


20 mana 2021 roga B noyYTOBOE 0bpaLleHne
BblILLIa MapKa, NocBAweHHaa 200-netuio
CO OHA POXAEHMA MaTeEMATMKA U MEXaHMKA
MadpHyTNA JlbBOBMYa YebbilwéRa.

Ha noutoBoi Mapke n3o6pakeH nopTpeT
MN.J1. Yebbllwépa, cTOnoxoaALLas MallHa

n dopmyna gruddepeHymanbHoro GrHoma.

3onoras menans umenm M.J1. Yebuiwésa
Poccwiickoi akopemun Hayk

JTO y»Ke BTOpas MapkKa,
BbIMNyLLEeHHanA B Halleln CTpaHe B YeCTb
N.J1.YebbiwéBa. MepBbii NOYTOBbIN
MaMATHBIN 3HaK ObIn NpUypoyeH

K 125-netunio co gHA ero poxaeHunsA
n n3rotosneH B 1946 rogy. Ha aton
MapKe MOXHO YBMETb NopTpeT
MapHyTMA JIbBOBMYA, MOANUCH
«Bennkumm pycckmm matemaTtumk,

a TaKkXKe rofl poXxaeHnAa y4eHoro

v roa 125-neTHero robunes.
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[oNoNHUTENbHO K BbIMyCKY HOBOW
NOYTOBOW MAaPKN U3[4aHbl KOHBEPTbI
NepBOro AHA U N3roTOBEHbDI
lwTeMnenu cneunanbHOro raweHus
ana Mocksbl, CaHkT-lNeTepbypra

n Kanyrn.
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Hopen Amutpmesny Caxapos
(K 100-neTuio Co OHA poXaeHWs )

J1.BEJIONYXOB

IVBUTEJIbHAA CYIbBA BbIJIA

y ¢usura Auzapes /[Imurpuesnua Caxa-
posa (1921-1989). T'naBubIl TeopeTHK M
KOHCTPYKTOP CO3/IaHNUSI CTPAIITHOTO OPYKUST —
BOJIOpOIHOI 60MObI, Tpu:K /bl ['epoit Cotua-
sucrudeckoro Tpyna 3a pyKOBOJICTBO CO3/a-
HueM MHOTUX BUJOB sijiepHoro opyxusi, Ca-
xapoB B 1975 roay cras naypearom HoGeses-
CKOUl TIPeMUU MUPa «3d 0ecCmpamnyo noo-
depikky hynoamenmaivHvlx NPUHYUNOE MUPA
MeAHKOY T0ObMU U MYIKECBEHHYI0 6OPOY CO
3A0YNOMPEOICHUAMU GAACBIO U TI0OLMU
Gopmamu nodas.sienus: ueni06eueckozo 0oc-
MOUHCTBA>» .

B nenp mcmblTaHWS MEpBOIl BOAOPOIHON
6oMO6bi (erite B HaseMHOM BapuaHte) 12 aBry-
cta 1953 roma Ha CeMHUTTATaTHHCKOM ITOJIUTO-
He cpasy IocJ/ie B3PbIBa HAYUHbIE PYKOBO/IM-
TeM ucnbITanug akagemuku 1. B. Kypuaros,
10.b.Xaputon u f.B.3enbgoBuy ripu no/1-
JIepIKKe TJIABHOTO PYKOBOUTEJIST HCITBITAHMS
MUHUCTPA CpEJHEro MaIlMHOCTPOEHUS
B.A.MaumprmeBa Hanmcaan ot3biB o Caxapo-
Be B CBSI3W C TIPEACTOSIINMHU BBIGOpAMU B
Axanemuio Hayk CCCP. OT3bIB GbLT HAITPaB-
JIeH B TIPABUTEJIbCTBO U B IPE3UANYM AKaje-
MUM. B HeM, B YaCTHOCTH, TOBOPUJIOCD:

«Anopeil [imumpuesuu Caxapoe sigisiem-
€51 HeOOBLIUAUHO 00APEHHBIM PUIUKOM-MEO-
PEMUKOM U 8 MO JKe BPeMsL 3AMeUAMELbHIM
usobpemamenem. Coedunenue 6 00HOM Juue
UCKYCCMBA U UEACYCINPEMACHHOCTIU U300 DE-
mameJst ¢ 2AYOUHOU HAYUHOZO AHANU3A NPU-
8e/U K MOMY, UMO 3d KOPOMKUI CPOK, 3a
wecmv aem, A./l. Caxapoe docmuz xpyn-
HeUwux pe3yivmamos, nocmasueuux €20
na nepsoe mecmo ¢ Cosemcxom Corose u 6o
6CeM MUpe 6 GAKHEUWUX 00AACIX Pu3u-
ku. Ha npomsixenuu nociednux sem u 6

DOT: https://doi.org/10.4213/kvant20210501

oauxaiwenm 6yoyuem udeu A./l. Caxaposa
OMKPLIBAIOM NYMU BAKHEUWEL UaACmU CO-
semckotl pusuxu. Hsbpanue A./]. Caxapo-
8a 0etCMBUMENbHBIM UAeHOM AKademuu Hayx
CCCP ssumcs auws cnpaseoiuévlm npu-
3Hanuem ezo 3acayz neped coO8emMcKol Hay-
Kot u naweit Poounoii. Mozodocmv Caxapo-
8a, €20 02POMMHASL UHUUUAMUBA U MALAHM
NO3BOSIIOM € YBEPEHHOCMBIO KOAMb eue
bonbUWUX DOCTUKEHUTL>.

32-neranit CaxapoB B 3TO BpeMs WMeJ
BCErO JIMITh YYEHYIO CTeTeHb KaHAuIaTa
(pusuro-maTemaTueckux Hayk. M Tem He
MeHee, 22 OKTSAOPSI OH €UHOTJACHO ObLI
u36paH JefCTBUTEbHBIM YJIEHOM AKaJeMUun
Hayk. BeicrynuBmmii Ha o6ueM coGpanuun
Axanemun U.B. KypuaroB ckazan: «Taxue
ao0u, kax Caxapos, poxdaiomcs pas 6
nosasexas. Brorouky atomy ns6paHuio uepes
Mecsl] Bpiciasg aTrecTanioHHas KOMUCCHS
npucBonsta CaxapoBy yueHOe 3BaHHE JOKTOPA
HayK «3a paboTbl, ipoBesieHnbie B KB-11».

Anppeit [Imurpueny CaxapoB pojaniics 21
Masg 1921 roma B8 MockBe B MHTEITUTEHTHON
cembe. Ero otert, Imutpuit Usarnosuu Caxa-
pPOB, ObLI M3BECTHBIM M€AAroroM-(hU3uKOM,
mpodeccopoM MOCKOBCKOTO TI€arOrnIecKo-
IO MHCTUTYTA, aBTOPOM 3aMeEYaTeJbHBIX I10-
MyJISIPHBIX KHUT U CEPbE3HbIX 3aJaYHUKOB
[UIST TIKOJI, TeXHUKYMOB 1 By30B. Marb,
Exarepuna Anexceesna Coduano, 104b 110-
TOMCTBEHHOTO POCCHIICKOTO BOEHHOTO Tpe-
YeCcKOTO IIPOUCXOKIeHUsI, He paborana u
3aHMMAJIACh BMECTH C MY’KEM BOCIHTAaHHEM
CBIHA.

HavasbHoe o6paszoBaHWe W BOCIHTAaHUE
Anpgpeit CaxapoB Oy 0OMA, a B KO
VUIJICS TOJBKO ¢ cebMoro kmacca. OH poc
3aMKHYTBIM W HEOOIIMTEIbHBIM, OJHAKO B
IITKOJIE Cpa3y CTaJl 3aHUMAThCS B MaTeMaTH-
yecKoM Kpy:kke. Hecmorpsi ma 1o, 4TO OH



AHAPEW IMUTPUEBUY CAXAPOB 3

A/l Caxapos Bo Bpems uHTEPBLIO B.[ybapesy,
mapr 1970 roga (gororpagums fO.Pocra)

pelna caMble TPYJAHBIE MaTeMaTHIeCKue 3a-
Jlay¥, OH YacTo JIeJaj 3TO WHTYUTHBHO, 6e3
TOI MaTEeMaTHYECKOM CTPOTOCTH BCEX JIOKA3a-
TEJBCTB, KOTOPYIO TaK JIOOAT U CYUTAIOT
HeoOX0MMOiT MaTeMaTHKu. OH 4acTo He MOT
OOBSACHUTD, KAK OH HaIIeJ HyKHOE pelieHue.
IT0 6BLIO OHOI U3 TIPUYUH, IO KOTOPOIT OH
B BBIIIYCKHOM KJacce M3 MaTreMaTHu4ecKoro
kpyxka nipu MI'Y nepemnien B dpusndeckuii
KPY>KOK U cepbe3Ho yBJekcsd ¢pusukoii. I1o-
BUAMMOMY, GOJIBIIYIO POJIb B 3TOM CBHITPAJ 1
€ro orell.

Nmes B cBUIETENBCTBE 06 OKOHYAHWH CPE/I-
Hel mKoJbI (aTTeCTaThl 3PETOCTU BBEJIH TT03-
’Ke) TOJBKO OTJMYHBIE OTMETKHM TI0 BCEM
npeameraM, B 1938 rogy Caxapos nocrymaer
Ha ¢usnueckuii axyabrer MOCKOBCKOTO
TOCY/IaPCTBEHHOTO YHUBEPCUTETA M, HECMOT-
PS Ha TIOTEpIo BPEeMEeHU Tpu sBakyaiuu ¢a-
KyJibTeTa B Aurxabaj, ¢ OTJIMYIeM 3alHIIaeT
qurioMuyio pa6ory B 1942 rony. Kak nyu-
IIEMY CTY/IEHTY BBIITYCKa, eMy ObLIa IPeIIo-
skeHa acnupanrtypa. Ho CaxapoB orkasbiBa-
eTcsa OT Hee M B TSAXKEJOe BOCHHOE BpeMs
paboTaeT Ha BOEHHBIX 3aBojlaXx B KoBpose n
YIbSHOBCKE, TaKUM 00pPa3oM OCYIIECTBIISIS
CBOE yuacTue B 0OIIeHapoaHOll 6Gopbbe ¢
TUTJIEPU3MOM.

Ha marponnoM 3aBojic B YJIbSTHOBCKE OH
JleJlaeT P/l TEHHBIX PaMOHATN3aTOPCKUX
mpeIoKenuil, pa3pabaTbiBaeT OPUTUHATD-
HYIO CXeMy IIPOBEPKHU KauyecTBa BHYTPEHHEN
yacTu GpoHEGONHBIX TTaTPOHOB (KOTOpbIE Y
HEMIIEB Ha3bIBAMKUCH <«(ayCcT-maTpoHaMu» ).
Ecau npu u3rotoBjeHUn 3TOH cepAleBUHDI
natpoHa (crenuaabHoil 3aKajike) GbLIM J10-

MyIIEHbl TeXHOJOTHYECKHEe OIIMOKU, TO OHA
MMeJIa MOHIDKEHHDIE IPOYHOCTHDIE CBOICTBA
W IATPOH MOT Pa3opBaTbCs €Ile B CTBOJIE
pyxbs. Bo msbexanme 3TOTO CMEPTENBHO
oTmacHOTO 6paka MPOM3BOAUJINCH KOHT-
POJIbHBIE MCHBITAHUS U3 KAJKAOH MapTUH U3-
TOTOBJIEHHBIX NAaTPOHOB. U mpu Haamdun
XOTs1 ObI OJTHOTO CJIyuasl pa3pbIBa ITaTPOHA
IPU  MCHBITATEJIbHOI CTpesibhe yHUYTOXKA-
Jach B naprtus. OTandutb 6PaKOBaHHBIN
MaTPOH 0 BHEITHEMY BH/IY ObLIO HEJlb3s —
6pax Be/ib TAUJICS BO BHYTPEHHEI 4acTH 3TOM
Cep/IICBUHDI.

CaxapoB npujymMas crnoco6 orpejeeHis
5TOTO HEBH/MMOTO 6paka C TIOMOIIBIO He-
CKOJIbKIX MarHUTHBIX T10JIell, Yepe3 KOTOpbIe
CepAIleBMHA TPOXOAMJIA MOCTIe0BATENbHO,
CKOJIb3ST BHYTPH M30THYTOH MeTHON TPYOBI.
Kora cepaneBniia oCTaHaBINBAIACD, TOCTE-
Hee MarHUTHOE I0JIe TTOKa3blBAJIO, €CThb JIN
Opak BHYTPH WJIM HU3/IeJH€ BIIOJHE Kaue-
crBeHHoe. PaGoTHHIIA Bujiesa aTOT pe3yJib-
TaT MO TOJOKEHNIO CTPEJIKH Ha 1udepbaaTe
W JIETKO MOTJIa y/IaJuTh O6pPaKOBaHHOE M3/ie-
Je. Y CTaHOBKY OTJIMYaJia [IPOCTOTA KOHCT-
PYKIIUKM M Ha/Ie)KHOCTb KOHTpOJIsA. CaxapoB
CBOMMH HE OYCHb YMEJBIMU PYKaMU U3TOTO-
BUJT IICPBBIii OIBITHBII 9K3EMILJIAP YCTAHOBKI
(xapakTepHbIii MTPUX — HEOOXOIUMYTO H30T-
HYTYIO MeJIHYI0 TPyOKY OH HaIllesJ Ha 3aBOJI-
ckoii cBasike). Ho mist o6ocHoBanust (pusu-
YECKON CYIIHOCTU SIBJIEHUSI U PACUYETOB Mar-
HUTHBIX MOJIEH TpeGOBaJUCh HEeMaJible 3Ha-
HUS MarHUTHBIX M MEXaHWYECKUX CBOWCTB
TBEPABIX TeJ. 3HAYUT, OHU yKe ObLIn y
MOJIOZIOTO BBIIIYCKHIKA (PU3MYECKOTO (PaKyJIb-
tera. Ho, nmoskaJyii, camoe riaBHoe, 4TO ysKe
cojiepkajioch B artoil pabore Caxaposa u
HPOSABUJIOCH B €r0 Oy/yIieit 1esTeIbHOCTH, —
3TO CIIOCOGHOCTD I'Ty6OKO TPOHNKHYTD B CYyTh
(busmyeckoro siBJIEHNUS U BOIJIOTUTH UJIEIO0 B
KOHKPETHYIO YCTAaHOBKY.

Caxapos 6bL1 ipeMupoBaH (ipeMusi B pas-
mepe torpamtanx 3000 pyOseii paBHSJIACH
"eThIPEM MeCSTYHbIM OKJTa/iaM) . B cBomx «Boc-
MOMUHAHUSAX > yepe3 40 JIeT OH IuIIeT, YTo ¢
YMBJIEHHEM Y3HAJ O TOM, YTO ONUCAHKE €ro
nprn6opa BOILIO B y4eOGHUKH 110 TEXHOJOT UM
BOEHHOTO [leJa, a caM Npubop, co6CTBEHHO-
PYYHO MM M3TOTOBJICHHBIN, HAXO/ANTCS B 3a-
BOJICKOM My3ee.



4 KBAHT

[lepen cambiM oxonuanueM Boiinbl Caxa-
POB HOCTYIINJ B aciiupanTypy dusuyeckoro
HHCTUTYTa AKaJleMUn HayK K 3aBe/yloleMy
TeopeTnyeckuM orzesom Mropio EBrenbesu-
qy TamMy 1 yepe3 iBa To/1a GJIECTSIIE 3atu-
TUJ KaHIUAATCKYIO JUCCEPTAINIO TIO Teope-
THYECKOH (DM3NKe 2JIeMeHTapHBIX YacTuIl. Bo
BpeMsi acnmpaHTypbl CaxapoB Bes 006s3a-
TEJBHYIO TIe/JarOTHYECKyI0 paboTy, YuTas
JieKInu 110 pusnke B MOCKOBCKOM 3HEPTETH-
yeckoM nHCTUTYTE. [loce 3amuTh! guccepTa-
un CaxapoB HOJYYUJ P/l NPEATOKEHHH O
pa6ore B CEKPETHBIX OPraHU3aIUsAX, 3aHU-
MaBIINXCS BO3/ieficTBUEM PA/INOAKTUBHDIX U3~
JgyyeHuil Ha yesnoseka. Ho on orkaspiBajcs
OT 3TUX [PEAJIOXKEHUI, XOTS OHU U IIPEJIIIO0-
JlaraJii 3HAYNTENbHOE YJIydIlleHue €ro MaTe-
pHaIbHOTO MoJI0KeHus (¢ SKEHON 1 MaseHb-
KOW [I0Yepbio €My TPUXOAUIOCH KUTh B
OOIIEKUTUI) .

CaxapoB 0bL1 cuactyiuB, paboTasi B TeOpe-
tnueckoM otaesne V.E Tamma n 3anumMasich,
110 €T0 BBIPAKEHMIO, <IIE€PEHUM KpaeM Teo-
peTuyeckoii puanxm».

Ho B none 1948 roga Caxapos ObLa BKJTIO-
yen B HeOoJupiryio rpynmny M.E.Tamma 1o
CO3/IaHUIO TepMosiziepHOro opyskust (Bozo-
poHOit 60MGBI). B TO BpeMst 510 Gblia camast
CEKpeTHAs U caMas BayKHash HAYYHO-TIPAKTH-
Yyeckast pab6ota B ctpaHe. Y Caxaposa, fa n
y camoro Tamma, y2Ke He CTIparinBaJIn corJia-
cus paboratb 1o aToi Tematuke. U yepes ros
OHU cTasn paboTaTh B cBepxcekperHom KB-11
(upiae — maykorpaa Capos, Beepoccuiicknii
HAyYHO-UCCIE0BATCTbCKAN WHCTUTYT 3KC-
nepumenTaibHON pusukn). Bekope on cra-
HOBUTCS OJIHMM U3 ABYX [JIaBHBIX TeopeTu-
koB aroro Kb. BrocsienctBum mMeHHO 3a
paboThI TI0 PYKOBOJICTBY CO3/[aHFEM TEPMO-
aaeproro opyskud A. [[. Caxapos cTaJ TpUxK-
1p1 Tepoem Conmanmcernaeckoro Tpyma (1953,
1956, 1962), maypearom JIeHWHCKOIT 1 Tpex
locynapcTBeHHBIX TpeMmii. XapaKkTepHO, UTo,
Oynyun [aBHBIM TEOPETHUKOM MPOOJIEMBI,
CaxapoB IpostBIT ce6s1 1 KaK 3aMedaTesib-
HBI KOHCTPYKTOP ¥ u300peraTtesib, 4To U
ObLIIO OTMEYEHO B OT3bIBE O €ro paboTe,
C/IeJTAaHHOM TpeMsl aKaJleMUKaMU, HayYHbIMI
PYKOBOJHUTEISIMU aTOMHOM TTpo6ieMbl, B 1953
rojy Iocje ucibiTanug nepsoit Caxapos-
CKOIl KOHCTPYKIIUU BOZOPOIHON GOMODI.

