
IIposeds posno mpu aunuu, 6occmasvme nep-
nenduxyasp uz mouxu N x npamoil .

Pemenne. 113 m060ii Toukn F Kak U3 meHTpa
paauycoMm, paBHbiM N, NpoOBOJUM OKPYIK-
HoCTh (. IlycTh OHa BTOPUYHO MeEpPECeKaeT
upsimyio [ B touke T (puc.7). Bmopas sunus —

Q ®

NUT

ayu TF, nepecekaroniyii BTOpoii pa3 ® B TOUYKe
Q. Tpemvsa aunus — orpe3ok QN, KOTOpBIil
Oyziet neprieHnKyJsipen npsimoii [. Tlogymaii-
Te, JIPy3bsl MOHU, MOYEMY.

Puc. 7

3agava 6. Jana npsamas | u mouka N ene
npsamotl. Tpems aunusmu npogedume uepes N
npaAMYyI0 naparienvio L.

Pemenue. 113 so60it Toukn K npsiMoii [ Kak
13 LEHTPa CTPOUM OKPY>KHOCTb  pajuyca KN.
Ilyctp ona mepecekaer [ B Toukax A u B
(puc.8). Bmopas aunus: u3 Toukn A pacTBo-
poM 1upKyJsi, paBubiM BN, fenaeM 3aceuxy
Ha 0 — mosryyaeM Touky P. [Ipsamas PN Gyner

P N

Puc. 8

napasiesbha npamoit L. Tlouemy? (He 3a0yab-
Te, uTo Xopabl BN u AP pasubi!)

3agava 7. /lan ocmpoyzonvnwill mpeyzoio-
nuxk ABC ¢ yxasannoti cepedunoti D ezo cmo-
ponor BC. IIposeds ne 6oaee mpex iunuil,
nocmpotime mouxy H nepeceuenus evicom
(opmouenmp) mpeyzoronurxa ABC.

Pemenue. [lepBas mmansa — OKPy>KHOCTD O C
nenTpoM B Touke D pamuyca DB = DC. Ilyctb
o niepecekaet ctopobl AC u AB B Toukax P u
T coorsercrBenno (puc.9). TTockoabky

A

Puc. 9

/BPC = ZBTC =90°, To orpesku BPu CT —
COOTBETCTBEHHO, 6MOPAs W Mpemvs: JUHUH,
KOTOPbIE TIepeceKaioTcsi B oproiienTpe H.
3agaya 8. Oxoso mpeyzorvnuxa ABC onu-
cana OKpYyKHOCMb O, UEHMpP KOMOpPol He
yxazan. Yxazanot mouxu L u Q — coomseem-
CMBEHHO, OCHOBANUS BHYMPEHHel U SHeulHel
buccekmpuc yena A. Ilposeds ne 6oaee mpex
JUHUL, nocmpotime ouamemp OKpYKHOCIL.

Pemenne. [lepsas aunus: NPOLOJIKEM JIyd
AL 5o nepeceuenus ¢ ® B touke N (puc.10).
Bmopas aunus: ayd QA mpu TPOAOTKEHNH
nepecekaeT o B Touke . Tpemovs aunus: FN
coBnagaer ¢ auamerpoM . Iouemy? (IToka-
xute, uto ZLAQ = 90°.)

3amava 9. Jan ocmpoyeonvivlii mpeyz0ioHuK
ABC ¢ yxasannoimu opmoyenmpom H u yenm-
pom onucannotl oxpyxnocmu — mouxot O.
Tpemsa runusmu nocmpoume mpu pasuvlx yz.id.

r
A

Puc. 10 N
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C B
Puc. 71

Pemenue. [lepsas nunus — orpesox AH.
Bmopas aunus — otpesok AO. Tpemwvsa au-
nus —orpe3ok CO (puc.11). To,uro L1 = £2 —
oueBugno (AO = CO — paauycbl ONMUCAHHON
OKpysKHOCTH Tpeyroabhuka ABC). A BoT noue-
My £2 = /3 — pokaxure! (Mou apy3bsi-Mare-
MATHKH Ha3bIBAlOT Takue Ipsamble, Kak AH u
AO, usozonarsamu.)

3anmava 10. Jana oxpyxnocmv ¢ uenmpom
O, onucannas oxono mpeyzorvnuxa ABC,
AF — ee oduamemp. Touxa M — uyenwmpoud
(moura nepeceuenus meduan) mpeyzoivhurda
ABC. IIposeds ne 6onee mpex aunutl, nocm-
poume opmouyenmp H mpeyeorvnuxa ABC.

Pemenne. Ckaxxy BaM, py3bst MOM, UTO 3TO,
MOXKAJIYH, caMast CIOKHAs 3a7a4a. S puckuy
MPE/IIOKUTD ee >kuTesisiM JIyHbl Jinib 1ocJie
TOTO, Kak IOBeJa] UM O MOEM BbIJAIONIeMCs
apyre — Jleonapae ditnepe! Benb nMenHo oH, a
He KTO-HUOY/1b APYTOIi, fokasas, uto Touku O,
M n H nexxaT Ha OZHOH TPAMON — npamoi
Susepa! K ToMmy ke MOUX JIyHHBIX IOJOICY-
HBIX M3YMUJ TaKOH BaXXHBIH (DakT TeoMeTpun
TPEYrOJIbHUKA: PACCTOSTHHE OT IIEHTPA ONUCAH-
HOI OKPY>KHOCTH /IO CTOPOHBI B 2 pa3a MeHbIIe
PACCTOSTHUSA OT OPTOIEHTPA /10 TPOTUBOMOJIOK-
Hoit Bepmmubl. B 060-
3HAYEHUSX pUCyHKa 12
3TO BBITAAAUT Tak:

OD = %AH. ITocra-
paiitech caMOCTOSTE b~

HO JIOKAa3aThb 3TO MHTe-
pecHoe, MoJe3HOE YT-
Bep:kaenne! WM Torga
CTaHET OYEBHU/IHDIM, UTO
ayd FFD npoxoaur yepes oprouenrp . Ilocre
CKa3aHHOTO MHOH PENINTD 3a/1a4y /I JTyHHbBIX
SKUTesel y>Ke He COCTaBUJIO TPY/a.

IHepesas nunus: nyuy AM niepecekaeT CTOPOHY
BC B Touke D — ee cepennne (puc.13).

Bmopas aunusa: ayd FD, KOTOPBIH IPOXOAUT
yepe3 Touky H.

Tpemvsa aunus: npamas OM, xoropas co-

Puc. 12

2021 /Ne?9

Puc. 13
BHajlaeT ¢ npsMoin Jitnepa. OHa mepecekaer
ayu FD B oprouenrpe H.

Ecmm me ycramm, Apy3bs MOHM, C YIOBOJb-
CTBUEM TIPE/JIOKY TPU 33J[a4l HA TTOCTPOEHUE
TpeMsi JTMHUSIMU — JIJISI CAMOCTOSITEJIbHOTO Pe-
meHus!

3amaua 11. [lana npsmas [ 1 Touka N BHe
3TOi npsiMoii. Tpems JIMHUAMM [TPOBE/IUTE TIEP-
HEeHANUKYJIAp U3 Touku N K mpsMoit L

3azava 12. OKpPYKHOCTH () U S TIEPECEKAIOTCST
B TOoukax A u B. Uepes A 1npoBe/ieHa TPOU3BOJIb-

Q

B

Puc. 14

Has cexymas TQ (puc.14). TIposeas tpu Jm-
HHU, TOCTPONTE /Ba TapaJlebHbIX OTpPe3Ka.
3amava 13. [lan tpe-

yroabuuk ABC ¢ yka- A
3aHHBIMH IIEHTPAMHU OITH-

CaHHON M BITMCAHHOW B o o
HEro OKpY’KHOCTEH — o I
toukamu O u I cOOTBeT- B

creenno (puc. 15). IIpo-

Be/Isl TPU JIMHUH, T10CT-

poiiTe OKPY’KHOCTb, ONNCAHHYIO OKOJIO Tpey-
rosibHuka BIC.

Co cao6 6apona Kapaa @pudpuxa

Heponuma ¢pon Miwonxzaysena

sanucan I'. Durunnosckuil

Puc. 75

Om pedaxyuu. BeeM, KOMY HPaBSITCS 33241
HA TIOVCK OTNITUMAJIBHBIX TEOMETPUIECKUX TOCT-
poenuii, pexomengyem urpy Euclidea (caiir
euclidea.xyz).



OU3UYECKUN ®AKYJIbBTATHUB

a30Bble
OMarpaMmbi
KonebatenbHbIX
CUCTeM

@.BEJ/IOB

OJIBIIIMHCTBO MKOJIbHUKOB

CTapUIUX KJIACCOB 3HAKOMbI € KJaccuyec-
KUMHU TIPUMEPAaMU TaPMOHUYECKUX OCHUJLIATO-
POB — CHCTeMaMH, [TapaMeTpbl KOTOPbIX MO/ [41-
HAIOTCS yPaBHEHUIO

2+ 0’ =0, 1)

U OIIpeJe/IsIoTCs TapMOHMYECKOil (yHKImel
(pelenueM 9T0ro ypaBHeHs)

x = Asin (ot + @) mm60 x = Acos (0t +@).

[ITupoko m3BecTHBbI KOJIEOAHUS MaTeMaTUYec-
KOTo MasiTHUKA, TPy3a Ha IPYIKUHE, aPEOMeTPa
Ha MMOBEPXHOCTU JKUKOCTHU, KUIKOCTU B COO6-
HIATOIINXCST COCYIaX, 3apsKeHHON OYCHHKU Ha
CTEPIKHE MEK/IY JIBYMSI 3aKPEIJIEHHBIMU 3aPsi-
Jamu. Bce oHU ONMUCHIBAIOTCST OJTHUM U TEM JKe
YPaBHEHHUEM ¥ OTJINYAIOTCS JIUIIb APAMETPOM
X, KOTOPBIM MO3KET ObITh J1106ast OTKJIOHSIONIA-
SICS1 OT CBOETO 3HAYEHUS B OJIOXKEHNH YCTOWYIH-
BOTO paBHOBecust Besimunta. Ho ectb u menee
u3BecTHbIe TpuMepbl. Tak, B ctatbe B.Moka-
ea «KomeGanusas («Kpanur», 1981, Ne 3)
paccMaTpuBaioTes KoJebanus Tonkoro (¢ pac-
npe/eJeHHol Mo ero KoJiblly Maccoi) oOpyda
PasinycoM 7, IBUKYIIErocst Ge3 IMpoCKaib3bIBa-
HUST TI0 BHYTPEHHEH MOBEPXHOCTH IUJIMH/PA
pajsuycoMm R > r, 1 KoJieGaHust MACCUBHOTO MTOP-
IIIHST, 3aKPBIBAIOIIETO COCY/I C Ta30M, B M30Tep-
MudyeckoM mporiecce. S1.CMOpoanHCKmii B cTa-
the «Iloxosxkue aBuskenusi» («Kpauts, 2002,
Ne 3) onmcbIBaeT penreHne 3a1a4um O ABUAKEHIN
Teqa O TyHHesio B 3emye. Bo Bcex aTmx
cJydasX IpUMeHeHUe 3aKOHOB MEXaHUKHU G0
TEPMO/IMHAMUKU [PUBOJIAT K YPABHEHHIO rap-
MOHHYECKOTO OCIUJLISITOPA.

TpauinOHHO UCTIONB3YIOTCS IMHAMUYECKII
U SHEPTeTUYECKUN MOXOBI K TAKUM 3a/1adaM.
A BOT Tpaduueckue UHTEPIPETAINN CBSI3ei

DOI: https://doi.org/10.4213/kvant20210905

apaMeTpoB KoJie6aTeIbHBIX CUCTEM YacTo 06-
XOJISIT CTOPOHOIT, XOTSI OHM OKa3bIBAIOTCST OUEHb
TOJI€3HbIMU TPpU PEIICHUN Pa3/JIMYHbIX 3a/a4,
KOTOpbIe WHBIMH crtoco6aMu OYAYT penraTbes
JIOJITO ¥ CJI03KHO. Peub nzer o dasoBbix jgnar-
pamMMax KoJie6aTeJbHBIX CUCTEM.

He yrounsis KOHKpeTUKy KoJeGaTebHOl CH-
CTEMbI, PACCMOTPUM COBMECTHO pEllieHUe yPaB-
HEHWII TAapPMOHMYECKOTO OCIHJIIATOpA s KO-
OPIAMHATHI ¥ CKOPOCTHU ee u3MeHenus (3amerum,
YTO KOOP/MHATA MOKET OBITH U YTJIOM OTKJIOHE-
HUA MaTEMAaTUYE€CKOIO MadATHHKa, U YPOBHEM
MOTPYKEHUST aPEOMETPa, W YHCJIECHHOCTBIO TIO-
IIyJA1nn XNIIHUKOB NJIN JKEPTB B 6I/IO]IOFI/I‘ICC-
Kol cucreme). He tepsas o6uiHocTd, ocraHo-
BUMCS Ha BapmaHTe, KOT/Ia KOOpJAMWHATa OTpe-
pensercss gynkumein cunyca (sTo cayuaii 3a-
mycKa KOJIe6aHUi C TOMOIIIBIO TOJTYKA CHCTEMBI
U3 TIOJIOKEHUST PABHOBECHS):

x = Asin (0t + @),
v=1a"=Awcos(ot + @¢).

Wcnosb3yst OCHOBHOE TPUTOHOMETPUYECKOE
TOK/ECTBO, MOJYUUM
2
P e (2)
®
Ouesn/iHO, uTo (2) siBJIsIETCSA yPaBHEHUEM 3JI-
JIATICA B KOOP/IMHATAX (;0) HJIM OKPY’KHOCTBIO
paauycom A ¢ nenrpom B rouke (0;0) B koopau-
Harax (x;0/m). VIHBIMI CJIOBaMH, MHOKECTBO
Map 3HAueHHil KOOPAWHATHI U CKOPOCTU TIPU
KOJICOAHUSX CUCTEMBI Oy/JIET TEOMETPUYCCKUM
MECTOM TOYEK, PABHOY/IAJEHHBIX HA PACCTOS-
HUE aMILTUTY bl KoJIe6aHuii OT Hauaia KOOp/u-
HaT. BOSHUKIINME OCOGEHHOCTSIMU TEOMETPHU-
YECKOTO aCTeKTa HEJb3sl HE BOCIIOJIb30BATHCA.
OueHb YacTo reoMeTpHYecKre U rpaduuecKue
MHTEpHpeTanin (PU3MIECKUX TIPOIECCOB OKa-
3BIBAIOTCSI CYIECTBEHHO yI00HEE U PAIIUOHAT b
Hee TPH pelleHnd KOHKPETHBIX 3a1ad, YeM
TpyaoeMKue aarebpamueckue BbIKIAAKU. K
TaKoMy ke ypaBHeHuto (2) MbI TIpHjeM, ecJim
3allMIIeM 3aKOH coXpaHeHus sHepruu. Hampu-
Mep, JUISL TPy3a Maccoil 7, COBEpIUIAIIEro
KOJTE6AHNMS HA MPY/KMHE JKECTKOCTBIO R, 3aKOH
COXDAHEHUsI HSHEPIUM MOYKET ObITb 3aliCaH
CJIEYIONIUM 06Pa3oM:
mo®  kx? kA

2 2 2
ITocne oyeBMHOTO yNpOUIEHHUA, € YYETOM CO-

,k
OTHOLIEHUs O = [—, T10Jay4uM ypasHerne (2).
m
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ax/.y

Puc. 1

[ToctponM o6HAPY3KEHHYIO OKPY>KHOCTb B KO-
opaunarax (x; v/w) (puc.1). Takoe mocrpoene
1 HocuT Ha3BaHue (pasoBoii guarpammbl. Touxn
THiepeceueH st OKPYKHOCTH € OCbIO OPMHAT COOT-
BETCTBYIOT TIEPEXO/Ty CHCTEMBI Yepes TOI0KeHTe
paBHOBECHSI, T/Ie CKOPOCTb 0GBEKTA MAKCUMAJIb-
Ha (HarmpuMep, [ MaTEMATHYECKOTO MAsITHUKA
3TO MOMEHTBI BPEMEHH, KOT/1a TPY3HK IpoJieTa-
eT HIDKHIOW TOuKy). TOouKkHM mnepecedeHus ¢
0CBIO a6CINCC — MOMEHTDI, KOT/[a TeJI0 HaXO/UT-
cS B TTOJIOKEHNN MaKCHMAJTbHOTO OTKJIOHEHUS
OT PaBHOBECHS U HE WIMEET CKOPOCTH, a €To
KOOp/IMHATA PAaBHA 110 MOJIYJIIO aMILIUTY/IE.

[Tepe6op Bcex TOUEK MOCTPOEHHOH OKPYIKHO-
CTH ITPOMCXO/UT JIJIsT KOJIE6ATEIbHON CHCTEMBI B
TedeHue repuoa xosebannii. HesaskHo, u3 xa-
KOH TOYKM MBI HAUMHAEM JIBVKEHWE TI0 OKPYK-
Hocru (or aroro Gyjer 3aBHCETb HadajbHAs
(asa konebanuii @), B mpolEcce N3MEHEHUs
KoopmHaT (x; v/m) Gy yT IIPOI/IEeHbI BCe 3HaUe-
HUS OTKJIOHEHWI ¥ CKOPOCTell KOJIeGTIoNerocst
Tesia. Kpome Toro, MO>KHO 3aMeTHTb, UTO JIBIDKE-
HHe TOYKH 110 (ha30BOIi AMarpaMMe TIPOUCXOINT
00s13aTeJIbHO 110 4acoBO cTpesike. /[leiicTBu-
TEJIbHO, BbBIBOJISI MaTeMaTHYeCKUil MasTHUK U3
TI0JIO>KEHHST PABHOBECHS B TOUKY € KOOP/IMHATOMH
x =A, Mbl 06€CTIe M HAPACTAIOIILYIO 110 MOJLYJIIO
OTPHIATEJbHYIO MTPOEKINI0 CKOPOCTH, T.e. Oy-
JieM HaGJoaTh repeGop Touek ha3oBoil auar-
paMMBbI B YeTBEPTOI KOOPANHATHON YeTBEPTU 1
najiee. AHAJTOTUYHBIM 06Pa3oM MOXKHO yO6e-
JIATBCSI, UTO NPH JI0O0M HAYaJIbHOM IOJIOXKe-
HUM TOYKa (ha30BOil narpamMmbl OyJeT paBHO-
MEpHO TIEPEMEeNIaThCs 110 YaCOBOW CTPEJIKE.

WuTepecno TakxXe, 9TO PaBHOMEPHOE BIKE-
HUe TOUKH 110 (Pa3oBoil MarpaMme TPOUCXO/TUT C

2021 /Ne?9

YIJIOBOM CKOPOCTBIO (), TaK KaK € TAaKOI 4acTOTOi
MEHSIOTCS KoopAWHaTa M cKopocThb. Iloatomy
YIJIOBbIE PACCTOSHUS MEXKAY TouKaMu (ha3oBOit
JINarpaMMbl IIPOMOPIHOHAIbHBI BPEMEHU, KOTO-
poe KoJebatesbHAS CHUCTEMA 3aTPAyMBaeT Ha
COOTBETCTBYIOIICE M3MEHEHUE MTapaMeTPOB.

Hexoropbie obmmie maen o mpuMeHeHnn da-
30BBIX [AMarpaMM [UIS OINCAHWS KoJeOGaHmil
MaTeMaTHYeCKOTO MAasATHUKA U JPYTUX CHCTEM
MOJKHO HaiiTu B cratbe A.BecesoBa «O mMatema-
THKEe TapMOHMYECKHUX KojeGanuii» («Kpaut»,
1986, Ne 5). OjHaxo uale reoMeTpuUYecKUe
MHTEPIpPETAI KoJIe6aTeJbHBIX CUCTEM TIPHU-
BOJAIT K 00OJIee N3BECTHOMY METO/y BEKTOPHDIX
JuarpamM, Kak, Hanpumep, B ctatbe A. Kukon-
na <«lapmonuveckune xoseGanusi. CiroskeHnue
koJseGanuii> («Kpants», 1984, Ne 9).

[TokakeM Ha KOHKPETHBIX IIPUMEpPAxX BO3-
MOXXHOCTH, KOTOpbIE JaeT mpuMeHeHne ¢aso-
BbIX [IMarpaMM B PA3JUYHBIX CUTYallUsIX.

3apaua 1. I'py3 maccoii 100 2, 3axpenaen-
noul na npyxune xecmxocmoro 10 H/m, mo-
JKem cogepuamv KoieOanus 6 20PU30HMAIb-
HOM Hanpasienuu no 21aoxkoi niockocmu. Ha
paccmosanuu 10 cm om nonoxenus zpysa npu
HeOehoOPMUPOBAHHOM COCMOSHUU  NPYHKUHDL
cmoum Henodsuxuas cmend. C Kaxum nepuo-
dom 6ydem cosepuiams Koaebanus zpy3, ecau
omeecmu ezo 6 NPOMUGONOJOKHOM ceHe Ha-
npasaenuu na paccmosnue 20 cm om noaosxe-
nus pasnosecus? Yoap epysa o cmeny abco-
JI0MHO Ynpyeuil.

Permenne a0l 3a/1a4M KOOPAMHATHBIM METO-
JIOM He CJMIITKOM TPY/I0eMKo. [[eficTBUTebHO,
MIPU OTCYTCTBUU CTEHBI KOOPMHATA MEHSJIACH
6Bl TI0 3aKOHY

x =—0,2cos wt,

k
rae o = ,[— =10 pax/c, a ocb x HarIpasJeHa K
m

CTeHe. ZII[H penieHusa BoIpoca 06 M3MEHEeHU!U

Mepuojia B CUJIY HAJTUUUS CTEHbI JJOCTATOYHO
OTIpe/IeJIUTh BPeMsi, B TedeHUue KOTOPOro Koop-
auHaTa MeHsach Obl ot 3Havenust x = 0,1 M 70
3Havenusa x =0,2 m:
T 1 T
ty = —arccos| —— | = —,
27 2 3
T T T
t, = —arccos(-1) = — u At = —,
27 2 6

[m . .
rneT =2m N — TIOJTHBIH TTepuoj Kosre6anuii B
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OTCYTCTBHE CTEHDI. Torma wncKOMBIIT epuona
paBeH T
T—2At=?=0,42 C.

Opnnako rpaduyeckas WHTEpIpeTannus Ko-
Jle6aHMil TaeT pe3yJsbTaT MPaKTHYECKH MTHO-
BenHo. Kosie6annsg HaYMHAIOTCS U3 TOYKH C

v
dazosbiMu koopauHaTaMu| x = 0,2 m; — =0 |,
®

B Touke ¢ abcrmecoir x =0,1 M BcTpedaeTcs

cTeHa, Koropast 61aroiapst aGCoJIIOTHO YIIPYTo-
My y/lapy MeHsIeT CKOPOCTb TeJla Ha IIPOTUBOIIO-
JIOSKHYTO TTO HarpaBJieHnio. COOTBETCTBEHHO, B
3TOT MOMEHT Ha (Pa30BOIi MJIOCKOCTH TTPOMCXO-
JINT MTHOBEHHDBIN CKAYOK IO BEPTUKAJIN B TOU-
KY, CHMMETPUYHYIO OTHOCUTEJIBHO OCH abCIince
(puc.2). llokazaHHast TyHKTIPOM HA JUArpam-
Me 4acTb OKPY’KHOCTHU BBITIa/IaeT 13 TeOMeTpH-
YEeCKOTO MeCTa TOU€eK, UMEIOMINX KOOPAMHATAMU
rapaMeTpbl TPy3a B pa3Hble MOMEHTbI BDEMEHU.
B panbHeiinieM KoJie6aHUs MPOUCXOAT MO Ya-
CTH IarpaMMbl, MIOKa3aHHOM CIIJIONIHO JIMHU-
eil. BbplgesieHHble Ha PHUCYHKe lEHTpaJbHble

b
YIJIbI, OYEBM/IHO, PaBHbI §, 3HAYUT, [EPUO/]

KoJieGaHuil, TPOIOPIIHOHATBHDIN YTIIIOBOU Mepe
MPOXOANMOil yru, Oy/ieT paBeH

—%zzT =0,42 c,
2 3

rae T — TOJHBINA 11epnuo/; KosieGaHuii B OTCyT-
ctBue CcTeHbl (COOTBETCTBYIONMI TepeMene-
HUIO TOYKM (Pa3oBOW IIOCKOCTU TI0 TOJHON
OKPY’KHOCTH).

T

Puc. 2

Puc. 3

Ananornunas (asoBas uarpaMma moJyanT-
cs M B cjaydae KoJieOaHUil MaTeMaTHyecKoro
MasITHUKA, CTAJKUBAIONIErOCs YIPYro CO CTe-
HOI B O/{HO U3 TOYEK cBoell TpaekTopun. Ecimn
MaTeMaTHYeCKIii MassTHUK Pa3MECTUTDh MEXK.IY
JIByMsI YIIPYTUMU CT€HKAMHU, OTPAHNINBATOIIH-
MM ero KoJie6aHusi, Mbl OJIyYUM BbIPE3KY /IBYX
ayr u3 okpy:xkHoctn (puc.3) m cMOXKeM B 3a-
BUCUMOCTH OT YCJOBHI CHCTEMbI aHAJIOTUYHO
OIIpe/IeJIUTDb TIepuo/| KoJieOaHWil 110 YTJIOBOii
Mepe [IyT, TIOKA3aHHBbIX CILIONIHON JUHUEN.

3/1ech TOSIBJISIETCST TIOBO/J TIOTOBOPUTD O 3aBU-
CHMOCTH ¥ HE3aBUCHUMOCTH Teprojia KoaeGaHuii
OT aMIINTY/(bl. Mbl TIPUBBIKJIN OTMEYATh, YTO
1epuo/i KosteGanuii Py>KUHHOTO U MaTeMaTi-
YeCKOTO MasTHHKA B CIydae MaJbIX KOTeOaHnit
(korza n cripaseuBo ypastenue (1)) He 3aBu-
CHT OT aMIIUTYZAbBI. DTOT (PaKT cJeayeT u3 BcexX
peleHnil ypaBHEHNS TAPMOHITYECKOTO OCITUJLIISI-
TOpa ¥ JIETKO TIPOBEPSIETCS 9KCIEPUMEHTAIBHO.
O[HaKo, TP YCJIOBUU IBIKEHNS C OTPAaHIICHHU-
SMU B BHUJI€ CTEHOK WJIM WMHBIX IPENSTCTBUI
[IOJIHOE BpeMsi KoJsiebaHuii, 04eBUIHO, OyIeT 3a-
BHUCETb OT amIuTy/ibl. Hanpumep, Ha pucynke 4
IIPEJICTABJIEHO CeMeCTBO (Da30BbIX /(arpamm,
AHAJIOTMYHBIX TOKA3aHHOH Ha pucyHke 2. B
3aBUCHMOCTH OT TOTO, Ha KaKOe PacCTOSHUE TPY3
OTBeJIeH BHAYAJIE, CTOJIKHOBEHHUE C HETIO/[BIIKHOM
creHoil mpousoiier panbine wan noske (uam
BooOiie He npousoiiger). COOTBETCTBEHHO, U
rpajiycHasi Mepa Jyrd OKPY>KHOCTH, 110 KOTOPOIi
nepeMentaeTcs Touka (PasoBOil MJIOCKOCTH, MO-
JKeT ObITh Pas3nyHoil. ITOT (HPAKT MOXKET MOKa-
3aTbCS HEOXKWMJIAHHBIM, HO TIPH HEM3MEHHOCTH

(MpogonxeHme cM. Ha ¢. 34)
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B apeBHOCTH 6bBLTO MPHUHATO TPEICTABJISATD
axThI SIEMEHTAPHON TEOMETPUN B BUJIE YeP-
Texeit, 6e3 Texcra. B TakoM ke KJioue Harm-
CaHa OYeHb MOIYJIIPHAS CPEIN IIKOJbHUKOB
kHIDKKA A. AkomnsiHa «[eomerpust B KapTus-
kax» (MITHMO, 2017). Muorue mpenojgasa-
TeJIN UCIOJIb3YIOT B CBOEI MIPAKTUKE PelleHue
3a/1a4 10 TOTOBBbIM uepTeskaM. Ho HekoTopbie
YepTEKU MOKHO UHTEPIIPETHPOBATD [10-PA3HO-
My, T.e. HA OJHOM ¥ TOM K€ YepTeXke MOKHO
YVBU/IETD Pa3JNyHble (DAKTHI.

[IpuBeaeM psii MPUMEPOB, HAYaB C CAMbIX
mpocteix. O6ocHOBaHNS C(POPMYINPOBAHHBIX
(akToB B OOJILITMHCTBE CIyYaeB MOHSATHBI U3
MOMETOK Ha YepTesKax, HO HHOTA TTOTPEGYIOT
KPaTKUX KOMMEHTAPUEB.