2021/Ne5

YnpaBnsembii TepMOsifepHbIA CUHTE3

Ho, xak ckazano 6b110 B o6pallieHun aKa-
JIEMUKOB B MTPABUTEIHCTBO, OHOBPEMEHHO C
HaIpsKEeHHO paboToil 10 CO3JAHUIO SA/ep-
Horo opyskust, CaxapoB JOCTUT KPYITHEUIIINX
pe3yIbTaToOB B BasKHENINX 06acTsaX dhusm-
Ku. Peup 1a 06 oueHb B TO BPEMSI CEKPET-
HBIX paboTax MO HUCIIO0Jb30BAHUIO SHEPTUN
TEPMOSIZIEPHOTO CHHTE3a HE TOJIHKO JIJIST B3PbI-
Ba BOJIOPOJIHON OGOMOBI, a W JIJIs1 CO3aHUS
TEPMOSIZIEPHOTO PEAKTOPA W MOJYUYEHUST C €r0
MTOMOTITLIO 2JIEKTPOHEPTHN. Mes atoro pe-
akropa, cdopmyanpoBanHas CaxapoBbiM
BMeCTe cO CBOMM cTapiuM KoJiieroit 1. E. Tam-
MOM, OblJIa UM JOCKOHAJTHHO PACCYMTAHA JIO
YPOBHS UH)KeHEPHOTO BOILJIOIMIEHNUST. DTa U/IesT
COCTOs1JIA B CIIOCOGE CO3MAHUS U YAePIKAHI
BbIicOKOTeMIIeparypHoil (110 150 MUJLIMOHOB
IpajlycoB) BOAOPOAHOIl ILIA3Mbl OCOGBIMU
MATHUTHBIMHU TIOJISIMHU.

[leo B TOM, UTO TepMosifiepHAsT PeaKIust
CUHTE3a TeJIisl U3 U30TOMOB BOAOPOIA MOKET
HAYaTbCsI TOJBKO TIPU TEMIIEPATYPe TOPsI/IKa
20 MUJIJIMOHOB I'PajlycOB — U3-32 HEOOXOIH-
MOCTH TTPEOIOJIETH KYJTOHOBCKOE OTTATKNBA-
HUE SI/Iep U 3aCTaBUTh X COJMU3UTHCS TTOUTH
BILIOTHYIO0. TOJIbKO TOT/la HAYHYT JEiCTBO-
BaTb si/iepPHbIE CUJIbI IIPUTSZKEHUST U IIPOU30¥i-
JIET Peakinst CMHTe3a ¢ 00pa3OBaHUEM aJTh-
da-yactuipl 1 HeHTPOHA, UMEIONNX TeMIIe-
parypy (smepruio) yske MHOro GoJble —
COTHU MUJIJIMOHOB I'pajlycoB. VIMEHHO aTO 1
MIPOUCXO/INT B 3Be3/aX, TJe HavyaJbHAs TeM-
meparypa, «CImYKay, JOCTUTAeTCs dHeprieit
CKATUSI OFPOMHON Macchl 3Be3zibl. B BoJ0-
pPOJIHOI 6OMGE TaKOW <«CHUYKOW» SIBJISETCS
IeTHasT peakius SIJIePHOTO B3PbIBA ypaHa
(Mm nTyTOHMA), SJEKTPOMATHUTHOE W3JTY-
YyeHre KOTOPOrO BMECTO 3BE3/HON TpaBuUTa-
IIMOHHOI SHEPTMH W CXKUMAET BOJOPOJ IO
HEOOXOAUMOI TIJIOTHOCTH U TEMIIEPATYPhI.

Wpes neo6XoauMoCTH CO3/aTh yIIpaBJise-
MYIO PEAKIINIO CHHTE3a BhICKA3bIBAJIACDH HEO/I-
HokpatHo. B 1949 romy moburenb-pusuk
Outer JlaBpeHTBEB, MOPSIK THXOOKEAHCKOTO
droTa, mpucaas nucbMo B AKaJIeMUIo HayK,
rJle BbICKA3aJs U/eto CO3/IaHusT BBICOKOTEMITe-
PaTYpPHOTO IJIA3MEHHOTO KPYTOBOTO ITHYpPa
(Topa), yaepKMBaeMoro OT pasjera 3JIeKT-
pudeckum nosiem. B CIIIA nopo6uas ujes



AHAPEW IMUTPUEBUY CAXAPOB 5

BbIIBUTAIach KpynHbIM dusukoM J.Tene-
poM, pyKoBoauBIINM, Kak u Caxapos, Teope-
THYECKUMU PabOTaMU 110 BOJOPOIHOI 6GoMOe.
Ho nmenno Caxapos eme B 1948 roay Bbij-
BUHYJ W€ 06 yAEp:KaHWUU TJIa3MEHHOTO
HIHyPa He SJIeKTpHIecKnM mojieM (U410 oKasa-
JIOCh HEBO3MOYKHBIM), & 0COOBIMH MATHUTHDI-
MU TIOJIIMU — OHU OBLJIN HA3BAaHBI M TOPOU-
JTAJIbHBIMU U TTOJI0nAaTbHbIMEI. CaxapoB mpo-
BeJI pacdeTbl (hOPMbI OOKIAIOK JIEKTPOMAr-
HUTOB JIJIsI CO3/IAHIS TAKUX IT0JIell 1 BO3MOJK-
HOCTH IOJIyYeHUsT HeO6XO MO HAYAIbHOI
Temieparypbl  («CIuuKn»). ITH pacyers
ObLII, KOHEYHO, FOPas3/I0 CJIOMKHEee TeX, KOTO-
pbIe OH JIeJIasT, CO3/1aBast MAaTHUTHBIH Jledek-
TOCKOIl B CBOEH TIepBOil Hay4yHOIl padore B
TOJIBI BOWHBI HA MATPOHHOM 3aBOjie B Y JIbsi-
HOBCKE.

Uepes Heckoabko seT ngess CaxapoBa 06
VIEPKAHUN T1JIa3Mbl OCOOBIMA MATrHUTHDBIMU
MOJIIMH HAYaJIa OCYTIECTBISATHCS W BOTLIIOTH-
JIACh B YCTPOWCTBO, KOTOPOE MOJYUHIIO Ha-
3BaHue «ToKamMak» (cjaoykHas aG6pesnaTypa
0UIIATBHOTO TEPMUHA «TOPOUIAIbHAS Ka-
Mepa ¢ MAaTHUTHBIMH KaTyIIKaMu» ). B ocHo-
BY paboTbl OBbLIN MOJOKEHDBI TEOPETUYECKUE
pacuetpl CaxapoBa M ero KOHCTPYKTOPCKUE
UJIEN O CO3/IaHIH 0COOBIX MArHUTHBIX MOJIEH.
Bravasne sti paGoTbI, TPOBOAMMBIE MO PY-
xoBojictBOM I.B.Kypuarosa u JI.A.Aprm-
MOBHYA, OBIJIA COBEPITEHHO ceKpeTHbIMU. Ho
B 1956 roxy Kypuaros fo6miics ux paccexpe-
YUBAaHUS U Ha MEXKIyHapOIHON KOH(bepeH-
1IN B aHTJINHCKOM sI/IepHOM IleHTpe B Xapy-
J1J1€ BBICTYIII C IOKJIAI0M 06 9TUX paboTax.
lna Bcero mHayuHoro mupa (M He TOJIBKO
Hay4IHOTO) 5TO cTaso ceHcanueii. K coxasne-
uuio, KypuaroB He MOT yNOMSIHYTb MMEHI
CaxapoBa — OHO OBLJIO OUEHb CHJIBHO 3aCeK-
pedero. Ho Bo MHOTHX cTpaHaX HayaJHCh
mof06HbIe pa6oThl. OHN OKAa3aJNCh TPYAHBI-
MU — HAUMHABIIASCS TEPMOSI/ICPHAS PEAKITHS
TYT JKe TpeKpaliagach n3-3a BO3HUKABIINX
neycroituusocreir. OHAKO Cerous pesyJib-
TATOM 3TUX PAOOT CTAJIO OCYIIECTBJICHHE TPaH-
JINO3HOTO ME3K/TyHapoIHOTO 1Tpoekta UTIP —
MeskIyHapoIHOTO TEPMOSIIEPHOTO IKCIIEPHU-
MEHTAJbHOTO peaktopa. 24 crpanbi, u Poc-
CHSI B TOM YHCJIE, YYACTBYIOT B 9TOM IIPOEKTE.
OcTrasioch MOJOXK/IATh €llle YeTbIpe roja, u,
mo Bceil BeposiTHOCTH, Ha fore DpaHunm

BCIIBIXHET MaJieHbKag PYKOTBOPHAas 3Be3/a.
[Tepuomnueckn 6y/ieT BCIPBICKUBATHCS OYe-
pejiHag Hoplus BOJOPOAHOTO TOILIMBA, U B
PACKaJIEHHBbIX CTeHaX, OKPY KaloIUX IlIa3-
MEHHBIH TTHYP, TOTOKU BOJBI GYAYT TIPEBpa-
MAaThCS B TTap BBICOKOTO JABJIEHNUS, CIOCO6-
HBIIT Bpamath Typéorerepatop. TOJIBKO 3TOT
peaktop OyJieT elle He MPOMBINIJICHHBIM, OH
He IpeJHasHaueH paboTaTb KaK 3JEeKTPO-
CTaHIMS, Ha HeM Oy[IyT BECTHCH UCCJEI0BA-
Hus. JIUIb TOTOM HauyHEeTCS TTPOEKTHPOBA-
HUE ¥ TIOCTPOIKA IIepBOT0 B UCTOPUH 3eMJIN
3BE3/HOT0 MCTOYHMKA 3JeKTposnepruu. 1
aT0 Gy/leT BeJMKOI mobe/oil yesoBevecTBal
Ho B ro6useitnom CaxapoBCKOM IOy OU€Hb
Ba)KHO HATIOMHUTD, UTO IOPOTY K aTOi Tobesie
nposoxxny nmenHo Anjpeit /Imurpuesnya Ca-
xapos!

3aragka aHTuUMmaTtepun

A./l.CaxapoB 3aHUMAJICSI HE TOJBKO Tep-
MOSIIEpPHBIM cuHTe30M. Ente Oymyun [aB-
HBIM TEOPETUKOM SIZIEPHOTO IIEHTPA, OH BILJIOT-
HYTO 3aHSJICS KOCMOJIOTHEH, OCBOWI €€ J10C-
TIOKEHUST U chOpMyIMpOBaT HOBbIE WIEH,
KOTOPbIE CTAJU OCHOBOIOJIATAIOIIUMHI ]IS
Bcell COBpeMEeHHOM KOCMOJIOTHUH.

OpiHa U3 mepBbIX ero u/lei 6blIa CBSI3aHa ¢
oTCyTCTBHEM BO Bcesennoil aHTHBelecTBa.
B cymiectBoBanuu anTuyactuil GU3UKHI yKe
pasHo (moutu 100 ser) He coMHeBaauCh. B
1927 rony I1. [lupak Ha OCHOBe CTIeIMaTbHOM
TEOPUHU OTHOCUTEJBHOCTU W KBAHTOBOI MeXa-
HUKW TIPe/ICKA3aJl CYIIeCTBOBAHIE aHTHAJIEK-
TpoHa. B 1934 on 6b11 O6HAPYIKEH AKCTIEPH-
MEHTAJbHO U Ha3BaH, MpaBja, He aHTUAJIEK-
TPOHOM, a 1o3uTpoHOM. l[lo3uTpon umeer
TOYHO TAKYIO JKe MacCy U BeJINYUHY 3JICKTPH-
YEeCKOTO 3apsifia, YTO U 3JEKTPOH, TOJBKO
3TOT 3apsi/l — TOJOKUTETBHBIN, a He OTPHIa-
TebHbINA. [IPOTHBOMOMIOKHBI M JIpyTHE Xa-
PaKTEpUCTUKU 103uTpoHa (JIenTOHHbIA 3a-
psaa u opueHTanuss cruia). Ho ruiasHoe
CBOICTBO aHTWYACTHI[ — aHHUTHJIsAIUSA. [Tpn
BCTpeYe TO3UTPOHA C JJEKTPOHOM 006a 9TH
00bEKTa MCUE3al0T, 3aTO TOSBJAIOTCS J[Ba
raMMa-kBanTa (J[Ba — COTJIACHO 3aKOHY CO-
XPAHEHNS UMITYJIbCA).

AHHUTHISAIUS O3HAYAeT II0JIHOE MCUYE3HO-
Benue Macchl (II0KOs) U HOABJIEHUE BMECTO
3TOTO 00BEKTOB C HYJIEBOI Maccoii, 061aaio-
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KX 2Heprueil u umiyJabcoM. Ilpu atom
TOYHO COGJIIO/IAETCST DUHINTENHOBCKOE COOT-
womenne E = mc?. U nosiBstontasics 9HEp-
IS 9THX 00BEKTOB OrpoMHa. Jlerko mojcum-
TaTh, YTO AHHUTUJISIIAS OTHOTO IPaMMa dac-
THUI] M aHTUYACTUI] COOTBETCTBYET TIOSBJICHUTO
W3JIyYeHNs ¢ sHepruei 10" J>x, 9TO B THICS-
9y pa3 MPeBOCXO/IUT IHEPTHIO, BBIEJISIONTYIO-
€S TIPU SI/ICPHBIX W TEPMOSI/ICPHBIX B3PbIBaX.

Teopernyeckue mpecKa3anugd U 9KCIEPH-
MEHTAJIbHbBIE CBUIETEIHCTBA CYIIECTBOBAHMS
AHTUMAaTEPUHU U SBJIEHUS AHHUTUJIAIIH OYeHb
6bICTPO M3 (PUBUKM TIPOHUKJIU B IIUPOKUE
Macchl. JTOMY croco6cTBOBaMN (haHTACTH-
Yyeckye KHHOPUIbMBI 1 (haHTACTHUECKAST JIHT-
Teparypa, HIHUPOKO HCIO0Jb30BaBIINE aHHM-
TUJISATAI0 KaK OPY>KHe MacCOBOTO TOpake-
Husg. Ho mouemy-To aBTOPBI He OODBICHSIN,
KaK XPAHWUTCS AaHTUBEIMIECTBO B OPYKUH, TO-
yeMy IIyJIM W CHaps/bl U3 aHTUBEIECTBA HE
AHHUTUJINPYET CO CTEHKAaMW KOHTeifHepa, B
KOTOPOM OHU coziep:kaTcs. U Kak moJsryueHo
AHTHBEIECTBO, ABTOPBI TOXKE HE OODBACHSIOT.
A camble IpOHUIATENbHbBIE aBTOPbI PA3bsC-
HSIIOT, 4TO 3TO JIeJO JajeKoro Oyyllero,
KOrJa HayKa 06s13aTeJIbHO 4TO-HUGYAb MpH-
mymaer. Kak ke oO6CTOMT [eI0 HA CaMOM
neme?

B 1955 roay 6bL1 aKcTIepIMeHTaIbHO 0OHA-
PY’KEH aHTUTIPOTOH, & TIOTOM U JIPyTHe aHTH-
yacTuilbl. OHU POXKAAINCH TTPU CTOJKHOBE-
HUSX BBICOKO JHEPTUYHBIX YACTHI[ HA YCKO-
putensx. [losgBuiach ujest co3aHmsT aHTUBE-
1ecTBa TPEX/e BCErO M3 AHTHIIPOTOHA C
MMO3UTPOHOM, T.€. aHTuBoiopoaa. U neiicTBu-
teabHo, B 1995 roay ObLio mogaydeHo 9
aTOMOB aHTHUBOJOPO/A U ObljIa CO3/aHa JIo-
BYIIIKA [IJISI UX YAEePIKAHM XOTs ObI HA KOPOT-
koe Bpemsi. B 2010 romy B smaGoparopun
I[IEPHa o6bu1o coszmano yske 112 aromoB
AHTUBO/IOPO/IA, TTPOJIECPIKABIINUXCS B JIOBYIII-
ke 16 MUHYT W TOJHKO MOTOM AaHHUTHJIHPO-
BaBIIUX C MaTepwasoM JOBYIKH. JloBymika
MOJTHOCTBIO PA3PYIINJIACh MO/ JIeHCTBHEM
BBIJICTUBIICHCS TP AHHUTHJISIIUN SHEPTUH.

boino mozcumtano, YTO AHTUBOAOPOJ —
camoe JIOporoe B MUpe UCKYCCTBEHHO CO3/IaH-
Hoe BemectBo (1.e. antuseniectso). Ouu
ero rpamm obotiesicst 661 B PaHTACTHYECKYIO
cymmy 10" espo. HeGoabuoe kommuecTso
AHTUIIPOTOHOB ceiuac IPOU3BOAUTCS U HC-

2021/Ne5

noJib3yetcd Ha yckopuressax B [IEPHe. He-
JIaBHO OBLIM TIOJyYEHbI CITyTHUKOBBIE [[aH-
Hble O HAJIMYUU aHTUIIPOTOHOB B OJJHOM U3
pPaJMallOHHbIX 1I04COB 3eMJd, B JIOBYIIKE,
CO3aHHON 3eMHBIM MAarHUTHBIM TIOJIeM. JTH
AHTHUTIPOTOHBI POKIAIOTCS TIPU B3aMMOJIEH-
CTBUM OYEHDb HHEPTUYHBIX KOCMUYECKUX Yac-
THII C SIZIPAMU 2JIEMEHTOB 3eMHOI aTMOC(ephbI.

Ho ecoiit aHTHBENIECTBO B TPUHITUATIE MOYKET
CYIIIECTBOBATb, TO OHO J[OJBKHO OBLIO I0-
SIBUTBCS B TOM K€ KOJHUYECTBE, YTO U BeTle-
cTBO IpH poskienun Beenennoii! Ho kya xe
OHO Jlesioch? Beab Bce acTpoHOMUYECKHE
Ha6JTIO/IEHIS CBU/IETEIBCTBYIOT 00 OTCYTCTBUI
B HaOJojaeMoll BceesieHHOI aHTHUBeleCTBa
(JiMHeiYaThIe CIIEKTPHI AHTUBEINECTBA U Be-
MIECTBA UYThb-UYTh OTJANYAIOTCS IPYT OT JIPY-
ra, U 9TO MO3BOJISIET OMPE/IETUTD, BENECTBY
WJIN AHTUBENIECTBY MPUHAIERKAT HAGII01a-
eMble aCTPOHOMAMH CITEKTPbI).

B 1965 u 1967 ronax B pu3MIECKOM KYP-
nase Axagemnu Hayk (JKOT®D — kyphan
9KCIIEPUMEHTATHHON U TeOPETHYeCKOi pusn-
K1) GbLIM HamevyaTansl jBe paGorbl Caxapo-
Ba. Mx naspanug: «Havanbnas cragus pac-
mupenus BeesieHHol 1 BOSHUKHOBEHME HEO/1-
HOpoJHOCTell BelecTBa» 1 «Hapyuenne
CP-unBapuantuoctu, C-acummerpusi u Ga-
puoHHas acuMMeTpust Beesennoti». B cBonx
3aMevarebHbIX « Bocmomunanusax» (yBuaes-
mux ceer Toapko B 1990 roay) Caxapos
MOMYJISIPHO M3JaraeT X COJep:KaHue ... Ha
18 crpanunax. M3 sarsaBust BTOpoii ctaTbu
SICHO, YTO COBCEM KOPOTKO H3JIOXKHUTH ee
cojJiepskaHre HeBO3MOKHO. Ho camoe TiaB-
Hoe, 4T0, c(OPMYJIUPOBAB HECKOJBKO TUIIO-
Te3, CaxapoB JI0Ka3as ¢ UX MOMOIIbIO 6apu-
OHHYIO acuMMeTpuIo BeesieHHoit — ToT akr,
YTO POJUBIINECS B PABHBIX IIPOIOPILUAX Be-
1IeCTBO U aHTUBEIIECTBO NPOAHHULUAUPOBA-
Au He noanocmuio. Ocrajcs HeKOTOPbIH U3-
6bITOK BerecTBa (4T0 1 GbLIO Ha3BaHO Gapu-
OHHOM acumMeTpueit). Bot ot aToro n36pitka
7 TIPOM30IIeJ BeChb CYIIECTBYIOMNI MUp,
BKJTIOYAST U TeX, KTO CETOJHSI MHTEPECyeTcs
3THM BOTIPOCOM.

K cosxanenuio, coOBepuiecHHO HEBO3MOXKHO
O4YeHb KPATKO HAIIMCATDh O CaMOH CYIIeCTBEeH-
ot uymee CaxapoBa — o Hapymenun CPT-
cumMerpuu. [laxke B caMOM IHOITYJISIPHOM
BHJIe 3TO TeMa OTAeJbHON craThu. Ho 06
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OJIHON M3 TUIIOTE3 BCe Ke ynoMmsHem. Peub
UJeT 0 HeCTaGUJIbHOCTH IpoTOHA. [1J1sT BBIBO-
noB CaxapoBa 0 GapHOHHOW acUMMETPHUH
IPOTOH JIOJI3KeH ObITb HeCTaOMJIbHBIM CO CPe/l-
HUM BpEMEHEM >KU3HU 10°° ser. [pyrnmn
cjaoBaMu, GAPWUOHHBIN 3apsi/i MOXKET HE CO-
XpaHAThcs. TOUYHBIX HKCIEPUMEHTATBHBIX
JTAHHDBIX (paKTa HecTaGUJIBLHOCTH TPOTOHA HET,
VK CJMITKOM MaJia BEPOSTHOCTD €To MpeBpa-
niennst. Ho akcrmepuMeHTaToOpBI BEAYT YIIOp-
HYT0 paboTy O OOHApPYKEHHUIO 3TOTO SBJIE-
Hud. [TockosbKy 4YMcJIO TTPOTOHOB B KUJIO-
rpamme BertecTsa e Menbie 1027, cymectsy-
€T HAJIeXK/1a «<IToMMaThy aTOT mpotiecc. Tpy/-
HOCTbH B TOM, 4TOOBI OTJTMYHUTD ATOT IIPOIECC OT
MHOJKECTBA JIPYTUX SIBJEHUN, BBI3bIBAIOIINX
cpabaTtbiBaHe MPUOOPOB-PETUCTPATOPOB.

Bor y:xe 6osbIre 25 €T B AMOHCKOM 1O/~
3eMHOI (UTOOBI 3aAMUTUTHCS OT KOCMUYIECKO-
ro M3JydeHus1) JabopaToOpuu C MOMOIIBIO
coteH TPUOOPOB BezeTcsl HaOMO/ICHIE 32
orpoMubiM BogoeMoM (50000 TOHH BOAbL).
Pesynbrar noka Takoil — ecsm 1 ecTb pacna/jg
MIPOTOHA, TO CPeTHEE BPEMST €T0 JKU3HU (GOJTh-
mwe 1,6 -10% ser. Uro x, a10 HE OTIpOBepraeT
runore3y CaxapoBa. A BO MHOTHUX TE€OPETH-
yecKuX paboTax IMPUHIUII HECTAOUJIbHOCTH
ITPOTOHA BKJIIOYEH B UHUCJIO MCXOAHDIX MTOCTY-
JIaTOB.

Kocmosnorunyeckas crpena BpemMeHu u
MHoronmctHaa BceneHHasa

Bropas rpymnma KocMOJIOTHYeCKuX paboT
CaxapoBa OTHOCUTCST K TJIOGAJIBHBIM BOTIPO-
caM cy1b0bl Beentennoii Bo Bpemenn. B 1980-¢
rOJIbI OJTHA 32 JAPYTOI BBIX0AT paborer Caxa-
poOBa C TaKMMU 3aXBATHIBAIONIMMHU 3ar0JI0B-
kamu: «Kocmosormueckue momenu Bceenen-
HOiT ¢ moBOpoToM cTpesibl Bpemenn» (1980),
«MHoToMMCcTHBIE MoJenu DBcemenuoii»
(1982), «KocMoornueckne mepexompl ¢ m3-
MeHeHneM cTpesibl Bpemenns» (1984).

Bce ot crathu OBLIN TTOCBSIIEHBI OTHOM
rI06aJbHOM TeMe — 4YTO TaKoe Hall MUp.
Onna B HeM BcenenHast ¢ eInHCTBEHHOMU
MEeTPUKOI MpocTpaHcTBa-BpeMenu uan Bce-
JIEHHBIX KOHEYHOE JIN60 6ECKOHEUHOE YNCJTIO?
Mensiercs nJI HET HaIpaBJeHue KOCMOJIOTH-
ueckoii crpesbl Bpemenu (pacumpenne —
ckartne Beemennpbix)? OMMHAKOBBI JIH BO
Bcemennbrx 3akoHbl mpuponabi? Caxapos

BbBIJIBUHY.JI TTIOHsITHE MeraBcesleHHON Kak Co-
BOKYITHOCTH Pa3JIMYHbIX BcesleHHbIX ¢ pa3-
HBIM YHCJIOM W3MEpPEHWi, Pa3HOW CHUTHATY-
poii (HalpaBJIeHUEM CTPEJIbl BDEMEHH ), Pas-
HBIMU TOTIOJIOTHSAMI. A BO3MOKHO, 1 C KBaH-
TOBOI cymepro3uimeil aTnx BceseHHBIX.

Jlo6as u3 pa6or CaxapoBa NpeJCTaBsieT
co060ii cTporue 060CHOBAHUS €r0 T'UIIOTe3 U
HACBIEHA TAKUMHU MaTeMaTUUYEeCKUMHU JIOKa-
3aTEJIbCTBAMU, B KOTOPBIX HEJIErKO Pas3ol-
parbcs HecnienmaaucTy. TeM GoJiee, 4TO MHO-
roe, KaKylIleecst eMy 1IPe/IeJIbHO TTOHSATHBIM,
OH BOOG1IE B CTaThAX He IpuBoAuT (Kak 3T
OBbLIO €ll[e B IIKOJIbHbIE TO/bl €ro 3aHATHI
MaTeMaTHKON). XapaKTepHO, YTO 3Ta 0CO-
6ennocth CaxapoBa — MTHOBEHHO COBEPIIATH
CJIOJKHBIE MaTeMaTHYECKUE TPeoOPA30BAHUS —
MIPOSIBJISIJIACH U B €70 IESITETbHOCTH 10 TEOPe-
THYECKOMY PYKOBOJICTBY KOHCTPYKTOPCKIMU
pabotamu. Ero KoJuieraMm 3allOMHUJICS CJIY-
yail, Korjia /i penieHns oJHol 3 npolJieM
OBLTIO CO3/1AHO0 HECKOJbKO IPYMIT (DU3UKOB U
UHXKEHEPOB, KaXK/Iast U3 KOTOPBIX BO3TJIABJIS-
JIaCh KPYIHBIM yueHbIM. Pe3ybTarbl OblLIN
MOJTy4€eHbI Yepe3 HECKOJIbKO He/le b PabOThI.
Korpa CaxapoB 1nmo3nakoMuJicst ¢ 3Toi 3aj1a-
4eil, TO BBITTOJTHUJI €€ 32 HECKOJTbKO MUHYT Ha
olHOM JiucTKe Oymaru. Ilpu atoMm oH ObLI
OTOpYEH TeM, YTO, He 3Has 0 paboTe APYTUX
TPYII , OH HEBOJIBHO <«ITOJICTABUI» UX KaXKYy-
eicss eMy TPOCTOTON peteHwus.

O6 aToii Heobbruaiinoi ocobernnoctu Caxa-
poBa akagemuk A.b.Mwurpan ckaszam: «Ta-
JIAHT TIOMAJIAeT B 1IeJib, B KOTOPYIO HUKTO
[IOIIACTD He MOJKET, a TeHUl II0I1a1aeT B 1eJIb,
KOTOPYI0O HWKTO HEe BHUJUT». A BOT CJIOBa
6smskaiitrero koJstern Caxaposa 1o pabore B
Kb-11 u 1o KocMOJIOruYecKuM mpobJaemMam,
Toxe Tpwxkabl lepos CornumanancTunaeckoro
Tpyna akanemuka A.b.3emppoBuva: «Moi
MO3T — 3TO KOMIIBIOTEP, KOTOPbIil paboTaer B
10 pas Jayume Mo3ra OGBIYHOTO YEJOBEKA.
Mosr CaxapoBa HEBO3MOKHO KJaccupUIn-
poBaThb, OH MHAYE YCTPOEH».

Pa6orpr CaxapoBa 1mo MHOTOTMCTHOH Bcee-
JIEHHOM TaK:Ke HACHIIIEHbI CTPOTON MaTeMaTu-
KOi1, KaK U Bce ero apyrue pa6otel. Ho B cBOUX
«Bocniomunanugax» u B HobeneBCKol JieKIuu
OH JleJIaeT U3 3TUX Pab0T METO0JIOTNIeCKUit
BBIBOJI, KOTODbLIN TOJYYUJ HA3BAHUE <aHT-
porHbIil puHIMN BceneHHolt», — MUpP Tak
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7986 roga (gororpagums O.Pocra)

YCTPOEH U 3aKOHBI €TO TAKOBBI, UTO 00SI3aTE -
HO JTOJKEH OBLI MOSBUTHCS Pasym, desioBek.
AnTtpomHbIil TpUHIIATT MUpa Bo3HNK y Caxa-
pOBa 1 MOTOMY, YTO OH JIFOOWJT YKU3HD BO BCEl
ee HEMpecKazyeMOCTH, MHOTOTPAHHOCTH,
MHOZOAUCTHOCMU. 32 OTBJCYEHHBIMU pac-
CY>KJICHUSIMU W MaTEMaTHYECKIMU BBIKJIIKA-
muy CaxapoBa Bu/ies1och Besiuue xxku3uu. OH
PE3KO BO3pakaJl IIPOTUB PACXOXKUX IIMHUYHBIX
CJIOB «KU3HD — ILJIeCeHb Ha TeJie BeeseHHoit» .
Ero teopus, kak oH Iuca, <OTEIJISET MUP,
BHOCHUT B Hee cMbIC/I». BoT 3aBepiienue ero
HobGeneBckoit JieKIu, MPOYNTaHHO ero JKe-
HOW B JiekaGpe 1975 roga Ha TOP:KECTBEHHOM
3ace/laHuN HOPBEXKCKOTO KomureTa 1mo Hobe-
JIEBCKUM TIpeMusiM Mupa (caM OH He MoJTyun
paspemnienne Ha Bbie3a B Hopsernio):

«B npocmpancmee Bceaennoii 0osxmul
CYWECMBEOBAMb MHO2UE YUSUAUIAUUU, 6 MOM
wuce 6oaee <yoaunvles, wem nawa. 5 saugu-
War MaxKyo KOCMOZOHUUECKYIO MEeOPUI0, Co-
2/1ACHO KOMopotl pazeumue Bcenennoil no-
BMOPAEMCSL 8 CEOUX 0OUUX Uepmax HGecKo-
Heunoe yucao pas. Ho ece 3mo ne 001KHO
YMANSAMb HAULEZO CEAUEHHOZ0 CMPEMIACHU
UMEHHO 8 IMOM MuUpe, 20e Mbl, KAK CNbLUKA
60 MpaKe, 03HUKAU HA OOHO MZHOBEHUE U3
4ePHO20 HEOLIMUS 6ECCOIHAMENBHOZO CYUe-
CMBOBANHUSL MAMEPUU, OCYUW,ECNEUMb MPe-
bosanus Pasyma u co3oamo Ku3nv, 00cmoti-
HYI0 HAC CAMUX U CMYMHO Y2d0bledeMoll
HAMU UeaU>.

ITo U ecTb 3aBelllanue Auzpes Imutpue-
Buya CaxapoBa, BEJHUKOIO yYeHOro U TyMa-
HHUCTA.

Al Caxapos u Ab.Murgan Ha cemuHape B OUAHe, nekabpp
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Benukuvm rymaHucT

Ecnau nepBasi moJioBuna jes-
teapbHoctn Caxaposa (1946—
1964) Oblia MOYTH TIEJTUKOM OT-
JlaHa CO3JJaHUI0 «O000POHHOTO
muta Ponwabry, To BTOpas moso-
BuHa 6blTa coBceM apyroii. Ha-
pSAMy ¢ BAKHEHTIUMHU HAYYHBIMA
KOCMOJIOTHIECKUMHI PabOTaMu OHA
OblJIa OT/]aHA KOHKPETHOW Jesi-
TEJIbHOCTA BO WUMS IieJiel, Tpo-
Bo3rJaleHHbix M B HobGeseBc-
KoM JiekI. MOXXHO TOJIBKO Ta-
Jath 0 (hakTopax, TaKk U3MEHUB-
MIUX €eTo KU3Hb U CyAb0Y.

BesycsioBHO, K HUM ITpesK/ie BCET0 OTHOCHT-
s BIIEYATJIEHUE OT FMTAaHTCKUX MaciiTaboB,
KOTOpBIE TPHOGPETH TEPMOSsIZIEPHbIE B3PBIBBI
(BILTOTB /10 B3pbIBa «1apb-60MObI» 30 OKTAG-
ps 1961 roga ¢ TPOTUIOBBIM HKBUBAJEHTOM
58 MHJLITMOHOB TOHH) . VcIIbITaHNSA SAEPHOTO
OpY’KHsI CTAHOBUJIUCH YK€ HE OGOPOHHBIM
MIMTOM, a CPE/ICTBOM yCTPAIIeHUS UJICOJI0TH-
YECKU TIPOTUBOCTOSIIIIETO MUPA.

Most naydnasi nesTeNbHOCTb CJIOKUJIACH
TaK, 4TO MHE JIoBeJoch B 1935 ro/y ydacTBo-
BaTh B COBENIAHUSX, TOCBSIIEHHBIX MTPOOJIe-
Me o6HapysKeHus (akTa IIPOBeJEHUsT TOJ-
3eMHBIX UCTIbITaHUil sijiepHoro opy:xusi. Co-
BENIAHUS TTPOXO/IUIM HA TOM CAMOM HCITbITa-
TEJIBHOM TIOJIUTOHE 1o/ CeMUITaTaTHHCKOM,
rae 22 "Host6pst 1955 Toma ObLIO MPOBEECHO
BOB/IYTITHOE UCIIBITaHue «TpeTheil naens» Ca-
XapoBa — BOJAOPOHONR GOMOBI ¢ TPOTUJIOBBIM
9KBUBAJEHTOM 1,6 MIJIINOHA TOHH. ITO OBILIO
cTpaintHoe, 6YKBAJbHO «alOKAJUTICHYECKOE»
SIBJIEHWE — CaM B3PBIB W €r0 TOCJIEeICTBUS
(cMm. kuuTy «MDU3KMKA BHE3AMHOTO» , BHITYCK
116 «bBubanoreukn «Kpaur»). Mbl, MOJIO-
JIble MCIBITATEIN U HAIIU KOJLJIErH Mo yuebe
B Dusrexe, KOHCTPYKTOPBI M CO3/IATEJN ITO-
ro <«4yJuiay, OMUIMATbHO HA3BIBAEMOTO
«uspenne P/IC—37», HAaXOUJIUCh B MOMEHT
B3PDbIBa Ha MTEPEI0BOM HAOTIOIATETBHOM Ty H-
kTe B 30 KM OT amuIleHTpa B3pbIBa. A TJiaB-
HbIl co3naTtesib 6oMObI A. [/[.CaxapoB BMecTe
C IPYTUMHU PYKOBOIUTEJISIMI HAGTIOIAJT B3PbIB
B 60 KM OT 3MUIEHTPA, HA OKPalHe BOEHHO-
HAy4HOTO ropo/ika Ha 6epery Vproiiia (HbiHe
ropoa Kypuaros). OrpoMuas cuia B3pbiBa 1

«
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€ro pa3pylruTeJbHOe JIEHCTBHE 3aCTaBUJIN
CaxapoBa cepbe3HO 33JyMaTbCsl HAJl 9KOJIO-
MUYECKOIT OTTACHOCTBIO BO3/YITHBIX SI/IEPHBIX
60M6. YUTo cTanmo 6eCIiOKOUTb UX CO3/1aTes ?

[Tpr BO3AYIIHBIX SIIEPHBIX HCIBITAHUSIX
POKIABIINECST B OTPOMHOM KOJIMYECTBE HEll-
TPOHBI TIPEBpAIIAIN B PaANOAKTHBHBIE M30-
TOIBI MHOTHUE 9JIEMEHTBI aTMOC(HEPDI U M0Y-
Bbl. [JIaBHYIO 3KOJIOTMYECKYIO OIACHOCTD
[PeJICTABJISLT PAJNOAKTUBHBIN U30TOI yTJie-
poma "C. B cocraBe yriexkucsioro rasa om
PACIIPOCTPAHSIJICS 110 BCEMY MUDY, W 3alUTHI
ot Hero He 6b10. M1 Caxapos co Beeil cBoeit
CHUJION aHAJUTHYECKOTO yMa TTOJICYUTAT BEPO-
SITHOCTHOE JICHICTBUE TOTO M30TOTA HA YeJiO-
BevyecTBO. K aTOMY BpemeHU pagno6UOJIOri-
YecKast MEANIIMHA HAKOMUIA OOMINPHYIO CTa-
THCTUKY TI0 JTy4eBOI GOJIE3HI U €€ BINSTHUN Ha
opranusMm. O6paboTKa 3TUX CTATHCTUYECKUX
nmannpix npuBesa Caxaposa B yyxkac. OH BbI-
YU/, YTO B PE3YJIbTATe BO3AYIIHBIX UCIIbI-
TAHUI SIZIEPHOTO OPYIKUSI CPETHSST TPOIOJIKI-
TETBHOCTh YEJTOBEUECKON JKU3HU Ha 3emiie
COKPATUTCSI Ha HECKOJIBKO JIET, He TOBOPSI YiKe
0 crpafanusx sabosesmux Jaozgei (pexie
BCETO YBEJMUYUTCSI YUCJIO OHKOJOTHYECKUX
3a6osieBatmii). ODTH HaydHbIE PE3YJIbTAaTbl
CaxapoB He TOJIbKO JIOBEJI /10 CBEJIEHUsT PYKO-
BOJUTENEl CTPAHbl, HO ¥ OIMyOJUKOBAT B
HAYYHBIX JKypHATaX. BOT BbIIepKKa M3 €ro
crarb 1958 ro/a, MMeBIIel 3aroaoBoK «Pa-
JIMOAKTUBHBIN YTIJIEPOJL SIIEPHBIX B3PHIBOB 1
HeToporoBble GHoIoTIYecKue 3((EeKThI»

«Ienemuueckue agppexmol 6 Kaiemrax 06-
JYUEHHBLX 1100€ell, 6NI0Mb 00 HeU3eUUMLY
6oaesneil, 06A3aAMeIbHO NPOAGAMCL OdxKe Y
CAMBLY OMOANEHHBIX NOMOMKO8, 00 HECKO.lb-
Kux decsimikoe noxonenui. ... Cneyughuxa 6
MOPANLHOM acnexme Oannot npobieMvl —
Mo NoHaAsL 6e3HAKAZAHHOCTL NPECNYNIe-
nus (a0epuvlx 6030ywHbIX UCTIOIMANUTL),
NOCKOALKY 6 KAKOOM KOHKPEMHOM CAYUae
2ubenu uiu 60ae3HU Ye08eKd HeAb3sL 00Kd-
3ambv, YMO NPUUUHA JeHKUM 8 PAOUAUUL. ...
Mut, Ka:x0b11l U3 HAC, O0JKHBL UCXOOUMb U3
Mopaviblx Kpumepues. ... Hpascmeennwiii
Kpumepuil kamezopuuecku ouxmyem nam —
He youil».