1. a) Cpeanue MMHUN TPEYTOIbHUKA Pas3ou-
BAIOT €ro Ha YeTbIPe PABHBIX TPeyroJbHUKA,

0/IOGHBIX UCXOJHOMY C
koapdurmentom 0,3.
6) Ecau uepes kax-
Y10 BEPILIHY TPEYTOJIb-
HUKa TPOBECTH IIPSMYIO,
| : TapaJieJIbHYI0 IPOTHBO-
Jieskatneil CTopoHe, TO TOUYKH HOIapHOTO TIepe-
CevyeHws MPSIMbIX 00Pa3yIoT TPEYTOJIbHUK, T10-
JOGHBII NCXOTHOMY € KOa(P(DUITHEHTOM 2.

Takoil TpeyroJbHUK MHOT/IA HA3bIBAIOT <«Y/[BOEH-
HBIM>.

2. a) Touka H — ToYKa Hepeceyennst BbICOT
(opmoyenmp) tpeyronpanka ABC.

B 6) Touxku A, Bu C —

OPTOIEHTPBI TPEYTOJIb-

nukoB BHC, AHC n

AHB coOTBeTCTBEHHO.

Yersepky Touek A, B, C

— -1 A C u H wnaspiBaloT opro-

IIEHTPUYECKOM.

3. a) Oprouentp H oCTPOYrOJbHOTO TPey-
rosbHuKa ABC SIBJIsIeTCs TOYKOH niepecedeH st
— 6uccekrprc (IEHTPOM BIUCAHHOI OKPYIKHO-
N\ __| cmu) ero oprorpeyroabhuka A BC;.

"2l  6) Bepummnnt A, B u C 0CTPOYroIbHOTO
TPEYTOJbHUKA SBJSAIOTCS 1EHTPAMU BHEBIIH-

[ToCMOTPUM Ha YepTex
C pa3HbIX CTOPOH

CAaHHBIX OKPYIKHOCTEI JIJIST €70 OPTOTPEYTOIb-
nuka ABC,.

PaBencrtBo yTrJa0B, KOTOpbIe 0603HaYEHbI O/IMHAaKO-
BbIMHI 6yKB3.MI/I, CJIEAYET U3 TOTr'O, YTO YETBIPEXYTOJIb-
nuxu ABA;B;, BCB,C, u CAC,A; asystioTcst Biimcan-
HbIMU. I/ICHOJIbSyeTCH TaKXe, 4To 6I/ICC6KTpI/ICbI BHYT-
PEHHETO 1 BHEIIHETO YIJIOB TPEYTOJIbHUKA IEPIIEH/N-
KYJISIDHBI.

A 4. a) Ecom P u Q —
TOYKM KaCaHWUs BHEBIIH-
CAHHOI OKPY>KHOCTH Tpe-
yroabauka ABC ¢ 1ipo-
JIOJIKEHUAMU CTOPOH AB
n AC, 1o orpesku AP u
AQ paBHBI TOJIyTIEpU-
METpPy TPeyTOJbHUKA
ABC.

6) Iycte P u Q —
TOYKM KaCaHWS OKPYK-
HOCTH, BIIMCAHHOH B yTOJ C BepmnHON A,
TOT/Ia TIEPUMETP TPEYTOJIbHUKA, OTCEKAEMOT0O
OT yIJia KacaTeJbHON K OKPY>KHOCTH, ITPOXO-
el Mexy toukamu A u P, He 3aBUCHUT OT
BbI6OpA KACATEJIbHOI.

[[JIH Z10Ka3aTeJbCTBa UCIOJIb3YETCA PaBEHCTBO OT-
PE3KOB KacaTeJbHbIX, MPOBEEHHBIX K OKPYKHOCTH
13 O/IHOU TOYKH.

5. a) Toukn mepeceyeHns: MPOIOJKEHHIT
6uccexrpuc rpeyrombanka ABC ¢ ero onmcan-
HOT OKPY>KHOCTBIO SIBJISTIOTCS BEPIITHAMH Tpe-
yronpuuka A;B,C;, B koropoM npsimble AjA,
BB u C,C coaep>kaT BbICOTbL.

6) Toukn nepeceveHus IMPOIOJIKEHHI BbICOT
ocTpoyroJibHoro Tpeyrosibuuka A BC; ¢ ero
OIIICAHHOH OKPY>KHOCTBIO SIBJISIIOTCS] BEPIINHA-
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mu tpeyrosbiuka ABC, B kotopoM Jsyun AA;,
BB, u CC aBsi1oTcst GUCCEKTPUCaMU YIJIOB.

ﬂJIH 060CHOBAHYS HNCIIOJIb3YE€TCA PABEHCTBO BIIN-
CaHHbIX YIJIOB, OIMPAIOLUXCA HA OAHY U TY XKe AyTY,
a Tak)ke TeopeMa O CyMMe YIJIOB TpeyrojbHuka. M3
chOpMyTUPOBAHHBIX YTBEPIKAEHUIT CIIE/IYET, 4TO IIEHTP
BIMCAHHON OKpy:KHOCTH (MHIEHTP) TpeyroJbHUKa
ABC coBmajiaet ¢ OpTolleH-

tpom tpeyrosibiuka A4 B,C.  H D G
6. a) [IpamMoyroabpHuK

EFGH, orcaHHblii OKO- ¢

g0 kBajgpara ABCD, O

ABJIAETCS KBAJPaToM C 4
TeM Ke 1meHTpoM O.

6) Buccexrtpuca nps- g B F
Moro yrjia E TpeyroJib-
nuka ABE npoxoaut yepe3 nentp O KBajipaTa,
MIOCTPOEHHOTO Ha TUrnotenyse AB.

VTBepikenue a) cJeiyer, HApUMeEp, U3 paBeH-
CTBa IIPAMOYIOJIbHBIX TPEYTrOJIbHUKOB, a YTBEpXK/Ie-
Hue 6) — €ro cJje/cTBue I10cjae COOTBETCTBYIOUIErO
JIOIIOJIHUTEJIbHOI'O TTOCTPOCHUSA.

7. a) Ksagparst ABCD u BEFH onuHako-
BO OPHEHTHPOBAHBI U

PaCIOJIOXKEHBI TAK, YTO ¢
Touka H JIeKUT Ha OT- 4 £
peske BC. Torma ot-

pesku AH u CE paBHbl

W TepreHguKyaspabl. A B E

6) Muaronaym AH u CE HeBBIIYKJIOTO YeThi-
pexyrosbauka ACHE, B kotopom yribl A, C n
E paBsbI 110 45°, paBHBI 1 TIEPIEH/IUKYISIPHDI.

O6a dakra MOXKHO TIOJYIUTH ITOBOPOTOM C IIE€HT-
pom B Ha 90°. Ormernm Ttakke, 4yTO TOuKa H
ABJIIETCST OPTOIleHTPOM TpeyrosbHuka ACE.

KBaapaTpl, pacioyoxeHnHble yKa3aHHbIM 06pa3oM,
MHOT/IA HAa3bIBAIOT <«CIEIJICHHDIMU» .

8. a) TeoMeTpHUYECKUM MECTOM TOYEK, Y
KOTOPBIX PA3HOCTb KBA/[PATOB PACCTOSHIIH /10

KOHIIOB OTPE3Ka II0CTO-
AHHaA, ABJIAETCA IIpAMadd,

B
HePIEH/IUKY IS PHAS 9TO- /N
My OTpPE3Ky. AW
D

6) JluaroHanau 4YeTbl-
PEXYTOJbHUKA TepIIeH-
AUKYJIAPDHDI TOTZa W TOJIbKO TOT/[Jda, KOr/a
PaBHbI CYMMbI KBa/[paTOB €ro IIpOTUBOJIEKA~
INX CTOPOH.

OGa yTBepsk/IeHus cJeyioT 13 npuHinna Kapuo,
KOTOPBII B JaHHBIX 00603HAUYCHUSX (POPMYJIUPYETCst
tak: BA® — BC*> = PA®> - PC? TOTJIa M TOJIBKO TOT-
na, korma BP 1 AC.

9. a) Boicota AH tpeyrosibiuka ABC siBiisi-
€TCs CPeJHUM rapMOHNYECKUM PA/ILy COB BHE-
BIIMCaHHDBIX Opr)KHOCTefI, Kacalunuxcda CTo-

0,
A
O,
B, B H C C,
poun AB u AC.

6) Ilyctb O, 1 O, — 1leHTPBI BHEBIUCAHHBIX
OKpy:KkHOCcTell TpeyrosabHuka ABC, kacaro-
mmxcs ctopod AC u AB cooTBeTcTBeHHO, B
un C, — TOUKU KacaHHs 3TUX OKPYKHOCTel ¢
npsamoit BC. Torpa npambie O,B, u O.C,
nepecekaroTcst Ha cepejiuHe BbicoTbl AH aToro
TPEYTOJIbHUKA.

YTBepskjienue a) cJaeAyer U3 NenOYKUu PaBHOCHIIb-
HBIX PABEHCTB, U3 KOTOPLIX MOCJEAHEe OYEBU/HO:

U 2 112§
/1(1:7' S —8=—t— — =
n+r, h, n 7, hy,
:£+£<:>a:p—b+p—c<:>2p=a+b+0.
", ©

Vreepsk/enue 6) MOKHO TOIYYUTb KK CJEACTBHE a),
ecJim ucnosb3osath, uto B tpanennu O,CyB,O, orpe-
30K, MapaJlIebHbIil OCHOBaHUSM M IPOXOJSIIHI
4yepe3 TOYKY IEPECEUCHUs [MaroHaseil, ABJseTcs
cpeannm rapmonnueckum ocuosannii O,Cy u O, B,.

Ormernm takxke, uro BBy = p— BC = CC,, 1o-
sromy BCy = CB,.

Hapeemcst, uto unraresn HalljlyT v pyTue npume-
pbI.

Mamepuan nodzomosun A.Bbaunkoe
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(Ha4ano cm. Ha ¢ 29)

Puc. 4
00111er0 Mepro/ia CBOOOTHBIX KOTEGAHUIT CHCTEMBI
6e3 orpaHIYeHNil BpeMs TIONaIanus B GUKCUPO-
BaHHYIO TOYKY, HE COBIA/IAIONIYIO C MOJIOKEHUEM
PaBHOBeCHsI WJIM KPAaHEro OTKJIOHeHWsI, jieii-
CTBUTEJBHO OY/IET 3aBUCETb OT AMILIUTY/IbI.

3amaua 2. Mamema-
MUYeCKUll MAsimmux Ha
numu daunotl [ =50 cm
cogepwaem Koiedanus

25 cM

30° y
50 om 6 6EePMUKAJILHOU NJIOC-
5 \ Kocmu 6001 cmenwvl, 6

cM
i Komopy1o 6b6um 26030
i HA PAcCmosiHuu 25 cm om
A ! mouxku nodeeca u S5 cm
B \

! om eepmuKaiu, npPoxo-
Puc. 5 dsueti ueped mouxy noo-

seca (puc.5). Onpede-
aume nepuoo Koaedanuil MAsmHuKd, eciu om-
KJIOHEeHUe MASIMHUKA 8 CINOPOHY, NPOMUBONO-
JOKHYI0 MOt uacmu, z0e 60um 260306, NPOUC-
x00um na maxcumarvioitl yzoa 30°.
[Ipeamosarast, YT0 MasgTHUK COBEPIIAET Ma-
Jibte KosieGanust (IIPU MAKCUMAIBHOM OTKJIOHE-
Hun 30° 9TO JIOMYCTHMO), OTMETHM, YTO aMILII-
Ty/la OTKJIOHEHMSI IPY3UKa HA IIEPBOM ITaIe

JIBIDKEHUsT paBHa A = El =25cM, a koJseba-

HUS TIPOUCXO/AT € YAaCTOTOM )y = % B mo-

MEHT, KOT/]a HUTh JIOCTUTAET TBO3/s1, KOOP/UHA-
5

Ta Tpy3a paBHA Xy = gl =10 cm. Ilocse storo

JABUKEeHue COOTBeTCTByeT qacTh KoJeGanuii ¢

YaCTOTON My = \/5(1)1 CrenoBatesibHO, B

n

2021 /Ne?9

9TOT MOMEHT Be€JIMYMHa Z)/(JJ YMEHDbIIAETCA B \/§

pas, a MOJIOXKEeHNe PABHOBECHS CMEIAeTcsl B
TOYKY ¢ aGCIUCCOii 5 CM.

[TocTpoum, ¢ yueToM Bcero cKazaHHoro, da-
30BYIO JMarpaMmy, KOTOpasi OueBUAHO OyneT
COCTOATD U3 yacTell AByxX okpykuocreii (puc.6).
[lepBasi OKPY’KHOCTH MMEET IEHTP B Hadaje
KOOpJMHAT M paauyc A;, BTOpas — IIEHTP B
TOUKe ¢ KoopauHatamu (5; 0) u paamyc

° v 1 YV 1o ’
Ay=l=x | +|— | =4l=x | +=]—| =
2 , 2 2| oy
2
1 1.0 o 1. 15
=l zx; | +=(A7 =7 )=,z A ——xf =
oM 2( 1 1) 5 1
= §A1z17CM.
30

Wckomblit o6muii nieproj KoJsieGaHUil Takon
CHUCTEMBI OIIPE/IE/ISIETCS YIIOBbIMU MEPAMHU YT
OKPY>KHOCTEI, KOTOpPbIE MMOKa3aHbl Ha (a3oBoil
JrarpamMMe CILJIONTHOHN JIMHUEN

2n -2 20- .
T:—(mTi"'&TZ:Ti_&Ti +&T2,
21 21 T n
X4 Xy
¢ = arccos— 0y = arccos—,
T = 271;’ T2—2n}— =1,32c.
T
(6]
. =
1 A 7]
1 )
T
!
/. [/
1
s / \
Qe @
1 \
251290 15210 =5 \ 1 25
I\ \ ]
\ =
\ \
1) \| \
R
— S Y
= )()
- e ? L i

Puc. 6
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Puc. 7

Yacto BCTpEYaeTCA 6oJee IIPpOCTasdA BEpPCHUA
TaKoit 3a/la4M, KOorJa r'res03/lb pacCIiojiara€TcAa Ha

OJTHOI BEpPTUKAJIN € TOYKOH TofBeca. SIcHo, 94To
1 1
B 9TOM CJiy4ae Iepuoj| paseH T = 57“1 + §T2, a
dazoBas auarpaMMa He OKa3bIBaeTCsl HEOGXO-
JIUMOIT, TaK KaK MPEeCTaBIsIET COOOM TPUBUAJIb-
HBIIT YepTeX — JIBe TIOJYOKPY>KHOCTU € O6GIIUM
LEHTPOM, HO pasHbiMu paguycamu (puc.7).
3amaua 3. I'pys maccoi m nadaem Ge3
HAUAILHOU CKOpOCMU ¢ 8vicomyl h na uwawxy
NPYKUHHBIX B€CO8, KOMOPAs 6 HAUAALHBIL
momenm epemenu 6oiia nenodeusxna (puc.8).
sKecmrocmv npyxunuvt k,
macca wawxu M. Onpede-
aume amMnaumyoy 603Hu-
raowux xoarebanut. Cuu-
matime, umo yoap zpy3a o
uawxy neynpyeuii u nocae
CMOAKHOBENHUS YAWKA C
Zpy3om deuxymcs Kax M
edunoe yenoe, HO Zpy3 He
npuaunaem k yawxe. Ilpu
KaKou Hauaiwnol svicome h Mmoxem npousoii-
mu ompul8 2pY3a OM UAWKU 8 GePXHel MouKe
Koaebanuii?

Q

Puc. 8

Cepusi Takux 3aiau TPAJAUIIMOHHO BCTpeYa-
€TCs IPH PACCMOTPEHUN MEXAHUYECKUX KOJIe-
Ganmii B pasHbpIX nocobusx. Yamie Bcero
IpejsaraeTcs sHepreTHYecKuil crocob pelie-
nus. Hesb3s He IpuBecTH ero 37iechb JJIs TOTO,
4TOOBI TOKA3aTh PA3HUILY B CDABHEHUHU C BapHU-
AHTOM peHIeHHSA ¢ TOMOMbIo ($Ha30oBoi aua-
rpaMMBbl.

[lepe CTOIKHOBEHUEM C YATITKOU IPY3 HMeeT
CKOPOCTD, OIIpE/Ie/IIeMYI0 3aKOHOM COXpaHe-

DODAKYJIbBTATHUB 35

HUA 9HEPTUM [JId dTalla €ro CBOéOIIHOI‘O JIBU-

SKEHHsI: 5
mgh = %, v =+/2gh.

ITo 3axkoHy coxpaHeHus! NMILyIbca TI0CIe yaapa
Yarika ¢ Tpy3oM Oy/IyT IMeTb IPYTyI0 CKOPOCTD:

m
m1’2gh

3anmieM 3aKOH COXPAHEHMs SHEPIUH /IS JTara
HOCTIE/IYIOMIEr0 JIBIDKEHNUST YallKi € TPY30M JI0
MOMEHTa MAKCUMAIBLHOTO PACTSDKCHIS MPY>KUHBL

(m+M)ov; . kA
2 2
 R(Axy + Ax)’
Sl —
rae Ax, — HavyajabHad AedopMalys IPY>KUHDI,
KOTOpasi yJICPKUBAET YKy, a Ax — CMeTeHIe
YaIllK{ € TPY30M JI0 MOMEHTa MaKCHMAJIbHOTO
pactsokenus. O6o3HaunM Ax; — aedopMaIio
IPY>KUHBI, COOTBETCTBYIONIYI0O HOBOMY IOJIO-
JKEHUIO PaBHOBeCUS IIPYXKUHBI C TPY30M.
(m+M)g
T

ncKomasi aMmnantyaa kojebanuii A = Ax -

mo; = (m+M)ovy, n vy =

(m+ M)gAx +

OueBnano, 410 Axy = J\Zg Ax, =

—(Ax; - Axy). Pemenue ypaBHEHHS OT-
HOCHUTEJIbHO AX NPUBOAUT K CJELYIOIeMY:
2 2
(m+M)gAx + 2m gh +kAx0:
2(m+M) 2
k(A
RO a4 B x)
m gh

k(AxY
mgAx+MgAx+ v, —MgAx+%,

k(Ax)2 — maAx — m?*gh _

A
2 g M
Ax =19 479 2kl
k k (m+M)g
mg 2kh
A=Ax—(Ax, —Axy) =29 1+ 222
* = (A - %) k +(m+M)g'

OTBeT Ha BOIIPOC O TOM, TIPU KaKUX YCJIOBHIX
IPY3 CMOKET OTPbIBATHCS OT YAlllKU B BepXHeil
ToUKe, Tpe6yeT OIpe/ie/IeHNs] yCKOPEHUs CHCTe-
MbI B BEDXHEM II0JIO)KEHUU U CPABHEHUSA €TI0 C
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g. Ho npexze, yeM paccMaTpuBarth 3Ty 4acTb
3aJa4d, JaBaiiTe OIEHHM KPacoTy U PaIHo-
HAJbHOCTb BapHaHTa PeNIeHUs] € TOMOIIbIO
dazoBoii quarpaMmbi.

Haiitn CKOpOCTb YalIK# € TPYy30OM MOCJTE
ylIapa, eCTeCTBEHHO, BCE PABHO MPUIETCS:

m

vy = ———[2¢h.
m+ M

A TaksKe cJe/lyeTr yKazaTb Ha OTJIHYHE KOOPJIU-

HATBI YalllKK ¢ IPY30M B MOMEHT y/apa OT ee

HOBOTO TTOJIOKEHUSI PABHOBECHS:

Mg (m+M)g

= _’ Ax1 -
k k

OnpesielMB HAIIpaBJIeHHe OCH X BHU3 U 3a

HauaJIo OTcueTa BbIGPaB HOBYIO TOUKY PaBHOBE-

cusl, MOYKEM CKa3aTh, 4TO IOCTPOEHHE JarpaM-

MBI JIOJDKHO HAUMHATLCA M3 TOUKH C KOOPJU-

mg o , k
HaTaM#u ——g; =2 , e =, |[——. OTcioza ¢
ko m+ M

oueBUAHOCTBIO creayer (puc.9), 4ro uckomas
aMILJITY/Ia — PAJIYC OKPY’KHOCTH Ha (ha30Boii
IJIOCKOCTH — PACCUNTHIBAETCS] HA OCHOBAHUHU
teopembl [Indaropa:

m

mg 2kh
mg gy =R
k (m+M)g

Yuraresib, HaBEPHOE, COIJIACUTCS, YTO T€O-
MeTpHUYeCKOe MOCTPOEHUE B JIAHHOM CJlydae
CYIIECTBEHHO JIerdye, 4eM OlleHKa dHepreThyec-
KUX TapaMeTpoB CHCTEMbI. 3aMeTHM, YTO B
paMKax 3HEPreTUYecKOro MOAX0/1a K OIICAHUIO
moI06HOI cucTeMbl MOXKHO ObLI0 ObI HE pac-

T7

=t
ma;

Puc. 9

2021 /Ne?9

CManI/IBaTb OT/[eJIbHbIEC TTOTECHIINAaJIbHbIC 3Hep—

' 3JIEMEHTOB CUCTEMDbI, a 3alluCaTb €€ B I1€JIOM

KaK BeJMYNHY, MPOTIOPIMOHATIBHYIO KBAJPaTy

OTKJIOHEHHSI OT HOBOI'O IIOJIOKEHUA paBHOBe-

k(Ax, - Axg)’
2

JaTbHON KMHETUYECKON aHeprHeli, MPIPaBHATD

cug . 3areM, cyMMupys ¢ Ha-

K KOHEUYHOU TOTeHIIHATbHOI T n TEM CaMbIM

060lTH yKasaHHOE BbIllle 0ObEMHOE KBAJ[Part-
Hoe ypaBHeHne. OJIHAKO TIPaKTHKA TTOKA3bIBa-
€T, 4TO NMOoJI06GHOE YIIPOIIEHHE TTIOPOii BbI3bIBAET
y HIKOJIbHUKOB CJIOXKHOCTH B OHUMAHUNU, CBS-
3aHHbIC C JKeJaHHEM BCE PaBHO YUYHUTLIBATb
U3MEHEeHHe TPAaBUTAIMOHHON IIOTEeHIUaIbHOI
9HEPruH, Yero jieJaThb B TAKOM CJIydae He HaJ[0.
IToctpoennas asosas auarpaMMa, Kak Mbl
moJlaraeM, UCKJIIOUaeT HeOAHO3HAYHOCTD B TOJI-
KOBAHMU TIOTEHI[UAIbHON SHEPrUM W COIYT-
CTBYIOIIME 9TOMY TIPOGJIEMBI.

Bobicota £, npu KOTOPOW MOXKET HACTYIHTb
OTPBIB Tpy3UKa OT Yalllk B BepxHeil Touke,
OUYEBU/IHO, OIIpe/leJiAeTcs yCJAOBUEM TOrO, YTO
YCKOpPEHHE CUCTeMbl B BepXHeil TouKe IpeBoc-
XOJUT g:

a=A0?="9 |1+ 2kh k >gq,
k (m+M)gm+M
hZMg(m+M)(2m+M)‘
2mk?

WurepecHo, 4To ¢ TOMONIBIO (PA30BBIX Har-
PaMM JIETKO OIICATh MOBe/IEHHE MeXaHUYeCKOi
CHCTeMbl B CJIydae 3aTyXaHUs ee KoJeOGaHWi
IO/ IEWCTBUEM CHJI TPEHHUSI.

3agava 4. Ha zo0pusonmanvroll nogepxnoc-
mu aexum epy3ux maccoi m=1 xe, coedunen-
HbIL ¢ HENOOBUKHOU GEPMUKAILHOU CMEHOU
20PUSOHMATILHOU HEBECOMOU NPYKUHOU JKECT-
xocmuvio k=10 H/m (puc.10). Koahdpuuuenm
mpenus Mex0y epy3uKoM U NOGEPXHOCILIO
w=0,1. Ipyxuna ne decpopmuposana. I'pysu-
Ky coobwarm nauaivhyo ckopocms 1,5 m/c.
Ouenume epems, KOMoOPoe 3AHAL NPOUELCC KOJie-
banuii om navaia
dsusxenus epy3u-

o UO
Ka 00 NOJMHOU €20
0CMAHOBKU. i
OcHoBHoI1 (hak- wng 0 pmg «x

TOp, ONPEACHSIO-  Puc 10 k
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muit Buj pa3oBoil [uarpaMMbl B JAHHOM CJIy-
yae, — HaJM4ne Tak Ha3bIBAE€MOI 30HDI 3aCTOS

_kmg . pmng

Rk

mast CUJIa YIpyrocTy MeHbllle MaKCHMaJbHOM
CHIJIBI TpeHud mokod. Ecsin rpy3 nomajaer B aTy
30HY C HYJIEBOH CKOPOCTBIO, TO BO3MOKHOCTEIH
JUIST TIPEOJIOJIEHUST ee y HEro He OCTaHeTcs |
KoJ1e6aHUST IPEKPATSITCS.

[Lns TocTpoeH s COOTBETCTRYIOMIEH ha3oBoit
JIMarpaMMBbl 3aIUIIeM YpaBHEHIE TapMOHIYeC-
KOT'0 OCLUJLIATOPA € y4eTOM CUJIbl Tpenus. [Ipu
JIBIDKEHUM T'Py3a BIPAaBO CuJa TpeHust Oyjer
HaIlpaJieHa POTUBOIIOJIOKHO OCH X!

, B TIpe/ieJIax KOTOPO BO3HUKAIO-

» R
X"+ —x+png =0,
m

x"+£ o+ 2 .

m
Torja pelienueM sBJISETCs, 0YeBUAHO, (DYHK-
st

m )

x = —Lkg + Asin (ot + ¢).

ITo0 o3Hayaer, 4ro Ayra okpyxkuoctm CE
(puc.11), xapakrepusyolas aTal JABUKeHUs B
HalpaBJeHny OCH X, GyIeT MOCTPOEHA C TEHT-

poMm B Touke A —M%; 0 |. Pagmyc aToil OK-

PYKHOCTH paBE€H

oA
=)
Q

2L

N

|
|
|
1
|
|
|
|
|
|
Gres

)

=
N
°r
{Ss)

Puc. 11

B MomenT momasanus rpysa B Touky E daszo-
BOM amarpaMmpl (TOUKa KpailHero mpaBoro oT-
KJIOHEHUSI OT TOJIOKEHUSI PABHOBECHSI) MEHsI-
I0TCST HAIIPpaBJIEHNE CUJIbI TPEHUS M 3HAKU TIepe/]
cJlaraeMbIMU, ee XapaKTepU3yIoIMMUI, B COOT-
BETCTBYIOIUX YPAaBHEHUAX:

2"+ —x—-ug =0,
m

x”+£(x—wj=0,
m k

_umyg
k

x + Asin (ot + @)

[yraokpyskHoctu ED, XapaKkTepu3ayIoIas aTarl
JIBIDKEHUST B HAITPABJIEHUH, TPOTHBOIIOJIOXKHOM
ocu x, OyzleT MOCTPOEHA C IIEHTPOM B TOYKE

B “%; 0 |. Pagnyc aT0if OKpY>KHOCTU paBeH

Ay = A =2 “%.

[Tocne aroro Bce moBTOpsiercs. LleHTp OK-
PYKHOCTH IOCTOSTHHO TepeMeIaeTcs] MesK/Ly
KPasiMi 30HBI 3aCTOsI, aMIJINTY/1a KasK/Iblil pa3
COKpAIaeTcs Ha MMIPUHY 30HbI 3aCTOSI, & KOJIU-
YeCTBO BUTKOB IIOJIyUaloelicsl CIpaJIi olpe-
JIeJIIeTCST HAuaMbHBIM 3amacoM sHepruu (T.e.
pazuycoM nepsoii ayru). B Hamem cayuae
CIIUPAJIb COCTOUT U3 TPeX ceKiii (B yeM unta-
TeJIb MOXKeT yOe[inTbCsl, IPOBe/I COOTBETCTBY-
forie  pacyeTsr). Ilocse TONaaHusT B 30HY
3actos (Touka F) ¢ HyJIEBOI CKOPOCTHIO TEJIO HE
CMOXKET BBINTH 3a ee npesespl. Ob6iee Bpems
JIBIDKEHNST CKJIa/IbIBAeTCs M3 4acTell Iepuo-
JIOB, OTIPEJIeISIeMbIX YIJIOBBIMH MePaMi COOT-
BETCTBYIOINX [IYT:

t=2rilry iy

2n 2 2
(p—arcth T—2nﬁt~44c
“,mg/k ) ky =™ .