B 1963 romy mnpusbis CaxapoBa, mojxBa-
YEeHHBIN MHOTUMHU ITPOTPECCUBHBIME JIESATEISI-
MU KyJbTYPBI, TIpUBEJ K 1o6esie. Bblio 3ak-

JIFOYEHO MEXKIYHAPO/HOE COTJIAllleHne O TOJI-
HOM 3allpelnieHny s/IePHBIX UCIBITAHUIT B TPeX
cpenax — B arMocepe, B Bojle I B KOCMOCe.
Ocrasmich nojzeMHble uctbitanus. Ho oHm
O6bLTH 60JIee TOPOTUMU W HE BCET/A TaBaJN
HY>KHBIE pe3yabTaThl. OKOHUYATE bHAS T00e-
na waen CaxapoBa TMPOM3OIILTA TOJBKO B
1988 rofy, korza GbLIO 3aKII0OYEHO COoTJIatie-
HUE O MOJTHOM 3aITPENIeHNN JIOOBIX S/ICPHBIX
UCTIBITAHUI U HAYAJOCh Me/JIEHHOEe IIJIaHO-
MepHOe YHUUYTOXKeHUe HAKOILIeHHbIX 3a 40
ger rurantckux apcenasoB CIITA u CCCP.

A roraa, B nanekom 1955 roay, y Caxaposa
ere He OBLIO COMHEHWIT B HEOOXOAUMOCTU
JUTST CTPAHBI TON paboThl, KOTOPOI OH 3aHU-
masicst B Kb-11. [la He TOJbKO /1T CTPaHBI,
aToXaJyil, u 171 BCero yesoBevyectsa. Saep-
HBII TTAPUTET ABYX CTPAH, BJIAJICIONNX HTUM
OpYKHEM, Ka3aJcs TOT/Ia ClIaCeHueM YeJIoBe-
4ecTBa OT YHUUYTOKEHUS B BOITHE C MCTIOTH30-
BaHUEM BOJOPOAHBIX 60MO. TouHO Tak ke
cunTtaa u Bee (B TOM 4ncie U Mbl, MOJIOJIbIE
yueHble), KTo ObLJT BOBJIEYEH B OPOUTY CO3/1a-
HUSL W HMCIBITAHWN SIZIEPHOTO opyskusi. Bos-
MOKHO, TaK 9TO M ObLJIO HA CAMOM JIeJie.

CaxapoBa TOrZa 3a6OTUJIO TIepEHECEeHue
UCTIBITAHUI TT0/T 3eMJIIO0, C MUHUMAJIbHOM 9K0-
JIOTUYECKOIT OTTaCHOCTBIO. A OCHOBHAsI paboTa
Halreii MaJeHbKON TPYMIbl 3aKJI0YATACh
UMEHHO B MCCJIE/JOBAHUN TTOJ3EMHBIX B3PbI-
BOB, B TOM YHCJI€ W JIJIT UX TTPOMBITIJIEHHOTO
UCTIOJTb30BAHUSA. A B BO3/IYITHBIX MCIBITAHW-
X SIZIEPHOTO OPY KIS MBI TIPUHUMAJIN Y4aCTHE
KaK CIeIaJUCTBI 10 B3PbIBAM U TI0 yIAPHBIM
BosiaM. /laske Ha siIepHOM MOJIMTOHE MbI He
IPEKPAIIATH CBOE HAyYHOiT pa6OTbI, HCIOJIb-
3yst OObIYHbIE B3PBIBYATHIE BEIECTBA M BO3-
MOKHOCTH BOEHHOIT OpPraHu3aIiui IIPOBO/IUThH
KPYITHbIE TO/J3eMHbIE B3PBIBBI OOBITHOTO
B3pbIBUaTOro BemecTBa. CaxapoB GbLI OYeHb
3aMHTEPECOBAH BOTIPOCOM: MOKHO JIH TIO TIPO-
SIBJICHUSIM TIOJI3EMHOTO B3PBIBA HA MOBEPXHO-
CTH 3€MJIN, TIPEXKIE BCETO TIO CEHCMIUECKOM
BOJIHE, ONPE/IENTD SHEPTUTO B3pbiBa («Mot-
HOCTB» 6OMOBI)? V1 BO3MOKHO JI KOHTPOJIA-
POBAaTh IPOBE/IEHIST KAKUM-THO0 FOCYIapCTBOM
MO/I3EMHBIX SI/IEPHBIX UCITbITAHUIT?

$l xopolo 1MOMHIO Hallle BIIeYatTJeHue oT
snakomctBa MI.B.KypuaroBa u A./[.Caxapo-
Ba C HAIIUMU HAYYHBIMU [[OCTHKEHUSIMHU.
Tecnoe nayunoe o6muienne ¢ .B.Kypuaro-
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BBIM MOJTBEPIKIATIO TO BOCTOPIKEHHOE MIie-
HUe O HeM KaK O 3aMevyaTesbHOIl JTUYHOCTH,
KOTOpPOe Mbl 3HAJU OT BCEX, KTO C HUM
o61ascs. OH Xopolro pazo6pasics B TOM, YTO
MBI PACCKa3aJi, XOTs 3TO GblLjIa COBEPIIEHHO
HesHaKoMas eMy 06JIacThb HayKu. A Bce s
Hac WHTEPECHOEe, YTO MBI OT HETO YCJIBIIAIN
o Hameil pabore, oH ODOPMJISII TakK, Kak
O6ynTo Mbl 1 6e3 Hero 06 ATOM 3HAJU U [0
Bcero caMmm gorajamnck. OH He CTECHSICS
TOBOPHTD, YTO YETO-TO HE TIOHSJ, OTHOCS 3TO
TOJBKO K CBOEHl HEMOHSTINBOCTH, a He K
HaleMy HeyMeHUIO MPOSICHUTDH fesio. U on
TOBOPUJI, KAK MbI YK€ MHOTO CIIEJaIn HYK-
HOTO [IJISI Pelietust 3a/1a4, CBSI3aHHbIX C MO/-
3eMHBIMH HCIbITAaHUAMU. Takoe oTHOIIEHUE
K HaM ¥ K Haireil pa6ore 6yKBaJIbHO OKPBLIS-
go. Tem GoJiee, 4TO OHO CONPOBOK/IAJIOCH
OTKPBITOCTBIO 11 TOMOPOM.

[To-gpyromy mro o6ienune ¢ CaxapoBbIM.
MpbI 4yBCTBOBAJIM, YTO OH B HAYIHOM CMBIC-
Je «cuapHee» KypuatoBa, OH TMOYTH MTHO-
BEHHO pa3OupaJics B COBEPIIEHHO HOBOH /17T
Hero obJsactu. Ho ocraBamach HekoTopas
YOMOPHOCTH U OTCTPAHEHHOCTb B €ro 001e-
HUHU, COTPOBOXK/IAIONIASICS, BIpOUeM, 6e3y-
KOPU3HEHHOU BEKIMBOCTHIO U YBAKEHIEM K
nam. B cBoux «BocrnoMunanusix» oH u cam
IUIIET O CBOEH 3aTPYIHEHHOCTH B OOIIEHUN
¢ npyrumu mioabmu. Ho ceftuac s mpymaro,
YTO OCHOBHOI NMPWYMHON PasHOTO HAIero
BII€YATJIEHNS OT o6uieHns ¢ KypuaToBbIM U
¢ CaxapoBbIM ObLT TOT PaKT, 9TO KaK pa3 B
ato Bpems Anjpeit [Imutpmemu Caxapos
BCEPDE3 33[yMAJICS O SI/ICPHBIX HCTIBITAHISIX
1 0 CBOEil POJIM B CO3/ITaHNHU TEPMOSIIEPHOTO
OPYKUSI.

[Tocne ucnbitanus «iapb-60mM6b1» B 1961
rojly HAyaJoCh Me/JIEHHOe <«OTpPaBJeHIEe»
CaxapoBa, JKUBIIIETO [I0 9TOTO «B GalllHe U3
CJIOHOBOI KOCTH» , PA3MBIIIJIEHUSIMU O TIOJIV-
THYECKOI 06CTAHOBKE B MIPE U O POJIT HaIIeit
cTpaHbl B MupoBoii ucrtopun. B 1968 romy
CaxapoB BBICTYIHJI CO CBOMM 3HAMEHUTBIM
MTUCHMOM PYKOBO/IUTEJISIM TPABUTEIBCTB BCEX
cTpat, B ToM uucJie u pykosojctsy CCCP. B
CBOEM TIHCbME OH BBIJIBUHYJI TPU BAKHEHTIIHE
MOJUTUIECKNE 3a/1aUM.

[lepBoe — mpexpalieHne TOHKH BOOPY Ke-
HUil ¥ TIOCTelleHHOe YHUYTOKeHUe 3aracoB
SIZIEPHOTO OPY>KHUS.

2021/Ne5

Bropoe — okonvaresibHas gukBupanusa (B
CCCP) mocaeacTBuil KyJbTa JMYHOCTH,
IpU3HAHUE TIPECTYTHOI 1 TpebyIomIeil moKas-
HUS JIeATeJbHOCTH IIapTUIHOIO M rocyjap-
CTBEHHOTO PYKOBOJCTBa CcTpaHoif g0 1953
TO/Ia U TIPEJI0CTABJICHNE PEATHHOIN CBOOOIBI 1
MOJINTUIECKUAX TIPaB KAKIOMY TPaskKIaHUHY
CTpAHbI.

Tperbe — Gopbba ¢ yrpo3oii BCEMHUPHOTO
r0JI0/1a, KOTOPDIiA, 110 MHEHUIO MHOTHX (DYTY-
POJIOTOB TeX JIET, TPO3UJI YETOBEUECTBY.

Cerois ACHO, YTO IIEPBOE U TPETbe Ipe/l-
snoxenns Caxaposa GOJIBIIUHCTBOM CTPaH
[IPUHATDI K ocyliecTBaenuio. [Iucbmo mosy-
YUJIO BCEMHUPHYIO H3BeCTHOCTb. B Hameit
CTpaHe OHO He GbLIo OMy6JNKOBAHO, HO TITH-
POKO PacIpOCTPAHMIOCh B TaK HA3BIBAEMOM
«camuzare». EcTecTBEHHO, YTO OHO BBI3Ba-
JIO THEB PYKOBOJICTBA CTPAHbI, TOCKOJbKY HE
TOJIBKO HE COBIAIAJIO0 ¢ ODUIMATBHON 110~
JIOTHEl TOTO BpEMEHU, HO W BBIJIBUTAJIO U/IEI0
KOHBEpreHim — COMMKEHNs KAUTaTICTH-
YECKOTO U CONUATNCTHYECKOTO MUPOB U Tpe-
6OBaHIE TJACHOCTH U TIPAB KasK/I0r0 YesIoBe-
ka. CaxapoB ObLI OTCTPAHEH OT CEKPETHBIX
pabor, yBoJIeH ¢ J0KHOCTH [ J1aBHOTO Teope-
tuka KB-11 u apyrux agMuHHCTPATHBHBIX
JIOJIKHOCTEH 1 ollpejiesieH Ha caMylo HU3IIYIO
BO3MOKHYIO [IJIS aKaJeMuKa JOJIKHOCTD —
CTapIero HAyYHOTO COTPY/THUKA TEOPETHYEC-
Koro otnena MU3NIECKOTO WHCTUTYTA AKa-
JIEMUH HAYK.

[Tocse atroro CaxapoB cocpeoTOUNICS Ha
JIeATETHHOCTH B 00JIACTH 3aIUTHI TPaB KOH-
KPETHBIX JIO/IeH, YbW TOJUTHYECKUE B3TJIS-
JIbl He coBIa/lain ¢ oUIMAJbHON JIOKTPU-
Hoii. OHa XOPOIIIo OcBeleHa He TOJbKO B €ro
co6cTBeHHBIX «BocrmoMuHaHusgX», HO U B
MHOTOYUCJICHHBIX CTATbiX U KHUTAX O TOM
BpEMEHHU. ITa JeATeJbHOCTb 3aKII04aIach B
MOTIBITKAX TIPUCYTCTBUS W BBICTYTIJICHUS Ha
3ace/laHusIX CY/I0B, T/Ie BBIHOCUJINCH HECTIpa-
BE/IJTUBBIE MIPUTOBOPBI, MATEPUATHHON U MO-
PAJIbHOI TIOMOIIU OCYXK/ICHHBIM U UX CEMb-
M, TIPUBJIEYEHUN MUPOBOI OOIIECTBEHHOCTH
K KaXKJIOMY CcJydaio ocyskaenus. I'ymanucTtu-
yeckas nestesnbnoctb CaxapoBa ObLia Ha-
rpakiena HoGesneBckoil Tipemueii Mupa B
1975 roay. A ny6auKanus 4epe3 HeCKOJIbKO
JleT NMKJa HAay4yHbIX crareil o Bcemnennoii
[IpUHECJa €My MHUPOBYIO M3BECTHOCTb Kak
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BbIatoneMycsi (PU3NKy, M OH CTAJ 4JIE€HOM
aKkajieMiuil HayK MHOTHX CTpaH.

C ropeubio TPUXO/IUTCST BCIOMUHATD O TIe-
puojie 1980—1986 rosioB B xu3nu Caxaposa.
12 nexabpst 1979 roaa 6bLIO IPUHSTO peliie-
nue [Toaur6iopo IIK KITCC o BBo/ie Boiick B
Adranncran. Havamacp 3atsiknast adpranc-
Kag BouHa. Ha crmenmmanbHOM 3acefaHun
Opranuzanun O6benunennbix Haruii jeii-
ctBUst CCCP GbLTH OCY3K/IEHBI, KaK HETTPaBO-
MEpHBIE, MOABJIAIONNAM GOJTBITUHCTBOM TO-
cypapcts (104 nporus 18). Caxapos, Ha
OCHOBaHWY OOMIMPHOI MH(OPMAITIH O TTOJTH-
THYeCKOIl o6cTaHOBKe B Adramucraine u o
HayaJie BOEHHBIX /IeiicTBUif, BBICTYIIUJI B MH-
TEPBbBIO TIEPe/l TTPE/ICTABUTENIMI 3aTa/[HOM
MIPECCHI C OCY3K/IEHUEM JIEHCTBUI COBETCKOTO
NpaBUTENbCTBA. Peaknus MmpaBUTEIbCTBA
6bLia HezamenTesbHoil. [1o Ykasy [Ipesu-
nuyma Bepxosraoro Cosera CCCP or 8 siaBa-
ps 1980 roma CaxapoB OblLl JIMINEH BCEX
MPaBUTEIBCTBEHHBIX Harpaa. He yaanoch
TOJIBKO JIMIITUTD €T0 3BAHNS aKaJeMUKa, XOTs
n OblTa pa3BepHyTa B Mpecce TPaHIMO3HAS
tpaBysi CaxapoBa, Tpe6GOBaBIIasi U 3TOTO
Hakazanus. lIpesuzment AxajeMunm Hayk
M. B.Kespiin He peniusicst co3Batb He0OX0-
JIUMOe JIJIST 3TOH 11ein obIiiee co6paHue aka-
nemuu. Vcropusi coxpaHu/a ero npejBapu-
TeJbHBII PAa3roBOP C CaMbIM aBTOPUTETHBIM
coBerckuM usurom, HobeeBckum saypea-
tom I1.JI.Kammieit, B koropom Kanurna Ha-
nomuna Kemgpimy: «B 1933 rogy T'mtaep
nckiouny A.ditameitHa n3 [Ipycckoit aka-
JeMuu Hayk...» 22 ausapa 1980 roga Caxa-
POB TI0 Jlopore Ha paboTy ObLI 3a/iepKaH 1
6e3 BCAKOro 0(pUIINATBLHOTO TPUTOBOPA CY/Ia
ObL1 BbicHaH (BMecTe ¢ JKeHO) B ropoj
Topbkuii, Kyza 6611 HEBO3MOXKEH Bbe3]l HHO-
CTPAHHBIX KOPPECIIOH/IEHTOB.

Hagemarp CaxapoBa B €ro cCblJIKe peria-
JIUCH TOT/1a oueHb HeMHor1e. HecmoTpst Ha TO,
yto CaxapoB MOJyun CBOOOHOE JIJIsI HAyU-
HOU paGoThl BpeMsi (1 ¢ MOJIb30M €ro UCIIOJIb-
30BajT), TOPBKOBCKAs CCBLIKA €My JOPOTO
oboruiach. Tpu pasza OH BLIHYK/IEH OBLI TIPO-
TECTOBATH NMPOTUB TIPUTECHEHUS U OTpaHIye-
HUS IpaB GJU3KUX eMy Jiiozieit. CBoii mporect
OH MOT BBIPa)KaTh €/IMHCTBEHHBIM CIIOCOOOM —
00DSIBJICHUEM U OCYIIECTBJICHUEM TOJO0BOK.
CaMu roJIoIOBKK ¥ MYUYHUTEJbHBIE Oleparii

MCKYCCTBEHHOTO KOPMJICHUS CePbe3HO M0/10-
PBaJIN €T0 3710pOBbe. B 06111€eil CT0KHOCTH OH
MpoBeJ B OOJIbHUIAX TIOYTH TO/.

B Teuenue Bceil TOPbKOBCKOH CCBIIKU BO
MHOTUX CTPAaHaX MUpA IIlJIa KaMIaHus B €ro
3amuty. B BammHrToHe 1MI011a/1b B HECKOJTh-
KX MHHYTaX XoabObl oT bemoro /loma, Ha
KOTOPOI HAXO/INJIOCh COBETCKUM TTOCOJIbCTBO,
HasBasm [lnomampio Caxaposa.

HapogHbin penyrar

11 mapra 1985 rona 'enepaJbHBIM ceKpe-
tapem [IK KIICC cran M.C.Top6aues. Ha-
YaJlach 3I0Xa <«IEPECTPONKN». 22 OKTSAOPS
1986 roza B 11epuo/; BpeMEHHOI0 y/IydlleHus
3/I0POBbS TIOCJIE TSKEJIOTO OOJBHUYHOTO TIe-
puoja CaxapoB MUCHbMEHHO 00palaeTcs K
lFop6aueBy ¢ 1pocb6oii TTPEKPATUTD €TO0 Jie-
HOPTAIINIO U CCBLIKY €T0 SKeHbI, TOCKOJIbKY ee
cep/iedHOe He3J0POBbEe CTAHOBUTCS YIPOXKa-
fonM. OH o6elaer npeKkpaTuThb CBOIO 0061Ie-
CTBEHHYIO JIESITEJIbHOCTD, C OTOBOPKOIT «KpO-
Me MICKJTIOYUTETbHBIX CIYUaeB».

15 nmekabpst B KBapTHpe ObLT yCTAHOBJIEH
temecpoH, a 16 gexabpst pasgascs 3BOHOK
lFop6ayeBa, M3BWHMBIIETOCS 3a BCE paHee
MPOUCIIEIIee W COOOMUBINTETO 00 OTMEHE
ykaza o junieann CaxapoBa TOCyAapCTBEH-
HBIX HATpa/l U PelieHus O cChlake. Y TpoM 22
nexabpst B MockBy npulbIBau TPU MOE3/a
n3 l'opbkoro. U ysxe ¢ panHero yTpa Tbicsun
YeJIOBEK 3ATOJTHUJIN FTOPHKOBCKUIT «IIpUYaIs»
Ha Kypckom Bok3aste, He 3Has JJa)Ke TOUHOTO
BpeMeHU NMPUOBITUS HY>KHOTO moe3a. Mosk-
HO CYHUTATh, YTO MMEHHO C ATUX JIeKa6PbCKUX
JTHell HauaJach HOBAs 91I0Xa Halllell CTPaHBI,
aTIoXa Tpeo6pas3oBaHmii, KOTOpasi, Kak W BCe
ATIOXU TIepeMeH, HUKOT/Ia He OBIBAET TPOCTOM
7 KOPOTKOT.

Caxapos, Telepb yoke IJIaBHbII HayuHbI
COTPY/IHUK, C TOJIOBOI OKYHAETCS B y4acTue
B HAYYHBIX CEMUHAPAX U B OOIIECTBEHHYIO
sku3nb. OH O0TKazajcs MOJYYuTb 0O6pPaTHO
3HAKU ¥ yJIOCTOBEPEHUSI BCEX CBOUX IOCY/Iap-
CTBEHHBIX HATPAJI, KOTOPBIX OH ObLI JIUIIEH B
1980 romy, <0 TOTO BpeMeHHW, KOrja B
cTpaHe He 6yZeT HU OJTHOTO OCY>KIEHHOTO TI0
MOJUTHIECKAM MOTHBAM 32 WHAKOMBICJIHES .
B 1988 roay emy npenocraBUM BO3MOXK-
HOCTD BbIe3/1a 3a rpanuily. OH BCTpevyaeTcs ¢
npesuzeHToM n Buie-mpesngentom CIITA
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A/l Caxapos Ha cemurHape B DUAHe, pexkabps
7986 rona (gororpagusg fO.Pocra)

P.Peiiranom u [[. Bymewm, npesngentom Opan-
nunn D.MurrepaHoMm, NpeMbep-MUHUCTPOM
Benauko6putaruu M.Tatuep. dtu rocynap-
CTBEHHBIE JIESTETN CUUTAJN 32 YECTh JIMUYHOE
3HaKOMCTBO ¢ A.CaxapoBbIM.

B mapre 1989 roga Caxapos usbpan Ha-
poaupiM seryratom CCCP ot Axajgemun
HayK. JTO BbIABUKEHHE MOIEPKATIU CBOM-
MU TIOATHUCSIMU GOJIbINE CTA THICSY YeJIOBEK.
[Tepsoiii cbes Hapoaabix gernytatoB CCCP
mpoucxoans B Mae-uione 1989 romga 8 Kpewm-
JIEBCKOM JIBOPIIE Che3/I0B. M 2 WioHS pasbir-
paJjlach cTpaliHas CIieHa, KOTJa ¢ TPUOYHBI
cbe3/la OJIMH 3a IPYTUM BBICTYTTHJIN 7 JIEIy-
TATOB € THyCHOH TpaBieit CaxapoBa 3a ero
WHTEPBBIO KAHAJICKOW raszere, B KOTOPOM
CaxapoB 3asBILT O TPArnyecKoii cy1p6e rpyii-
IIbI COBETCKUX BOEHHOCJYKAUX B Adranu-
cTaHe, KOI/la UX, OKPYKEHHBIX IPOTUBHU-
KOM, PacCTPeJIMBAJU COBETCKUE BEPTOJIETHI,
4TOOBI OHM HE MOTJIM c/IaThest B mieH. Caxa-
pPOBa OOBUHUJIM B YHUKEHUH YECTU U JIOCTO-
MHCTBA BOMHOB «OTPAHUYEHHOTO WHTEPHATIH-
OHAJBHOTO KOHTHHTEHTa», KaK BOT yXKe Jie-
caTh JieT BoitHbl ObLio npunsito B CCCP
Ha3bIBaTh COBETCKNUE BOICKA B AdpraHucraHe.
[Tapruitno-arpeccuBHoe GOJBIIUHCTBO JEITY-
TATOB KPUKOM M CBUCTOM 3aTJIYTITUJIH TMOTbBIT-

2021/Ne5

Ky CaxapoBa ckasaTb €JioBa 0 BooOIIle He/l0-
nycrumocTu adpranckoii Boiinbt. [Ipuuem ara
MO30pHAs CIIeHA HAMpsIMyI0 TPaHCIMPOBA-
Jlach o paano u tesneBugenuio. Crop6ien-
HBIH, OYKBAJbHO Pa3JaBJCHHBIN YHIKEHH-
eM, CaxapoB yXo/uJ U3 3aJa.

Ha cbesje 6p1s1a HeboJIbIast PETHOHATbHAS
rpynma, mo mnopydeHuio Kotopoir CaxapoB
cras rotoButh poexT Koncrurynnu (emte ne
Poccun, a CCCP). B ee ocHOBe Jexasn
peasiblible MpaBa JUYHOCTH ¥ TIPABO BCEX
HAPO/IOB Ha TOCY/IAPCTBEHHOE CaMOOIIpe/ie-
JieHue. DTOT IPOEKT ObLl Oy 6JIMKOBAH JIUIITb
B O/[HOI BWJIbHIOCCKON rasere. B aroil KoH-
CTUTYIIUN W HaMeKa He 6bLT0 Ha Ty JKEeCTKYIO
MPE3NIEHTCKYIO BEepPTHKAJIb BJIACTH, KOTO-
PYI0 YCTAaHOBUJIA Ye€pe3 HECKOJBKO JIET TIPH-
HSATas Ha HAPOJIHOM roJiocoBaHmy 12 nexabpst
1993 roma meiictytomas Koncrurymmst Poc-
cuiickoit MPexeparmu. Ho 10 sToro BpemMenn
Caxapos He o1, 14 reka6pst 1989 roma on
BBICTYIIIJI HA 3aCEIaHUU MEXPernOHaIbHON
IPYIIIbI, & Yepe3 HECKOJbKO YacOB y HETO He
BbIziepskaio cepzie. [lapruitno-arpeccuBHoe
BJIACTHOE GOJIBIIMHCTBO YOUJIO €ro — Tak
CUUTAJIN €r0 IPY3bsl U CTOPOHHUKU.

[Toxoponpr CaxapoBa CTagu COOBITHEM,
KOTOpPOE MOKa3aJIo, 4To caM Hapo/ B MockBe
yiKe He ObLT MOCJYITHO-arPeCCUBHBIM (OJTh-
NIMHCTBOM. BractsiM He yIasoch BOCIIPOTH-
BUTBCST HApPOJHOMY BOJIEU3BIBJICHUIO — B
nocJieiauil myTh CaxapoBa IIPOBOKAJIN COT-
HU TbICAY Jojieii. B mosHOM coctaBe ObLIn
AxkajieMis HAyK U PYKOBOJICTBO €€ HAYUYHbBIX
yupesxaennii. Ho He 6bLi0 mpejcraBuresieit
HapTUITHOTO PYKOBOJICTBA ¥ IIPABUTEIbCTBA
crpanbl. CaxapoBa He CTaJl XOPOHHUTD I10-
[IPaBUTEIbCTBEHHOMY TIbIIIHO HAa HoBonesu-
ypeM Kiagbuie. O moxoponeH Ha BocTps-
KOBCKOM KJaja6wuie, TAe W ceiiyac, depe3
TPUANIATD C JIMITHWM JIeT, Ha aJliesiX eCTb
ykazatean «K mornse A.J[.CaxapoBa» n Ha
MOTHLJIE€ BCETJa €CTh SKUBBIE TIBETHI.

Y utibl, TPOCIEKThbI, OYJIbBAPBI U ILIOMIA-
Jin HazBaubl uMeHeM CaxapoBa B 60 ropojiax
Poccum u 14 ropojiax ApyTux cTpas.

U ¢ xaxapIM TOJIOM CTAHOBUTCS BCe siCHee
BeJIIYIE 9TOTO Y€JOBEKA — BEJHKOro (PU3nKa
U BEJINKOTO TyMaHucra!



pacnpeneneHn nap
B3aVIMHO MPOCTbIX YMNCEN

A.PABYEHKO

3apava u3 XIX cronetusa

B 1989 roay B :xypHane «KBaHT» BbINLIA
cratbsi H.{.Bunenknna «B tamHcTBEeHHOM
Mupe OGeCKOHEYHBIX psiioB» [1]. B aroii
CTaTbhe OH PaccKasayj O TOM, «KaK MOKHO W
KaK HeJb3s o6pamarbcss ¢ OGECKOHEYHBIMU
pagamuy». OauH u3 HauboJiee M3BECTHBIX
PSIOB 3amaer dsema-ynxyuio Pumana:

Ck) =2~
n=11

B kauecTBe mpuMepa IpuMeHeHNs A3eTa-pyH-
KIUH B cTaTbhe BuueHknHa 6blaa paso6paHa
U3BECTHASI BEPOSTHOCTHAS 3a/[a4a, O KOTOPOU
3a/lyMbIBAJIICh MHOTHE BEJIMKHE MaTeMaTHKH
XIX Beka, takue xax II./Iupuxme, JI.T'eren-
6ayap, I1.J1.YUe6brméB u J.Yesapo.

3anaua. Kaxosa eeposamuocms mozo, 4mo
Hayoauy é3smas Opodb HeCOKPAMUMA?

OGosnaunm 4epes [ (N) KOIMYECTBO He-
COKPATHMBbIX Jpo6eit, YucIuTe b 1 3HaMeHa-
TeJIb KOTOPBIX He IpeBocxozaar N. B crarbe

L (N
Bunenknna II0OKa3aHO, KaK HauTu llIn 5 -
N—e N

ITO Tpees, K KOTOPOMY CTPEMUTCS J10JIsI
HECOKPATUMbIX po6eil, Korja mnpasas rpa-
nuia orpeska [1; N], us xoroporo Gepyrcs
YUCJUTEJTN U 3HaMeHaTeJ I, CTPEMUTCA K oec-
koHeuHocTH. OKa3bIBAETCSI, BEPHO CJIENYIO-
mee:

FON) ()AL

i)t

(2) n*

a

DOT: https://doi.org/10.4213/kvant20210502

Paccysknast HecTporo, HaiiTn 3HaUEHME TIpe-
ejla MOXKHO Tak. Tak Kak U 4UCJIUTEJb, U
3HAMEHATEJb «B3SThI HAY/Iauy» , BEPOSITHOCTD
TOTO, UTO XOTs1 ObI O/IMH U3 HUX He JIeJUTCS Ha

) 1

i-e IIPOCTOE 4HC/IO p;, pasha 1——. Ecan
Pi

[EPEMHOKHUTD ST BEPOSITHOCTH 110 BCEM IIPO-

CTbIM 4YMCJIaM, TO IIOCJI€ HECKOJIbKUX IIpE-

00pa3oBaHMii MOJYYUTCS OTBET % =(,60793.
i

ZIJIH IIKOJIbHUKA, YK€ U3YIUBIIECTO OCHOB-

HYyIO TeopeMy apudMeTHKI, HO elle He OYeHb
XOPOIIIO 3HAKOMOTO € TIOHATHEM GECKOHEUHO-
CTH B MaTE€MaTHKE, TAKOH OTBET MOKET TOKa-
3arbcsa HeyOeanTeTbHBIM. Beap n3BecTHO,
YTO Ha KAKAYI0 Mapy B3aMMHO IPOCTBIX
ances (a; b) npuxoautcss GECKOHEYHOE MHO-
xectBo map Buga (n-a;n-b), rne n22. A
kakaoii mape (m;m) ¢ obuwmM jenuTeseM
d =2 COOTBETCTBYeT eJMHCTBEHHAs Mapa
B3alMHO IIPOCTBIX (12/d ; m/d) € TeM 3Ke OTHO-
menneM ajeMeHToB. Vcxozst u3 atux ak-
TOB, JIOJUKHO GBIJIO GBI TIOJNYIUTHCS, UTO TSI
«TO-HACTOSITIEMY  CIyYaiiHBIX> Tap YHCe
BEPOSTHOCTb B3auMHON mpoctoTbl (T.e. He-
COKPATUMOCTH COOTBETCTBYIOIIEH Apo6u)
paBHa HYJIHO.

O/HaKO TaK paccy k/Iarh M0 OTHOIIEHUIO K
CBOHCTBAM GECKOHEYHOCTH HENPABUJIBHO.
[TpuBeeHHbI BbITIIE X0/ MbICJIEH NCTIOIb3Y-
eT HeCyHIeCTBYIONIYI0 (PYHKIMIO paBHOMED-
HOTO pACIPE/IeIeHUsl HA MHOKECTBE HaTy-
panbHbIX uuces. uaue roBops, jejaercs
[PEJIIIONIOKEHNE, YTO B3ATOE HAy/ a4y HaTy-
pasbHOE YHCJIO MOJKET MPUHUMATh JI060e,
CKOJIb YTOJTHO GOJIBIIIOE, 3HAUECHHE C OTMHAKO-
BOH BeposATHOCTHIO. Ho TOra cymMMa BeposiT-
HOCTEH OKayKeTcsS PaBHOM oo, a He 1.

VIHBIMU CJIOBAMH, HESICHO, YTO UMEHHO 03-
HavaeT (ppasa <«Hayjgady B3sdTasg ApoOb» B
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ycaoBun 3ajaun. UToObl 3TO TOHSATHE CJIY-
JaHOCTH OBLJIO OTIPe/IeIeH0 KOPPEKTHO,
BusienkuH B cBoeil cTaThe TPUBOIUT peliie-
HUe 3a/1a4M JIJIST KOHEYHOTO OTPe3Ka, a OTOM
VCTPEMJISIET €TO JJIMHY K OGEeCKOHEYHOCTH.
[lng mpakTUyecKwxX Iiesieil TaKoW MOIXO[
BIIOJTHE JIOMYCTUM, Belb B OYEHb MHOTHUX
CUTYaIUgX MOXKHO CUUTATD, YTO CJIydaliHbIE
yrcsia 6epyTcs U3 0UeHb GOJBIIOT0, HO TEM HE
MeHee KOHEYHOTO OTpe3Ka.

DyHKUMA dnepa 1 dly4yarHble Yynucna

Utak, mpu CTpeMJeHHH [JIMHbI OTPe3Ka
[1; N] k 6Geckoneunoctn BEpOSTHOCTb TOTO,
uTO JIBA CJIYYARHBIX UMCJIA U3 HETO B3AHMHO

IIPOCTBI, CTPEMUTCS K % (mpumepno 60,8%).
s

ITO 3HAHME MOJKET IIOMOYb B OOOCHOBAHUN

HEKOTOPDIX MPE/IEJIOB, COJEPIKAIINX U3BECT-
Hylo pyHKIIMIO Jitiepa.

Onpenenenne. Oyuryus Jiirepa §(n) —
(yHKIMST OT HATYpPAJIbHOTO 72, MPUHUMAIO-
IIlad 3Ha4Y€HNE KOJNYECTBa HaTypaJIbHbIX
qices, He MPEBOCXOJSNINX 7 U B3aUMHO
IIPOCTBIX C HUM.

Bepna caenytomas dbopmya aus @:

, k 1
o(papy v ) =TlIra| 1-—
i=1 P,
rjae Bce O, pasanuubl. M3 artoii dopmy.ibi
caieftyert, uto otHomenue @ (7)/n GbiBaet ckoJTb
YTOoAHO GJUBKUM KaK K eQMHUIE, TaKk U K
HyJi0. [lelicTBUTEIBHO, JIJIsI TIPOCTOTO 12 UMe-
eM (p(n) =n — 1. 3raunTt, Tpu GOJBIINX MPO-
cTBIX 7 oTHOMIeHNe @ (1)/n 6M3KO K eanHN-
1e. C pyroif CTOPOHBI, BEPEH CJe/yIonii
akr: nns mo6oro € > 0 cymecTByeT Takoe

M, 4TO  BBHINOJHEHO HEPABEHCTBO
ot 1
[Tl 1-— |<e. Toaromy ornomenue ¢ (n)/n
i=1 Pi

MOXXeT ObITb W CKOJb YTOJHO MasbIM. JTO

CTapblil pe3yJbTar, HO YUTATETH MOTJIM BU-
JIeTb ero yIOMUHAHWe B HeJaBHEH CTaThe
B.bparuna [2]. Kpome toro, B 1954 Tomy
nosibekre MaTeMatku A. [ nwiens n B.Cep-
nuHCKnit gokasaam (cM. kaury PuGenGoiima
[3]), uro MHOXKeCTBO 3HadeHWi, KOTOpPBIE
npuanmaet Gyrxims @ (r)/n, nnorro va[0; 1.

2021/Ne5

500 1000 1500 2000 2300 n
Puc. 1. 3naqermns ¢(n)/n ansn or 1,40 2500

Ha rpaduke ¢ (n)/n (puc.1) MOKHO BbIjIE-
JIUTh HECKOJIBKO MOKPBITBIX OJIHOIBETHBIME
TOUKAMH JIMHUH, aCUMITOTAMH K KOTOPBIM
sBJistioTest ipsimbie ¥ = 1 (kpacubie), y = 1/2
(xenoie), y = 2/3 (opanxkesbie) u T. 1. IT0
gaBjeHre OODbICHIeTCsI TeM, 4TO OOJIbIIoe
IPOCTOE YKCJI0 p cBouM MuOsKUTEeM (1 —1/p)
BHOCHT MaJIeHbKHUI OTHOCHTEIbHbIN BKJIa/l B
snauenue @ (n)/n. Takum o6pasoM, NpousBe-
JIEHUS IOCTATOYHO GOJIBIIIX TIPOCTHIX YKCEJT,
JIOMHOKEHHbIE Ha 1, OyyT aBaTh 3HAYCHUS
¢(n)/n, 6msxue k 1, gommoKermbe Ha 2¢ —
Kk 1/2, na 3 —  2/3, ma 2%3" — k 1/3 u T.11.

HecMoTpst Ha SICHO HAGJIIOIAEMYIO PACXO-
juMocTb 3Havennii gpyukimn @(n)/n upn

N
n— co, nus Gynkmmm g(N) = ¢(n) noc-
n=1

g(N)

JIe10BaTe/JIbHOCTDb 5 nMeerT HEHYJIGBOI‘/JI
N

npezneJ.
Teopema. Buinosinsemcs coomuouenue

lim SN) _ Ly TN) 3 0,30396.
Noe N? 2

I Noew N2 m

[ouemy sxe g(N) u f(N) orHocsates B
nporopuuu 1 k 2 npu N — «? Cregyiomnas
BU3yaaM3alus 103BoJsieT 3hdeKTHO OTBe-
TUTb Ha 39TOT BOIPOC.

PaccMoTpuM  KJeT4aTyio IIJIOCKOCTb, Ha
KOTOPOIi OTMEYeHbI BCE TOUKU CO B3aMMHO
npoctbiMu KoopauHatamu (puc. 2). fcHo,
YTO JaHHas KOHCTPYKINSA CHMMETPHYHA OT-
HOCHUTEJIbHO NpsMOi x = y. Kpome Toro, 1o
OIIpe/IeJIEHUIO BepeH TOT (DAKT, YTO Ha OTPEe3-
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ke, coeunstioneM Touk (7; 1) u (n; 1), BBIGpa-
1o poBHO @(n) touek. Takum 06pasoM, B
KBapare [; N|x[1; N] amxe npsamoii x = y

=g (N) —1 OTMEYeHHBIX TO-

JIEHKUT Z o (n)
n=2
YeK, BbINIE — CTOJIBKO K€, U ellle HeoOX0/1u-

Mo yuectb Touky (1 1).
Uroro, B kBagpare [1; N|x[1; N| aexur

1:2-271(;)(11)—

COOTBETCTBYIOIIUX HECOKPATUMBIM [POGSIM.

posuo 2-g(N)- 1 Touex,

3Hasg 9TO, HAWTH 3HA4YEHHUE YIIOMSAHYTOIO

paHee IpejieJia yoke He IIpe/cTaB/IdeT TpyAa.
[loka3artebCcTBO TEOpPeMbI. Vckomblii mipe-

JIeJT BBIUHCJISCTCS CAeYoMmnuM 00pasoM:

N
20(n)
11mM=limL lim (N )—
Noe N?  Noe N? Noe  2N?

Teopema sokaszaHa.