Takoro poja 3ajlaufl 4acTo BCTPEYAIOTCS B
OJIMMITHA/IaX PA3HOTO YPOBH:. B kadectse npu-
Mepa PACcCMOTPHM aJbTEPHATHBHOE aBTOPCKO-
My pelneHune 3aa4u (pruHaa 0JNMINa/b! « Dus-
tex» (10 kmace, 2017 r.).

3amaua 5. Ha naxionenHou nod yziom o
(cosa = 3/4) k zopusonmy nosepxnocmu Je-
JKUm 6pycox, npukpeniennvlii K ynpyeotl nege-
COMOU U OOCMAMOUHO OJUHHOU NPYKUHE
(puc.12). Koagppuyuenm mpenus 6pycka o
nosepxnocmo U = 1/6. Bpycox omxaonsiom enus
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45

a /

Puc. 12

6800.1b noeepxrHocmu na paccmosnue $

Ay =35 cmom mouxu 0, coomeememey- —35 —

10uell NOL0KENUI0 PAsHOBecUst OpYcKd

npu omcymcmeuu mpeHus. 3amem

6pyCOK omnyckamom, u HAUYUHAIOMCA

samyxaiowue xonrebanus. Ecau 6py-

Gt

COK noodsecumn 1a Mot npy.xxumne, mo

ona yoaunsemcs Ha Xy =32 cM.

=)

1) Ha xaxom paccmosimuu om mouxu

0 oxaxemcs 6pycox npu nepeoit ocma-
Hogxe?

2) Ha waxom paccmosnuu om mouku 0
OPYCOK 0CMAHOBUMCSL OKOHUAMENLHO?

Puc. 13

ABTODCKWIT BAPUAHT PENIeHNS TPETI0araeT
obpallleHie K 3aKOHY COXPAaHEHUs SHEPruu.
Opnnaxo daszoBas quarpamMma 3/1eCb, Kak U BO
MHOTHX TOJO0HBIX CUTYAIUsIX, gaet 6oJiee pa-
[IMOHAJIbHBI BApUAHT peNIeHusi. Y YUTbIBast
Mpe/ICTaBJICHHDbIE B 3aJaue 4 paccy:KAeHUs O
BH/Ie YPABHEHWS TAPMOHNYECKOTO OCIIHJIJISTO-
pa M CMeIIeHHN TIeHTpa OKPYKHOCTEH IIpH
MMOCTPOEHUH JUATPAMMBI, MbI MOKEM OTpaHU-
YUTHCS TOJBKO OIIEHKOW CaMOil MHUPUHBI 30HbBI
3aCTOSI IS TOTO, 4TOOBI MOCTPOUTH COOTBET-
CTBYIOIIYIO cucteMe pazoByio auarpammy. Kak
U B TIPEJbIYTICH 3a1a4ue, oHa Oy /IeT UMETh BUJT
CcBOpavmBaloIieiicss cnupaan. /s mocTpoeHns
JINAarpaMMbl, OYEBW/IHO, CJEYET OIPEJeTUTH
30HY 3aCTOS, HAYAJBHYIO aMILIUTY/y U TOCJTe
3JIEMEHTAPHBIX PACYETOB OLEHUTb KOJUYECTBO
BETBEN CIUpAJIH.

B mosoxxenwm HyJsig BoIOpaHHON ocu 6PyCcoK
HaXO/UTCS B PAaBHOBECHH TIPH OTCYTCTBUU Tpe-
HUg. 3HAYUT, PACTSIKEHUE TPYKUHBI B 9TOT
MOMEHT PaBHO
mg sin o

P
3oma 3actost (—xy; &y), B Ipefesax KOTOPOIf
BO3HUKAIONAs CHJIA YIPYTOCTH HE MOXKET Tpe-
O/I0JIETD PABHOMEWCTBYIONIYIO CHUJIBI TPEHUS
TTOKOST ¥ KOMITOHEHTY CHJIbI TSIZKECTH, OTIpe/ie-
JISIETCSl UCXOJisl M3 YCJIOBHIT PABHOBECUSI B ee

Alo =

KpallHUX TOYKaX:
k(Aly + x;) = mgsin o, + umg cos o,
k(Aly = x;) = mgsin oL — wmg cos o.
C yuerom 3HaueHUSA Al MOTydIUM

_ umg cos o
7

[To ycuoBuio 6PycOK, MOJABENICHHDBIII HA TPY-
JKIHE BEPTUKAJIBHO, YJIMHSET ee Ha Xy = 32 CM,
3HAUUT, X = ¥, COSOL = 4 CM, a TITIPUHA 30HBI
3actost 2x; =8 cM. Torma oTBeT Ha TEPBBLIi
BOITPOC HAXOJUTCSI CPasdy:

Ay = Ay —2x, =27 cm.

A nuarpaMma KoJeGaHusT SBJISETCS CIUPATBIO
u3 tpex BuTKOB (puc.13). B touke D (koopau-
Hata 27 cM) GPYCOK BIEPBbIE TIOBOPAYMBACT U
HAYMHAET JIBUKEHWE BHU3, JIOXOIUT JI0 TOYKH C
koopiunaroii —(27 - 2x;) =—-19 cM, eme pa3s
MOBOpaYMBaeT M JBUKETCS BBEPX B TOUKY C
koopauHaroit 19 —2x; =11cm, a mocaexnuii
pa3 Ha IyTH BHU3 MOMAAET B TOUKY ¢ KOOP/U-
Haroii — (11— 2x;) = =3 cM, r/ie u OCTaHaB/IHBA-
ercst, TaK KaK TOYKA JIEKHUT B 30HE 3aCTOSI.

Xy

[MogBoast wuror, chOpMyaIupyeM aJIrOPUTM
npuMenenust Meto/ia (ha3oBbIX JAUATPAMM:

1) ec/iu ypaBHEHUE 3aBUCUMOCTH KOOPAUHAT
¢a30Boil MJIOCKOCTH HE OYEBHIHO Cpasy, €ro
HEeOOXOIUMO TOJYYUTb, YTOOBI OIPENETUTH
BJINSTHUE BHEIIHUX CUJI, YBEJIUYUBAIOIUX WJIH
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YMEHBIIAIONINX aMIIIHTYLy KoJeGaHui Ha KaK-
JTOM TIIare;

2) ompefequTh HAYATBHYIO TOUKY TOCTPOE-
HUS InarpaMMbl U ee IEeHTp;

3) MOCTPOUTH AUArPaMMy B BUJIE JIyT OKPYK-
HOCTEll MM CIHMpaJIy;

4) cjietaTb HeoGXOIMMbIE BBIBOJIBI O BPEMEH-
HBIX TN TIPOCTPAHCTBEHHDBIX MapaMETPax CHC-
TeMbI Ha OCHOBAHUH BU/Ia [HATPAMMBbI U TeOMeT-
PUUYECKHMX COOTHOIIEHUN MEK/Y OT/eJIbHbIMU
ee 3JIeMEHTaMM.

JLns 3aKkpenienns HaBbIKOB MOCTPOEHUS (a-
30BbIX JUarpaMM IIpe/ijaaraeM 4uTaTe/io cCaMo-
CTOSITEJIbHO PEIINTh HECKOJIbKO 3a/1a, aHaJIo-
TMYHBIX PACCMOTPEHHBIM BBIIIIE.

YnpaxHeHus

1. I[Tocrpoiite cemeiicTBO (ha30BbIX [HATPAMM [IJIS
Kose6aHuil TPy3a Maccoil m, BUCSIIET0 Ha YIPYTOM
PE3UHOBOM IIHYpe ¢ KOA(PHUIIMEHTOM YIIPYTOCTH k.
OrmpeziesuTe BU ANArpaMMbl 1 06J1aCTh €€ PacIoJsio-
JKEHUsT B 3aBHCHMOCTH OT 3HAUeHUs] HadaJabHOTO
pacCTOSIHUSI, HA KOTOPOE OTBOJAT TPY3 BHU3 IS
Havasa KoseGaHuil.

2. I'pys Maccoil m HaXOANTCS B COCTOSTHUH PaBHO-
Becusl Ha BEePTUKAJIbHON IIPYXKUHE JKECTKOCTBIO K,
IIPUKpeIIeHHON K morosky. CHu3y K rpysy npu-
KpeTlJieHa TaKas JKe HeBecoMasl MPY>KMHA, HIDKHUI
KOHEIl KOTOPOIl PacroJioXkeH Ha paccrosiuun L oT
nosa (L > mg/k). CBepxy Ha IDy3 MasTHHKA [1/[aeT
KOJIBIIO Maccoit m ¢ BbicoTel H. Iloctpoiite (azoByio
quarpammy KosteGannii cucrembl. Onpejesnre nepu-
oJ1 kosebanuii. Kakne 3HaueHNs MOXKeT IPUHIMATD
mepro/; Kojae6aHuit B 3aBUCHMOCTH OT BBICOTBI H?
Paccmotpute Bce BO3MOKHbBIE CJIydaH.

3. Ha ropusoHTasbHOIl TTOBepXHOCTH ¢ KO3(phu-
meHToM Tpenus W = 0,1 HaxoauTcs 6pycok Maccoii
m=1 Kr, COelMHEHHbIII TOPU30HTAJIbHOI Heredop-
MUPOBAHHOI HEBECOMOII IIPY>KUHOI ¢ BepTUKAJIbHOI
crenoii. YKectkocts mpysxuuet k = 0,1 H/cm. Bpycok
cMecTHJIN Ha paccTosHue [ = 58,5 €M OT M0JI0KeHUsT
He/1epOPMHIPOBAHHOTO COCTOSTHUS IPY>KUHBI U OTITY-
cTumm 6e3 HavaabHOH ckopoctn. Omnpejennte Bpe-
M$I, B TedeHHe KOTOPOro OPycOK Gy[IeT COBepIaTh
3aryxarolye KoJae6aHus, 1 PacCTOsTHIE, Ha KOTOPOM

OH OCTAHOBUTCS OT IIOJIOXKEHUS PAaBHOBECHUS.

4. Tpys maccoit m naaer 6e3 Ha4aJIbHOI CKOPOCTH
C BBICOTBI /1 HA YaIIKy MPYKMHHBIX BECOB, KOTOPasi
B HAvyaJbHBII MOMEHT BpPEeMEHHN OblJa HETO/BIKHA
(cem. puc.8). JKecTkocTb NPy KUHBI &, Macca JairKu
HUYTOKHO Masia. OnpenennTe aMIIUTY/y BO3HUKA-
fonux KoJsiebaumii. Cumraiite, 4Tto yzap rpysa o
YaIiky HeYIpyruil ¥ Mocje CTOJTKHOBEHUS YalllKka C
IPY30M JIBIZKYTCSI KaK eIHHOE IeJI0e.

5. Kycouex mactmimHa Maccoil m 3amycKaioT
BBEPX CO CKOPOCTBIO ¥y. Ha BbIcOTE /2 OT TOUYKHM
6pOCKa OH CTAJTKUBAETCS C 3aKPEIJIEHHOI Ha BepTH-
KaJIbHOI TIPYsKHUHE MIaTOopMOii, KoTopasi B Hayab-
HBIIT MOMEHT BpeMeHH Gblia HEMOIBIKHA, T TIPUJIH-
nmaet K Heil. KecrkocTh mpykuHbl k, Macca IiaT-
¢opmpr M. OmnpegennTe aMILTATY/Y BO3HUKAIONINX
KOJTeGAHMI.

6. MaremMaTuuecKnil MagTHUK Ha HUTU JJIAHON
[=40 cM coBepiaer KoJIeGaHUST B BEPTHKAJIBHOMN
MJIOCKOCTH BAOJb CTeHBI. Ilo TOUKOil mojBeca Ha
paccrostnun Al =30 cm ot Hee B6UT rBo3/b. Ompe-
JlenTe Tepuoj KoeGaHnii MasTHUKA.

7. MaremMaTnyecKuil MasgTHUK Ha HUTH JIJIMHON [
coBepIIaeT KoJeOaHusi B BEPTHKAIbHOU TIIOCKOCTH
B/I0JIb CTEHBI, B KOTOPYIO BOUT TBO3/Ib HA PACCTOSTHUI
Al OT TOUKM TIOJIBECA U AX OT BEPTHKAJIM, TIPOXOJIS-
meit yepesd Touky moaseca. Ortpenesnute MepuO
KoJIe6aHUIT MasITHUKA, €CJIM OTKJOHEHIE MasTHIUKA B
CTOPOHY, TPOTHBOIOJIOKHYIO TOH 4acTu, rje BOUT
I'BO3/Ib, MPOMCXOJUT HA MAKCHMAJbHBI yroa @ .
Cunraiite Koe6aHNS MAJBIMH.

8 (punan omummuazsr «®Dusrex», 10 wiacc,
2017 r.). Hanaksonennoii oz yruom o (cos o = 3/4)
K TOPH30HTY TIOBEPXHOCTH JIEXKUT GPYCOK, TIPUKPETI-
JIEHHBIIT K YIPYTOil HEBECOMOIT 1 JOCTATOYHO JIJINH-
Hoii npyskuHe (em.puc.12). Koaddunment tperus
6pycKa o ToBepXHOCTb U = 2/7. BpyCcoK OTKJIOHAIOT
BHU3 BJIOJIb TOBEPXHOCTH Ha paccrosiame Ay =41 cm
ot Touk# (), COOTBETCTBYIOMIEH MOJIOKEHUIO PABHOBE-
cust 6pycKa IpH OTCYTCTBHU TpeHus. 3areM GPYyCOK
OTIYCKAIOT, 1 HAYMHAIOTCS 3aTyXalolue KoaeOanns.
Ecnu 6pycok monBecuTh Ha 3TOil TPYKUHE, TO OHA
VAJUHSAETCS Ha Xy =28 cM.

1) Ha xaxom paccrosunn ot touku () OKaKercst
OpYCOK TIpU TIEPBON OCTaHOBKe?

2) B kaxoii Touke GPyCOK OCTAaHOBHTCS OKOHYA-
TEJbHO?

7
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MATEMATHUYECKHUHN KPYXOK

ANenbCnHbI,
KaHan3aLUMOHHbIe
TIOKM
N pa3pesaHue
ONMMHHOIO
NPAMOYTroNbHKKa

A. AKOIIH

K 1npasgHuuHoMy CTOJY aleJbCHHbI 4acTo
pexyT KpyribiMu gosabkamu (puc.1). O6braHO
BCE JI0JIBKN UMEIOT OJIMHAKOBYIO TOJIINHY, HO
3a/lyMbIBAJIICH JU Bbl, KAKWE W3 3THX JOJEK
cozepsKaT GOJIbIIE KOKYPbL: T€, KOTOPbIE OTHO-
carcs K Tol vactu, 4ro OJIMMKE K ILEHTPY
aresibCUHa, WM Te, KOTOPbIe OJMKe K Kpaio?

OKa3bIBaeTCst, YTO €CJIH J0JAbKA He ABJISETCS
IJIATKON», TO KOJIMIECTBO KOKYPBI HE 3aBU-
CUT OT TOTO, K KaKOIl 9acTH amejgbCuHa OHa
orHocuTcst (KOHEYHO, MbI CYUMTAEM AaIleJbCHH
HIapom).

Ha pucynke 2 cpesaHbl ABe J0JbKH alleb-
CHMHA OJIMHAKOBOM To/iuHbl. Kak Bbl gymaere,
Ha KaKoil u3 JI0J1eK GOJIbIlle KOXKYPbI?

Paccmorpum paspes  (cedenue) armesibCuHa
mnockoctbio. Ilyerb paauyc anenbcuna (¢ Ko-
>Kypoit) pasen R, a paauyc BHYTPEHHEH yacTi
anesiberta (anesbcuta 6e3 KOKypbl) PaBeH 7
(puc.3). Tycrb d — paccrosiHue OT IeHTpa
areJsibCHHa J10 IJI0CKOCTH pa3pesa. Haiigem 1wio-

Puc. 1
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Puc. 2

Puc. 3

Ia/1b JKEJITOTO KOJIbI[A, T.€. TOW YacTh pa3pesa,
KOTOpasi TPUHAIEXRUT Koxype. OGo3naunm
pajiycbl KPyroB B paspese areJsbcuia 1 u Ry

[Tnomaas S skeaTOTO KOJMbIA PABHSIETCS Pas-
HOCTH TLJIOIIAIeil GOJIBIIOTO U MAJEHbKOTO KPY-
roB, T.€. TI:RIZ - qu. C apyroii CTOPOHBI, TIO
reopeme Iludaropa R? =R*-d* a "=
=% —d°. TloxacraBus 5T BbIpaskeHus B (op-
MyJay g S, ToJyduM, uTo S = TE<R2 - 72),
T.€. 3aBHCUT TOJIbKO OT PAJINYCOB alebCuHA C
KOXKYPOH 1 6e3 KOXKYpbI.

W3 aroro caemyer, 4ro ecau h — TOJIIMHA
JIOJIbKI arleJIbCUHA, TO 00beM KOXKYPbl B Heii
Gynet paBeH mh (R2 —7? ) OODBICHUTD ITO MOK-
HO, HATIPUMED, C MOMOIIbIO puHIiria KaBasbe-
pu: 06bEMBI IBYX T€JI C PABHBIMHU T10 TLJIOIIA/H
CeyeHUsIMH BceX OOIINX CEKYIUX MUX IJIOCKO-
cTell, mapaJjiesIbHbIX JJAHHOMW TLIOCKOCTH, PaB-
ubl (puc.4). [leficTBUTENIbHO, 110 IIPUHIHILY
Kasasibep, 00beM KOXKYPbI B JI0JIbKE TOJIIUHBI
h Gyzer pasen o0beMy napasesnernunena (uam
MUJIMHZPA) € ILJIOMA/bI0 OCHOBAHUS Tt(R2 - rz)
U BBICOTOI /1, T.e. nh(R2 - rz)
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Puc. 4

3aMeTuM, UYTO ecJu Y alejbCHHA KOXypa
OueHb TOHKAsI, TO ee 06bEM Ha JI0JIbKe TIpuMep-
HO PaBeH TIJIOIIAN MOBEPXHOCTU KOXKYPBI Ha
JTOJTbKe, YMHOKEHHOH Ha TOJIMUHY KOXYPBI,
pasuylo R —r. Torga njomaab HOBEePXHOCTU
KOXKYPbI Ha alleJIbCUHOBOM /I0JIbKE TOJIIIHDI /2

(w)

IIPUMEPHO paBHA nhm

. YcrpemusB r K

R, MOXXHO TIpUIITH K CJIe/IyIOIIEMY Y/IMBUTEIb-

HOMY 3aKJIOYEHNIO,
JeMMoii Apxumena:

Ha3bIBa€MOMY HHOT/Ja

ITowadv nogepxnocmu KOKYpvl Ha anesv-
CUM0B0IL DONIbKE 3ABUCUM MOSLKO OM MOJULU-
HvL amott doavku h u om paduyca aneavcuna R
u pasna 2mhR.

OTMeTHM, YTO 3Ta BEJIMYNHA PABHA TIJIOMIA/N
GOKOBOIl IOBEPXHOCTH KPYTOBOTO ILIJINH/PA
BBICOTBI /2 1 pajuyca R.

Tereps JIerko YBUETD, YTO MJIOTIA/TH TOBEPX-
HOCTI BCEro anebeia pajuyca R para 4TR”.

I10 HAGIIO/ICHNE AT HAM UHTEPECHBIIT CII0-
€06 TIOCTPOUTD KapTy 3eMJ, a IMEHHO CIIpoe-
IUPOBAaTh TOYKMU Ha IMOBEPXHOCTH IUJIWH/PA,
OIIICAHHOTO OKOJIO 3€MJIH, € COOTBETCTBYIOIIN-
MU VTJIOBOI ¥ BEPTUKAJIBHON KOOPIHHATAMU
(puc.5), mocse yero u306pakeHNe Ha IUINH/I-
pe MOJKHO Pa3BepHYTD B IJIOCKYIO Kapty. Takas
IIPOEKINS Ha3bIBaeTcs npoekieil JlamGepra u

KaK pa3 Xopollla TeM, 4TO H300pa’KeHHbIC Ha
Hell OOGBEKTHI WMEIOT TLIOMIA/b, TPOTOPIINO-
HAJDBHYIO UX HACTOSAMIEH TJIONAIN.

Ha mipoekinu JlamGepra He co3/1aeTcsi TAKOTO
BU3yaJbHOrO d(deKra, Kak Ha MPHUBBIYHBIX
HaM KapTax MHUpa, Ha KOTOPBIX I'peHan/us no
pasMepy Kaskercsi GoJiblie AQPHKH, XOTS Ha
caMoM jiesie Menbllie Amxupa. /leso B ToM, 4TO
OOBIYHO TaKhe KapThl PUCYIOT C TMOMOIIBIO
npoekIyu MepKaTopa, OCHOBHOM ILTIOC KOTO-
poil — TOYHOE COXPaHEHHE YIJIOB MEXIY KpH-
BBIMH Ha MOBEPXHOCTU 3eMJIU U HA KapTe, 3TO
ObIJIO OYEHD BASKHO [IJIST MOPCKOW HABHUTAIIUH.

O[HO 13 caMbIX KPACHBBIX IIPUJIOKECHUI JIeM-
MbI Apxumesa npuaymant I'eapuk Moase B 1932
roxy. Ero teopemy MOKHO TepedopmMypo-
BaTb TaK:

Ecau vt xomume nokpvimv KaAHAIUIAUUOH-
Hbltl 0K doweuKamu max, umobvi ne ocmd-
J0CH ObIPOK, MO CYMMA WUPUH Joueuex 00IK-
Ha 6vlms He MeHvule QUAMempd camozo JIOKd
(puc.6).

Jloka3sareabcTBo. O0603HAYNM JIOIIEYKH,
YUYaCTBYIOIIME B HAllleM TOKPbITHH, 4epe3 P,
P, ..., P,, a ux mupunbt yepes fy, hy, ..., h,.
Pagnyc kaHagu3auoHHOTO JIOKa 0003HAYNM
yepe3 R.

Ay

Puc. 5
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Puc. 7

Hazcrpoum naj gokom cdepy paanyca R u
JUIST KQKJO0H JI0IedKky P, paccMOTPUM KOJIBIIO
C; Ha cepe, BEPTUKAIBHOI MPOEKIUEH KOTO-
poro sBaserca mnomeuka (puc.7). Vs meMmbr
Apxumesia cJIeyeT, 9TO II0MA/Ib 3TOTO KOJIb-
1a pasua 2n/;R. IlockoJbKy /10111e4KH TTOKPbI-
BAIOT KAHAJIU3AIMOHHDIN JIIOK, KOJEUKH T0JIK-
HBI TIOKPBIBaTh cdepy, a 3HAYHUT, UX 0O6Ias
IJIOMIA/b JI0JKHA ObITh HE MEHbINe TLIONAN
cepnr:

21 R + 21hyR + ...+ 21h,R > 4R

ITocsie coxparmenus JeBoit U MpaBoi gacTeil Ha
2nR mosyunM TpebGyeMoe HEPaBEHCTBO JIJIsS
CYMMBI [IUPHH [JIOTEYEK:

h+hy+hy+...+h,>22R.

Tenpuk Moase mpugymas aTy TeopeMmy, pe-
masi CJIeAYIONIYTo 3a/1a4y, TTOCTABJCHHYIO 3Ha-
MEHUTBIM TTOJbCKIM MaTeMaTukoM AsbdpeoMm
TapckuM: Ha Kakoe MHHHMMAJbHOE YHCJIO Yac-
Tell HaJ0 paspe3aTb JJUHHBIN M TOHEHbKUI
NPSIMOYTOJIBHUK 72X 1/7, 4TOOBI M3 HUX MOKHO
ObLIO CJOXKHUTD KBaJpar 1x1?

Uutareab cpasdy CKakeT: KOHEYHO, Ha 7
yacTeit! ITo mpasma, HO JIOKA3aThb TO He TaK-
TO npocto. VIMenHo muig atoro Moase u moHa-
nmo6unack ero teopema. OH paccysKas Tak.

[Iyctb MbI pa3pesasu NpsiMOYTOJbHUK 72 X 1/n
Ha MeHblllee YHCJIO YacTeil, cKakeM Ha R, u
CJIOXKUIN M3 HUX KBajpaT. Kakayio m3 aTnx
yacTeil MOJKHO HAKPBITh TOHEHbKOM JOIIEYKOIN
mpuHbl /7. BbIXOAUT, YTO B COBOKYIHOCTH
9TH TIOJIOCKM HAKPOIOT eIMHIYHBIA KBaJpaT, a
3HAYUT, U KPYT [uamerpa 1, BIUCAHHDII B HETO.
Ho 1o pokasanHol TeopeMe 0 KaHAJTM3aI[MOH-
HOM JIIOKe MBI 3HAeM, YTO 3TO HEBO3MOXKHO,
IIOCKOJIbKY CyMMapHas IIMPUHA JIo1eyeK Gy /er
k/n < 1. Tlpunin K TpOTHBOPEYHIO.

2021 /Ne?9

Teopema Moa3ze o JitoKe Obliia 1o3:ke 0600111e-
na T.bBanrom ma cay4ail J060TO BBIMYKJIOTO
tena (cm. crarpio A.CruBaka n M.Cmyposa
«ITokpobitre nosockamu»> B « KBanrte» Ne4, 5 3a
1998 r.). JlokasaTeabcTBo Banra ocHoBaHO Ha
coBepIeHHO Apyroii uaee. Ho 310, KOHEYHO, HE
eIMHCTBEHHOE IPIMEHEHNe JTJeMMbI APXTIMe/ia B
MaTeMaTHKe. HampmMep, ABaaaTh JeT Ha3ad
Kapoit Beszgeit 1 bo6 Kounenmn ¢ momMoribio
Hee /I0KAa3ajiu CJIEYIONIYI0 TeOPEMY:

ITycmy na naockocmu Hapuco6ano HecKoIb-
Ko xpyeos. Ecau ux cosumymy max, umo
paccmosnue Mexoy ueHmpamu xaxooi napol
YMEHLWUMCS, MO NAOUAOL UX 00BEOUHCHUS He
MOKemM Yeeauuumycs, a niowddy nepeceye-
HUsL — YMEHOULUMDCSL.

MbI He OyjieM 3/1eCh IIPUBO/IUTD JI0Ka3aTeb-
CTBO, IIOCKOJIbKY OHO 3aHSJIO Obl HECKOJBKO
CTPAHUIl M HCIIOJIb3yeT IOHATHS, BBIXO/IIIE
3a 1pe/ieJibl TeMbl 3TOM crarbu. CKajkeM JIUIIb,
4O B pagMepHocTH Tpu (U BbIIIE) aHATOTUYHOE
YTBEPIKACHUE TIPO IAPbI OCTAETCS HEJJOKA3aH-
HBIM 1 HasbiBaeTcs runorezamn Kuesepa—Ilo-
yacena (uiast o6beaunenus) u Kau—Barona
(g mepecevenns).

y[[I/IBI/ITeJIbHO, YTO CpaBHUTEJIbHO HEJaBHO, B
2006 romy, umsBecTHblit MaTematuk Bun /[le
CuJBa Haies cieayioiiee 0600IIeHIe JTeMMbL
Apxumeja:

Hycmov dana cghepa Q u kacamenvnvill k Hetl
KOHYc ¢ eepuwunoll 6 Hekomopot mouxe O.
Tozda nwbvie dse chepor ¢ uenmpom 6 O
(nepecexaiowue chepy Q) ompesaiom om xo-
Hyca u om chepul KoaeuKu 00UHAK0BOT NAOUI-
ou (puc.8).

ITa TeopeMa MpeBpaIiaeTcs B JeMMy ApXH-
Meza, ecau Touka O HaXOAUTCS Ha GECKOHEYHO-

Puc. 8
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Puc. 9

BOPATOPHUA

CTH, T.€. COOTBETCTBYIOMINI KOHYC SIBJISETCS
IUINH/POM, a ceKylue chepbl — IJIOCKOCTSI-
MU, HEepPIEHANKYISIPHBIMUA €T0 OCH.

[Ipyroii wHTepecHbII W JAaBHO WM3BECTHBII
caydait roJrydyaercs, korja touka O JIeXuT Ha
cepe Q u KacaTeNbHBI KOHYC C BEPIIUHOW B
Heil BbIposkaeTcst B mockoctb (puc.9). Tpes-
MOJIOXKUB, UTO pajyc GoJiblieil cexyieit ce-
pel paBen 7, a Memnbireit 0, mosydaeMm, 4TO
IJIONA/Ib BbICEKAEMOIl Ha Q IMaroykn paBHA
IJIONIA/IM BBICEKAEMOTO HA IIJIOCKOCTU KPyTa,
1.e. r?. Heoxuganuo 3ameuarebuas GopMy-
Jla, He TIpaBjia Ju?