CrouT ynoMsiHyTh, 4T0 UMeeT MecTo 6oJee
CHUJIbHOE YTBEPIKIEHNE, JOKA3aTeNbCTBO KO-
TOPOTO 3HAYUTENBHO CJOXKHee u Tpebyer He-
KOTODPBIX 3HAHUI MaTEMAaTHYECKOTO aHATHN3a
(570 I0KA3ATENBCTBO U3JI0KEHO B KHuTe [4]):

Z(P(n

n=1

—N2+O(NlogN)

3amcs O(Nlog N) osnauaer HEKOTOPYIO
byukumio or h(N) Takywo, uro h(N)<
<C-Nlog N pgna uexoropoii koncraurer C
IIPH BCEX JIOCTATOYHO 6OJIbIINX N.

3apaun

3/ech unTaTesb HaliieT HECKOJIBKO 3a/ad 110 TeMe
9TOM CTATBH, HO B TO YK€ BPEMSI He CTOUT yMaTh, 4TO
BCe HEOOXO/IMOE JIJISI X PelIeHNus ObLIO YIIOMSIHYTO
Ha TIpeJBIAYNNX CTpaHumax. B mo6om ciydae,
ABTOP HAJIEETCsI, YTO TOT, KTO HAWET B ce0e CUIIbI He
TOJIBKO OIPEJIEJIUTh OTBET, HO ¥ NPOJYyMaTh HOJHbBIE
PEMIeHNs 3TUX 3ajad, MOJYINT HETOo/ieTbHOe 3CTe-
THYECKOE y/I0BOJIbCTBHE.

CroBa «ciydailHbIil» M <«B3SATbI Haygady» B
opmymmpoBKax 3agad caefyeT BOCIPHHIMATh Kak
«B3ATDII PABHOBEPOSATHO U3 GOJIBIIOTO, HO KOHEYHO-
TO OTPe3Kay, U 3a/[aull Hy>KHO PeIIaTh, YCTPEMUB €ro
JIHY K 6ECKOHEUHOCTH.

1. Haiiiute BepoATHOCTD TOTO, YTO B34TOE Hay/la-
Ty YUCJIO HE JeJUTCS HU HA OJMH KBA/[PAT HATYPaIb-
HOTO 4HCJIa, KPOME eNHHIIBI.

2. Haiijiure BepOsSITHOCTD TOTO, YTO HANOOJIBIINIL
o6muil resnTesb R coryqaifHbIX YnCesT PAaBeH e/IMHNU-
1e.

3. IlpmaymaiiTe HeHyJeBYIO OIEHKY CHU3Y Ha
BEPOSITHOCTD TOTO, YTO R CJIyYallHBIX YMCEJI TIONapHO
B3anMHuo npoctel (k (pukcnposamno).

IHodckasxka. [Lns navaia nonpolyiite HAWTH BepPO-
SITHOCTD TOTO, YTO HUKAKUe JIBA YMC/IA He JeJIITCS Ha
(bukcIpoBaHHOE TTPOCTOE YHCIIO p. 3aTEM, BOCTIOIH30-
BaBIIICh HEPaBeHCTBOM bepHysumm, permmure 3amady.

4. Ilpupymaiite HeHyJIEBYIO OIIEHKY CHHU3Y Ha
BEPOSITHOCTD TOTO, YTO HPOM3BE/CHUE R CJIydailHbIX
Yrces B3aMMHO TIPOCTO C HPOU3Be/enneM [ corydaii-
HBIX YHCEJI.

5. Hailznre 3HaueHue CJIeLyIONIEro mpejea:

N 10) (n)
lim 2=t "
N—eo N

Iodckaska. YucanTesb 1 3HaMeHATe b U3 33/1a41
po cJlyvaitHple Jpo6u MOXKHO 6paTbh HayJgady U3
OTPE3KOB Da3HOil JMMHbI. B HEKOTOpBIX ciydyasax
HOJIYYUTCS COXPAHUTD UCXOJHYIO IJIOTHOCTb TOYEK,
COOTBETCTBYIOMIUX T1apaM B3aMMHO IIPOCTBIX YHCEL.
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I0OJIU1T MEHJAEJEEBUY BPYK

Ywen u3 xu3Hn 0nun Mengeneesny bpyk.
XusHb 1 cyabba tOnu bpyka HepaspbiBHO
cBs3aHa ¢ Teopotaenom OUAHa, roe oH MHO-
me rofdbl 3aHVUMancs Hay4yHon paboTton, ¢
buzndeckMMn onnuMniagamn (oH ydacteoBan
B OpraHv3auuu 1 NpoBeAeHUM MHOTUX Bceco-
I03HbIX 1 BCEPOCCUIMCKMX ONMMMMAL,) U C XKyp-
HanoMm «KBaHT». XOTA B peOKOoNaernio XypHa-
J1a OH BoLen Tonbko B 1981 rogy, ero tecHas
cBs3b C «KBaHTOM» Ha4danacb [faxe He C
MOMEHTa BbIXOa NepBOro HOMepa XypHana B
1970 rogy, a ropasfo paHbLue. [ocne Toro, Kak
B 1964 rogy akagemwuk [MJ1.Kanuua Bbickasan
VA O CO3JaHNM AETCKOro (hM3MKo-MaTema-
TVNYECKOro XypHana, Kong akTMBHO B3aN1CA 3a
peanunsauuio 3Tom ngen. Hegapom ero cymtanm
CaMbIM MYDOOKUM 1 MHDOPMUPOBAHHBLIM NC-
ToprkoM «KBaHTa». I He TONbKO UCTOPUKOM,
HO W1 aKTMBHbIM aBTOPOM, HaNMCaBLUMM 3ame-
YyaTesnbHble CTAaTbM WM NPUAYMABLWWUM MHOIO
MHTepecHbIx 3aga4. OgHy 13 ctaten KOnn bpy-
Ka, B MaMsTb O HeM, Mbl BOCMPOM3BOAUM B
3TOM HOMepe XXypHana. Ho cHavyana npepocra-
BVMM CllOBO coaBTopy tOnu u ero Gnmnskomy
apyry Anbbepty JleoHnpmosuyy CTaceHko.

IOsmit Mengeneesnu bpyxk
(22.02.1940—24.04.2021)

&

B onHoll m3 crappix crareif Mo MCTOPUHN
«KBaHTa» TPOMEJSbKHYJIO: <«JI€T€HAapHBIN
IOmit Menneneesnu Bpyks. [Tomguepkusa-
JIach €ro caMasl aKTHBHAS /1€ TeTbHOCTD TIPU
06pa3oBaHUN JKypHaJIa, OOIIeHNe CO 3HaMe-
HUTBIMH OTI[AMU-aKaJeMUKAMH.

Ong obmagan TamaHTOM TIHcaTess, OBLI
HEUCCSKAEMBIM WCTOUHUKOM (PU3NIECKUX
CIO3KETOB, OTJIMYAJICS CTPOTOCTHIO BBIYHCJIIH-
TEJIST M OTBETCTBEHHOCTBIO TBOPIIA.

Eme 1esplit miact ero AeATETbHOCTH —
aKTUBHOE YydYacTHe B opranusanuu Bcecoios-
HBIX 1 Beepoccuiickux (prsnuecKunx oTMMITH-
ag. Kax-to B camoJiere 1Mo MyTH Ha OJHY W3
OJIUMTINA]] TOKA3bIBAJIN BCEMHUPHOCTD FOum:
BpyxxeiiBen, UHCOpyK... A KTO-TO BCIOM-
Hua gpesaepumckoro I0msa: <« tot, Bpyx!»

015 ob6maan Kpyrom obuieHusi 6yKBaIb-
HO TrJ106a7TbHOTO MacIITaba, CIEN 3a CyIb-
6aMu Ipy3eil, pacCesTHHBIX 110 BCEMY MHUDY.

=3

3akaHunBas 06CTOSITE/IbHBIE OGece/bl, HEU3-
MEHHO HATIOMUHAJ COOECETHUKY TIOTETOBATD
JKEHy, a OTIPBICKAM IMepefaTh MPHUBET —
nepcoHa bHO! B amoxy mouToBoro 00IeHus
BeJl OXKUBJIEHHYIO TIEPEIUCKY, MPH 3TOM C
320aBHOM Cepbe3HOCTHIO YHIAKOBBIBAJ IHCH-
Ma B IBOWHON KOHBEPT, THIATEIbHO TPOMa3aB
KJieeM, 1 He 3a6bIBaJI BCKOPE COOOIUTD aJipe-
caty 1o TesiepoHy cozepsKaHue TTOCTaHISI —
TaK HaJeKHee.

I0Oas Bpyk mpunaamexas smoxe HayqHO-
IPOCBETUTEBCKOTO poMaHTH3Ma. IlocianHuk
Heb6a, cBer/brii 4el0BEeK, OCTABUBIIMIL TEII-
JIYIO CEP/IEYHYIO TTAaMSATh Y COBPEMEHHUKOB.

W — 4T06BI pasBesaTh TPYCTb HEM3OEKHBIX
TPOIAHN — CJI0BA MO3TA:

Mot 6ce cupomeem na Hawem nymu.

3axon paccmasanvs yapum Hao naaHemol.
[ait, Boxe, nam 6 6yoywei xusnu naimu,
Kozo nomepsau mot 6 amoii!



BEJAUBIE KAPJIJUKHN - KPUCTAJUJJMUYECKMHUE 3BE3/bI

benble KapJINKnN —
Kpuctannmyeckme 3se3zbl

f0.6PYK, B.TEJIJIEP

B beckpariHesi rycrore u3HeMOXeHHbIV LLIEP,
OXBaveHHbIV TOCKOY v ropem be3 ripenend,
Yponnmsbi, Hemou, [aBHO OKaMeHe b,
Bparyarncs, no3abbis, 410 parbLLe b1 HE CTap.

JlekoHT ge Nunb. MocnegHnn bor

B aro0ii ctaThe MbI TOCTapaeMcsi paccKa3aTh
0 TOM, YTO HEJIb3s YBU/IETb HU B MUKPOCKOII,
HU B TEJIECKOI, HO 4Y4TO MOYKHO IIOHATH C
MTOMOTI[BIO JIOBOJIBHO MPOCTBIX U TTPUBBIYHBIX
npejicTaBJeHuil. Peub 11oiizieT B OCHOBHOM O
6esTbIX KapJinKax u ... KoHjgeHcaropax. Uro
TaKkoe KOHJEHCATOp, 3HAI0T, KOHEYHO, BCe
yntatesn <«KBanta». IIpo Gesbie Kapsmku
YUTATESTM TOXKE, BEPOSTHO, CJblmain. Tak
Ha3bIBAIOTCST OUEHb ILJIOTHBIE 3BE3/(bI C Mac-
COll TpPUMEPHO TaKOW ’Ke, KaK y HaIlero
ConHIla, HO ¢ PANYCOM B HECKOJIBKO COTEH
WJIY 1K€ B THICSYY Pa3 MEHBIIUM COJTHEYHO-
ro. Pasrisijierp, Kak yCTpOeHbI BHYTPEHHOC-
TH GEJIOT0 KapJInKa, Mbl, KOHEUHO, HE MOKEM.
Ho, nopaccysk/1aB o II0CKOM KOH/IEHCATOPE,
MbI CMOKEM, BOCIIOJIb30BaBIINCH (U3muec-

Omny6aukoBano B «KBanrte» Ne6 3a 1987 roz.

KUMHU aHaJIOTUAMMU, IIOJYHYUTDb IHPeE/ICTaBJIe-
HHE O TOM, KaK YCTPOEHDI 3TU [IaJIEKNE U MAJIO
IIOXO0K1e Ha CO]'IHIIG 3Be3/1bl.

HemHoro NpPoCTbIX BblYMCIIEHUN

Macca rtunmuHoro 6eJ0ro KapJuKa
M ~2-10% xr, ero paauyc R~1O_2RO
(R, = 7-10% m — pamuyc Cosmna). Cpen-
HIOIO TIJIOTHOCTH BEIIECTBA P, U3 KOTOPOTO
COCTOUT KapJIMK, MbI TOJYYUM, Pas/eiB
Maccy 3Be3/bl Ha ee 00beM: P OKA3bIBAETCS
nopsiaka 10° KF/ Mo,

Ecom 6b1 MBI MTOJKETAIN «ITOCTPOUTHY Oe-
JIBTI KapJUK W3 OTAEJbHBIX aTOMOB, MBI
JIOJGKHBI OB ObI coOpaTh WX B GOJBINOE
00J1aK0 BOJIU3HM TON <«TOYKH» B TMPOCTPAH-
CTBe, KyJa XOTHM <IIOMECTHUTb» 3BE3[Y, U
CKaTh 3TO 06JIAKO JI0 IIOTHOCTEH TIPUMEPHO
510° pa3 GOJIbIINX, YeM CPEHSIS TIJIOTHOCTD
HaIrei miaHeTbl. B KocMuyeckoM mpocTpan-
cTBe 00J1aKa U3 MOJIEKYJT UJTH ATOMOB C3KIMa-
I0TCSI TIO/T /ICHCTBUEM CUJT IPABUTAIINH.

Peasprble 6esible KapJIuMKd, KaK 9TO BBITE-
KaeT M3 TEOPUHN CTPOEHIS W 9BOJIIOIIN 3BE3/I,
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coJiepsKaT MaJIO «TSPKEJIbIX»> HJIEMEHTOB NJIN
Jlaxke coBceM ux He cogepokat. [lias oneHok
MOJKHO CYUTATD, YTO OEJIBIH KapJUK «ITOCTPO-
€H» W3 OJMHAKOBBIX aTOMOB, MMEIOIINX TTPH-
MEpPHO TI0 JIECATKY 3JIEKTPOHOB Ha aTOM.
Maccy m atomMa Tpu 3TOM MOKHO NPUHSATH
npuMepHo B 20 pa3 6oJibliieil MacChl HYKJIO-
Ha, T.e. cuntatb m ~1072% kr. Pashumeit
Macc HykjgoHOB (IIpoTOHa M HEHTpoHA), a
TaK)Ke Maccoii aJIeKTPOHOB TIpu rpydOM pac-
4yeTe MOYKHO, KOHEYHO, 1TpeHeOpeyb. ITO BIOJ-
He pa3yMHbIE JIOTYIIEHUs, U OHU (paKkTHyec-
KU He MOBJMAIOT HA T€ BBIBO/IbI, K KOTOPBIM
MbI IIPUJIEM.

UwcJio n aTOMHBIX s/Iep B eINHAIE 06beMa
HOJIYUUTCS, €CJU Pasfe]uTb p Ha m. g
Hamrero 6eJIoro KapJuKa 7 OKas3bIBAeTCs
~10% M. 3maumt, cpeanuii o6beM mpo-
CTPAHCTBA, MPUXOJANIErocs Ha OJHO f/1Po,
~10 M u cpeiHee PACCTOSTHUE MEeK/Iy
agpamu ~ 10712 M. Pasmepbl ke OGbIYHBIX
aromos opszika 10710 M. Tak 4To MbI IPHXO-
UM K BBIBO/LY, UYTO CPEIHWE PACCTOSHUS
MEKIy sSApaMu BHYTpH GeJoTO KapJuKa B
COTHIO pPa3 MEHDBITIE PA3MEPOB TEX aTOMOB, U3
KOTOPBIX MBI «HAUMHAJIUA CTPOUTDL» 3BE3[IY.
[TousTHO, YTO TIPU CTOH GOJIBITIX MJIOTHOC-
TSX aTOM KaK CHCTEMa «3JEKTPOHBI + SpO»
HE CYIIECTBYET.

B mporttecce c:xaTust Bce 3JIEKTPOHBI B He-
Jpax 6esloTo KapJjimKa yiKe <«OTOAPAHbI» OT
CBOWX sijiep W 06pa3ytoT 3JEKTPOHHYTO KUJI-
KocTh. A Kak BemyT cebst simpa (KoTopbie
MOJKHO Ha3BaTh B TAKOM CJIydae «TOJOIPaH-
namu» )? I8 HUX CyIeCTBYIOT [IBE BO3MOK-
HOCTHU: OHW JIUOO <«IIJIABAIOT» B «IJEKTPOH-
HOM MOpe», HATlOMWHAS B3BECHh TKEJBIX
YaCTUIl B JKUIKOCTH, TGO 00pasyioT Kpuc-
TAJJTTIECKYIO PEIIETKY, B KOTOPYIO W «HAJH-
Ta» 2JIEKTPOHHAS JKU/KOCTH, — TOT/Ia CHCTe-
Ma Si/Iep W 3JIEKTPOHOB TIOJI0OHA 1O CTPYKTY-
pe OOBbIUHBIM MeTaJlJIaM.

Kakasg ke W3 ykazaHHBIX BO3MOXKHOCTEH
peanmayeTrcst Ha caMoM jiesie? Besble KapJm-
KW — JKUJKWAE VI KPUCTAJIIIecKue?

Harma 1iestb — pazo6patbcst B 9TOM BOTIpOCe.
W nomoskeT HaM, Kak 9TO HU YAUBUTEJIBHO HA
MIEPBLII B3TJISA/, TJIOCKUI KOH/IEHCATOP.

2021 /Ne5

Mnocknn KoHpeHcaTop
M Nna3sMeHHasi YactoTa

COBOKYITHOCTD 9JIEKTPOHOB U sijiep BHYTPH
6eJ10T0 KapJanmKa o6pa3yeT TIa3MeHHYIO CHUC-
TeMy, KOTOpas MOX0Ka Ha MJIa3My B Hellpax
CoJtHITa WK Ha TI1a3My , 00Pa3yIonyocs Ipu
06BIYHOM ra30BoM paspsjie. OOHUM /1 9TUX
CHUCTEM SBJISIETCS COCYTIECTBOBAHUE TIOJIOKH-
TEJbHO U OTPUIIATEIBHO 3apSKEHHBbIX Yac-
THIL, B3aUMOIEHCTBHE MEXK/TY KOTOPBIMU 06y C-
J0BIeHo KyJjaonosckumu cuiaamu. (O ToMm,
4yeM CyNIECTBEHHO OTJINYAeTcs mjasma B Ge-
JIBIX KapJuKaX OT KJIaCCHMYeCKON KYJIOHOBC-
KO CHCTEMbI 3apPSI0B C TPOTUBOIIOJIOKHBIMI
3HAKaMH, MBI [IOTOBOPUM I033e.) B memom
IJIa3MeHHbIE CUCTEMbI 3JIEKTPOHEHTPAIbHBI.
A 9TO TIPOM30IIET, ecii B KaKOH-TO HEGOTb-
10l 06JIACTH TPOCTPAHCTBA 3JIEKTPOHENT-
PaJIbHOCTD HAPYIINTCS?

Paccmorpum sieMeHT o0beMa, 3aHSTOTO
MJIA3MOM, MEX/LY ABYMS TIJIOCKMMU TLJIOMIA/l-
kamu. CHavanma o6CyIuM IPOCTOI CJydaii,
KOT/Ia T[OJIOKUTEJbHbIE W OTpPUIlATebHbIE
3apsi/ipl B IJIa3Me OJIMHAKOBBI 110 abCOJIOT-
HO BesmumHe. [1ycTb rmroma/ b Kaskaou mio-
nagkn S, a paccrosHue MexAy HUMHU d.
3aps/ipl yacTuil 6yJieM CYuTaTh PaBHbIMU Te,
a UX KOHI[EHTPAIUIo — paBHOil n,. IIpeanoso-
JKUM, YTO MbI CMOTJIH Pa3ie/iuTh 3apsijibl B
3TOM O0OBEMYHKE W TIOMECTUTH BCE TOJIOKH-
TEeJIbHbBIC 3apS/Ibl HA OJIHY TLJIOMIAJIKY, a BCE
oTpuIlaTesbHble — Ha ApyTyio. [lo cymiecTBy
MBI CO3/IaJIi 3apSKEHHBIN TI0CKUI KOH/ICH-
carop. OueBuHO, YTO A6COTIOTHAS BEJINYH-
Ha 3apsja IJIACTMH 3TOTO KOHJIeHCcaTopa
Q =n,eSd, a HANPSIKEHHOCTb TOJST B HEM
E =0/(g,S) = nyed/,.