«KB TA>»

Jaragka
NIOCKOro CTeksia

JLALLKUHA3U

U oH nokazan Xapbepry rpubop, 3ame-
HUBLLIMV EMY JINH3Y. D70 bbl/in 1BA CTEK/E,
CHATbIE C 4acoB uHXeHepa v Cruera.
HarosHWB nx BOAO 1 CKPEuB ux Kpas C
IOMOLLbLIO [TIWHBI, Cavpec CMuT caenasn
HACTOALLIEE 3aXUIaTeIbHOE CTEK/IO, KOTO-
POE COCPEOTOYMIIO JTY41 COSTHLA HE OXarT-
Ke Cyxoro Mxa v BOCIIAMEHMIIO ero.

Xionb BepH. TaMHCTBEHHbIV OCTPOB

MbI BUAUM MUD uepe3 OKOHHOE CTEeKJIO U Ha
BOTIPOC, MCKAXKAET JIM 5TO CTEKJO KapTHHKY,
yIBIGHEMCS M OTBETUM — KOHEYHO, HeT. A
Temepb MOCMOTPUM Ha CUTYalnio GoJTee BHIMa-
TEJbHO, HAuaB CO IIKOJBHOTO y4eOHHKA.

Bce MbI 3HaeM, uTo Takoe JimH3a. OOGDHEKTHB
(boroanmapara M MHKPOCKOIIA — 5TO JIMH3bI,
JIyTia ¥ OUKH — TOKe JIMH3bI, U [a’ke Ha IepeHeit
nanesm paguoctanmn (puc.1 u 2) Mbl BUgUM
quusbl. IIpu aTOM ofma otHOCHMTCS K Gosee
PeIKoil KaTeropuu <«acepryecKoil ONTHKI» ,
BIIPOYEM, TaKOe ObIBACT M B OUKAX — BUJIC/IN HA
pelenTax CJA0BO <I[UJAMHIP»? Y BEJINUUBATD,
YMEHBIIATh, OTAJIATD, TPHOJIMKATD, TEPEBOpa-
4pBaTh — BCE, YTO YXUTPSAETCS JeJaTh JHH3a C
n306payKeHusIMH, el yIaeTcs MOTOMY, UTO JIyd
cBeTa, POXOAAIIMI Yepes JMH3Y, ToMafaeT Ha

DOI: https://doi.org/10.4213/kvant20210907

Puc. 2

Hepe/IHIOI 1 33/IHIO ee TTOBEPXHOCTH, HAKJIO-
HEeHHbIe K OCH JIMH3DI, TTOJ] PA3HBIMU YTJIaMH —
pucynok 3, cutyanusg 1, myu 1. Kpome, pasyme-
eTcst, CJIydast, KOT/Ia JIyd IIPOXO/UT Yepes 1eHTP
JIMH3bI ¥, B TIEPBOM MPUOJIKEHNH, Na/laeT Ha
06e TOBEPXHOCTN TOJI OJMHAKOBBIMU YTJIAMU.
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Torga on He MOBOpavYMBaeTCs M, COOTBETCTBEH-
HO, He cMeraeTcs — cutyanud 1, jayq 2.

Ecmm xe y Hac He JIMH3a, a TJIOCKUH JIUCT
CTEKJIa, TO YIJIbI HaKJIOHA TTOBEPXHOCTEN K OCH
OJTMHAKOBBI ¥ TIOBOPOT JTy4a, KOTOPBII ITPONCXO-
JUT IIpX BXO/1€ U3 BO3/lyXa B CTEKJIO, B TOYHOCTN
KOMIIEHCUPYETCSI TIOBOPOTOM B IIPOTUBOIIOJIOK-
HYIO CTOPOHY TIPU BBIXO/IC — CUTYAIN 2, Jyq 3.
B pesynbrate mpu mpOXOXK/IEHUM Jyda Yepes
IJIOCKOE CTEKJIO OH TIPOCTO CMEINAeTcsl BOOK M
pasoctHO Jietut cebe asbine. Kpome, pasyme-
€rcs, CUTyaluy, KOrja OH IIa/laeT Ha II0BEepX-
HOCTb TIO HODMAaJW, T.e. TEepPHeHINKYISIPHO.
TOI‘Z[B. OH HE IMOBOPAYUBAETCA U, COOTBETCTBEH-
HO, He cMeIraeTcs — cutyarms 2, ay4 4. [Toatomy
UHOTJa TOBOPAT W IMMHUHIYT, YTO ILIOCKUI JINCT
MTPO3PAYHOTr0 MaTeprasa He U3MEHSIET TOTO, YTO

2021 /Ne?9

Mbl BuuM. [lefiCTBUTENBHO, JOCTATOUHO IIO-
CMOTPETH B OKHO, 4TOGBI B ATOM yOEIUTHCSI.

OmHaXKIbI CAYITATEN 33/[aJIi MHE BOIIPOC —
a UCKa)kaeT JiM M300paskeHue WJTIOMHUHATOP?
IIpuuem Takoii, B KOTOPOM CTEKJIO HE ILJIOCKOE,
a Boinykjaoe. I[lomyTHO 3amMeTuM, YTO TaKoe
CTEKJIO BbIZIepsKUBaeT GoJIbliiee JlaBjeHne, He-
JKEJIU TLJIOCKOE, €CJIM ATO [IABJIEHHE — C BBIMYK-
Jioit croponbl. Hanpumep, Kak B ciyyae UJIio-
muHaropa Garuckada. ITo curyauus 3, rie
MTPUXOBOM JIMHKEH MMOKA3aHO, KaK CTEKJIO Jie-
dopmupyercs pu JaBJIeHUU, U BUIHO, YTO BCE
ciaon «paboTaioT Ha cxkaTue». B oramunme ot
cutyaiuu 4, Korja Bce CJOou <«paboTaioT Ha
pactsikenues». CrekJia, Kak U MHOTHE APyTUE
MaTepHaJbl, BBIAEPIKUBAIOT «Ha CiKaTHE> GOJTh-
1€ HATPY3KH, HEXKEJN «Ha PACTSIKEHUE> .

3aMeTuM, IIpex/e BCEro, 4YTO BBITYKJbII
WJLTIOMUHATOP MOJKET ObITh YCTPOEH MO-Pa3HO-
Mmy. Ecau Tonmuna «1o pajauycys B npejgesaax
WJLTIOMUHATOPA OJIMHAKOBA, TO CaMU PAUYChI
OKAa3bIBAIOTCST PA3JUYHBIMK, UX PAa3HOCTb Kak
pa3 paBHa TOJIMHE JUH3bI. A IIEHTPBI, W3
KOTOPDIX, IPOYEPUYEHDI PAIYChI, COBIIA/IAIOT —
cutyanus 5. J[pyroii BapuaHT — pajlychl O/iu-
HaKOBbBI, HO TIPOYEPUYEHBI U3 PA3HBIX IEHTPOB —
curyarust 6. TOUKM «PaBHOTO HAaKJIOHA» d U 6
B IIEPBOM CJIydae PACIOJOKEHbI Ha OHOM
pajiyce, a BO BTOPOM — HA OJHOM U TOM K€
paccrosinuy OT ocu. PeajibHasi reoMeTpust wJi-
JIIOMUHATOPA 3aBUCHUT OT TEXHOJIOTHH U3TOTOB-
JIeHus, a TaKuX TEeXHOJOTHII HeCKoJbKo. B
YACTHOCTH, €CJIM JIUCT PA3Msryaercst u uruba-
€TCsl HA OIIPaBKe, TO 3TO CUTYaIUst 5, a eCJu
WLTIOMUHATOP MITAMITY€ETCsI, PAa3MEIIasiCh MEX-
ny nByMs hopMaMyl — IIyaHCOHOM U MAaTPUIIEN,
TO CKOpee Bcero aro curyarus 6.

O[Hako HYU B TOM, HU B JIPYTOM CJIydae Jiyd,
[IPUIIE/IINIT B TOYKY ¢, COBEPIIEHHO He 00sI3aH
nomnazath B Touky 6! Tak Gyzmer Bectu ce6s
TOJIBKO TOT JIy4, KOTOPDIil IOKA3aH HA PUCYHKE,
a I[pyrue Jy4u, IPUIIEIIIe B TOYKY d C PA3HbIX
HaIpaBjeHuit, nTpubyayT HA BTOPYIO MOBEPX-
HOCTD He B TOUKY 0, a B IPYTHe TOUKH C IPYTUMU
HakJoHaMu. VIHBIMU cJloBaMU, U30THYTBIN JIUCT
ONTHUYECKH BesieT ceGsl He KaK ILIOCKHUIL JIACT, T.€.
3aBe/IOMO ucKakaet uzobpaskenue. Ho o6brunoe
ILJIOCKOE OKOHHOE CTEKJIO, C KOTOPOTO MbI HAYa-
JIN PA3roBOpP, OHO-TO Be/lEeT ceOsi XOPOIIo?

[TocMoTpUM Ha CUTYyAIMIO TOBHUMATEIbHEE.
IIycTb y HaC ecTb TJIOCKUIT TPO3PAYHbIiL JIUCT,
[0 OJIHY CTOPOHY OT HETO, MPUYEM BILJIOTHYIO
wian 6JIM3KO0 K Hemy, Haxoautcst o6bekt OB, a
HabJI0/IeHne BEJIETCs C TIPOTUBOTIOIOMKHON CTO-
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poubl — curyanus 7. O6beKT Mbl HabJIO1aeM
GJaaroziapsi Tomy, 4to B Hami rpu6op (ruas,
(oroanmapar u ap.) nomagaer 6o coOCTBEH-
HOe U3JIydeHne o6beKra, 6o paccessHHoe UM
n3JydyeHne JIPyruX MCTOYHUKOB. To, T7e Mbl
BUINM OODBEKT, ONPEEJSeTcs] MMEHHO TUMU
JIydaMU — MO3T TIOJIy4aeT CUTHAJ OT TJia3 |
BOCCTAHABJIMBAECT XOJ Jy4yell W TOBOPHT, UTO
00BEKT HAXO/UTCS TaM, T/Ie IepeceKatoTCs Mpo-
JIOJUKEHUsT JIydeil, mpuireamux B TJa3. Bor
[OYeMy JIyIa M <yBEJIUYUBAET> — JIYUH, Y-
e oT OJIM3KO PACIIONOKEHHOTO K Hell 06bek-
Ta, PACXOMSATCS BEEPOM, a MX MPOJOJIKEHUS
nepeceKaroTcs Ha GOJIbIIeM PACCTOSTHUU OT OCH
n o6bektT OB KaxkeTcst yBesmueHHbIM. Ho 210,
KOHEYHO, TOJIbKO n300paxkenne M3 (ero emte
Ha3bIBAIOT «MHUMBIM») — CUTyalus 8.

W3 curyaruu 7 Ha pucyHke 3 SCHO, YTO JIy4u
cBeTa, ucxoime oT 00bekta GoJiee IMUPOKUM
BEEPOM, TIOCJIE TIPETOMIEHHUS B TIJIOCKOM CTEKJIE
pacxozdrcs elie Mmupe, a WX HPOJOJIKEHUS
nepecekaiorcst 6simke K Habuonaremio. [1po-
JoJoKeHust Jrydeit rpynnbl C riepecekaioTes B
Touyke C’, MPOJIOJDKEHUA JTydeil Tpynnbl B — B
Touke B’, mpoposKkenus Jydeit rpymibl A — B
touke A’. Takum o6pasom, yeM 6oJiee MIMPOKUIT
Beep Jiyueil MbI IlepexBarbiBaeM, TeM OJimxe
HaM Gy/ieT KazaTbest 00beKT. [IpaBa, ata «rymnas
Oyner caabasi, MPUYEM ILIOXAsT — TOCKOJIbKY
oHa Oyzer coOMparb Jy4yd BCEX TIPYIII, TO
nzobpaskennie Oyjer pasmbiThiM. Uem Oimxe
ria3 wi 06bekTuB poroarnmnapara 6yaeT Haxo-
JUTbCS K 00BEKTY, TeM 0oJjiee IIMPOKUl Beep

Jiydeii Mbl TiepexXBaTHM U TeM 6Jjiuke HaM Gy e
KazaTbcst 00bekT. Dddext Oyjer ocnabeBaTb
[pU yAajieHnn 00beKTa OT CTEKJA, TIOCKOIbKY
npu GPUKCUPOBAHHOM pasMepe 3pauka u306pa-
JKEHHe 1aJIeKoro o0bekTa hopmupyercs: GoJiee
Y3KUM ITyYKOM JIyuei.

Ha pucynxe 4 mokasan peaJbHBIN dKCIepH-
MEHT — uepHasi JinHeiika QororpadupoBaiach
npu pHOJMKEHUN aliiapaTta K 00beKTy ¢ pac-
crostauii ot 25 ¢M 10 0,5 cM depes cJioii BOBI
(koadppunuent npesomsenus 1,33, Tomuna 4
cM) m uepes ciaoi crekaa (koapduument mpe-
gomaenusa 1,5, tommmHa 4,5 cM). Mbl BUIUM,
YTO JMHeNKa, BUANMAS Yepe3 BO3IyX, OT Kajpa
K KaJpy B OGOUX CJyYasX KaKeTcs Ipe —
MOTOMY, YTO OHa paccMaTpuBaeTcs goToamnmapa-
TOM C BCe MeHbIIero paccrosinust. JInHeiika,
BUIMMAsl yepe3 BOJY WJIM 4Yepe3 CTEeKJO, ecTe-
CTBEHHO, TOYKE YBEJNUYNBAETCS, HO OHA YBEJNYN-
Baercs cuabhee. [Ipuuem aud crexia (BBepxy)
adpexr Gobiie, ueM s Boabl (BHusy). Ipy-
TUMH CJOBAMH, TOJICTBIA IIJIOCKHUI CJOM BOJIBI
WM crekJa paboTaeT Kak Jymna, HO IJoxXas —
cabast U JIaiolas Pa3MbiToe H300paskeHne.

Mopanb aroit uctopun takoBa. Hexoropbie
Jusnyeckme 3a7auN KKyTCS HAM TTPOCTBIMI
[OTOMY, YTO MbI pelaeM WX s KaKUX-TO,
MPIMHIMAEMBIX <TI0 YMOJTYaHWIO»>, ycaoBuit. Ho
JUISL IPYTUX YCJIOBUIT OTBET MOJKET OKAa3aThCs
coBceM JpyruM. Tak, MHUp, paccMaTpUBaeMbIil
yepes TOJICTOE CTEKJIO, MOXKET ObITh COBCEM He
MOXO03K HA MHP 32 OKHOM.
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/130paHHbIe 3a4a4M
XXVI TypHMpa
nmeHn Al CaBrHa

1 (68 xuaccor). Cyay npeabssiaedo 100
OJINHAKOBBIX C BHU/ly MOHET, CPe/ll KOTOPbIX
ectpb Qasbumsbie. Cy/i 3HAeT, YTO BCe HACTOSI-
e MOHETBI BECST OJIMHAKOBO, (hasbIINBbIEe —
TOKE OJIMHAKOBO, HO Jierye HaCTOSIINX. AJ[BO-
KaT 3HaeT, KaKye MOHEeTbl Ha CaMoM JieJie (haJib-
mmBbie. OH OTBeYaeT HA BOIPOCHI CyJa H
JIOKa3bIBAeT CBOM OTBETHI, IIPOBO/ISI B3BEIINBA-
HUS Ha dYalledyHbpix Becax 6e3 rupb. OgHAKO
aJIBOKAT CBsI3aH 00s513aTeIbCTBOM He pasrjia-
1IaTh HU TIPO KaKyI0 MOHeTY, (hasbliBasi OHa
NJIM HACTOSIIIAs: OH HE MMeeT IipaBa JeJsaTb
B3BEIMBAHNUSA, U3 KOTOPBIX TaKylo HMH(opMa-
IUI0 MOYKHO JIOTUYECKHU BBIBECTH.

a) Cy/ty CTasio m3BECTHO, UTO YnCI0 (haabIim-
BBIX MOHET paBHO 22, 66 nau 88. Kak agBokaty
JloKazaTb, uTo MX 66, He Hapymas o6s3a-
TEJTHCTB?

6) Cy/1y CTaJIo M3BECTHO, YTO YUCJI0 (PabIIi-
BbIX MoHeT paBHo 20 mam 80. Kax aaBokarty
nokasarb, uro ux 20, He nHapymas o6s3a-
TEJIbCTB?

A.Illanosanoe

2 (5-8 ka1.). Ha kasx10i rpanu Ky6a KpacHbi-
MU YepPHIJIaMF TPOBEJIN OJIHY HJN 06€ JInaroHa-
. OKaszasioch, 9To Mpu 5TOM He 06pazoBaioch
HU O/IHOTO TPEYTOJbHUKA C KPACHBIMHU CTOPOHA-
mu. Kakoe namboJbiiee 4ncjio anaroHasei
MOTJIO OBITH TTPOBEJIEHO?

M. Esdokumos

3 (6-8 k1.).

a) B Ganke cugar 13 maykos. MssecTHo, uTO
B KaX/I0il MX Imape XOTss Obl OJWH OOHe]
JIPYTOTO M 4TO KaXK/IbII Hayk oOujes Bcex
OOMUNKOB CBOMX OOMYMKOB. [[oKakure, 4TO
KasKIbIil 0OUIe]T KayK/[0T0.

6) B 6anxke cunar Heckoabko (6osee 0HOTO)
naykoB. MI3BecTHO, 4TO B KaXK /IO UX Mape XOTst
Obl OJIMH OOUJIE IPYTOTO U YTO KaXKIbIil TayK
o0ujies1 BCceX OOUIUNKOB CBOUX OOMIUYMKOB.
[Tpu KaKOM HAMMEHBIIIEM KOJIMYECTBE MAYKOB
MOJKHO YTBEPIKIATD, YTO KAXKIBIN OOUIEN KasK-
JIOT0?

C.Tokapes

4 (5-8 ka.). Tlers nanmcan B crpoky 100 pas
HOMEp CBoOeil KBapTHpBI 4epe3 Tpobesn. Marma
JTOJKHA TTOCTABUTD MEKITY KaKBIMU JIBYMS UHC-
JIaMU 3HAKW apu(MeTHIecKNX JIeHCTBUII, a TaM,
rje 3axouer, — cKoOKku. OHa yTBEPIK/AET, elle
He 3Hag HoMepa [leTMHOI KBapTUPbBI, YTO CMO-
JKeT TOJIyYUTb B OTBeTe J060e HaTypajbHOe
qucyo ot 1 no 2021. Ilpasa jm ona?

/. I1THonw

5 (7-8 x1.). K xa6uike KaHaTHOH JOPOIH,
UIyIIeil Ha Topy, MOJONLIN 72 + 2 THOMAa Macca-
mu 1, 2,1, 2,3, 4, ..., ncroynoB. CMoTputess
HET, a B aBTOMAaTUYECKOM peKMMe KaK BBEPX,
TaK M BHU3 KAOMHKA XOJIUT C JIBYMsI HJIN C TPEMSI
MacCaKUpaMu, TIPHU 9TOM TTACCAKUPDHI CUAT HA
JIBYX CKaMbsIX TaK, 4TOObI MAcChl Ha CKaMbsIX
ObLTH OJIMHAKOBBIMU. [IpH KakuX n > 2 OHU Bce
CMOTYT TOJTHATHCS Ha TOPY ?

A.Illanosanos

6 (8 ki1.). Ha 3a60pe HanucaHbl TPU pasIuy-
HBIX I[eJIbIX uncJa. VI3BecTHOo, 4uTOo:
e O/IHO W3 YHWCEJ PABHO MOJYCyMME JIBYX
JIPYTHUX;
e KBAJIpaT OJTHOTO M3 YMCET PaBeH MPOU3Be-
JIEHUIO JIBYX JAPYTUX;
e o/1HO U3 yuces paBHo 2021.
Haiigure nBa npyrux uuncJa.
H.Haxoneunwiii, 1.Packuna

7 (7-8 xu.). B upsmoyrombuuke ABCD,
OTJIMYHOM OT KBaJipaTa, Ha GUCCEKTpHCY yriaa A
omnyitieH neprenaukyaap CH. Jlokaxure, 4To
BH GoJibliie 4eTBEePTH MEPUMETPA TIPSIMOYTO.Tb-
HUKA.

A.Ilewnun

8 (8 xu1.). Pemmre B HATypaNbHBIX YHCIAX
ypaBuenue m!+n!=m".

A.Tpubanxo

9 (8 ku.). Jlucr dopmara A4 1epernysiu
cHavasma mo jguann BE Tak, uro Touka C
coBIIaJIa ¢ TOUKOIl FF Ha cTopoHe AB, a 3aTeM 110
gunamn GH tak, uto Touka D cosnaza ¢ F (cM.
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pucyrok). Haiigure yron BHG. (Y mucra
¢opmaTa A4 oTHOIIEHNE CTOPOH paBHO 1: V2.)
M. Bonuxecuu

10 (6—8 k.1.). B HaGope JiecsaTh rupb, Kaxkaas
U3 KOTOPBIX BECHT IIEJI0€ YUCJIO TPaMMOB, HE
npesocxozsiiee 130. /[okaxure, uro u3 Habo-
pa MOKHO B34Th HECKOJIbKO TUPb U PA3JI0KUTh
UX Ha Yalld BECOB TaK, YTO BECHI OKAXKYTCS B
PaBHOBECHH.

A.Tpubanxo

11 (7-8 xn.). Touku P u Q jexaT Ha
quaroHasm AC kBaspata ABCD. Touku X u Y
Ha cropoax CD u AD coOTBeTCTBEHHO TaKoO-
BBI, uT0 £ZBPX = ZBQY =90°. Touka Z —
cepeamna orpeska XY. Hatinure yron PZQ.

A. Jlonedenox

12 (7-8 ku1.). Haiigure Bce MOJIOKUTENbHBIE
Ymcsa, KOTOpbIe TIPN 3a4epPKUBAHUN OJHON W3
1P X JeCATHYHON 3aIMCH YBEJIUINBAIOTCS B
4 pa3a.

C.Tokapes

13 (7-8 x1.). YV 3muaiikn ecTdb GyMasKHbINH
PAaBHOCTOPOHHMUII TPeyroJibHuK, a y Hesnaitku
— KBaJIpaT, MPUYEM [JIUHBI CTOPOH UX (PUTYD
paBHBI. 3HallKa BbIpE3aeT M3 CBOeil (PUTypbl
O/INHAKOBbIE PABHOCTOPOHHUE TPEYTOJbHUKH,
a Hesnaiika u3 cBoeil — KBa/paTbl ¢ TAaKOW e
croponoit (06a emaT pa3pesdbl MapaIesbHO
croponam cBoeii ¢purypsr). Hesnaiika yrBepsk-
JTAeT, YTO BCET/Ia CMOKET BBIPE3aTh CTOJIBKO JKe
KBaJIpaToOB, CKOJIbKO 3Halika BBIPEKET Tpey-
roapHUKOB. [IpaB s oH?

A.Tpubarxo

14 (6-8 x1.). Y Ko ecTb ecarb KapTouex,
Ha KOTOPbBIX Hamucaubl yucaa 1, 2, 3, 4, 5, 6,
7, 8,9, 10. On pa3aoXua ux Ha CTOJEe B P
gucsiamu BHu3. Cailla MOKET yKasarb Jo0Obie
nBa Habopa Kaprouek u crpocuth y Koum,
PaBHbI JIM POU3BEJEHUS YHCET HA KapPTOYKaX
B atx Ha6opax. Kak Caime 3a Tpu Bompoca

Y3HaTh, JIEKAT JIM KaPTOYKU B MOPSIIKE BO3Pa-
CTaHMsI HANMCAHHBIX Ha HUX YUCEJ?
A.Tpubanxo

15 (8 ka1.). Ha crose mesxut 300 MoHeT Tpex
pasubIix Macc, o 100 mTyK Kask1o0#l Macchbl.
PeBusop sesaer Be cepuu IpoBepok. B kask-
JIOH cepuy OH pa3OMBAET Ha Tapbl BCE MOHETBHI
HA CTOJIE, CPABHUBAET HA YalIeuyHbIX Becax 6e3
T'UPb MACChl MOHET KasK/I0M Mapbl U KJajier cebe
B KapMaH BCe MOHETbI Tap Pas3HOil Macchl.
Kaxoe Ham6oJiblliee 4icJ0 MOHET PEBU30OP MO-
JKeT TapaHTHPOBAHHO TOJIOXKHUTb cebe B Kap-
MaH?

A.Illanosanos

16 (8 xua.). B tpeyroabnuke ABC yron B
pasen 60°, 6uccexrpucst AA; u CC, nepeceka-
1orcs B Touke I. Toukn Ay m Cy CUMMETPUYHBI
Touke [ oTHOCWTesbHO TIpAMbIX AB u CB
cooTBeTCcTBeHHO. Jlokaxkure, yto ecau P —
Touka nepecevyenus npamoix AC, nu A,C,, 10
npsmbie PI u AC napaJiiebHbl.

/. Ileeyoe

17 (7-8 ku1.). B s/ BbICTABUIM HECKOJIBKO
rupek. Bropasg TsKejee IepBoii, a Kaxkjas
rUpbKa, HAUMHAS C TPETheil, BECUT CTOJIBKO KE,
CKOJIBKO [IBE TIpebiayTiie BMecte. O603HAUNM
gepes K (1) xommdaectBo crioco60B BRIGPaTh 13
MEPBBIX 72 TUPEK HECKOJIBKO MITYK U PA3JIOKUTh
X Ha J[BE Yalll BECOB TaK, YTOObI OHU ObLIU B
pasHoBecun (CI10cO6bI, Pa3/IMYAIONINECS TOJIb-
KO MOPSIKOM Yalll, CYUTAIOTCS OANHAKOBBIMHI ).
Hokasxure, uro K (n)=2K(n-1)-K(n-4)
mpu n > 4.

A.Tpubanxo

[MoapoGiyio nHGOPMAIUIO O TYPHUPE MOXKHO
HalTW Ha caliTe tursavin.ru
ITy6auxayuio nodzomosuau A.Baunkos,
A.Ipubanxo, A.3acrasckuil, H.Packuna,
C.Tokapes, A.Xauamypan, H.Irvman




IK3AMEHAIINOHHDBIE MATEPHAJBI

£ 2 no pusmke

B 2021 roxy EI'D mo ¢dwusuke mo cTpykType
BApUAHTOB HIYEM HE OTJIYAJICS OT TIPEe/IbIIyTIe-
ro roa. Bapmanter sxe 2022 roga 6yayT cytie-
CTBEHHO OTJIMYATHCS OT BAPUAHTOB MOCJEAHUX
nByx Jet. IlepeuncyiiM HEKOTOPbIE OTIMYHS .

1) BapuanTbl He cozepsKaT 3ajaHKs 1O acT-
POHOMUMN.

2) B kaxxmom Bapuante 30 sazanmii — 23 B
nepBoii yact (TOJBKO OTBET) M 7 BO BTOPOIt
(passepuyToe penrenne). MakcuMabHasL CyM-
Ma 6aJliioB — 54.

3) Tlepsas wactb comepxur 11 zapganuii c
OTBETOM B BHJI€ 4YKCJa, 4 3a7aHus C MHOJMKe-
CTBEHHDBIM BBIOOPOM, 8 3aJjaHWil HA yCTaHOBJIE-
HIEe COOTBETCTBUSI.

4) B 3a1aHUAX ¢ MHOKECTBEHHBIM BBIGOPOM
Haj0 Bbi6paTh He aBa, a BCE mnpaBusbHbie
YTBEPK/JCHUS U3 TSATH U yKa3aTb UX HOMeEpa.
Taknx samanuii 4, OHU OIEHMBAIOTCSI MaKCH-
MyM B 2 6aJia Kask/oe.

5) Crpykrypa BTOpOH wacTi: 3ajada 24 —
kauectBenHas (3 Gamma), sagaun 25,26 — pac-
YeTHbIE ¢ pasBepHyThIM oTBeroM (2 Gama),
3agaun 27,28,29 onenuBaiorcas B 3 Gasuia,
3as1aua 30 orleHNBaeTCsS MAKCUMYM B 4 GaJiia —
3 6aJuta 3a pemnienne 1oc 1 6asr 3a 060CHOBa-
HUe TPUMEHUMOCTH (HUBUYECKUX 3aKOHOB |
KOPPEKTHOCTH HANUCAaHUs (HhOPMY.I.

[emoncTparonnbiii Bapuant ET'D 2022 rona
MO>KHO HailTu Ha caiite DUIIN.

Hwsxe mpuBOUTCS OJIMH U3 OTKPBITHIX Bapu-
anToB EI'D 2021 roma ¢ orBetaMu KO BCEM
3/1aHUSIM, TPeOYIOIMM KpPaTKOTO OTBeTa, |
pelIeHnsIMI BCeX 3ajad, TPeOyIoNnnxX pasBep-
HYTOTO OTBeTa. PellieHus: 1ai0Tcsi B PelaKIliim,
MPE/IJIOKEHHON TTPEMETHON KOMUCCHEH.

WHCTPYKIMIO 110 BBITOJTHEHUIO PAbOThl U
HeOOXO/IUMbIe CIIPABOYHBIE JIaHHBIE MOKHO
HaiiT, nanpuMep, B «KBante» Ne9 3a 2021 rog
wian na caiire GUIIN.

Yactb 1

Omeemamu x 3adanuam 1—24 aeas-
1omcsa ca1060 (ca06a), HUCA0 uau nocje-
dosamenvnocmo uugp uau uucen.

omeemcmaeyiouiezo 3a0anus, HauuHds ¢
nepeoii kaemouxu. Kaxooiii cumeon
nuwume 6 omoenbHoill Kaemouke 6 co-
omeemcmeuu ¢ npusedennovimu 6 G.amn-
rxe o6pasuamu. Edunuuvi usmepenus pu-
3uUeCKUX BEJUUUH NUCAMD He HYKHO.

v, M/ch 1. Ha pucynxe 1
20k MIPUBE/IeHbl  TPAPUKI
I 3aBUCUMOCTH ITIPOEK-
== _ IIMU CKOPOCTH OT Bpe-
0 2 4 t,c MeHM U JIETKOBOTO
Puc. 7

agroMo6uJist (1) v MuK-
poasroGyca (II), ABMAKYIIMXCS 1O TPSAMOii 10~
pore, BJOJb KOTOPOH ¥ HampasjeHa OChb X.
Ompeznesmrte OTHOIIEHNE MOJyJel YCKOPEHHI
ay/ay.

2. /IBe IJaHETbl C OJMHAKOBBIMHM MacCaMu
06paIaTcss 1Mo KPYroBbIM OpOUTaM BOKPYT
3Be3/ibl. [11s IepBoit 13 HUX cujia IPUTSKEHNS
K 3Be3zie B 36 pa3 MeHbllle, 4eM /I BTOPOI.
KakoBo ornomrenne R;/R, pammycoB opGut
MepBOi U BTOPOII IytaHeT?

3. Hlapuk maccoii 0,2 Kr najiaer ¢ HEKOTOPOii
BBICOTBI C HAUAJIbHOI CKOPOCTDIO, PABHOH HY.TIO.
Ero xmHeTnmueckass sHeprus Hpu IQJ€HUN Ha
semutio paBHa 24 k. C Kakoif BBICOTBI YITas
mapuk ? COIpoTUBIIEHIEM BO3/LyXa IIpeHeGpedb.

o) 4. Hesecombrii ppraar
* HaXO/JUTCsI B PaBHOBe-
¢F1 / \ cun (puc.2). Cuna
F, F, =8 H, ee mie4o pas-
Puc. 2

o 20 cm. Kakos Mmo-
Iy CHUJIBI FZ, ecau ee Tedo paBHo 16 cm?

3. Ha HaKJIOHHOI IIJIOCKOCTH HAXOAUTCS GPy-
COK Maccoil 2 Kr, /i KOTOPOTO COCTaBJIEHA
Ta6bIMIa 3aBUCUMOCTH MOJLY.It CUJIbI TpeHnus £y,
OT yTJIa HaKJIOHA IIJIOCKOCTH K TOPU30HTY O. C
norperHocTbio, He mpesbimaonieii 0,01 H.
Ha ocHoBaHWW JaHHBIX, IPUBEIEHHBIX B Tal-
JIUIE, U UCIOJb3Ysl 3aKOH CYXOro TPEHUs,
BbIGEPUTE JABA BEPHBIX YTBEPIK/IEHUS.

1) Moay/ab CHJIBI TPEHUSA CKOJbKEHUS
YMEHDITAeTcsl TIPH yBEJIWYEHUN YIJIa HAKJIOH-
HOH TIJIOCKOCTH K TOPHU30HTY .

Omeem 3anuwume ¢ no.ie omge- p";’ﬂ 0/0,05/0,1] 0,2/ 0,3/ 0,4(0,5/0,6|0,7/0,8/0,9|1,0
ma 6 mexcme pa6ombt, a 3amem

_|F
nepenecume ¢ B/IAHK OTBE 0| 1,0 |2,0(3,86|3,76|3,63|3,46|3,25(3,01(2,75(2,45[2,13
TOB No 1 cnpasa om nomepa co- | H
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2) Cuia TpeHus IOKOsI He 3aBUCUT OT yriia o.

3) C poctoM yriia HaKJIOHAa MOJYJb CHJIbI
TPEHHS TTOKOSI yMEHbIIAeTCS.

4) KooppuieHT TpeHns CKOJIbKEHNUsT MEHb-
mre 0,4.

5) Korga yrosn naxsiona menbmie 0,1 pap,
O6PYCOK CKOJIb3UT IO HAKJIOHHOHN TJIOCKOCTH.

6. [lepeBsiHHDII 1TAPUK TJTABAET B KEPOCHHE.
Kax mnamensitcs Macca BbITECHEHHOI SKUAKOCTH
n TayOUHA TIOTPY’KEHUsT MIapUKa B JKHU/KOCTD,
ecsn oH Oy/IeT IJIaBaTh B Boje?

JL71s1 KaXK 101 BeJIMUMHBI OIIPE/IETITE COOTBET-
CTBYIOIIHI XapaKTep M3MEHEHUs:

1) yBesmmumrest; 2) YMEHBIIUTCST; 3) He n3Me-
HUTCSI.

3anuumre B TabauIy BbIOpaHHbIE TH(PbHI
IS KSK101 pusmaeckoii BemumynHbl. [ludpor B
OTBETE MOTYT MOBTOPSITHCS.

7. Ha pucynke 3 moka-
3aH TpaduK 3aBUCIMOC-
TH KOOP/JMHATBI X TeJia,
JIBIDKYIIETOCST B/IOJIb OCH
x, ot Bpemenn ¢ (mapa-
6ona). Tpapukun A) n
B) Ha pucynke 4 npes-

[

CTABJISIOT cO6OiT 3apuch- 0
mMoctn (pusnueckux Be- PUC 3

JINYUH, XapaKTePU3YIONUX JBUKEHUE HTOTO
TeJjia, OT BPEMEHH t. Y CTaHOBHMTE COOTBETCTBUE
Mesk/y TpacdukaMu u GU3NIECKUMI BEJTUIHHA-
MH, 3aBUCHUMOCTH KOTOPBIX OT BPEMEHH 3TH
rpaduKu MOTYT NPeJICTABJISATD.

K xask o1t o3utmu mepBoro ctoJbia mogabe-
pHUTE COOTBETCTBYIOIIYIO MO3UIUI0 U3 BTOPOTO
cTosiflla U 3amunnTe B TabJMIly BbIGpaHHbBIC
1Pl MO/ COOTBETCTBYIOMUME GYKBaMHU.

TPAOUKN DOU3NYECKUE

BEJIMUYIIHBI

1) upoekius nepe-
MeIIeHNsT TeJTa Ha OCh
x

A)

2) IPOEKIHMS YCKO-
PEHUsI Tesla Ha OCb X

3) KuHeTH4yecKas
SHEPTHS TeJsa

4) MOJTyJIb CKOPOCTH
Tesa

=1
s
-

b)4

Puc. 4

8. Ha pucynke 5 p, 10° ITay
MOKA3aHO W3MEHEHIe 0,3 2
COCTOSIHHS UCATbHO- 0.2 o
rO rasza B KOJMYECTBE o1l
4 monb. Kakasg Tem- L
mepaTypa COOTBET- 0 270 T,K

CTBYeT cocrosiHmio 2?7 o

9. PaGouee Tesio reri-

JIOBOH MAIITMHBI 32 IUKJI TOJIy4YaeT OT HarpeBa-
TeJIst KOJTMYecTBO TemnioTel, paBHoe 100 [k, u
cosepinaet pabory 40 /[[x. Kaxkos KII /] Temnio-
BOW MallIMHbBI?

10. B 3axppITOM cocy/ie 1mo/T OPITHEM HaX0-
JINTCS BJAKHDBIH BO3AYX TIPH TeMIepaType
100 °C. TTaprasbHOe JaBJIeHIEe BOASHOTO Mapa
B cocyne pasHo 60 xlla. Kakosa (B mpouen-
Tax) OTHOCHTEJIbHASA BJIAXKHOCTH BO3JAyXa B
cocyje?

11. VneabHbIN ra3 IepeBOIAT U3 COCTOSHIS
1 B cocTosHMeE 3 TaK, KaK [MOKa3aHo Ha rpaduke
3aBHCUMOCTH [IaBJIE€HMs Taza p oT obbema V
(puc.6). Macca rasa B m
mpolecce He M3MEHSET- 3
ca. V3 mpuBemeHHOrO 3Py
HIDKE CIIMCKa BbIGepute  2p
J(Ba [TPABUJIbHBIX YTBEP-
SKJICHUS, XapaKTepu3yo- Po
MUX OTPa’KeHHbIe Ha >
rpaduKe MpoIeccHl. 0 Vo 2V, V

1) ILnotHOCTb Ta3a MU-  Puc. 6
HIMaJIbHA B COCTOSTHUH 1.

2) B xome mpomecca 1—2—3 cpemnexBaapa-
TUYHAST CKOPOCTH TETJIOBOTO JBUKEHUS MOJIe-
KyJI Ta3a yBeJUYuBaeTcs B 3 pasa.

3) B pomuecce 2—3 aGeooTHas TeMneparypa
rasa M30XOpHO yMeHbIIUIach B 1,5 pasa.

4) B pouecce 1—2 aGcooTHAs TeMIieparypa
rasza m300apHO YBeJIMYMJIACh B 2 pasa.

5) A6comoTHasg TeMmepaTypa Taza MaKCH-
MaJibHAa B COCTOSTHUU 3.

12. B muimHApe 1oj MOPIIHEM HAaXOAUTCS
TBEpJIoe BelecTBO Maccoil m. Iunuuap mome-
ctuim B Teyb. Ha pucyHke 7 cXeMaTmdHO

/ 2

tA

Aty

At,

At

AO, AO, AQ, AQ, AO, O
Puc. 7
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nokasan rpauKk U3MeHEHUsI TeMIepaTypbl ¢
BEIIIECTBA 110 Mepe MOTJIOMIEHNST M KOJIUIeCTBA
ternorel Q. @opmyJbl A) u B) 103BossIOT
paccuuTarh 3HaueHUst (PU3NYECKUX BEJIUYUH,
XapaKTEPUIYIOINIX MIPOUCXO/ISAIINE C BEIECTBOM
TEILIOBBIE TIPOIIECCHI.

Ycranosure coorBercTBre Mexay Gopmyia-
MU U (PUBNYECKUMU BeJUYMHAME, 3HAYeHUe
KOTOPBIX MOKHO PacCYUTATh 10 ITUM (PopMy-
sam. K ka0l mo3uiiuu u3 mepBoro cTosbIa
1o/IGEpUTE COOTBETCTBYIONLYTO MO3UIUIO U3 BTO-
poro cToJiblia 1 3anumuTe B TabJUIy BbIOPaH-
Hbie UdPBI TOJI COOTBETCTBYIOMUMU OYKBAMU.

DOOPMYJIbI OU3SNYECKUE
BEJIMYMNHDBI
AO:-
A) AQy 1) yIe/IbHas TEIIOEMKOCTD
AKIJIKOCTH
B) AQs 2) yeTbHas TETLIOTa TLIaB-
mAt, JIEHUST

3) yZAeJ/ibHas TEIIJIOEMKOCTb
TBEPAOTO BEUIECTBa

4) ynesbHas Teriora Iia-
pPoo6pa3oBaHMI

13. IIpotoH p BieTes B 3a30p MEXK/Ly MOJIO-

caM 3JIEKTPOMAarHuTa CO CKOPOCTbIO U HAaIlpaB-

nennoii Bieso (puc.8). Bek-

TOP MHAYKIMKU B MarauTHOTO

N MOJIsI HATIPABJIEH BEPTUKAJD-

no BHHU3. Kyna mHampasieHa

OTHOCHUTEJBHO  PHUCYHKA

(enpaeso, eneeo, eaepx,

B gnusz, x na6.arodamenio,

om nabéaiodamens) cii-

CTByIOI[asg Ha HPOTOH CHJa

Jlopeania F? Omeem 3anu-
wume caosom (caosamu).

14. Bo ckoJbKO pa3 yMeHb-
HIUTCS MOJYJIb CHUJI B3aUMO-
JIeUCTBUS JIByX HeGOJbIINX MeTaJInYeCcKuX
[IAPUKOB OJIMHAKOBOTO [[MAMETPa, WMEIOIINX
sapaael g =+4 uKn n g, = -8 uKu, ecian
[IAPUKU TIPUBECTH B CONMPUKOCHOBEHUE U Pas-
JIBUHYTb Ha MpeKHEee PacCTosiHue?

15. Kakag us touex (1, 2, 3 unu 4) gaBasgercsa
u306pasKeHNeM TOUKH S, CO3/[aBAeMbIM TOHKOI
cobuparolieit JINH30# ¢ (HOKYCHBIM PACCTOSTHIU-
em F (puc. 9)?

16. IIpoBosounasi pamka 1oIaabI0 60 oM’
MOMeIeHa B OJIHOPOIHOE MArHUTHOE TIOJIE TaK,
4TO IJIOCKOCTb PAMKH MEPIEH/UKYISIPHA BEK-

Puc. 8

2021/Ne?9
1 2 3 4
B e S S, B @ *
2F F F 2F S
Puc. 9 -~
TOpY UHAyKLUU B.
IIpoexktma B, wn- B, Tt
JYKIIUU MarHuTHO- %
TO TT0JIs1 Ha HOpMaJib 0 >
K IJIOCKOCTU PaM- —1 4..\6 t,mc
KU W3MEHSIETCS BO —2
BpeMenu t cormac- Auc 10

no rpaduky Ha pucynke 10.

N3 mpuBe/eHHOr0 HIKE CIIMCKA BbIGEpUTE
JIBa TIPABUJIBHBIX YTBEPIKJCHUS O TIPOIleccax,
MIPOUCXOJSANINX B PaMKe.

1) Moaynb DJIC 21eKTPOMArHUTHON HH/YK-
1M1, BO3HWKAIOIIEH B paMKe, MUHUMAJEH B
nuTepBaJie Bpemenu ot 0 10 1 Mc.

2) MaruuTHblii HOTOK 4epe3 PaMKy B MHTEp-
BaJie BpeMeHu ot 2 10 4 Mc paBen 6 MBO.

3) Moayab DJIC seKTPOMArHUTHON HH/IYK-
1MW, BO3HUKAONIEH B paMKe, B WHTEpBaJe
BpeMenn oT 4 10 6 Mc pasen 12 B.

4) Momyib CKOPOCTH M3MEHEHUSI MArHUTHO-
IO IIOTOKA Yepe3 paMKy MaKCHUMaJeH B UHTePBa-
sie Bpemenn ot 0 0 1 Mmc.

5) Moayab I/IC 2JeKTpOMarHUTHON WHIYK-
1MW, BO3HWKAIONEH B paMKe, MaKCHMAaJeH B
nHTepBaJe BpeMenn ot 1 0 2 Mc.

17. B nepBoM ombITe yacTuI@a Maccoil m,
HecyIasi 3apsi/i ¢, IBUXKETCS B OJHOPOIHOM
MaTrHUTHOM I0JIe ¢ UHAYKIUEH B Mo OKpY:KHO-
¢t paamycoM R co ckopoctbio . Bo BTOpOoM
OTIBITE Ta >KE€ YacTUIA JBIXKETCS B TOM IKe
MarHUTHOM TI0JI€ IO OKPY’KHOCTH GOJIBIIETO
paamyca. Kax mpu mepexoze oT mepBoro oImbITa
KO BTOPOMY U3MEHUJIMCh KUHETUYECKasi Hep-
TS YACTHIIBI U TIEpUO/l ee o6palieHus ?

JL1s1 Kask 101 BeJTMYMHBI OTIPE/IEeTTE COOTBET-
CTBYIOIMNI XapakTep N3MEHCHUS:

1) yBeauumsiach; 2) yMeHbUIUJIACh; 3) He
N3MEHNIACH.

3arnuire B TaGJUIy BbIOpaHHbIE 1HQPbI
JUIST KK/101 pusiueckoil BesmauHbl. [{udpor B
OTBETE MOTYT ITOBTOPSITHCS.

18. DusexTpryeckas ernb Ha prucyHKe 11 co-
CTOWT M3 UCTOUHHUKA TMTOCTOSHHOTO HATIPSIKEHTS C
IOC & W BHYTPEHHUM COIPOTUBJICHUEM ¥ U
BHEIITHEI TIeTH 13 JBYX OJIMHAKOBBIX PE3UCTOPOB
COTIPOTHBJICHNEM R, BKJIIOUCHHBIX MTAPAJLJIEIHHO.
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Y cTaHOBHTE COOTBETCTBHE
MeXy PU3IIECKUMI Be-  §, r
judubamun o opmysa- |
MM, 110 KOTOPBIM UX MO3K-
HO PaccYMuTaTh.

K kaxxpgoil mosurun
IIepBOTO CTOJIONA TOA0EPHTE COOTBETCTBYIOLLY IO
MO3UINIO U3 BTOPOTO CTOJIOIA U 3alUIINATE B
Ta6/MIly BbIOpaHHbIE HUMPHI 110/] COOTBETCTBY-
omuMu 6yKBaMu.

DOU3NYECKUE
BEJIMYNHDbI

Puc. 11

OOPMYJIbI

A) MomHocTh TOKa, 1) 5
BBIJIEJISTIONIASICS Ha O] 2[7 + R )
HOM U3 PE3UCTOPOB

B) wmomHOCTH CTO-

2
pOHHI/IX CHUJI B HUCTOY- 2) 6 R
HUKE TOKa r+ =
2
&’R

@

19. B pesysbraTe peaxium spa 6opa 151B n
o-yactuipl 3He 06pasyioTcst HeliTpoH 1 s1po
4X. OnpejieTe MACCOBOE YHCJIO H 3aPSAI0BOE
YHUCJIO AApa fZlX.

B 6saank omeemos No 1 nepenecume
moJavko uucaa, He pazoeass ux npode-
JOM UNU OpYeum 3HAKOM.

20. /IBa NCTOYHMKA N3JIy4aioT CBET YaCTOTOH
v; =5-10" Ty u v, =7,5-10" T Kakoso or1-
HOIIIEHNEe MOJy.JIeil NMITy1bcOB (POTOHOB Py /Py,
U3JIyYaeMbIX 3TUMU MCTOYHUKAMIU?

21. Ha ycranoBke, npejcrabjieHHoil Ha ¢o-
torpadusax (pucynox 12,a — o6mnii Buj, pu-
CyHOK 12,6 — (OTODJIEMEHT), HUCCIEN0BATN
3aBUCUMOCTDb KHHETHYECKON aHepruu hoToaIeK-
TPOHOB OT YACTOTHI Majaolero csera. Jlus
3TOTO B HPOPE3b OCBETHUTEJISI MOMeIaln pas-
JinuHble cBeTOMUIbTPLI. B 1epBoii cepun orbl-
TOB UCIIOJIb30BAJICS CBETOPUIBTP, MPOIYCKAIO-
U TOJBKO KPAcHBI CBeT, a BO BTOPOH —
TIPOTTYCKAIOMINI TOJTBKO KEJITHII.

Kax usMeHsinch 1pu 1epexojie OT TepBOi
Cepuu OIBITOB KO BTOPOIi JIJIMHA BOJIHBI 1131210~
IIEr0 CBeTa M MaKCUMaJbHAas KUHETUYECKast
aneprusi (HoTosseKTponoB? [y Kaxmoil Be-

a)

Puc 12
JITYUHBI OIIPE/ICIUTE COOTBETCTBYIONIII Xapak-
Tep U3MeHeHuUsI:

1) yBermumBasach; 2) yMeHbIIAMACh; 3) He
U3MEHSJIaCh.

3anmmure B TabsnIy BbIOpaHHbIE THQPHI
st kaskjoro orBeta. Indpor B orBeTe MOryT
HOBTOPSATHCS.

22. Ha pucynke 13 nmpuseaena dororpadns
9JIEKTPUUYECKOI TI€TH TT0 U3MEePEHUIO COIPOTHB-

Puc. 13
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JieHns peoctata. 110rpentHocTi u3MepeH s CUIbI
TOKa B IIENU M HANPSKEHUs Ha MCTOYHHKE
PAaBHBI MOJIOBUHE LEHBI ICICHUS aMIIepMeTpa 1
BoJIbTMeTpa. KakoBo 10 pesyJ/bTaTaM 3STHX
U3MEepPeHUii HalpsiKeHne Ha MCTOUHMKe?
OrtBer 3armmuTe B Bu/e ( + ) B.

B 6aanx omeemoe No 1 nepenecume
MoAbKO uucad, He paszoenas ux npode-
JOM UAU OpYeum 3HAKOM.

23. Yuenuk usyuaer cBOOO/IHBIE AJIEKTPOMAr-
HUTHBIE KoJieGasi. B ero pacriopsikenun nme-
IOTCST TIS1Th AHATIOTHYHBIX KOJTe0ATEJIbHBIX KOH-
TYPOB C PA3JIMYHBIMU KATYIIKAMI HH/[YKTHBHO-
CTH ¥ KOH/JIEHCATOPAMH, XaPAKTEPUCTUKU KOTO-
PBIX yKasaubl B Tabumie. Kakue aBa koseba-

2

021/Ne?

TeJIbHBIX KOHTYPa (3alMIuTe B OTBET X HOME-
pa) HeoOXOAMMO B3sTh YYEHUKY [ TOrO,
4TOObI HA OIBITE WCCJIE0BATD 3ABUCHMOCTD
nepuojia CBOOGOAHBIX KOJI€OAHWIT CHUJIBI TOKA,
MTPOTEKAIOIIETO B KATYIIIKE, OT 3JIEKTPOEMKOCTH
KOHJIeHcaTopa?

24. Ha pucynke 14 mpezcraByieHa Auarpam-
ma leprmmnpynra—Peccesa. BoiGepute Bee Bep-
HbIe YTBEPXKCHUSA O 3BE3/1aX.

1) «’Kusnenublii 1MKI» 3Be3/(bl CIEKTPalb-
Horo kJiacca G TJIaBHOHM IMOCJIeZI0BATEIbHOCTH
60J1ee TUTETHHBIN, YeM 3Be3/[bI CIIEKTPAJIbHO-
ro KJacca B TJaBHOH TOCIe/10BaTeTbHOCTH.

2) Cpeatsist IJIOTHOCTD CBEPXTUIAHTOB CYIIle-
CTBEHHO OOJIbIIIE CPeHEell MJIOTHOCTH OesbIx
KapJIMKOB.

3) Jlag raaBHOH 1ocJeoBaTeslb-

Ne MaxkcuManabHOe | DIEKTPOeMKOCTb | IHIyKTUBHOCTD
KOHTypa | HalpsuKeHne Ha | KoHgeHcaropa C, | KaTymkn L, HOCTH CBETUMOCTD 3BE3/L CHEKTPAJID
Ko]menca]‘ope,B MKD M Horo kJjsiacca G HMKE CBETUMOCTU
1 14 6 4 3Be3/l CIIEKTPAJIbHOIO KJacca B.
5 S 5 5 4) CpesHas IJIOTHOCTb TUTAHTOB
CYIIIECTBEHHO MEHbIIIE CPeIHEH T110T-
3 14 6 12 HOCTH GEJIbIX KapJUKOB.
4 10 10 4 5) YeM HUZKE TEMIIEPATypa IIOBEpX-
5 8 12 6 HOCTHU 3Be3/Ibl, TeM MeHble ee aGco-
JIIOTHAS 3Be3/iHasl BeJIMYnHA.
Temneparypa nosepxuocri, K
o 30000 15000 9000 7000 6000 5000 4000 3000 2500 10
700:;(;/;\\ 750\0\‘;\ r
- Ney,, ~~~<_ e, S~ L
10° _\\\ oy o, rrz,;;,;/‘~\\\ %, 7{;\;;\ r
3 Pog *\\Q‘cie\pxzuzaumw L
10* + =5
T [ g
= -
S 10% 4 0 =
O g
= 1 - S
2 £ 1014 L3
593 - =
22 i =
220 5
58 = ™
g © 1 - °N
O % 10 -
g ‘;/ B E
£ 102{" F10 5
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o 3
= 107 <
~ "=~ =<2 -
1074+ 0,05;;;/;;\ : Beavie ~~~~___ 15
sy — Kapauxu L
1071 e I
1076 20
O B A F G K M
Puc. 14 CriekTpaJsbHble KJIacChl
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He 3a6ydvme nepenecmu éce omee-
mulL 6 6.1ank omeéemoe Ne1 6 coomeem-
cmeuu ¢ uHcmpyruueil no 6vINOIHEHUIO
pabomuoi. Ilpoeepvme, umobvt Kaxovwlii
omeem 6ol 3anucamn 8 cmpoke ¢ Home-
poOM coomeemcmeyiouiezo 3adanusi.

YacTtb 2

Omeemom x 3adanusam 25 u 26 seas-
emcsa uuca0. Imo uucao 3anuwmume @
noae omeema @ mexcme pabomol, a
3amem nepenecume 6 BJIAHK OTBE-
TOB No { cnpasa om nomepa coomeem-
cmeyouwezo 3ad0anus, HAUUHAS C nep-
6ol kaemouxku. Kaxxoviit cumeon nuwu-
me ¢ omaoeavHoll Kaemouke 6 coomeem-
cmeuu ¢ npueedennvimu 6 Oaamnke 00-
pasuamu. Edunuuvt usmepenus dusu-
YecKuUx e UUUH NUCAMDb He HYKHO.

235. B rtepmoc ¢ Bomoii maccoit 500 r mpu
temneparype 41°C omyckaior OyTbIJIOUKY C
JIETCKUM TIMTaHWEM, B Pe3yJbTaTe 4Yero OHa
Harpesaetcst 1o Temmeparypsi 36 °C. Temmoem-
KOCTb Oy TBLJIOUKH ¢ uTanueM pasua 525 [Ix/K.
KakoBa Obla ee HauaJbHas TeMIlepaTypa?
TenoeMKoCTBIO TepMOca IIPeHeOPeUb.

26. Ha mudpaximmonHyio penieTky ¢ IepHo-
gom 0,004 MM TaZlaeT MO HOPMAJH TLJIOCKAs
MOHOXPOMATHYeCKass BOJHA AAWMHON 420 HM.
Kaxoe komm4ecTBO AN PAKIIMOHHBIX MAKCUMY-
MOB MO’KHO Hal6JII0/IaTh C MOMOIIBIO 3TOH pe-
TIeTKM ?

s 3anucu omeéemos na 3adanus 27—
32 ucnoavsyiime BJIAHK OTBETOB
No 2. Banuwume cuauana nomep 3ada-
Hus (27, 28 u m. 0.), a 3amem pewenue
coomeemcmayoweii 3adauu. Omeemuwt
3anucvlgéatime uemxo u pazéopuueo.

27. B kamepe, 13 KOTOPOIl OTKAaYaH BO3/yX,
CO3/IaJ 3JIEKTPUUYECKOe II0JIe HAINPSLKEHHOC-
Thio E 1 MaruuTHoe mose uuykiueir B. Toms
onnoposnbie, E L B. B kaMepy BjeTaer mpo-
TOH P, BEKTOP CKOPOCTH KOTOPOTO TIEPIEH/INKY -
nspen E u B, Kak 1okasano Ha pucymnke 15.
Moty mn HanPSPKEHHOCTH 5JIEKTPUYECKOTO OIS
U MHAYKIIMA MarHUTHOTO TIOJISI TaKOBBI, 4TO
MIPOTOH ABWIKETCS HpsaMosmHeiiHo. Kyga or-
KJIOHUTCS MPOTOH Ha HavaJIbHOM ydacTKe Tpa-
€KTOPUH, €CJIN €T0 CKOPOCTb yMEHbINTh? OT-
BET TIOSICHNTE, YKa3aB, KaKue sSIBJIE€HHUS U 3aKO0-

Puc. 15

HoMepHOCTH Bbl mcrosb3oBanu st o6bsicHe-
Hust. BausiHueM CHJIbI TSKECTH MpeHe6peyb.

Hoanoe npasuavnoe pewenue Kax-
doi u3 3adau 28—32 doaxno codep-
JKamov 3aKoHvL U hopmy.avl, npumenenue
KOMopvix Heo6x00umMo u 0ocmamouino
0aa pewenus 3adauu, a makxe mame-
Mmamuueckue npeobpas3oeanusi, pacue-
Mol C YUCJACHHLIM OMEEMOM U NPU He0O-
X00UMOCMU PUCYHOK, NOACHAIOUWUL pe-
wenue.