B peasbHOII T1a3Me HUKAKUX TIIOMIQIOK-
MJIACTHH, KOHEYHO, HE CYIIECTBYET, HO SICHO,
YTO B3aMMHOE CMellleHue 3aps/I0B Pa3HbIX
3HAKOB MTPUBOJINT K TTOSIBJIEHUIO CUJI, CTPEMSI-
HIUXCST ATO CMeIeHne JTUKBUANPOBaTh. s
OTIEHKM 3TUX CUJ MOKHO PacCy’KJaTb Tak.
IIyctb cpemHee oTHOCHTENbBHOE CMeTEHNE
YACTUI[ C TIPOTHUBOIOJIOXKHBIMU 3apsilaMu
paBHo d. [lostBUBIIIEECST TPU CMETIIEHUH HJIEK-
TPUUYECKOE TIOJI€ MOKHO OIEHUTDH, TIOJIb3YSICh
MIPUBE/IEHHON BbIIe (DOPMYJIOif [/ KOH/ICH-
caropa. Cuna, geiicTByoIas Ha OJ{HY YacTH-
Iy, paBHa eE = neezd /80; DAa3JIeJInuB 3Ty CUJITY
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HA MACCy YacTHIbl 7, TIOJLYYUM ee yCKope-
nue: n,e’d [(gym). O6parure BHEMAHHE: CUIA
¥ YCKOPEHHE YaCTUIIBI IIPOTIOPIHOHAIBHBI ee
CMEIIEHHIO, & HAIPABJIEHBI OHI TaK, YTOGbI
BOCCTAHOBUTH paBHOBecke. Ho a10 03Havaer,
4TO acTuia Oy/eT COBEPIIaTh rapMOHIYEC-
Kie KoJIeGamnsi, W Mbl MOJKEM Cpasdy e
CKa3aTh, KAKOBA JI0JDKHA OBITH 4acTOTa 9THX
KoJleGaHMii:

oy = ——. ()
€ym
Kosie6anust ¢ 4acToTOil (1)) Ha3bIBAIOT JJIEKT-
POCTaTHYECKUMHU, JIEHTMIOPOBCKIMH WJIH ITPO-
CTO T1JIa3MEHHBIMU.

BepositHO, unTatesp yike moramajics, Ka-
KO CJIeIyTONTUil mar Mbl coOMpaeMcst clie-
JIaTb B HallIUX paCCY}KZ[eHI/IﬂX. KOHe‘IHO, MbI
JOJIJKHBI IIOIIbITAaTbCA IIOHATH, HEJIb3d JIN
06OOGIIUTD 3T PACCYKIEHUS O TLTa3MEHHBIX
KOJIEGAHUSIX HA 9JIEKTPOHHO-SIJIEPHYIO T1Ta3-
My B Gesibix KapJukax. OTBET Ha 3TOT BOTIPOC
[TOJIOYKUTEJIbHBLI, Takoe 06001eHne 1eiicTBI-
TEJIbHO BO3MOJKHO. B 3JIeKTPOHHO-SI/IepHOIT
TIJIa3Me TO3KE JIOJIKHBI ObITh KoJTe6anust, 06yc-
JIOBJIEHHbIE B3aUMHBIMU CMEIECHUSIMU 3apsi-
noB. Ho atot cirydaii oTsimgaercst ot paceMoT-
PEHHOTO BBIIITE TIPOCTENIIIETO TEM, UTO 3aPSI/T
sipa He paBeH 3apsiLy 2JeKTpoHa. Pasmbie y
HUX U Maccbl. I o4eHb Ba)KHO, YTO KOHIICH-
TpAIs YaCTHUIl B MJ1azMe OeJIoro KapjnKa B
COTHU TBHICSTY pa3 OOJIbIIE, UeM, CKayKeM, B
coJiHevHoil maasme. IIpu Takux KOHIEHTpa-
[USIX TJTa3My HYKHO ONUCHIBATD KBAHTOBbI-
Mu 3aKoHamMu (TOr/Ia Kak COTHEUHYTO M1a3My
MOJKHO CYMTATh KJACCHYECKUM Ta30M 3apsi-
JKEHHBIX YaCTHUI[, B3aUMOJEHCTBYIOINX TI0
sakony Kymona). OkasbIBaeTcst K TOMy e,
YTO BOMPOC O TJIAa3MEHHBIX KOJEOAHUSX B
OesTbIX KapJIiKax TeCHO CBSI3aH € BOITPOCOM O
BO3MOJKHOCTH CYIIECTBOBAHUSI B HUX KPHUC-
TAJLTTYECKUX CTPYKTYP. OOCYKIeHnEeM 5TUX
BOIIPOCOB MBI TETEPDh W 3aliMeMCSI.

finepHble KpncTanmbl U YCTONYNBOCTb
KPUCTaINYECKON peLueTKun

OnHO M3 caMbIX OOBIYHBIX W TIPUBBIYHBIX
[is1 Hac (pa30BBIX TIPEBPAIEHUIl — 9TO KPH-
crasusanusi. Hukoro me yquBJisier, 4To 3u-
MOW PEKM ¥ 03epa TOKPBIBAIOTCS JIBIOM.
3amepsalor 11opoii gaske Mmops. Ho passe He

VJAMBUTEJIBHO, YTO KPUCTAJIU3AIUS MOKET
MPOMCXO/UTD U B ILIA3MEHHOM MOpe, 06pasy-
€MOM 3JIEKTPOHAMU U ATOMHBIMHU SIIpAMU
BHYTPH G€JIbIX KAPJIUKOB?

B pannux Teopusix 6esbIX KapJuKOB CUNTA-
JIOCh, UTO BEIIECTBO TIPU TLJIOTHOCTSIX, THITAY-
HBIX JIJI1 BHYTPEHHUX 00JIacTell 3TUX 3Be3I,
npe/cTaBisgeT co0oil JKUIKYIO CMeCh siiep u
3JIEKTPOHOB. Sjipa B TAKOM «pacTBOpe», Kak
M YACTHUIIBI B OOBIYHBIX JKU/IKOCTSIX, MOTJIH ObI
«6e3 0cOObIX YCUJIHIT» TepeMeniaTbest Ha J10-
BOJIbHO 3HAYNTENbHBIE PACCTOSTHUSI, JIBUKE-
HUE WX TIPU 3TOM MOTJIO ObI GbITh COBEPIIEHHO
xaoTuueckuM. V1en o mocTpoeHnu 1 ycToiam-
BOCTH PEIIETOK U3 ATOMHBIX sIJIEP, MOTPYIKEH-
HBIX B 9JIEKTPOHHOE MOPE, TTOSIBUINCH HEMHO-
ruM GoJiee IBAJIIATU JIET HA3AI.

JlaBaiiTe 1 MBI TIPEIMONOKIM, UTO ATOM-
Hble sjipa C 3apsjamMu Ze JeiCTBUTETHHO
006pPa3yioT KPUCTALINYECKYIO PEIIeTKY, T.€.
«TIPUBSI3aHBI» K OIPEJEJTEHHbIM MeCTaM B
npocrpanctBe. OKpysKaIOIIne UX 3JIEKTPOHbBI
«BOJIBHBI», KOHEUHO, <TYJISIThb» IO BCEMY
9TOMY KPHCTAJLIY, HO B CPEHEM OKOJIO KaK-
JIOTO SI/Ipa HAaXOUTCST Z 3JeKTPOHOB. Paspy-
IIeHNe PEIeTKy ObLI0 ObI, OYEBWIHO, BO3-
MOJKHO, ecyii Obl Si/i[pa MOTJIM CHUJIBHO CMe-
MIAThCSI M3 CBOUX MOJIOKEHUN PABHOBECHSI.
Maurpie sxe KosieGaHus sijiep K pa3pyIieHuio
penieTKn He MMPUBOJAT.

B 006bryHBIX TBEPABIX TeJax KOJeOAHUS
KPUCTAJJINYECKON PEIIETKH UMEIOT B OCHOB-
HOM TeMIlepaTypHoe TMpoucxokaenue. Jlist
SIIEPHOTO K€ KPUCTAJLIA OUeHb BASKHYIO POJIb
UTpaeT KyJIOHOBCKOE B3amMmojeiicTBue. Ko-
JiebaHus TIA3MEHHOTO THIA GYIyT MPOUCXO-
JIUTH TIPU JTIOOBIX TEMIIEPATypax, B TOM YUCJIe
u 1pu oueHb HM3KUX. Hama nesp ceifvac —
OIIEHUTH YACTOTY W SHEPIHIO ITUX KOJIeGaHU I
U CPaBHUTDH IOCJEIHION C TIOTEHIMAJbHON
SHEpruei s/ipa B KPUCTAITMUECKOI PEIeTKe
u ¢ Besmuunoi kT, XapakTepusyiomien TemM-
neparypuble Kosebanus. Ecau noreHmnmuaib-
HAsT 9HEPTHs OKAXKeTCs HaMHOro GoJibiire RT
1 XapaKTepHOI SHepruy MJIa3MEHHBIX KOJIe-
6aHWii, TO MBI CMOKEM CKa3aTh, YTO SIPO
«TIPUBSI3AHO» K «CBOEMY» Y3JIy B KDUCTAJLJIU-
YeCKOU pereTKe.

Y106HO pasieauTh BCIO HAIly CHCTEMY
«sfipa + 3JIEKTPOHBI» HA YCJIOBHBIE STUEHKH,
umeiole chepudeckyio hGopMy U TaKie, 4To
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B KQKJIOW M3 HUX HAXOAUTCS OJHO SI/IPO C
3apsIoM Ze n Z 3J1eKTpoHOB. Ecn B equaMTIC
o6beMa COEPSKUTCS N, S1ep, TO Pajuyc 7
STYeHKN MOKHO OTIPee/UTh U3 YCJIOBUS

3 -1/3

4
gnr n, =1, orcionar ~ n, /°. B nesom xax-

Jlas Takas g9eiika aJeKTpoHehTpambHa. Tak

KaK 4HCJIO 3JEKTPOHOB Z >> 1, MOXHO /s
OIIEHOK CYHUTATh, YTO HJIEKTPOHBI, 06Pa3yIo-
mue 00JIaKO C OTPUIATEJNbHBIM 3apsioM,
PaBHOMEPHO «Pa3MasaHbl» 110 suelike. KoJe-
GaHus JKe siipa B 3TOM OTPHUIATENIbHO 3apsi-
JKEHHOM 00J1aKe MPOUCXO/IST € TJIa3MeHHON
YacTOTOMN
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ITO 10 CYLIECTBY Ta Ke
dopmyaa (). Ho tosbko
ceffyac pedb UAET O KoJie-
6aHusIX sIep € 3apsiioM Ze
u Maccoil m,. Mbl y:xe yIo-
MSHYJIH, 4TO u3-32 60JIb-
110} KOHIIEHTPAIUY YACTHII
mrasMa B 6eloM KapJmke
OTIACBHIBAETCS KBAHTOBBIMHU
3aKOHaMHu. EcTecTBEeHHO,
4TO W KOJIeOaHUsS B TaKOil
1miasMe JIOJKHBI KBAaHTO-
BaTbCs. JTO 3HAYUT, B YacC-
THOCTHU, YTO TOJIHAS HEp-
rust KosieGaHuit  KpucTas-
JINYECKOW PEMIeTKH, IOCT-
POEHHOI U3 aTOMHDIX S/Iep,
CKJIQ/IbIBAETCS U3 OT/eJIb-
HBIX IIOPLMI — KBAHTOB
9Heprun. 3Has 4acToTy Ko-
JeGanmii, JeTKO OIEHUTD 1
HEPTUIO0 TaKOHW TOPIHH.
[lns aToro HamO UYACTOTY
€ YMHOKUTH Ha IIOCTOSAH-

nyio Ilnanka i (h = 1—2).
2n

Bemuunna 79, u ectb xa-
paKkTepHas 9HEpPTHus Taa3-
MEHHBIX KoJieOaHuil, OTHO-
camascsd K OJHOH KoJeb-
JIIONLIENCST YacTUuIle, B Ha-
meM cjaydyae — K OJIHOMY
a1py. 3/1eCb YMECTHO erle
CKa3aTb, YTO JIJIg TUTTMYHBIX YCJIOBUH BHYTPU
6eJIbIX KapJauKoB sHeprust kT TENI0BbIX KoJie-
Ganuii (OIATb 3Ke B pacyeTe Ha O/IHY YaCTULLY )
MHOT'O MeHblIle, yeM /i€, ITO M03BOJISET HaM
«3a6bITb» O TeMIepaType, TOBOpsl 0 KoJieba-
HUSX KPUCTAJIJINYECKON PeneTKr 6eioro Kap-
mmka. (GKenaromme MoryT y6eanTbes B cripa-
BETMBOCTH HepaBeHcTBa RT < hQ,, mozacTa-
BUB B OPMYJTy I Q) UNCJICHHBIC 3HAYCHTIS
[apaMeTpoB, XapaKTepHbie JJisi GesbIX Kap-
JINKOB, W MIPUHSB JI7151 OlleHKN TeMiiepatypy T’
BHyTpH Gesoro kapmka ~ 10° K.)

Wtak, mam ocraercss CpaBHUTD IMOTCHIU-
QJIbHYIO 3Hepruio sapa u 7. Ilorenuuannb-
Hasl SHEPTUS SPA, «CUAAIIETO» B y3J€ KpH-

22
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TOBOPSAT, YTO 9Ta OGBIYHAST «KYJIOHOBCKAs»
dopmy.ia onpesessier «rayOUHY OTEHIN-
QJIBHOI SIMBI», B KOTOPYIO <IIOIAJI0» KOJIEO-
Jmomeecst si[po. MOKHO CKasaTh ele, 4To
U, ompezessieT SHEPIhio CBSI3U Si[pa B CUC-
TeMe OKPY’KAIOIINX €ro JAPYTHUX YACTHIL.

3anumreM Tereps orHouteHne L, /Uy, wc-
TI0JIb3YsI [IPUBE/IEHHbIE BbIIe (HOPMYJIBI 1151
Qqn Uy

e, (i )\ (n)

2 2 = ’
U, Z%e“rm, r
2

ez, = — mapaMerp, XapakTepU3yIo-
0

)
Zze2mﬂ
Uil A4Apo ¢ 3ajaHubiMu Z U m,. Tunmunoe

3HAUYEHNE 7y /7 11151 GEJTBIX KAPJIUKOB — IOPSI/I-
ka 107, (AT0 4mCI0 BBI MOKETE TOIYUHTD
CaMH, CYNTas IJIOTHOCTD BEIECTBA B 3Be3/le
~10° KI‘/M3, a Z~10.) TeMm caMbIM, Mbl
y6expaemcst, uto (7 /7)1/ * <1, a a10-10 M
03HAYaeT, YTO IHEPTHUs KOJeOAHMI S/1ep BHYT-
pu 6€JI0TO KapJ/MKa MeHbIlle OTEeHIINATbHOI
aHepruu. [[pyrumMu cJoBaMu, KpUCTALIHIeC-
Kasd PeIeTKa, ecan oHa 06pa3oBaach, caMma
1o ce6e pasBaIUTbCS HE JI0JDKHA!

Kpucrannusauus B 6enom Kapnuke

Jlo cux mop MBI 00CYKAAJN CUTYAIHIO,
Korga OGyCJIOBJIEHHBIE TEMIIEPATypoil -
exThl MOKHO OBLIO HE YYUTHIBATh. B aToM
CcJTyvae BBITIOJTHSIETCS HepaBeHCTBO 19, > kT .
O1HAKO TEOPHSI 9BOJTIOIIH 3BE3/I TPE/ICKa3bI-
BaeT, 4To, Korja GeJblii KapJuK ObLI MOJIO-
JIBIM, B €r0 He[pax I siJiePHbIE PEeaKIn 1
OH ObLJI JIOBOJIbHO-TaKu ropstunm. [TocJie Toro
KaK si/iepHble PeaKIni KOHYUJINCH, TeMIepa-
Typa B 3Be3/ie MOr/Ia GbiTh emte 0koso 107 K.
EcTecTBeHHO, UTO TIPU TOCTATOYHO BBICOKUX
TEMIIEpATypax KapJuK MOT U He ObITh KPUC-
TaJTMUeCKuM. B ero paHneil mcropum BO3-
MOKHO CYIIECTBOBAHUE TAKOTO MEPHO/IA, KOT-
na kT Gbino Gosbire Q. B atom cayuae
OCHOBHYIO POJIb UTPAJ He IJIa3MeHHbIE, a
TeMIepaTypHbie Kosebanus. M gist artoro
nepuoja umMenHo kT Hy»kHO cpaBHuBath ¢ U,
4TOOBI PENTUTH BOIIPOC O TOM, CYIIECTBOBAJIA
JIM TOT/Ia KPUCTAJLINYecKasi pelerka.

Ho, kak 6bI To HU ObLI0O, OOJIbIIAS YacTh
JKU3HU KapJIUKa TPOXOJUT B YCJIOBHUSIX, KOT-

na kT < hQ, <« U,. IloatoMy 1no mepe ero
OCTBIBAHMS JIOJKHA TTPOU30UTH KPUCTAJLIIH-
3anud. B xpucramimsyionelics 3Bes/ie BHYT-
peHHre 06JIACTH BCE BPEMSI OCTAIOTCS TOPSI-
yee HAPYKHBIX, TTOATOMY KPHUCTAJINIECKAs
CTPYKTypa — «KOPKa» — BO3HHWKAET CHAayYaJa
VMEHHO CHapy’KH, a yKe TTOTOM <IpopacTa-
er» B TayOb KapJnKa.

[Ipn kpucrasgu3au BbIJEISETCS IHEP-
rusi, KOTOpas B KOHEYHOM CUeTe 3Be3/I0i
n3mayvaercs. Pacyerbl TOKa3bIBAOT, YTO 3Ta
9Heprusi He CTOJb YK U Maja. EcrecTBeHHO
CPaBHMUTD €€ C TTOJTHOI IPAaBUTAIINOHHON SHEP-
rueil 3Be3lbl — TaK Ha3bIBAETCS HHEPTusd,
KoTopast norpe6oBaJiach Gbl, YTOOBI pa3py-
ITUTHh TPABUTUPYIOMINN AP U «PACTAIUTH>
BCE COCTABJISIONIME €T0 YaCTUIII HA JOCTa-
TOYHO GOJIBIITNE PACCTOSTHUS JIPYT OT JIpyTa.
CpaBHeHWE TI03BOJISIET YTBEPIKAATD, UTO SHEP-
TS, BBIJICISIONASACS TPU KPUCTAJIN3AINH,
MOJKET JIOCTUTATD JI0JIe TIPOIECHTA U JIaKe
HECKOJIBKUX IPOIEHTOB OT MOJIHOW TPaBUTa-
IIOHHOI aneprun 6eoro kapauka. [Ipyrum
HCTOYHUKOM 3JHEPTUH, U3JIydaeMoil KapJu-
KOM, SIBJISIETCST 3aI1ac €0 TEILIOBOH 9HEPTHUH.
[Tpu ycioBuu 6J1M30CTH TEMIIEPATYPBI BHYT-
PY 3Be3/bl K TeMIlepaType TJIaBJIeHNus KPUC-
TAJJTMYECKON SJIEPHON PEeIeTKN, MOCTe/IHSs
MO OIleHKaM MoskeT GbIth mopsiaka 107 K,
3amachl TEIJIOBON 9HEPTUU MOTYT OKa3aThCs
CPaBHUMBIMU C SHEPTUEH KPUCTAJINZAIIIH.
B mpuHIME MOXKHO CUNTATh, YTO OEJIbIil
KapJIMK TTOCJe TPEKPAIIEHUS B HEM S/ICPHBIX
peakimii B COCTOSTHUM WU3JIYYUTb SHEPTUIO
MOPSI/IKA TIPOIEHTA OT €r0 FPaBUTAIIMOHHOM
SHEPTUN.