28. B mporiecce mpsIMOJMHEITHOTO PaBHOYC-
KOPEHHOTO [IBIZKEHUSI TeJO 3a 2 C MPOIILIOo
20 M, yBeJIMYMB CBOIO CKOPOCTD B 3 pasa. Uemy
Oblia paBHA HaYabHAsT CKOPOCTDb TeJja?

29. K 1ByM BepTHKaJbHO PACIIOJIOKEHHDIM
MPY’KUHAM OJIMHAKOBOII IJINHBI [TOJIBECHIN O]
HOPO/IHDBII CTEP:KeHb Maccoit M =2 Kr u -
Hoit L =40 cM. Ecsin K 3TOMY CTEPKHIO 110/1Be-
CHUTDb TPY3 Ha paccTosinuu d =5 CM OT IPaBOii
MPYJKUHDBI, TO CTepKeHb OyJIeT PacIoJIOXKeH
TOPHU30HTAJIBHO, & PACTSIKEHUST 00EUX TIPYKIH
6yayT OJINHAKOBBI
(puc.16). KecrkocTb
JIeBOH IIPY>K1HBI B 3 pa3a d
MEHBIIIE, YeM Y TIPaBO. <
Yemy paBma Mmacca m T

=

MTO/IBENIEHHOTO TPy3a?
CnenaiiTe pucyHok c <
YKa3aHneM CUJl, UCHONIb-  p, - 75

30BAHHBIX B peIICHUH

3a/1aum.

30. B 3akpbITOM cocyze Tpu TeMmIiepaType
100 °C HaxoauTcst BIAKHBIH BO3/IyX € OTHOCH-
TeJbHONW BJaakHOCTbIO 60% 101 AaBJICHUEM
100 xITa. O6beM cocyra MI30TEPMUYECKH yMEHb-
Iy B 2,5 pa3a. Bo ckoJsibKko pas Haio BMeCTo
9TOTO YBEJIUYUTH aOCOJIOTHYIO TEMIIEPATYPY
6e3 maMeneHuss oObeMa COCy/a, 4TOObI TOJTY-
YHUTb TaKoe Ke KoHeuHoe jaBjenne? O6beMoM
CKOH/IEHCHPOBABIIIEINCS BO/IbI ITPeHeOpPeyb.

31. Ha pucynke 17 wusobpaskeHa 3aBuCHU-
MOCTb CHJIBI TOKA B JIaMIle HAaKaJTWUBaHHUS OT

V.




54 KBAHT

I,A

0,4 =
0,3
0,2 =
0,1

0 40 80 120 160
Puc. 17

200 U,B

MPUJIOKEHHOTO K Hell Hanpsokenus. Haitaure
MOTITHOCTD, BBIACJAIONYIOCS Ha Pe3ucTope,
BKJIIOUCHHOM IIOCJICIOBATEIBHO C JIAMIIOH B
ceTb ¢ HanpskenueM 220 B, ecsim cusa Toka B
nernn pasHa 0,4 A.

2021 /Ne?9

32. MoHoXpoMaTHIeCcKoe PEHTTeHOBCKOE H3-
Aydenue ¢ AauHoi Bomb A = 1,1- 10710 M maja-
€T 110 HOPMAJIK Ha ILJIACTUHKY ¥ CO3/aeT JaBJie-
nue P = 1,26 -107° ITa. ITpu atom 70% doronos
OTpa’KaeTcst, a OCTAJbHBIE MPOXO/SAT CKBO3b
maacTuHKy. Ormpezgennte KoHIEHTpaIuio do-
TOHOB B TIyYKe Ma/aoliero n3rydenus. Pacce-
SHUEM U TIOTJIOIEHNEeM W3Jy4YeHus TipeHe6-
peub. Cuntarb, yTo (DOTOHBI B IIyUYKe pacipe/ie-
JIEHBI PABHOMEPHO.

ITy6auxayuio nodzomosuiu
M. /lenudosa, A.Yepnoyuan

\OCKOBCKMM
rOCYy4apPCTBEHHbIV
YHUBEPCUTET
MMEHM
M.B.JlomoHOCOBa

MpocdunbHbIN 3K3aMeH No pusmke

B 2021 rogy B CBA3H € IIPOJOJIKAIOIINMCS
pacipocTpaHeHneM KOPOHABUPYCHON uH eK-
uu npodUAbHBINA dK3aMeH (JIOIOJTHUTENbHOE
BCTYIIUTEJbHOE HCTIbITanue) 1o (pusuke B MT'Y
u ero CeBacTonoJbCKOM (husmase mpoBOInI-
cs B JUCTAHIMOHHOM (hopMare Ha TOpTase
https://exam.distant. msu.ru/

Jlast yyactusi B 9K3aMeHe MPEbsIBJISLINCH
cJIeIyIole TeXHuIecKne TpeGoBanusi Kk pao-
yemy MecTy uctbiryemoro. 1) Hanuuue HoyTOy-
ka (JKeslaTesIbHO), MEPCOHAIBHOTO KOMIIbIOTE-
pa, cMapTdoHa WK TTAHIIETa CO CTAGHIbHBIM
unTepHeT-coeuHenneM (6e3 MpepblBaHUN Ha
MPOTSIKEHUH UCIIBITAHUST U MUHUMAJBHON CKO-
poctbio o1 5 M6ut/c). 2) Tlpu noAKIOUeHnH K
BU/IEOKOH(DEPEHIH ¢ TIOMOIIbI0 cMapTdoHa
WM TIAHTIEeTa JI0O0TO THUIA, JJIst TOJTyYeHust
3aaHusT 065I3aTENHHO MCTOTb30BAHNE BTOPOTO
YCTPOWCTBA, HANPHUMEP KOMIBIOTEPA, WHOTO
cmaprdona/mtanmera. 3) Heo6xoaumo takxe
namrune 6paysepa Google Chrome nm Mozilla
Firefox nocieanux Bepcuil U CKaHUPYIONErO

nm pororpadupyroliero ycrpoiicrsa /s CKa-
HUpOBaHUsA Mian ortorpadupoBaHus IK3aMe-
HAIIMOHHON PaGOThI € MOCIEAYIONIEN 3arpy3KOil
Ha TIOPTaJ K3aMeHa.

PyxoBonctBo MI'Y npunsano perienne co-
KpaTuTh Kak 06beM 3aJaHuil /1711 TPO(UIHHOTO
sk3amena (JIBU), Tak u BpeMs UX BbINOJIHE-
HUA. B nrore tumosoe 3ajanne 1o (u3NKe B
5TOM I'O/Iy OXBAaTbIBAJIO TPU OCHOBHBIX pasjesa
IPOrpaMMbl Ui ocTynaonmx B MITY: 1) me-
XaHUKY, 2) MOJEKYJAPHYIO (PUSUKY U TEPMO-
JMHAMUKY, 3) JeKTpoauHaMuKy. 110 kaxmao-
My pas/ieJly porpaMMbl aGUTYPHUEHTY TIpe/iJia-
rajuch KpPaTKHii BOIIPOC 10 TEOPUU U JOIOJIHS-
Iolad ero 3afava. Ha Bbinosnenue scero 3ajia-
HUS OTBOJMJIOCH TPH aCTPOHOMMYECKUX daca.

Hmxe mpuBozagarca 3aganusg TpodUIBLHOTO
sk3amena 2021 roja.

MexaHuka

1. 3anummure cBg3b MeX/y IpupalieHneMm
UMITYJIbCA MATEPHAJIBHOI TOUYKH U MMITYJIbCOM
cuabl.  Copmyupyiite 3aKOH COXpaHEHUs
UMITyJIbCa.

3amaua. Ha ryaikoit ropr30oHTAIBHON TTOBEP-
XHOCTH JIESKAT /[BE O/INHAKOBDIE 11aii0bl, CBSA3aH-
HBIE JIETKOW HEPACTSKIMON CJIETKA HATSHYTOMH
uuthio. Tonkuii 6pycok, Macca KOTOPOTo B R = 2
pasa IpeBbIlIaeT Maccy KaxK/I0i n3 maib, JBu-
KETCSI IOCTYTIATeIbHO CO
CKOPOCTBIO ¥y = 2 M/C
HePIEeH/INKYJISIPHO HUTH
U yJapsieT TOYHO B ee
cepenuny (puc.1). Cun-
Tast pasMep Iai6 mpe-
HeOPEKNMO MaJIbIM 110

%

Puc. 1



O9K3AMEHAINMOHHBIE MATEPMAIJbBI

CPaBHEHMIO C JAJTNHOIN HUTH, OTIPE/IeINTE MOTYTh
# CKOPOCTH KXKJIOM MAHObl OTHOCHTEJLHO OPyC-
Ka B MOMEHT y/apa maié o 6PycoK.

2. ChopmyupyiitTe 3aKOH COXPAHEHUST Me-
XaHUYECKOI 9HEPTUU JIJIT CUCTEMbBI MaTePUAJb-
HBIX ToueK. [loscHUTE CMBICT BXO/SIINX B 3TOT
3aKOH BEJIMYUH.

3amaua. [lo riagKoif TOPU3OHTATBHON TIIOC-
KOCTH €O CKOPOCTBIO 0 = 1 M/C CKOJIB3UT JOCKA
Maccoit M =20 Kr, Ha KOTOPO# JIeXKUT GPYCOK.
[locka BCTyTIaeT B COMPUKOCHOBEHIE C TOPU30H-
TaJIbHO PACIIOJIOXKEHHON JIErKOi TPy KUHOM >Ke-
crrocrsio k=100 H/M, oann Komer; KoTopoit

TNpUKpeTJieH K CTeHe i
(puc.2). Koappumment m <l(_mm
TPEHUs MEK 1y GPYCKOM

u gockoit u=0,2. lenur- Puc 2

pbI Macc 6pycKa U IOCKU JIeXKAT B O/THON BepTH-
KaJbHOW TIIOCKOCTH € OCBIO TPY:KUHBI. CKo-
POCTD TOCKW TIapaJsiieabHa OCH TPYKUHBL. [Ipn
KaKoil Macce OpycKa m OH He CIBUHETCS C IOCKI
B jajbHelieM? Y ckopenue cBOOOHOTO Majie-
HUsI IPUMUTE PaBHbIM ¢ = 10 M/ ¢?. Cuunraiire,
YTO TIPY’KMHA TPH B3aUMOJIEHCTBUU C JOCKOM
CKMIMaeTCsl He TTIOJTHOCTDIO.

MonekynspHasa ¢usuka
N TepMognHaMuKa

1. CdopmymmpyiiTe OCHOBHbBIC TTOJOKEHIS
MOJIEKYJIIPHO-KUHETHYECKOM Teoprn. KakoBbI 110
TOPSIJIKY BEJIMYMHbBI MAcca M Pa3Mepbl MOJIEKYJT?

3amava. B cocyzse o6bemom V =3 11 Haxo-
JIATCST HACBINEHHBIN BOSHOI Iap MpH TeMiie-
parype t =100 °C. [lo xakoro o6bema V; Hy:x-
HO CKaTh Iap TIPU TOCTOSHHON TeMIIeparype,
4T00Bl B cocyjle 06pa3oBajach BOJla MacCCoii
m =1 1? HopmanbHoe aTMOchepHOe 1aBieHne
Po = 10° Tla. YHuBepcasibHas rasoBasi MOCTO-
anmas R = 8,31 Ix/(mosb - K). Monspuas
Macca Bogsl M = 18 r/mosb. OTBeT npuseauTe
B JIUTpax.

2. Kakue BujbI 1apooOpa3oBaHiisi Bbl 3Hae-
te? Uto Takoe yaesnbHas TEIJIOTA TapooOpas3o-
BaHUs?

3agavya. B 3akpeiToM ¢ 060UX KOHIIOB M
OTKAYaHHOM IHJIMHJPUYECKOM cocyze 00be-
MOM V =2 MOXeT CBOOOIHO TepeMeniaThCs
HEeBeCOMBII TOHKNH TTopiIeHb. B cocys ¢ onHOi
CTOPOHDBI OT TOPIIHS BBEJIN My =2 T BOJbI, a C
JIPyroii cToponsl m, = 1 1 azora. Kakyio 4actb x
ob6beMa nmanMHApa Oy/eT 3aHNMaTh a30T IPH
temrieparype ¢ = 100 °C B 06enx yacTsix 1uJIuH-
npa? MoJisipHble Macchl BOJIbI M A30Ta PaBHBI

M, =18 r/momb 1 M, = 28 r/Mosb COOTBET-
crBerno. Hopmasbaoe arMocdepHoe [TaBieHne
npumuTe paBHbM p, = 10° Ila. YHusepcanbHas
razosas nocrosaasi R = 8,31 Jlsk/(moun - K).
OtBer IpuBeUTe B MPOIEHTAX.

AneKTpoauHaMMKa

1. Jlaiite ornpejesenue 3JeKTPOEMKOCTH.
arunre GOPMY.JIY VIS 2JIEKTPOEMKOCTH T1JI0C-
KOTO KOH/IEHCATOPA.

3azavya. Mesx/y 1J1acTUHAMU [JIOCKOTO KOH-
JIeHCAToOpa, MOMEMIEHHOTO B BAaKyyM, CO3/aHO
OJTHOPOJIHOE AJIEKTPHU- |

yeckoe toe (puc.3). Us o T
[T} /

HEKOTOPOII TOUKH C T10- 0, /(,-3:\ U

BEPXHOCTH OTPHUIlATE/Ib- 3

HO 3apsKEeHHOI  rJiac- |
TUHBI C OTHOH U TOM Xe APuc. 3
CKOPOCTBIO Ty = 10 M/C U 110/l OJTHUM U TEM K€
yrjoMm o = 60° K TIacTuHe BBLIETAIOT /[Ba Ma-
JICHPKHX IIIApHUKa, OJMH U3 KOTOPbIX He 3aps-
JKEH, a BTOPOI HeCeT TIOJIOKUTENbHbBIN 3apsijl
q = 107 K. Hesapssxennbiii mapuk BO3Bpa-
MAaeTcsi K MepBOil IJIacTUHe TOCJje YIPYyroro
y/lapa O HPOTUBOIIOJIOKHYIO TJIACTUHY. 3apsi-
JKEHHBIN TAPUK BO3BPAIAETCS K TIEPBON IJIa-
CTuHe, He JOCTUTHYB HpOTI/IBOHOJIO}KHOfI IIac-
tunbl. KakoBa Macca m 3apsi’KeHHOTO MIApHKa,
€cJIM U3BECTHO, 4TO 00a 1IapuKa BEPHYJINUCH HA
HepByIo IJIACTUHY B OJHOH M TOH ke TOuKe?
Pasnoctp TIOTEHIINAJIOB MEXAY IJTaCTUHaMN
kouzgencaropa U =750 B. [leiictBuem cuiibt
TSIKECTH MOJKHO TipeneGpeub. Cuurtaiite, 4TO
pU y/lape O MJIACTHHY KOHJ/IEHCATOpa He3apsi-
JKEHHDBIN IApPUK 3apsifia He npruoGpeTaer.

2. CdopmynupyiiTe 3aKOH 3JEKTPOMATHUT-
HOH MHAYKIUH 1 TpaBuso Jlenma.

3azava. Ilnockmit KOHTYpP C HCTOYHUKOM
MOCTOSTHHOTO TOKA HAXO/UTCS BO BHEIIHEM O/I-
HOPOAHOM MaromTHOM
1oJie, BCKTOP MArHUTHOM
MHIYKITIH KOToporo B mep-
HMEeHUKYJISIPEH TLI0CKOCTH
kourypa (puc.4). Ha
CKOJIBKO TIPOILIEHTOB 72 TI0
OTHOIIIEHUIO K MepBOHAa-
JaJIbHOMY 3HA4YE€HUIO Wu3-
MEHUTCSI BBIJIEJISTIONIAsICS B
KOHTYPE MOIIHOCTH TI0CJIE
TOr0, KaK MaroHnuTHas NHAYKINA HAYHET YMEHDb-
marbest co ckopocteio kR = 0,01 Ta/c? Ilio-
maap KoHTypa S =0,1 M2, DJIC mcTouHNKA
& = 10 MB. OTBeT OKpyTJINTE 0 TIEJBIX.

ITy6auxayuio nodzomosur C.Yecnokos

Puc. 4




OTBETHI,

«KBaHT» ang Mnaglmx LWKONMbHUKOB
(cm. <Ksanms No§)

1. B kaxao0il BblaesneHHoil Tpoiike (puc.1) mamio-
YeK JIOJDKHBI TOpeTb XOTst Obl JiBe. 3HAYUT, HAJ0
3aMeHHTH emnfe XOoTsd ObI 2+ 1+ 1+ 1 =5 mammouex.

Puc. 1 Puc. 2

ITO clesaTh JAEHCTBUTENBHO MOKHO: TIPUMEpP IPH-
BeJIeH Ha pPHCYHKe 2.

2. Korpga Jlyka oxasascst 0K0J10 HH(POPMAIHOHHOTO
muTa, y Hero 6o110 14 — 5,5 =8,5 nutpoB GeHsnna,
TaK Kak, MpoexaB 5> KM, OH TOTPaTUJI 5,5 JHUTPOB
OeHsuHa. 3HAa4NT, GOJIbITE 85 KM, HE 3alPaBJISSICh,
OH TIPOEXATh HE CMOJKET.

C [pyroii CTOPOHDI, 3alpaBUTLCS €My HYXKHO He
npaupiie yem 3a 400 KM JI0 KOHEUHOrO IIYHKTA,
TMOTOMY dTO WHade gaxe mnosnoro 40-1mTpoBoro
6Gensobaka He XBATUT JJISI TOTO, 4TOOBI JJO€XaTb [0
KOHIIa. 3HAUUT, 3aIpaBKa [OJUKHA HAXOAUTHCS Ha
paccrosiniu XoTs 661 520 — 400 = 120 kM OT HavYasb-
HOTO IyHKTa. JIyka yske mpoexas 55 KM, I03TOMY
HUCKOMAsT 3alpaBKa JOJUKHA ObITh OT HEro Ha pac-
crostHun Xotst 661 120 — 55 =65 kM.

O6orM 3TuM TPEGOBAHUAM YIOBJIETBOPSIET TOJBKO
3ampaBKa Ha PacCTOSHUM 53 KM oT JIyku, Tak 4To
eMy CJIe/lyeT 3alpaBUThCS HA Hel.

3. Heub3ss.

Paccmorpum rpanb 1 um cpenm coceflHUX € Hel
BbIOEpeM Ty, Ha KOTOPOIl HAMHMCAHO HaWMeHbIIee
uncno, t.e. a (310 2 wmm 3). Ilycrs obume coceau
rpaneii 1 u @ — aro rpauu b u c¢. Tornal <a<b u
1 <a<c, npu sarom Tpoiiku rpaneil 1,a, b u 1, a,c
WYT B PA3HBIX HANPABJIEHUSIX — OJHA M0 YaCOBOIl
CTpesiKe, a Jpyras mnpoTus vacoBoii. Ilostomy Tak
pPAcCTaBUTh YUCTIA HEBO3MOKHO.

4. 10!,

B nouckax ontumMasnbHbIX I'IOCTpOEHVII?I

11. Vxazanue. Ilocrpoiite [Be TepeceKalomuecs
OKPY’KHOCTH € TIEHTPaMU Ha MPsiMOit [ — Tak, 4ToObI
touka N Gbla OJHOI M3 TOYEK UX IepPeceveHusl.
12. Vkazanue. Uepes B npoBequTe TIPOU3BOIHHYIO
cexymyo FN (F nexut na okpyskuoctn s, N — Ha
® ). Bropas u tperbst smnun — orpeskun TF u ON.
Joxaxkure, uro TF || ON.

13. Vxazanue. IlepBast mIHUSA: OKPY’KHOCTD C I[€H-
tpoM O, ommcaHHasg OKoJio Tpeyrombuuka ABC.

YKAS3AHUA, PEIIEHNA

Bropas ymmnus: nyu Al nepecekaer 3Ty OKPY>KHOCTb
B Touke W. TpeTbst IMHUSA: OKPYIKHOCTb € LEHTPOM
B Touke W pammyca WB Gyner nckomoii. [Toxaxi-
te, yT0 WB = WC = WI — Tak Ha3blBaeMasi <JieM-
Ma 0 Tpe3yolres.

da3zoBble AnarpamMmbl
KonebaTenbHbIX cucTemM

1. OTymmyne mIHYpa OT HPY’KUHBI 3aKTI0YACTCS B TOM,
4TO OH He crocobeH K edopmaim ckatus. Cieno-
BaTesNbHO, JMarpaMMa Ha TOU YacTu, T/e TPOUCXO-
JIAT TIO[BEM TPy3a JIO COCTOSTHUS HEPACTSHYTOrO
mHypa, OyJeT COOTBETCTBOBATH YacTH I1apaGoJibl,
OPUEHTHPOBAHHON BETBSIMU TI0 OCH KOOPIANHATBI.
2. B MomeHT KacaHus HIKHEIl NPYXXHHON MO
BO3HHUKHET BTOpasi cuia ynpyroctu. Takoe cocros-
HHe OyZeT SKBUBAJICHTHO KoJieOaHWSM Ha JBYX ITa-
palJIesIbHO  COEIMHEHHbIX PYKUHaxX. Bujp amar-
pamMmbl Gy/IeT aHAJIOTHYEH PUCYHKY 9 B cTaTbe.
3.t=5,96 ¢c; x=1,5 oM.

. A="4 1+@

5. a0y, (0 20k
(m+M)g

6. 7T =0,6mc=1,9c.

7. llpoBeaure paccysk[eHus: 3ajadn 2 U3 CTaTbl B
ol1iemM BUze.

8. 1) x,=29 cm, x, = -5 oM.

N36paHHble 3apgaun XXVI TypHupa
nmveHn A.M.CaBnHa

1. a) AzBokar MOKeT paséuTh MOHETBI Ha 25 YeTBe-
pok, B 20 U3 HUX IIOMECTHTb IO TpHU (habIIUBbIC
MOHETBI, B OJ{HY — JiBe (DaJIbIINBbIe, & B OCTABIINECS
yeTpipe — MO OAHOH. /[lyig Kakgoil 4yeTBepKH OH
CPaBHUBAET /[BE TTapbl MOHET TaK, YTOObI OHHU OKa3a-
Jch HepaBHbIME. HepasHoBecue 1OKasbIBaeT, 4To
B KaX/IOW ueTBepKe ecTb XOTsI Gbl OJIHA HACTOSIIAS
MOHeTa M XOTs Obl ojgHa asmpmmBasd. Tak Kak
QapIMBBIX MOHET He MeHee 25, TO BapHaHT <22
aspnuBbIXy He MOAXOAUT. Tak Kak HACTOSIIMX
MOHET He MeHee 25, TO BapuaHT «88 hasibIIuBbIX»
TOXKE HE TIOJXOJINT.

[lokaskeM, YTO YCJIOBHE HepasTJIalleHHs BBbIIOJIHE-
Ho. B serkoii mape sio6ast u3 MOHET MOXKeT ObITb
HacTosmielt uan (QaJbIIMBOIL B cjydae, KOrja B
YeTBepKe POBHO OjHa (hajablmBas MOHeTa. B Tsxe-
JI0if mape Jiio6ast U3 MOHET MOXKeT ObITb HaCTOsIIel
i (aJabIINBOI B c/Iydae, KOr/la B YeTBEpPKe POBHO
O/IHA HACTOSIIAast MOHeTa.

6) AZIBOKAT MOKET BBIZICMUTD 22 TPYIIIBI MO YEThIPE
MOHETBI U CPaBHUTH OJHY U3 HHUX CO BCEMH OCTAJIb-
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HpIMHU. Ecom ata Tpymnma okaskeTcs Jerde OcTasb-
HBIX, TO CyZ Oy/erT 3HaTh, 4TO B KaX/0i Oosee
TSDKEJION TpyIine ecTb XOTs Obl O/lHA HACTOSIIAst
mosera. CJjieZloBaTe/IbHO, HACTOSIINX MOHET HEe Me-
Hee 21, moatomy BapmaHT «80 (anpmUBBIX» He
noaxoaut. IIpu aToM B GoJiee JIETKOM TPYTITie MOYKET
ObITb TpU (PAJIBITIBbIE MOHETBI, & B OCTAJIbHBIX — 110
OJTHOII WJIM HU OJ[HOI, HO cy/J He Oy/JeT 3HATb, B
KaKNX MMEHHO Tpynmax (aJbIINBBIX MOHET HET, a
3HAYAT, He MOJIYYUT 3arpenieHtoi nndopmaiim.
2. 8 jauaronaJieii.

Ouenxa. I'pann ky6a umeror 12 auaronaseii. Ecomn
pPacKpacuTh BEpIINHBI Ky6a B MIaXMAaTHOM TIOPSJIKE,
TO IIECTh AMAroHaseil GyayT COefnHsTh Oesible Bep-
HMIMHBI ¥ TIeCTh — 4epHble. <«DBesbiey amaronasn
00pa3yIoT YeTbIpe TPEYTOJbHUKA, M YTOOBI WX pas-
PYUINTD, HY’KHO OCTaBUTb He 6oJiee YEThIPEX TaKUX
nuaronaseil. To jke BepHO W JIJIST «I€PHBIX» JAUATO-
Haseit. Takum o6pa3oM, BCEro MOKET ObITh MPOBeE-
JIeHO He 6oJjiee BOCHMH JHaroHaJeil.

Hpumep. Ha mmxneil n BepxHell rpandax nposejeMm
o6e amaroHas, a Ha OOKOBBIX — TI0 OJHON Tak,
9TOOBI Yy HUX HE ObLIO OOIINX TOUYEK.

3. a) Cm. onenky B 1. 6).

6) Tlpu 5 naykax.

Ouyenxa. O603HAUYNM KOJMYECTBO TAYKOB B GaHKE
yepe3 n. JlokaskeM, 4TO TIPU 72 = 5 MOKHO YTBEPK-
JlaTh, 4YTO KaK/[blii Tayk obugen xaxzaoro. /[l
HavaJa YCTAaHOBHM, YTO TIPOM3BOJIbHBIN mayk P
obuaen He MeHee n—2 TaykoB. /leficTBUTEBHO,
ecan Gbl OoH obuzienn He Gojiee n—3 HAyKOB, TO
nmesch 6nl maykn Q m R, xotopbix P He obuzes.
Cunrast [1st omnpefesienHoct, 4to Q obumen R,
MPUXOJUM K MPOTHBOPEUYHIO, TTOCKOJIbKY P, 00u-
JKeHHBI R, o0si3an Obln Obl o6uzjeTh mayka Q.
AHAJIOTUYHO JIOKA3bIBAETCS, YTO Y KAXKJOrO IMaykKa
He MeHee 17 — 2 OOMIYMKOB.

[lns1 ToKa3aresibcTBa YTBEPIKIAECHUS IOCTATOYHO I10-
KaszaTb, 4TO ecqiu A W B — TPOU3BOJIbHAS Tapa
MAyKOB, TO TIEPBBIN M3 HUX o6ujes BToporo. Pac-
CMOTPHM BcCeX TAayKOB, KpoMe 3Toil Tmapel. M3 HuxX
nmayka A obugesn xorg 6pr n—3 mayka. Ho u B
obujies1 u3 HUX XOTs1 Obl n — 3 maykos. Ilpu n >3
BBITIONHSCTCA HepaBeHcTBo 2(n —3) > n — 2, moaTo-
My Haiigercs mayk C, KOTOpbIi o0ugen mayka A, a
ero camoro obuzes nayk B. CienoBatesbHO, MayK
A obuzen mayka B.

IIpumep. Ecau naykos Gbuio werbipe (mycrb ux
sgaau A, B, C, D), To nayk A mor o6uzers B u C,
B — obuzgerp C u D, C — obugetb D u A, D —
obuzmerb A u B. Ecam ux 6pLI0 MEHbIE, TO MOYKHO
B3ATH 4yacTh Aanuoii cxemsl (maykos A, B, C, ecin
uxX Tpoe, W TMaykos A, B, ecan JIBoe).

4. llpasa.

O6osunaurm Homep kBaptupbl Ileru uepes N. JlioGoe
yrcao x ot 1 10 9 MOKHO TOJIyYNTD, UCTIOJIb3Ys HE

Gonee x +1unciaN: x = (N + N +...+ N): N. Unc-
J10 10 MOKHO II0JIyYUTb, UCHOJIb3YS1 AeBATH yncesa N:
10=(N+N):N-(N+N+N+N+N):N. Ipex-
craBuM jo6oe uncao or 1 go 2021 kak abcd =
=10-10-10-@a+10-10-b+10-c+d. lludpa a ne
6ouipliie 2, ocTasbHble IQPDI J0ObIe. 3HAYNT, OI-
pasch Ha pasJoXKeHHe, TAaKOe YHCJO MOXKHO TIOJY-
YNTh, UCTIONB3Ys He Gomee 9-6+3+10-3 =87 un-
ces N. Ocranoch pazo6parbesi ¢ OCTAIbHBIMU YHCIa-
mu. /IBa m3 Hux mnoasosstor nouyuntb N — N = 0.
Y6parb Bce OCTaBIINeECs YMCJIa MOKHO YMHOKEHUEM
nx Ha 210t 0.

3ameuanue. Ecau HCIOIb30BATH HE AECATUYHYIO
CHCTEMY CYUUCJICHHS, & TPOUYHYIO, NPHYEM CHMMET-
PUYHYIO, TO MOXXHO TOJIYYHUTD JI060€ HATypaJbHOE
yncsao or 1 1o 2021 us 44 ogmuakoBbIx unces. s
3TOTO [IOCTATOYHO MPEACTABUTD HYKHOE YHCJIO B
BIJIE

3 a+3b+3c+3 - d+3 e+ f+3.g+h=
:3(3(3(3(3(3(3~a+b)+c)+d)+e)+f)+g)+h,

rlie Kaxjoe u3 uncen a, b, ¢, d, e, f, g, h pasno —1,
0w 1. Yro6bl mOMIy4NTh KXK/IYIO U3 CEMHU TPOEK,
norpebyercst yerbipe uncaa N, a I KOKA0H U3
BocbMH TM(P HYKHO MO0 HU OJHOTO, JHOO JIBa
yncsta N. Takum o6paszoM, MOKHO HOTYyYHTh JT060€
qyucao ot 1 mgo 2021, wucnoansys me O6oJjee
4-7+2-8=44 uncen N. Ecim morpebylorcss He
BCE UHCJA, TO UX OCTAHETCS] YeTHOE KOJIMYECTBO,
MOATOMY /IBA M3 HHUX, KaK W B pPeIIeHUH BbIIIE,
MO’KHO HCIIOJIb30BATh /ST [IOJIy4eHUs] HyJIs.

5. Ipu n = 4k + 1 unu n = 4k + 2, rae k — Hatypasp-
HOE YHCJIO. ( )

n(n+1
Macca Bcex THOMOB BMeCTe paBHa + 3 croy-

HoB. Tak Kaxk cyMMapHasi Macca THOMOB Ha KaskK/[OM
peiice SBJISIETCSI YETHBIM YUCJOM CTOYHOB, TO U
CyMMa MacC BCeX THOMOB JIOJDKHA OBbITb YETHOIA.
n(n+1)
2
HOATOMY HU 7, HU 7 + 1 He J[OJDKHO OBITb KPaTHO 4.
Jlokazkem, 4TO JJI 7 > 2, JAIOMKX MPU JIeJTEHUN Ha
4 octaTok 1 min 2, Bce THOMBI CMOTYT HMOTHATLCS Ha
ropy. byznem o6o3HayaTh rHOMOB UX MaccaMi, MEK-
JIy MaccaMil THOMOB, CH/ISIINX Ha Pa3HBbIX CKaMbIX,
CTaBUTb 3HAK PABEHCTBA, a JBM)KEHUE BBEPX U BHU3
o6o3Hauarh 3Haukamu T u | coorBercrBenHo. IToka-

[l1s1 aTOTO YMCTIO JIOJIKHO OBITh HEYETHDIM,

JKeM, KaK MepeBe3TH HaBepX YeThbIPeX FTHOMOB, UMEIO-
nmx maccel m, m+1, m+2 u m+ 3: 1+1:2T,
=14, 1+1=2T,1=1, 1+(m+2)=(m+3) T,
2=21,1+m =(m+1) T, 1=11. IpuMenus sror
QJITOPUTM HECKOJIBKO Pa3 [IJIs YeTBEPOK T'HOMOB C
caMbIMU OOJIBINAME MacCaMu, OCTaBUM JIJIS TIOCJIE]I-
HUX I10/{beMOB THOMOB Maccamu 1, 2, 1 B ciyuae,
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KOrJla m JlaeT Tpu JejeHun Ha 4 ocraTok 1, mim
maccamu 1, 2, 1, 2, eciu n Jlaet ipu JleJieHNN Ha 4
ocratok 2. [l 3aBepuieHUs IMOAbEMa B TEPBOM
cJIydae JI0CTaTOYHO [0OABHUTD IIEPBBI IIAT TOTO K€
asroputMa (OJIMH THOM Macchl 2 yske HaBepxy), a
BO BTOPOM cJiy4yae JOGABUTD MEpBbIe TPU IHara.

6. —4042 n 8084.

B coorBeTcTBHEM € TEPBBIM yCJI0BHEM 0GO3HAUYNM
yicaa, HalucaHHble Ha 3a6ope, 4epe3d a—d, a u
a+d, tne d # 0. Torma 6e3 orpaHmyeHnsT OGIHOCTH
BO3MOKHBI JIBA CJIYYas.
Da*=(a-d)(a+d) e d*=a*-d* & d=0,ur0
MIPOTUBOPEYUT YCJOBHIO.

2) (a—d)2 =a(a+d)e d? = 3ad. Tak xak d # 0,
T0 d = 3a. Takum o6pa3oM, YnCyIa, HAMMCAHHBIE HA
3a0ope, UMeloT Buj —2d, a u 4a. ITockoIbKy 4ncsio
a uenoe, T0 —2a M 4a — 4YeTHbIE YHUCJA, [OITOMY
a = 2021. 3naunr, aBa APYTUX Yncaa paBHbI —4042
u 8084.

7. Ilyctp Guccekrpuca yria A nepecekaer mpsiMmyio
BC B touke F. IIpoBesnem uepe3 BepuinHy D mnpsi-
MYIO, MapajuIeIbHYI0 3TOH OHCCEeKTpHCe, KOTOpas
nepeceder npsamyio BC B touke E (puc.3). Ilo-

Puc. 3

ckonbky ZCDE = ZBAF =45°, 1o CE=CD =
= BA = BF, noaromy anuHa orpe3ka BE paBHa
MOJIyIePUMETPY NPSAMOYTOJIbHUKA.

Kpome rtoro, tak kak ZCFH = 45°, 10 FH =CH n
ZBFH = ZECH. CuenoBaTeslbHO, TPEyTrOJbHUKU
BFH w ECH paBHbl 110 JBYM CTOPOHaM M YIJy
Mexxly HuMHu, otkyna BH = EH. 1lo HepaBeHCTBY
TpeyroJbHUKa /i TpeyrojbHuka BHE nosydaem

BH + EH > BE, t.e. BH > %BE, 41O U TpeboBa-

JIOCh.
Sameuanue. Ecoim AB > BC, to Touka H j1exXuT B
JIPYTOIii HOJIYTIJIOCKOCTH OTHOCUTEJIbHO 11psiMoil BC,
HO PacCy>K/JIeHWUs aHATOTHYHBI.

8. m=n=2uwmm=2, n=3.

PaccMoTpuM deTbipe BO3MOXKHBIX CJIydast.

1) Ecrm m =1, to 1+ n! =1, ero 6BITh HE MOKeET.
2) Ecmu m=2, 1o 2=2"-nl. Torma npu n2=4
peleHuil HeT, Tak Kak IIpaBas 4acTb PaBEHCTBA
nemutcst Ha 4, a JjeBag — Her. Ecim n=1, 1O
PaBEHCTBO HEBEPHO, a IPU 7 =2 Win n = 3 paBeH-
cTBO BepHO. OTclofia HosTyyaeM pemieHus!, yKa3aH-
HblE B OTBeTe.

3) Ecam 2<m<n, T0 B J1eBoii 4acTn ypaBHEHUs
KaskJoe craraeMoe jenutcst Ha m —1> 1, a mpasas

2021 /Ne9

yactb u m —1 — B3auMHO mpocTbie yncyaa. B atom
cJIydae pelieHuil Her.

4) Ecom m>2 m m>n, TO ypaBHEHHE MOKHO
sammcars tak: n!((n+1)(n+2)..m+1)=m". Tor-
Ja nesas yactp gesures na (n+1)(n+2)..m+1>1,
a IpaBas 4acTb B3aUMHO IIPOCTa C ATUM 4HCJIOM. B
3TOM CJIydae TaKKe PEIIeHHil HeT.

9. 112,5°.

Ilyers AD =1, torna AF = \/5— 1. Ecom AG = x,
t0 GF =GD =1-x, nockonbky GH — cepeaun-
HBII TepreHKyasap k orpesky FD. V3 tpeyroJib-

. 2
nuka FAG mno teopeme Ilndaropa X2 +(\/§ —1) =
=(1- x)2, OTKy/la X = J2 —1. D10 o3Hauaer, uTO

180° — 45°

ZLAGF =45°, ZFGH = =67,5°. U3 ue-

Toipexyroybinka ABHG nosydaem £ZBHG = 360° -
-90°-45°-112,5° =112,5° .

10. IIepsoe pewenue. MoXXHO cUNTATH, YTO B HAGO-
pe Het JBYX THpb OJANHAKOBOI Macchbl (B MPOTHBHOM
cJllydae HCKOMble HaOOpbl yxke Haiiziensr). ITycrb
MacChl THPb PaBHBI my <my <...<my, <130, a
S =mg+my +...+my. PaccMOTpUM CcOOCTBEHHbBIC
HOJMHOKECTBA, COCTABJICHHbIC U3 'MPb Habopa; nx
KOJIITYECTBO PABHO 219 _ 9 =1022. JlBa cambIx Jier-
KX HaGopa MMEIOT MacChl My U My, a JIBa CaMbIX
TSOKEJBIX S+my u S +my. Ha orpeske [my,s +m]
uMeercst S+my —my +1<s<123+124+...+130 =

=1012 mespix uncesn. C gpyroit CTOPOHBI, HA ATOM
orpeske Haxozarcs Macchl 1020 Ha6OPOB, MO3TOMY
cpein HUX HailyTcs ABa OJAMHAKOBOH Macchl. Ecin
B 3TUX HAGOpaxX MMEIOTCST OOIIe THPU, TO X MOXK-
HO BBIKMHYTb 13 060ux Ha6opos. IIpm aTom moury-
YUBIIHECST HAOOPBI TOKe GyIyT NMETh paBHbBIC Mac-
CBI, T.€. OHH HCKOMBIE.

Bmopoe pewenue. PaccMoTpuM BCeBO3MOXKHbIE He-
IIYCTbIE TTOJIMHOKECTBA, COJIEpsKaIie He 6oJiee ecTi
rupb. WX KoamyectBO paBHO Cfo + Cﬁ) + C130 +
+Cfly +C) +Cfy =10+ 45+ 120 + 210 + 252 + 210 =
=847. Ilpu sTOM cymMMapHas Macca KaxXAOro U3
9TUX IOJMHOKecTB He npesbimaer 130-6 = 780,
MI03TOMY CPEe/I HUX HANIyTCS /1B TOJAMHOXKECTBA C
OJIMHAKOBOI CyMMOIl. Y6paB 13 3TUX MOAMHOMKECTB
001ITiie 3JIEMEHTDI, TTOJYYNM [[BA HCKOMBIX Habopa
IHPb.

3ameuanue. V13 BTOpOro penieHus BUHO, YTO YCJIO-
BU€ MOKHO YCHJINTB, 3aMeHuB uncsao 130, Hampu-
mep, na 140.

11. 90°.

Omnycrum u3 Touku P nepnenpukysippl PK u PL Ha
croporsr BC u CD coorercrBenno (puc.4). Tak
kak PKCL — kBajipat, to PK = PL. Takxe ZBPK =
=90° - LKPX = ZXPL, 1109TOMYy HPAMOYIOJIbHbIE
tpeyrosibiukn PKB u PLX paBHbl 10 KaTery u
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Puc. 4

ocrtpomy yray. Cuaenosaresnbno, LX = KB = BC —
-KC=CD-CL=LD. llockonbky mupsmas PL
napasienbia AD, TO OHA CO/EPXKUT CPEIHIO JIH-
HUIO TpeyrojbHuka XDY, T.e. HIPOXOAUT uepes
TOUKy Z. AHajnornysHo, npsmass QZ mnapaJijiesibHa
CD, ortkyma £LPZQ = 90°.

12. re k — 1eJoe HeOTPUIATETHHOE YHCIIO.

1
6-10%°
SlcHO, 4TO BCe MCKOMBIE unc/a MeHbire 1. 3ameTnm
rakske, uro ecan X < 0,1 — 0HO U3 MCKOMBIX YHCEI,
TO TpeOyeMbIM YCJOBUSM YJIOBJIETBOPSET W YHCJO

A
10x. IToatomy Gynem uckatb uncao X Bujia E +7,
rae A — HenyJsieBast nudpa, a YUCIO 7 HE MPEBOCXO-

qut 0,009). Ilo ycaoBuio umMeeM PaBeHCTBO

10r =4 A + rw, OTKyJla 7 = i U BUJIHO, 4TO I-
10 ) 15

pa A MoxkeT GBITb TOJIBKO equnuieii. CrenoBaresib-

1 1 1
Ho, X = — 4 — = —, a Bce MCKOMbIE 4YHCJa MMEIOT
10 15 6
X
BUJL F, rne k=0,1,2,...
13. He mpas.

W3 paBHOCTOPOHHETO TPEyroJbHHUKA CO CTOPOHOIL 7
MOXKHO BBIpE3aTh JIeCATb PABHOCTOPOHHUX Tpey-
FOJIBHUKOB €O cTOpoHoil 2 (puc.5). A u3 KBajpara
€O CTOPOHOIT 7 HesNb3sT BbIpe3aTb Oojiee IEBSATH
KBaJ[paToB co croponoit 2. [leiicrButesnbHno, mpu
JM060M  PACIOJIOKEHUN KBaJpara €O CTOPOHOI 2
IJIOMATh ero IepecedeHns ¢ 3aKpalleHHoi Ha pu-
cynke 6 o6sactbio paBHa 1, a mIomaab Beeit 3akpa-
menHoii o6sactu pasua 9.

Puc. 5 Puc. 6

14. Bynmem B paJbHellleM HCIOJb30BAaTh HOMEPA
KapTouek, a He HamucaHHble Ha HMX umcaa (ux
Camra moka me 3Haer). Ecam XoTb 0HO U3 cpaBHe-
HUiT acT HepaBeHcTBO, To Camra cpasy orpe/esur,
YTO KAPTOUYKHU JIEKAT HE 110 BO3PACTAHHIO HATHMCAH-
HBIX Ha HUX YHCEJI.
Cuauasia Cama cpasuusaer na6oper (1, 2, 3, 4, 5,
6) u (8, 9, 10). MuHuMa/IbHOE IPOU3BE/ICHUE IITe-
CTU HAIMCAHHBIX Ha KapTodKaxX 4uces paBHO 720 u
MaKCHUMaJbHOE IPOM3BE/IEHUE TPeX HaIMCAHHBIX
yices Toxe pasuo 720. Iloatomy B cirydae paBeHCTBa
Carra moiimMer, 4to Ha KapToykaX IepBoro HaGopa
nanucansl yncaa 1, 2, 3, 4, 5, 6, Broporo — yucJiaa
8, 9, 10, a Ha OTJIOKEHHOIT KAapTOYKe — YHCJIO 7.
Crenyiomiie JiBe MPOBEPKU MOKHO CII€IaTh MO-
pa3HOMY.
Ilepswviit cnoco6. Cama cpaBHUBaeT HalOOPbLI
(1, 2, 3) n (6). AHanornuHo MEPBOH TPOBEPKE, B
cIydae PpaBeHCTBA OH CMOSKET BBIIEJHUTDH TPOIKY
KapToueK, Ha KOTOPbIX Hamucanbl uucaa 1, 2, 3,
JIBE KAPTOUKU C YHCJIAMUA 4, 5 1 KaPTOUKY C YUCJIOM
6. O6o3HaunM HAGOPbI, B KOTOPBIX MMOKA HE OIpe/ie-
JIEHO, B KaKOM TOpPSJKEe JieXaT KapTOUuKu:
A =(1,2,3), A4y = (4 5), Ay =(8,9,10).
Hanee Cama cpasuuaer naGopwr (2, 6, 10) u
(3, 5, 8). 3amerum, uTO NPHU Pa3JIOKEHHN BCEX
yuces or 1 1o 10 Ha 1pocTble MHOXKUTEIN YUCTO 2
BCTPeYaeTcsi BOCEMb pa3, a YhcJo 3 — YeTbIpe pasa.
[Toatomy B caydae paBencrsa Camra moiiMer, 4To B
HepBblit HAOOp U3 A; HONAla KapToyKa € YUCJIOM
10. [eiicTBUTENbHO, €CJIM ATO KApPTOUKA C YUCJIOM
9, TO B TIPOM3BEJEHUN ITOTO HAbOpa YHCJIO0 3 BCTpe-
THJIOCH YK€ TPH Pasa, 4To OOJIbIle MOJOBHHBI. A
€CJIU 3TO KapTodKa C YUCJIOM 8, TO UUCJIO 2 BCTPETH-
JIOCH Y3Ke YeTbIpe pasa, IModTOMY B JIpPyrom HaGope
MOTYT GBITb TOJBKO OCTABIINECS YeTHbIE YHcaa 2, 4
n 10, Ho cpeam nux Her uncaa, kparuoro 3. Torma
BO BTOpOM Habope u3 A, MpHUCYTCTBYeT KapTOUKa C
YHCJIOM 5, 4TOObI GbLjIa JIETMMOCTD HA 5, a KAPTOYKa
¢ ymcaoM 4 orioxeHa. [lamee mosydaeMm, 4TO BO
BTOPOII HaGop U3 Az TOmasa KapToyKa ¢ YUCIOM 8,
uHaye 910 ObLIa GbI KAPTOUKA € YKCJIOM 9, HO TOTIA
MOCJIeHSIST KapTovyka B TEepBOM Habope [0JIKHA
ObITH C YHCJAOM 3, a BO BTOPOM — C YHUCJOM
3-6-10
5-9

YTO OHA He y4acTBOBaJla B IIPOBepKe. 3HAUUT, 4YTO-

=4, OJHaKO IIpO Hee Mbl yJKe€ BbIACHWJIN,

6bl o6ecIiednTb JIeIMMOCTb Ha 3, BO BTOPOM Habope
JIO/DKHA OBITh KapTOYKa C YHCJIOM 3, a B IEPBOM

3-5-8
Habope I0JIy4aeM KapTOuKy € YHCJIOM ———— =

6-10
CooTBeTcTBeHHO KapTouku ¢ umucaamu 1 un 9 us
naGopoB Ay m Az B TpOBepKe HE YYACTBOBAJIM.
Taxum o6pasom, Calra 0/lHO3HAUHO OIPEIEUT YUCIa
Ha BCeX KapTouyKaxX M y6e[uTcsi, YTO OHM JIeXKaT B
HOPSAIKE BO3PACTAHMS.
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Bmopoii cnoco6. O6osunaunm By = (1, 2, 3,4,5,6) u
B, =(8,9,10). Cama cpasnusaer na6opsi (3, 5, 8)
n (2, 6, 10), a mocJaeAHIO MPOBEPKY ACMACT IS
na6opos (4, 5, 9) u (3, 6, 10). 3amermm, uTO
o6e mocenHie npoBepku Caiia MOMeIan B KakK-
JIblii Habop JiBa uncaa u3 B; u ogHO 4ucyao u3 By,
[lokaskeM, 4TO [PYTHX TaKUX K¢ BapHUaHTOB, [af0-
MUX PABEHCTBO MPOM3BEEHN, HET.

13 B, Hesib3st IOMECTUTH B OIUH HAOOP YKo 8, a B
apyroit 9, mHave B OAMH HA60p C BOCHMEPKOU
JIOJKHBI TIOTIACTh Yncaa 3 u 6, HO Tor/ia npou3Bejie-
HHEe JBYX 4KCeJ, KOTOPbIe B O/IHOM Habope C /1eBsT-

. 3-6-8
KOH, JOJDKHO GBITh PaBHO T =16, oaHako 1po-

u3Be/IeHIe HUKAaKuX JBYX urces u3 By He paBuo 16.

3uaunr, u3z B, B o1HOM Ha60pE [OJBKHO GBITH YHCJIO
10, oGosnaumm stor wabop C;. Torma B apyroit
Ha6op u3 B; nomwkHo ObiTh JA0GABJIEHO YHCIO S,
o6oznauum arot Ha6op C,. Ecim uz B, B C, nomnasio
qucsio 8, TO TMPOU3BE/CHIE JBYX OCTAJIBHBIX YHCET
B C; mo/ukuo senutbest Ha 4. Ilpu atoM B HeM He
MOKeT ObITb uncaa 4, tak kak 4-10=5-8, a torga
ocrasinuecs: yucyia B C; u Cy JO/DKHBI ObITh PABHBI.
3uaunr, u3 By B C; MOryT HOMACTh TOJBKO YUCaa 2 U
2:6-10
6, a nocaemnee uuciao B C, paBHO =3 - 3.
Ecin sxe u3 B, 8 C, nonaso unciao 9, To ocrajibHble
nBa uncyaa B C; MoryT ObITh paBHbBI TOJBKO 3 1 6, a
3-6-10 _ i
5-9
Taxum oOpasom, Camra MOXeT €pa3y OINpeIenuTb

torjaa nocaeqnee uncyao B Cy paBHO

KapToOuKy ¢ uncjoM | — ToJIbKO OHa He MPUCYTCTBO-
Baja n3 By B mocsenux AByX MPOBEPKaX, a TaKiKe
KapTouKy ¢ 4nucsaoM 10 — TOIbKO OHA IPUCYTCTBOBA-
ga u3 B, B obenx mnposepkax. Ilocre atoro on
MOKET OTPEICTUTh KapTOUYKH ¢ yucaaMu 3, S u 6 —
OHH HCIIOJIb30BAJICH B 06ENX TIPOBEPKAX, [IPU ITOM
KapTouKa € 4HCJAOM 3 cHavasa OblL1a He B TOil
IpylIe, rje JecsaTka, a IOTOM B OJHOI c Heil
TpyIIe, KapTouKa ¢ YucaoM 5 — o6a pasa B APYToOil
rpylire, a Kaprouka ¢ uncjgom 6 — o6a pasa B Toil
ske rpymrme. Kaprouku ¢ umcaamu 2, 5, 8 u 9
MIPUCYTCTBOBAJIH II0 OJJHOMY Pa3y B HOCJEHIX JIBYX
TIPOBEPKax, MPH 3TOM YK€ MOKHO OHO3HAYHO OTI-
peleuTh, TAe Kakas U3 HUX.

15. 8 momer.

Ouenxa. Ilpu mepBoii MpoBepKe MOKET OKa3aTbCs,
YTO B KOO Tape MOHETHI MMEIOT OJHY Maccy.
Ecim kaxme-to m3 9THX Tap peBU3OP IPOBEPUT
MIOBTOPHO, TO OTJIOKUM HX B CTOPOHY — HX OH TOYHO
He MoJIOKUT cebe B kapMaH. Kak/yio U3 oCTaBIINX-
cs1 MOHET COeJITHUM Pe6paMu ¢ AByMsI MOHETaMH, C
KOTOPBIMU OHa OblyIa B Iape IpH MepBOil U BTOPOIL
npoBepkax. IIpu aToM o6pasyercst HECKOIBKO IIHK-
JIOB, B Ka)X/IOM U3 KOTOPBIX uepeaylorcs pebpa,
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COOTBETCTBYIOIIIE TIEPBOU U BTOPOil TMpOBEPKaM,
T.€. BCe IUKJIbI OYyIyT MMETh YeTHYIO JUINHY. Bysem
PACKJIAIbIBATD MOHETBI 10 IMKJAaM OCJIEI0BATETb-
HO: CHavaJa MO KPYTy 3alloJHUM IepBbIi IHKI,
MOTOM — BTOPOil W TaK Jajnee, MpUYeM B KaKIOM
IIIKJIe TIepBbIid 1epexoj GyaeM jenath 1o peépy,
COOTBETCTBYIOIIEMY MEePBOIl TpoBepKe. MOHETBI TOXKe
Oy/ieM BBIKJIA/IBIBATD 10 MOPSIKY: CHadaJa BCE MO-
HeThI TIEPBOH Macchl, TOTOM — BTOPOIi, 3arteM —
Tperbeil. Korjga Bce IMKJIIbI 3aKOHYATCS, OCTABIIIH-
MICS MOHETaM! 3allOJHHUM OTJIOXKEHHbIe Tapbnl. B
MIOJIy4EeHHOIL cXeMe peBH30p 3a0epeT TOIbKO Te Hapbl
MOHET, KOTOpbIe TMOMa i B OJHOM IIUKJE Ha CTBIK
JIBYX I'PYIIIT MOHET Pa3Hoil Maccol. Ecomm B oHOM 13
IIIKJIOB €CTb MOHETBI BCEX TPEX Macc, TO BCETO €CTh
TPU CTBIKA M OHM HAXOJSATCS B OTOM IUKJIE, T.€.
PEBU30DP MOJIOXKHUT B KapMaH IeCTb MOHET. B mpo-
THBHOM CJIy4ae CTBIKM MOTYT OBITb TOJIBKO MEX/LY
MOHETaMN TePBO 1 BTOPOI MaccChl, a TaKKe BTOPO
U TpeThbell, TpPUYeM CTBIKOB KajkI0TO Buaa Ju6o
coBceM HeT, OO0 BCEro /Ba. 3HAUUT, TAPAHTHPO-
BaHHO G6oJjiee BOCBMHU MOHET PEBU30p 3a6parb He
CMOJKET.

IIpumep. PeBusop MOXKeT BbLJIOKUTb BCE MOHETHI B
nBa kpyra mo 150 MOHET M B KasK[IOM KpyTre OTMe-
THTD 10 75 MOHET yepe3 o/Hy. [Ipu nepBoii nmposep-
Ke OH CPaBHUBAeT KaXXAyI0 OTMEUYCHHYIO MOHETY C
cocefHell cipasa. Ecam Kakue-TO mapbl OKa3anchb
pasHOil Macchl, WX PEeBU30p 3a0UpaerT, a KPyru B
TUX MecTaX cMbIkaeT. Ilpm BTOpOil mpoBepke OH
CPaBHMBACT KAK/IYIO OCTABIIYIOCS OTMEYEHHYIO MO-
Hety ¢ cocefneil caeBa. Ecim mocse mepBoit mpo-
BEPKHU PEBU30DP 3a0pasi MEHbIIIE BOCBMU MOHET, TO B
Kak/IoM Kpyre ocrasnoch 6osiee 100 MoHeT 1 B HEM
€CcTb MOHETBI KaK MUHHMYM [BYX Pa3HBIX Macc.
3HaYNT, B KaXJOM Kpyre ecTb He MeHee JIBYX
CTBIKOB Me/y rpymnnamu Mmouer. IIpu BTopom B3Be-
NIMBAHUH PEBU30D IPOBEPUT Mapbl MOHET KaK pa3
Ha 3TUX CTBIKaX, MO3TOMY 3abepeT He MeHee BOCHbMH
MOHET.

16. B tpeyrompuuxe AylCy cropount Ayl u C,l
(puc.7) paBHBI yABOGHHOMY PaJHyCy BIHCAHHOMN
okpyzkuoctu Tpeyrospanka ABC, a LA I Cy = 180° -
- ZABC =120°. CunemoBatesbHO, TPEYTOJbHUK

Puc. 7
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Ayl Cy paBuoGepentblii ¢ yriaom 30° 1mpu ocHoBa-

HUH.

Yerbipexyroapunk A BC{I BrucanHblil, OCKOJIbK
1By

1
LAIC) =90° + EAABC =120° A rax xak ZABI =

= ZCBI, 10 xopast A u CI crarusBaior paBHbie
JIyTU, TI09TOMY OHU PABHbBI. 3HAYUT, U TPEYTOJIbHUK
AIC, pasuoGeapennsiit ¢ yraom 30° mpu ocHoBa-
HUH.

Bynem cuurars, uro ZBAC < ZBCA, torma yxka-
3aHHBIE B YCJOBHU TOYKH PACIOJIOKEHBI TaK, KaK
mokasaHo Ha pucynke. O6osznaunm LA AB =
= LAAC = a. Torma ZLAAC = LABA; + LAAB =
=60°+a u LAC) = ZAIC, =90°—(60°+ o) =
=30°- .

Otpesok [P Bujen us touek Ay u C, moa yriom
150°, moatomy deTbipexyroibHuk [A;CyP saBisgercs
BrucannbiM, otkyga LAJIP = ZACyAy = LICy Ay —
= ZAGyI = 30° - (30° — o) = o Homysaem, uro co-
orserctBenubie yriavl AP u A/AC paBubl, M09TOMY
npsimpie Pl n AC napaJiiesibHbl.

17. Paso6beM crioco6bl BbIOpATH JiBA MHOXKECTBA C
paBHbIME cyMMamu u3 7 uuces DuGoHaydw Ha J[Be
YaCTU: HE UCIOJIb3YIOUINE 7-€ YKHCJIO U HCIOJIb3YIO-
e ero. Ilepsas wactb comepxut K (n - 1) CIIOCO-
60B. 3aMeTuM Terepb, UTO JJIsST [OCJIe0BATEIBHOC-
™ {a,} ®uGoHauydy BBHINOJIHIETCS HEPABEHCTBO
a+ay+...+a, 5 =a,—d, <a,, CIeJIOBATEIbHO, BO
BCex Croco6ax BTOPOI 4acTH ducaa d, u d,_; Haxo-
JIATCST B PA3HBIX MHOMKECTBaX.

Crioco6bl, He WCIOJb3YOIUe TUP @, 5, MOKHO
[OJIYYUTh TaK: B3SITh CIOCOGBI, UCIHOJIb3YIONIUE @, _»
U HEKOTOPbIC U3 MCHBIIUX TUPb, 3aMEHUTDH d,_, Ha
a, u 106aBUTD d,_( HA APYTyIO varry. Yucio Takux
croco6os pasro K (n—2)— K (n-3), Tak kax s10
Bce C€roco6bl, B KOTOPBIX HCIOJIB3YIOTCS KAKUE-TO
TUPH U3 HEPBBIX 7 — 2, KPOME Te€X, T/e He HCI0JIb-
3yeTCs TUPA d,_y.

Ecunt ske rupst @,_, UCHOJIB3YETCsT, TO OHA HAXO/HT-
cs B OJIHOM MHOJKECTBE C @, ; W YHCJIO TaKUX
croco6oB pasro 2K (7 —3)+ 1, Tak Kak HX MOJKHO
MOJIyYHTh, NGO B3SIB CIOCOODI, HCIIOJIB3YIOIIIE TIep-
Bble 1 —3 rupu, u JO6ABUB OJHO M3 MHOKECTB K
rupe d,, a Ipyroe — K d,_; u d,_,, au6o me 1o6aB-
JISIST K OTUM THPSIM HUYETO.

Takum o6pasom, K(n)=K(n-1)+K(n-2)+
+ K (n-3)+1. Ananoruuno, K (n—-1)=K(n-2)+
+K(n-3)+K(n—4)+1. U3 oTux ABYyX PaBeHCTB
CJIe/lyeT MCKOMOE.

El3 no ¢pwusunke
OTBeTbl K 3agaHnam 1-26

No zamannsa | Otser | |Ne 3amanms | Otser
1 2 14 8
2 6 15 2
3 12 16 34
4 10 17 13
) 14 18 32
6 32 19 147
7 41 20 1,5
8 405 21 21
9 40 22 3,20,1
10 60 23 25
11 45 24 134
12 21 25 16
13 |gnemo) |26 19

Bo3moXxHble pelleHus
C pa3BepHYTbIM OTBETOM

27. 1) Tpaekropus PoToHa GyAeT OTKJIOHATHCSA OT
MepBOHAYAIBHOTO HANPABICHNS BIIPABO.
2) Ha mporon JIEHiCTBYIOT MarHUTHOE IOJIe CHJIOII,
paBHOI mno Moxaymo F, =qouB, U aleKTpuueckoe
1oJjie CUJIOW, PaBHON 110

E
moayao F, = gE (puc.8).

[TockosbKy 3apsiji mpoTO- B® AD ®

Ha MOJIOKUTE/ LD, F, co-

namnpansiena c E, a rﬂnpa-
By JIeBOH pyku F, Ha- F, P F,

¥

BOHAYAJILHO MPOTOH JIBU-  p,-
rajicsi IpsIMOJIMHEHHO, TO
COTJIACHO BTOPOMY 3akoHy HpbioToHa 1o MomIyJsio
3TH CUJIbI OBLIN PABHBI.
3) Cuna feficTBHS 9IEKTPUYECKOTO OIS HE 3aBHU-
CHT OT CKOPOCTU MPOTOHA, & CUJIA JIEICTBIS MarHUT-
HOTO TOJIS ¢ YMEHBIIEHUEM €r0 CKOPOCTH yMEHbIIIa-
erc. IlockonbKy B pe3ysbraTe yMEHDBIIEHUS CKOPO-
CTU TIPOTOHA PABHOMEHCTBYIONAST CUJT E u FM, a
TaK)Ke BBI3bIBAEMOE €10 YCKOPEHHE HaIlpaBJIeHbI
BIIPaBO, TPAEKTOPHS TPOTOHA OY/JeT OTKJIOHSATHCS
OT TIePBOHAYAJIBHOTO HATIPABJIEHUST BIIPABO.
28. 1) CorsiacHo 3aKOHAM PaBHOYCKOPEHHOTO TIPsi-
MOJIMHEHOTO J{BUKEHMS,
2
s=gyt+ %, 1)

TpaBJieHa MTPOTHBOTIOIOXK-

Ho cuye F,. Tak xak mep-
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30, = v, + at, 2)

rje v, — HayaJabHasg CKOPOCTb TeJa, d — MOJyJb
YCKOPEHHUS TeJTa, S — MyTb, MPOHCHHDIN TEJIOM.
2) Pemas ypasuenns (1) u (2), momydnm Boipaske-

HUe JUIsl HAYaJIbHOM CKOPOCTH TeJa:
s 20

0y =— =——M/c=3M/c.

2t 2.2

29. 1) Ilo sakony I'yka MOAy/ b CHIIBI YIPYrOCTH
paBen F =RAl. Tak Kak pacTsKeHUSI IIPY’KUH

E
OJINHAKOBBI, TO —2 = y

1 Ry
CHJT yIPYTOCTH JeBOH U MpaBoil TIPYKUH COOTBET-

=3, tne K, F, — monyn

CTBEHHO.
2) Yc/ioBusi PABHOBECHsI CTEPIKHA € TPY30M HMEIOT
BUJT

R+ F=Mg+mg,
L L L
F-—+mg-|=--d|=F —,
2 2 2
rjie BTOPOE PABEHCTBO — 3TO IIPABHJIO MOMEHTOB
orHocutenpno ocu O, TPOXOISIIEH dYepe3 IIEHTp

MacC CTEepsKHs MepHeHIUKYISPHO IJIOCKOCTH PH-
cynka (puc.9).

Mgl
L 'mg

Puc. 9

3) OGbeaunsist myHKTbl 1 W 2, TOJIy9aeM CHCTEMY
ypaBHEeHU

4F, = Mg +mg,

mg-[L—dj: FL.

2

4) W3 cucreMpl ypaBHEHHIT IlyHKTa 3 HaXOAMM
ML 2-0,4

m=———=——"—KI =4 KI.
L-4d 0,4-0,2
30. 1) Omnpenenum crenenb N30TEPMUYECKOTO CKa-
THsI, IIPU KOTOPOI Hap CTaHEeT HACBIIEHHBIM, Y4U-
teiBast, uto mpu 100 °C paBjeHMe HaCHIIEHHOTO
BOJISTHOTO TIapa PaBHO HOPMAJIbHOMY armocgepHo-
MY JABJEHHIO p, = P, = 10° Ma. [lna storo Boc-
noab3yemcss  3akoHoMm  boitng—MapuorTa
PutVi = pyVo. Ilockonbky HauanbHass OTHOCHTENb-

)
Hasi BIAXKHOCTD BO3IyXa @ = Put _ 0,6, T0
Pu

Vi _Pu_ Pu 5 <25,
VZ Put 0767)}1
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CulejoBaTeIbHO, IIPU M30TEPMUYECKOM yMEHbIIIe-
HUM o6beMa B 2,5 pasa map CTaHeT HACBIIEHHBIM.
2) OupeenM HAYaIbHOE U KOHEUYHOE IapIifajib-
Hble IaBJeHNs CyXOTO BO3/yXa, BOCIOIb30BABIINCH
3akoHamu [lanbrona u bBoitng—Mapuorra:

Pet =Pt = Put =P — 0Py =
=10’ [la—0,6-10° ITa = 0,4-10° Ila,

Doy = p%% =25-0,4-10° ITa = 10°Ia.
2
3) OHpC[[C]II/IM KOHEYHOe AaBJIeHHE BJIAKHOI'O BO3-

,ZIyXEl B COClee C TTOMOIIIBIO 3aKOHa Z[B.JII)TOHaZ
P2 = Ps2 +p112 = Py2 +pH =
=10° a +10° Tla = 2-10° Ma.

4) Tlpu HarpeBaHuWH BJIQKHOTO BO3Ayxa 6e3 m3Me-
HeHHs oObeMa BOJSHOI map OyzeT ocTaBaTbhes He-
HACBIIEHHDbIM, a 3HAYNUT, BJIQXKHBINH BO3IYX MOXKHO
CUNTATh W/I€AIBHBIM Ta3oM C IIOCTOSTHHBIM KOJIHYe-
CTBOM BeIIeCTBA, /11 N30XOPHOTO HArPEBAHUS KO-
TOPOTO MOKHO mpuMeHnTh 3akoH [apms % = %
Takum 00pasoM, IS TOTO 4TOOBI nonquﬁ Takoe
JKe KOHEYHoe JaBjeHune 6e3 M3MeHeHHs o0beMa,
TeMIepaTypy rasa HeoOXOJMMO YBEJUYHUTD B

105
Q:&:—Z 10 Ha:2pa3a.
L p

10° [a

31. 1) Ilpu nocegoBaTeqbHOM BKJIIOUEHHH CHJIA
TOKA, MPOTEKAIONIEr0 MO PE3UCTOPY U JIaMIle, OJ[HA
U Ta JKe, a HalpsUKEHUsT HAa PE3UCTOpe W Jamiie B
cymMe paBHbI Hanpspxennio cetn: U =Ug + U

2) Hanpsxkenne Ha Pe3UCTOPE ONPEENAETCS 3aK0-
HoMm Oma juist yuactka nenu: U R = IR.

3) HanpskeHne Ha JaMmIle OIpeesIsieTcs M0 Tpa-
¢uxy npu cute Toxka [ = 0,4 A B nenm: U, =140 B.
4) MONIHOCTD, BBIJEAAIONAACS Ha PE3UCTOPE, OIl-
penensiercst 3akonom J[xoyssi—Jlenia:

Py =Ugl =(U-U,)I =80-0,4 Br = 32 Br.

32. 1) Ilpu B3anMozelicTBIN U3JIy4eHUs C T1JI1aCTHH-
KOI (hOTOHDBI, TPOXOSAIINE Yepe3 Hee, He OKa3bIBa-
10T /IaBJIEHUST HA IJIACTUHKY.
2) Otpaxentbie (POTOHDI MEPEAAIOT MIACTUHKE MM-
IyJIbC, PABHBII MO MOAYJIO CyMMapHOMY H3MeHe-
HUIO UMITYJIbCOB BCEX OTPA’KEHHBIX (POTOHOB:
o~ h
psl = |apl =N (7 = )| =2N -,
rae 73' =-p, (;5, ;F)’ — WMMITYJIbCBI MAJAIoIUX U OTpa-
JKEHHBIX (DOTOHOB COOTBETCTBEHHO), @ MOJYJIb MM-

myJbca OTOHA PaBeH p = e
[Tyctp N — umcio orpaskenunix ¢oronos. Toraa

N =nN,, rae n=0,7 — o orpaskenubix ¢oro-
HOB, Ny — 4HCJI0 TaalonmX (HOTOHOB.
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B coorBercTBHM CO BTOPbIM 3aKOHOM Hpiotona cuja,
C KOTOpOfI usJjiyuesnue ﬂCﬁCTByCT Ha IJIAaCTUHKY 3a

BpeMs ¢, pasHa I’ = @, a JaByenne pasHo P = g,
rae S — IJIomA/ib IJIACTUHbL.
HHomyuum SN
P = ﬂ. 1
Sth )

3) 3anuiieM BbIpaskeHue JUIsS Yncaa POTOHOB, Ta-
JIATOIMNX Ha MJTACTHHKY 32 BpeMsi t. YdreM, 4TO 3a
BpeMsi ¢ (DOTOHbI, JBUrasiCh CO CKOPOCTBIO CBETa,
MOMA/YT HA MJIOMAAKY S U3 IUJIMHAPA ¢ OCHOBAHU-
em S u GokoBoil obpasyromieil AuHOI ct. O6beM
aroro nuanuapa pasen Sct. [Toatomy

N,y = nSct, (2)
rjie n — KOHUeHTpaiuss (OTOHOB B IyuKe, ¢ —
CKOPOCTDb CBeTa.

4) Pemag ypasuenus (1) u (2), nomxyunm
2 1,26-107°-1,1-107"°
ek 2-0,7-3-10%-6,6-107

=5-108 M.

MockoBckuU rocypapcrBeHHbIN
YHUBepcUTeT
nmeHn M.B.JlomoHocoBa

MpodunbHbIN 3K3aMeH no ¢usnke
MexaHuka

1. [TockosbKy 1O yCJIOBUIO pasMepbl Maiid MaJIbl 110
CPaBHEHMIO C [IJITHOW HUTH, MOKHO CYMTATDh, YTO B
MOMEHT y/iapa maii6 o 6pPyCOK MX OTHOCHTEJbHBIE
CKOPOCTH HAIlPaBJICHBI TIEPIECHINKYIAPHO GPYCKY U
paBHBI TT0 Mofy.JIi0 #. CKOpOCTH mIait6 B HaIlpasJie-
HUW JIBUKEHUS OPYCKa B MOMEHT UX yJapa o 6py-
COK PaBHBI CKOpOCTH Opycka v. 3aluiieM 3aKoH
COXPaHEHHS WMITYJbCA B TIPOEKINH Ha HAalpaBJie-
HHUe /IBIDKeHNS OpPyCKa W 3aKOH COXPAHEHHS MeXa-
HUYECKOIT SHEPTUH, CUNTAsI, YTO KHHETUYECKAS SHEP-
IS BpalleHNs 1aii6 mpeHe6pesknuMo MaJja:

kmo, = kmov + 2mo,

, . 2, 92
kmoy  kmo? m(v tu )

= +2
2 2 2
W3 atnx ypaBHeHI/If/i CJICAYIOT TaKNe PaBEHCTBA:
ko, ; . ;
0= k+02’ kog = (k+2)0” +2u”,

Hckmouast orciona 0, noJgyvdaeM

u=1v, /% =14 m/c.

2. ITocsie xacaHust IPY>KUHBI JOCKON MPY’KUHA HAU-
HeT CkKUMarbes. [Ipw aToM Ha JIOCKY B TOPU30H-

TaJIbHOM HallpaBJeHUN OyIyT AefCTBOBATD CHJIA YII-
PYTOCTH CO CTOPOHBI IPY)KUHBI U CHUJIA TPEHUS CO
CTOpPOHBI 6pycKa, a Ha 6GpPyCOK — CHJa TPEHUsS O
jgocky. Ecimm 6pycok He CKOMB3UT TIO JIOCKE, TO
YCKOpeHnsl aTHX Tesl oanHakoBbl. [lo BTOpoMy 3a-
xony Hpbiorona,

Ma = Fynp - Fm ma = Fpr
npuyemMm
FTp = Fmax = MN = |mg.

[ToaToMy MakCHMaJIbHO JIOIYCTUMOE YCKOPEHUe 0C-
K ¢ OPYCKOM PaBHO @y, = WUg. J[BUKeHue JOCKH
BMecTe ¢ OPYCKOM JI0 MOMEHTA IIOJIHOTO COKaTHsI
MPY’KUHBI OTMCHIBAETCS ypPaBHEHNEM TapMOHMYEC-
KUX KoJsieGanuii Ha mepBOil ueTBepTH Tepuoga. 13
HTOTrO YPaBHEHUsI CJCJYET, YTO aMILIUTYHOE 3HAYE-
HUE YCKOPEHUsI JJOCKH ¢ GPYCKOM paBHO @y = 00,

/ k
rae ®=,/[——— — KPYroBas 4acToTa CBOOOHBIX
M +m

KoJie6aHuil cHucTeMbl. YcJoBHe 3aja4n GyIeT BbI-
TTOJTHEHO, €CJN dy < d,,... CJe0BaTebHo,

ko?

(ug)
MoneKynﬂpHaﬂ ¢)VI3VIKa n TepmMmognHamMuka

m> - M =5kr.

2

1. Tlockosbky mpu temrmeparype t =100 °C mapue-
HIIe HACBIIEHHOTO BO/STHOTO Iapa PaBHO HOPMaJlb-
HOMY aTMOC(epHOMY JaBJIEHHIO Py, U3 yPABHEHMUS
Meunpeneesa—Kiamneiipona ciaeayer, 4To Macca napa
B HCXO/IHOM COCTOSIHHU COCTaBJISIET

m, :% ~1,74 1.

Macca mapa, ocTaBIIerocsl MOCJe CKaThs, paBHA
my=my—m=0,74 1.
O0beM, 3aHIMaeMblii TAapOM Maccoil 7 TIPH TeMIIe-
parype t =100 °C, pasen
mRT
poM

2. Ilpu rtemmeparype 100 °C aBieHHEe HACBIIIEH-
HBIX MapOB BOJBI PAaBHO HOPMaJbHOMY armocdep-
HOMY JaBJIeHNI0 py. V3 ypaBHenuss MennemneeBa—

V,=V- ~1,28 1.

Knaneiipona p,V = %RT, rne T =t + 273, cueny-
1

eT, 9T0 06beM, KOTOPBIN 3aHUMAas GbI BOSHON map,
00pa30BaBIIMICSA U3 JaHHOTO KOJMYECTBA BO/JIBI,
[IPU JIABJIEHUU P PABEH
ny
Mip,
IToatoMy BojistHbIe TTAPBI GY/IYT HACHIIIEHHBIMH, J1aKe
eciu GynyT 3aHUMATh Bech 0ObeM nuannapa. Cie-
JIOBATEJIbHO, B 00ENX YaCTSIX HUJIHHIPA YCTAHOBUT-

V= RT = 3,4 1.
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cst nasyenne py. O6beM, 3aHUMAEMbIl a30TOM, pa-
BEH

vV, = "M pr.
Mypy
Orcoia HaXO/ UM
V., _ myRT

x= -100% = 55%.
Vo MypV

3ﬂeKTpOJJ,VIHaMVIKa

1. Tlox melicTBHEM TIOCTOSIHHOTO 3JIEKTPHUYECKOTO
M0JIsT 3apPsDKEHHbII IapuK JIETUT 110 TapaboJmyiec-
KOl TpaeKTOpPHM, a TPAEKTOPHs HE3apsIKEHHOIOo
MIapuKa TpeCTaBJsieT co60i Ba MPSIMOJIMHERHBIX
OTpesKa paBHOIl ajuubl. B HampaBieHuu, mnapas-
JIEJIbHOM TLJIACTHHAM, 00a MIapHKa JIETST ¢ OJJMHAKO-
BBIMH TIOCTOSTHHBIMI CKopocTsiMu. Ilockosbky 110
YCJIOBHIO IIAPUKK BO3BPAIIAIOTCS B OJHY U Ty >Ke
TOUKY II€PBOIl IJIACTUHDI, OHU 3aTPAYNBAIOT HA JBU-
JKeHne ofiHO u To xe Bpemsi. O6Gosnauus uepes d
paccTosiHie MKy IJIACTHHAME, HaXO/1M, 4TO Bpe-
MS [JIBIDKEHHS He3apsUKeHHOTO IapuKa OT OHOM
IJIACTUHBI /IO JIPYTOil PaBHO

‘= d .
0 =~ The Yy, = Ypsina.
Yy
Takoe :Ke BpeMsT 3apsKEHHDII MTapUK JABUKETCS OT
MOMEHTa BBLJIETa J0 BEPUIMHBbI IapaboJbl. Momy/ib
YCKOPEHUS 3apsSIZKEHHOTO 1apUKa PaBeH
2
Yoy _ iy
- = T
ty d
a ero IepemeleHne B HallpaBJeHUU, IepPIIEeH/UKY-
JIAPHOM ILJIACTUHAM, 32 BPEMs f, COCTaBJIsSICT
att d

=0y bty —— = —.
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BKJIIOUaIoNiee B ceGsi BHYTPEHHEE COIPOTUBJIEHUE
ucrounnka. Torga BblesgIONAsCS B KOHTYPE MOIIL-

HOCTb ITpU HEM3MEHHOM MAarHUTHOM I10JI€ paBHa
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Korga MarauTHOE 10oJIe HauHeT yOBbIBAaTh, B KOHTYPE
BosHUKHeT J/IC MHAYKINH, IO MOJYJIIO paBHAs
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TIpaBJIeH 10 YacOBOii CTpeJiKe, caepoBatesnbno, J/1C
nnaykiu ckaagpisaercs ¢ JJC ucrounuka. Mo-
HOCTb, BBIJEJSIONIASCS B KOHTYPE, CTAHET PaBHOI
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NMMAXMATHAA CTPAHUNUUYUKA

LIJaXMaTbI—960

B amepuxanckom Cent-Jlynce
IIPOIIEJT €KETO/IHbI TYPHUD Ha
MEPBEHCTBO MUpa 0 IaxMaTaM-
960, Gouiee usBectHbIM B Poccun
kak maxmatel Dumepa. Vmerno
OJIMHHA/IIIATBIN YEMIINOH MHPa
MPEIJIOKU BUOU3MEHUTD TIpa-
BUJIA UTPBI J1JIs1 60PHOBI ¢ «HUYeli-
HOU cMepThioy>. [loapoGHbie Tipa-
BUJIa MOKHO HAWTH B MHTEpHETE,
OTMETUM JIMIIb, YTO B 3TOM BUJE
maxmaT BO3MOXKHBI 960 HayaJb-
HBIX TIO3WIINI, TaK 4TO JeOI0THAsS
MTOZITOTOBKA MCYE3aEeT M OCTAETCS
uyuctoe TBopuecTBo. [loGeureiem
TYPHUPA, UTPABIIErOCS C YKOPO-
YEHHBIM KOHTPOJIEM, CTaj TIpPOC-
cmetictep Jlenbep /lomunrec.

LW.MameppspoB — JI.loMuHrec
CeHT-Jlync, 2021
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1. d4 d5 2. c4 c6 3. Qe3 Ab6
4. £b3?! (tounee 4. b3 Ag6 5. cd
Ad5, He YyBOAA CIOHA OT KOPOJIST)
2e6 5. Qac2?! Af4! Cpenano
BCETO 5 XOJIOB, a y OGesbix yiKe
6otbIITe TIPOOIEMDBI C TIETTKAMK €2
u g2. 6. ¥d2 dec 7.Qc4d Wg4
8. g3?! CienoBasio «OTKYIIUTBCS>
nermkoii: 8. @4e3 We2 9. g3 Wd2
10. £.d2 Afd5. Teneps Gesbie moma-
JAI0T MOJ MOIIHYIO aTaky.
8...2e2+! 9. &g2 Aad5 10. {3
Aef4+ 11. ©2f2 Ah3+ 12. Re2
adfs+ 13. gf (ma 13. Re3 «
nobeze sener 13...We6 14. Qed
Ad5+ 15. Re2 6) Wg2+ 14. 2d3
Whi 15. Q23 Wf3 16. Lg3 Af4+
17. Qof4 Wf4 18. Bf1 Wg5 19. Qed
€6 20. ¥f2 0-0! (kopoTkas pokn-
POBKa MPOUCXOJUT HA KOPOJIEBC-
KOl MOJIOBUHE, 3/IECH JI/IbsI IPO-

CTO <IIepelpbirnBaeT» yepes Ko-
poast) 21. Le6 16 22. Bgl 2h4
23. Bg7 2h8!, u Gesbie BbIHYK/IE-
HbI MEHATD (ep3eil u napy Jasjei,
1ocJie Yero SHANIIMIL Oe3Haje-
JKEH, M0TOMY OeJible CAATUCH.

TypHup npumevaresen Takxe
TEM, YTO B HEM IIPUHSLJ y4acTue
TPUHA/IIATDII yeMTnoH Mupa lap-
pu Kacmapos, 3aHsBmmii /1ocToii-
HOE 5 MeCTO ¥ CBITPABIIMN PsIT
SIPKUX TIapTHH.

lKacnapos - C.lLleHkneHa
CeHT-Jlync, 2021

20 k2 We N
AAdddaan

ABBABAB BB
o BOUWE B

1. d4 d5 2. £3 adé6 3. ¢3 £5?!
UYepHble NpUAEP>KUBAIOTCS TUITHY-
HO¥ a7t maxmat Dutmrepa crpate-
MM — HE JIONYCKaTb AaKTUBHOM
urpbl conepuuka (e4), no 3...f6
BBITJIAZIEN0 aKkKypaTHee. 4. @d3
Aab6?! 5. 2b3 Abc4?! 3ambicen
YEPHBIX HEMOHSTEH, U HA 9TOM, U
Ha TIPEbIAYIIEM XOJy MepCIeK-
THBHeE BBITJISIIENT0 TuOKoe 6.
6. QAbcS> We8 7. b3 Aa3 8. Le3!
0-0-0 9. W2 Wh3?! 10. Qes.
UYepHble HeyIAuHO PA3bITPaN Jie-
610T, a O6eJble TOCJEL0BATEIBbHO
HApPAIUBAIOT MPENMYIIECTBO, WTI-
pasi Mo MEeHTPY M OCJaGJeHHDBIM
yepubiM 110J1aM. 10...4b1 11. Bb1
Ac4 12. a4 Wh6 13. 0-0. Besbie
JOOUJINCH CTPATETUYECKH BBINT-
PAHHOI TTO3UIIUK 1 TOTOBSIT Pellia-
0NN TereyHblil mTypM Ha dep-
sesoM (uianre. 13...2e5 14. de
Wc6 15. b4 4f7 16. bS Wg6
17. 2d3 a5 18. ba Wa6 19. Acs
Wa8 20. Ab7 £d7 21. QcS5 2dd8
22. Bb4 £a723. Ad3 Le3 24. We3,
1 YepHbIe C/IAJNCh.

BrieuaTisionyo napTuio yxe B
MIEPBOM TYpP€ CBITPAJIH [[BA Bey-
IMUX TpoccMeiicTepa.

Y.Co - M.Bawbe-Jlarpas
CeHT-Jlync, 2021
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1. b4 d6. Bosmoxno, Jayumie
1...a5!? B iyXe COBpEMEHHOII TpaK-
toBKH Jie610Ta COKOJIbCKOTO. 2. ¢4
ed 3. d4 ed 4. ¥d4 Ac6 5. ¥b2
Ae6. Yeprbie SBHO PHCKYIOT, OC-
TaBJysia ¢dep3s HA a8 BHE UTPHI.
6. 2e3 4.g¢5 7. Ads! Yepnornos-
HBIN CJIOH — TJIABHBIN 3aIUTHUK
YEepHBIX I0JIell, MoaTOoMy GeJrbie
TOTOBBI OT/JIATh 3a HETO JIAJIbIO.
7...%c1 8. ¥c1 0-0 9. b5 acd8.
BeposiTHO, UepHbIe pacCYUTHIBAJIH
Ha 10. Qe7+ ®h8 11. Qc8 W8,
BBOzst epsst B urpy. 10. af6+!
Eme opna nosuiimonnast keprpal
10...gf 11. ¥ h6. T'posur & c2,
& ¢3 wm gaske h4d ¢ nocseayro-
mum B h3. 11...f5!12. ¥ {6 4 g7
13. fc3 Adeb 14. h4 £b5! 15. hS
Ece8! 16. h6 Wd8. Cepueii equn-
CTBEHHBIX XOJ/IOB Y€PHbIE CMOTJIN
OCTATBCSI «B WIPE», OJIHAKO UX
MOJIOJKEHNE BCE eIle OYeHb Orac-
Ho. 17. hg? Tounee 17.cb Wf6
18. &f6, nosyuas 3a Jaabo jBe
Jierkue (purypbl ¥ CUJIbHYTO aTaky.
17...9%f6 18. gf¥r+ Af8 19. Lf6
Lc4 20. 2c3 bS 21. Bh4 Ee6
22. £.d8 ¢5 23. £b3 4Lb3 24. ab
b4 25. adS Ag6é 26. Eh3 Ze2
27. Be3 %d2? B wueiitnore Gesble
Havam omnbaThCsI: pa3MeH Jiaei
nocsie 27...8e3 28. Qe3 a4 masa
YEPHBIM IAHChI HA HIUYbIO U JIaKe
noGety Gaarozapsi temkam gep-
seporo (paanra. 28. He8+ g7
29. 2f6+ 2h6 30. Qe3431. Ac4
Ed3 32. Ha8 f3? 33. g4 af4
34. B8g8 Ae6 35.4Qe3, marToBas
ceThb CIIeTeHa, TT0ITOMY Y€PHBIE
C/IaJIUCh.

A.Pycamnoe
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