I'paBuranronnas aHeprusi 3Be3jibl 10 TI0-
paaky Beanuyunbl paBHa GM 2/IQ; M0/ICTaB-
nastst M~ 2-10%° Kr, R = 7-10° M, TIOJIYyYUM
npu6msuTepHo 4 - 10 JIsx. Cpemnsas cse-
TUMOCTb TOPSTYUX U SIPKUX GEJIbIX KapJUKOB
nopsgaka 1072 ,rne Ly =4+ 10%6 Br — cBe-
tuMocTh Hanrero Cosnna (CBETMMOCTD — 3TO
[OJIHAA 9HEPTHUs, M3JydaeMas 3a eIUMHUILY
BpeMeHn ). 3Has 3T0, JIETKO II0/[CYUTATD, YTO
3aMacoOB HEPTUM — TEIJIOBOW W BBIJEJISIO-
HIeHcsT TPU KPUCTAJIU3AIUN — GeJIOMY Kap-
JIUKY JOJUKHO XBAaTUTh HAa W3JIYYEHHE TIO
kpaitreii Mepe B reqenne 10° ser. [IpuBeen-
Hble TT(PBI ABASIOTCS, KOHEUHO JKe, JIUIIb
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TUIUYHBIMU 3HAYEHUSIMU, /IS KOHKPETHBIX
3Be3/] OHM MOTYT OTJHYaTbcs. HacTo roBo-
PAT, YTO KOHEYHBIMU CTAIUSMHU 3BOJIOINN
3Be3/] MOTYT OBbITh GeTble KapJInKy, HeHTPOH-
HbIe 3Be3/IbI NI YepHbIe AbIpbl. OKa3bIBaeT-
¢S, OJTHAKO, YTO Jaxke Tocye «OypHOI MOJIO-
JTOCTH» 3BE3[IbI «HE XOTAT yMUparby. Vcuep-
[1aB 3aIaChl SIJIEPHOI SHEPTUHU, OHU COXPAHSI-
I0T BCe JKe JpPyrue HUCTOYHUKH U 3amachl
9HePruu, MO3BOJISIONIE UM J0JTO U3JTYy4aTh
U T0CJe TOrO, KaK OHU JOXKHJIU [0 CBOEi
«CTapOCTH» .

MozxHo Teriepb cpOopMyTHPOBATH 1 OCHOB-
HOIl BBIBO/I HAIIIEr0 paccKasa o GesIbIX KapJii-
kax. He oyeHb ropsume 3Be3/bI 3TOTO THTIA
JTOJIKHBI OBITh KPUCTAJIITYECKIIMU; OHU KPH-
CTAJLTU3YIOTCSA, KaK TOJBKO UX TeMIepaTypa
TOHMKACTCA TTPUMEPHO 10 10° K.

Ha6oath GeJible KapJAuK OYeHb HEITPO-
€TO, 0COGEHHO €CJI HTO XOJMO/HbIE 3Be3/1bI (B
ACTPOHOMUY UX HA3bIBAIOT «KPACHBIE> OeJIbie
kapaukn). Caalblil 6JIeCK U CJI0MKHOCTb UX
CIIEKTPOB TPEOYIOT OYeHb COBEPINEHHDBIX Te-
JieckonoB. B To ke BpeMs ceifuac usBecTHO
HECKOJIbKO TBhICSY 6eJIbIX KapJnuKOB, pa3bpo-
cannbix B cdpepe paguycom 100 napcex (1 nap-
cex =~ 3-10'° M) Boxpyr Cosmeunoii cucre-
Mbl. Beero ke GeJible KapJIuKi COCTABIISIOT OT
5 o 10% Bcex 3Be3I.

CocrosHue BemiecTBa GeJIbIX KapJIHKOB,
HECYIECTBYIOIIee U HEIOCTIKIMOE B 3€M-
HBIX YCJOBHUSIX, HAM OYeHb BAKHO 3HATb U
1T GUBUKY HEHTPOHHBIX 3Be3/l — Be/Ib MX
Hapy’KHBIE CJIOM COCTOSIT M3 BEIIECTBA IPH-
MEPHO C TEMHU K€ TapaMeTpaMu, 4TO U BHYT-
pu GeJIbIX KapJIiKOB.

O CBSI3U MMaBHbIX NapamMeTpoB
Genbix KapnaMKoB

OCHOBHBIME XapaKTePUCTUKAMU JTI060# 3BE3IbI
SBJIIOTCS, KOHEYHO, ee Macca, pajinyc, XUMIyec-
KUl cocTaB, TeMieparypa 1 CBeTUMOCTb. Pasyme-
eTcsl, He BCe 5TU BEJMYUHBI SIBJISIOTCS HE3aBUCH-
MbIMu. JIeTKo TOHATD, HAIPUMED, UTO CBETHMOCTD
JIOJDKHA OBbITh CBSI3aHA C TEMIEparypoil — 4eMm
ropsiuee 3Be3/ia, TeM GOJIbIIle OHA U3JIy4aeT. Mbl
TIpUBEJIEM 3/1eCh TIPUMEp JAPYTOH CBI3W — MEXKIY
Maccoii 6esioro kapanka M, ero paauycom R u
ornouternem Z/ A. Tlapamerpst Z u A — 910 HOMEP
B ITEPUO/INYECKON CHICTEME AJIEMEHTOB U MaCCOBOE
yncao (T.e. YMCI0 HYKJIOHOB) flep TeX aTOMOB,
13 KOTOPBIX «IIOCTPOEeHa» 3Be3za. J[jist mpocTOTh

2021/Ne5

Oy/ieM CunTarth, 4To OEJIblil KapJuK <«IOCTPOEH»
U3 OJMHAKOBBIX aTOMOB (MHTEpECyIyl0 HaC
KaueCTBEHHYIO KapTUHY 3TO IPEIOJIOXKEHHNE He
WCTIOPTHT).

CuJibl TpaBUTAINM, CKUMAIOIINE BEIECTBO 3Be3-
JIbI, CO3/IAI0T BHYTPHU HEe OTPOMHOE TPAaBUTAIINOH-
Hoe jaBienue. YTo «IIpPOTHBOCTONTY ITOMY JaB-
JICHHUIO, 4TO 00ecIiednBaeT paBHOBeCHe 3Be3/bl? B
ciayuae 3Be3j, mono6upix Hamemy CoJHily, rpa-
BUTAIIMOHHOMY C)KQTHIO TIPOTHBOCTOUT T'a30BOE
nasenne (naBaenne muasmpl). B Genbix kapiu-
KaX TPaBUTAIMOHHOE JIaBJICHNE YPABHOBEITNBAECT-
cs JIaBJIEHUEM 3JIEKTPOHHON SKHM/JKOCTH BHYTPU
3Be3/ibl. VI3 ycsoBug paBHOBeCus pPg = P, MOXKHO
HOJYYUTb (DOPMYJIY, CBSI3BIBAIOILYIO HHTEPECYIO-
mme Hac mapameTrpol M, R, Z n A. Ho crauana
Ha/l0 HAllTH pg U p,. Mbl ciesnaeM 3TO, BOCIIOJIb-
30BaBIINCh COOOPAKEHUSMHI Pa3MEPHOCTH.

EcrecTBEHHO NMPEATIONOKUTD, YTO (HOPMYJTA IS
IPAaBUTAIIMOHHOTO JIABJECHUS B IIEHTPE 3BE3/Ibl
JIOJIKHA CBSI3aTb pP; € Maccoil 3Besnpl M, ee
paznycoM R u rpaBUTAlMOHHON 1ocTOAHHOH G.
BpinuieM pasMepHOCTH TUX BEJTUYHMH:

o] = e e,
[M]=xr, [R]=m, [G]=xr'mc 2
ByzieM MCKaTh WHTEPECYIONIYIO HAC 3aBHCHMOCTD
6 (G,M,R) B Buzie p; ~ G'MYR?. 3amuiem

yCJIOBHE PaBeHCTBA pa3MepHOCTel JIeBOH U Ipa-
BOIl yacTeil HAIICAHHOI'O COOTHOIIEHMS:

1

kriv™!

2 3 2

= kr e —x+yM3x+zC—2x.

c” *kr¥m° = kr
Takoe paBeHCTBO MOKET GbITb BBINOJHEHO, TOJIb-
KO ecJin

l=—x+y, 1=3x+2z, -2=-2x.

Pemas sty cucremy ypasHeHuit, mosyuuMm x =1,
y =2, z=—4. CnenoBaresbHo, UcKoMast (HopMy-
Jla TaKoBa:

M2

?.

Tenepp nepeiizieM K ompejeneHuio p,. 3/€Cb
M0JIE3HO HAIOMHUTD, YTO €CTh PA3JIndne MeK/Y
KJIacCMYecKol coJHeuHoil mrasmoii (ee maBrenue
3aBUCHUT OT TEMIIEPATyPbl) W JEKTPOHHON KUJ-
KOCTBIO B GeJibiX Kapyukax. /s Takoit skuakocTu
(uHorza roBopaT — rasza) AElCTBYIOT KBAHTOBbIE
3aKOHBI U JIaBJIeHNE p, OT TEMIIEPATYPhI He 3aBU-
cur. Iloatomy B (opmyay AJsi 2JEKTPOHHOTO
JlaBJIeHUs TOJKHA BXOAUTH MocTosgHHas [lmanka
7. EcrecTBEHHO NPEAIOJIOKUTD, YTO P, 3aBUCHUT
ele OT KOHIEHTPAIMH 3JIEKTPOHOB 7, W MacChl
AJIEKTPOHA M,. 3anuiieM UCKoMyio (opMmysy B
TakoM Buje: p, ~ h®mbn!. Uncna, o, B u Y onpe-

pc ~G



BEJNBIE KAPNUKHN - KPUCTAJUJUUYECKHUE 3BEJ3/bI

JleJIMM, CpaBHUBasdA PasMEPHOCTU BeJUYUH, CTO-
ALUX CJeBa 1 CIIpaBa:

2 -1

[p.]=xr'm'c™, [A] = krim?c ™,
[me] = KT, [ne] =m0
W3 coorHoIeHNs

1

kriv™!

2 o 200, —0L

¢ = k% krPuY

CJIeyET CUCTEMaA ypaBHeHI/Iﬁ
1=a+p, -1=200-3y, -2 =—a,

orkyma o=2, B=-1, v=25/3. Unrepecyoiiee
HAC JIaBJIeHNe

2

Pe ~ 1"2/3

me
[Ipu ycJioBUM TI0JIHON MOHU3AIMI B IJIa3Me KOH-
[EHTPAIS] 9JIEKTPOHOB 7, U KOHIIEHTPAIINS SI/IEP
n, CBSI3aHBI COOTHOIIEHWeM n, = Zn,. Ho n; =

p M M
=~ — = ——— TJIe mp — Macca HyKJIO-
m

a P

Ha (pasnnmumeM Macc MPOTOHA M HEHTPOHA MBI
npenebperaem). Toatomy

, 5/3
i
©m,| R°Am,
A Tenepb 3aTnIeM YCJI0BUE PABHOBECHS P = Py
5/3

GM K[ ZM
R"  m,| R*Am,

N, I10CJie HECJIOKHbIX 1'1[)(306[)330BEJ.HI/II‘/JI7

5/3
MR ~ h—zsa(éjl .
Gmemp/ A
W3 nocaegneit hpopMysibl SBHO BU/IHO, YTO NPHU
dukcuposannom suauenun Z/A upoussenenue
MR? TOCTOSHHO, U, CTAT0 GBITh, JUIS PA3HBIX
KapJIMKOB C OJMHAKOBBIMU OTHOUIeHUAMEU Z]A
Maccbl M o6parho mporopunonaibusl RS, Pe-
3yJIbTAT JJOBOJIBHO JIOGOTIBITHDIf!

<

3

«KBAHT»YJIbIBAETCA
Bannapa o6 acTpoHaBTe

Ot Gera-unBepropa

W ramma-koHBepTopa
OcraJiach OOIIMBKA O/HA.

A VOHHad IylIKa,

Kaxk mycrasg xsomyiika,
TopunT, HU HA YTO He TOJHA.

Bce pacnanmch Me3oHBI,

Bee pacnasuch HelTpoHBI,
W3ayuunscs Becb BUJAUMbIN CBeET.

ITo 3akony Kymona

Paz6eskanuch MpOTOHDI,
Ha nmenToHb! Ha/eXK bl HET.

[ToBpeskeHHbINT peakTop

TapaxTuT, CJIOBHO TPaKTOD,
B 6uokamepe — THUJIb U TIPEJib.

Bor comnio yx 3a6usocn,

W nHO TIpPOXYINIIoCH,
W BakyyM XJemieT B IIEJb...

Own seren k Opuony,

Ho moTok rpaButoHOB
Ilepecex HEOXXUIAHHO TIYTh.

OTKJIOHUBIIUCH OT Kypca

W cnyctuB Bce pecypchl,
CyMeJ OH OT HUX YCKOJIb3HYTh.

Crenan KpIOK 3/I0POBEHHBIM,

O6ueren moJ-Beenennoi
W reneppb Ha mycToM KopabJie

[To nmocnenneit mpsamoit

Bosspamancs gomoii,
[Ipubamxasich K maaHeTe 3emJe.

Ho 6opsich ¢ TarorenbeM,

CBepx-CBepX-CBEPXYCKOPEHBEM,
OH 3aMe/ITUJ CTPEJTKH JacoB.

W cTpesiku 3acThLi,

Ha 3emute x mpoxoauiu
Thicstun THICIY BEKOB.

Bor pojiabie miaHeTs. ..

Bosxke! Counre nm s10? —
TeMHO-KpacHbIi, 4yTh TelJIblil map...

Hax 3emutero mgpimurces,

Han 3emuero kay6urcs
Bomopoabiit, Xom0HbIH 11ap.

Yro ke 310 TaKkoe?

Tre sxe memsd Jogckoe? —
B HensBecTHBIX, JaTeKNX MUPaX.

Beipacraior ux netu

Y3k Ha HOBOII I1aHeTE,
A 3eMiIs B B KOCMUYECKUX JIbJlaX.

Pyrasgcp u naua

Ot Takoil Heymayn,
ACTPOHABT TIOBEpHYJI pbIyar,

N pasnancs b

W paspanocn A

N paszpanocs X —

BAX!

N3 kHurn «OU3UKN HIyTAT>




Unmoctpaumm .1 puyiykoBov

«<KBAHT» AJd MJAAIINX IMKOJBDHHUKOB

aa4yl

1. bynem Hasbl-  IIpumeps duraxkkos
BaTb (PNaXXKOM Ma-
TUYTONbHWUK, Bep-
LWWHbI KOTOPOro —
BEPLUMHbI HEKOTO-
poro kBagparta u

ero LeHTp. PazpexbTe hurypy Ha pyUcyH-
Ke Ha dnaxku (He obs3aTeNlbHO OfMHa-
KOBble).

M.BondkeBund, T.KazuvLbiHa

Z. BHYTpW NpaBuibHOro TpeyrofibH1Ka
pacrnosioXeHbl ABa KBagpata. Yemy pa-
BEH yrosn o?

3. B kaxnyto knetky kBagpata 4x4
HY>KHO BMMCaTb YCIO TaK, YTOObI CyMMa
Yyucen B KaXZoW CTPOKe M B KaXAOM

3agaun 1 v 4 npegnarannce Ha Martematuye-
CKOM Npa3fHuke, 3a4a4n 2 1 3 — Ha MexayHapoa-
HOM MaTeMaTU4YeCKOM KOHKypce-urpe «KeHrypy».

cTonbue Obina ofiHa 1 Ta Xe. HekoTtopble
Yymcna yxxe BnmcaHbl. Kakoe Yncno Hyx-
HO BMMCaTb B 3aKpalleHHbI KBagpaT?

4. DoKyCHMK Hay4un KaluTaHKy nastb
CTOJSIbKO Pa3, CKOJbKO OH en Talnkom OT
nyonukun nokaxert. Korga KawTtaHka Ta-
KMM CnocoboM MnpaBWbHO OTBETUNA,
CKONbKO OyAeT ABaXAbl ABa, OH CripsTan
BKYCHbIV KeKC B 4eMOJaH C KOAOBbIM
3aMKOM W CKa3arn:

— BocbMM3HaYHbIN KOA, OT YemodaHa —
pelueHve pebyca YYYW = KE x KC.Hapo
3aMEHUTb OAMHAKOBble OYKBbI OAMHA-
KOBbIMU LMdPamMK, a pasHble pasHbIMU
TaK, YTOObI MOMNY4YMNOCh BEPHOE PaBEH-
CTBO. [lpofan Hy>XHoe 4Mco pas Ha
Kaxxayto 13 BOCbMW OykB W1 Monyyvb
yroiieHve.
Ho tyT cnyuunca koHdy3. KawTaHka ot
BONIHEHMS Ha Kaxayto OykBy nasna Ha 1
pa3 bonblue, 4em Hago. KoHevHo, Yemo-
[aH He oTKpbICA. Bopyr pasnancs pert-
cknr ronoc: «HeuvectHo! Cobaka npa-
BUIbHO pellnna pebycl» N pgencrsu-
TeJIbHO, eCNV KaXAYIo UNdpy peLueHns,
KOTOpOe 1Men B B1UAOYy (OOKYCHWK, YBenu-
YUTb Ha 1, MONy4YNTCA elle OAHO peLue-
Hue pebycal

MOXHO N1 BOCCTAHOBWTb: @) Kakoe NMeH-
HO pelueHVie nMen B BUAY POKYCHUK; 6)
Yemy PaBHANOCL Yncio YUYW B 3ToM
peLleHnmn?

AKynbirvH, T.Kop4emkuHa, V.PackuHa



N3 UCTOPUUN HAYKHU

K 200-netuio IN.J1.YebObiLeBa

B.KO3J/10B

B mae aroro roja Mare-
MaTH4ecKoe COOOIIECTBO
ormernsio 200-serne co
JTHST POSK/IEHNST BEJTMKOTO
PYCCKOTO MaTeMaTHKa
[TaduyTmsa JIbBoBmua Ye-
6prréBa. CoszaB 3HaMe-
nutyio IlerepOyprckyio
MaTeMaTH4eCKYIO IIKOJLY,
[Maduyruit JIbBoBUY Tem
caMbIM 3aJ0XKu dyHa-
MEHT /ISl TOCTYTIaTeJlb-
HOTO pa3BUTH BCell poc-
cuiickoil MaTeMaTUKH.

[Macpuyruit JIpBoBHY
o6oraTnyl MareMaTHKy
BBIJIAIONUMUCS PE3YJIbTa-
TaMU, TPUHECHIUMU eMy
MHUPOBYIO c1aBy. OH BHEC
OTIPeIEISTIONTUI BKJIAJ B
TEOPUIO pacIIpe/iesleHus
ITPOCTBIX YHCEJT, JOKA3aT
«toctyJsat beprpanas o
HAJIMYUN TIPOCTBIX YHCeT
B IIPOMEXKYTKE OT 1 JI0
2n—2 (n>3). I1.JI. YeGbIEB TOMYUMI TIHO-
HepCKue pe3yJIbTaTbl 110 TEOPUH BEPOSTHOCTEII,
ccopmysmpoBaB B 0611eil popme 3aKOH 60JIb-
HINX YUCEJT U [EHTPAJBbHYIO TIPE/IETbHY IO TEOPe-
My. ITH Pe3yJbTaTbl BIOCJEACTBUN [OIOJIHE-
HBI W pacImupenbl ero yyennkamu A.M.Jlamy-
HoBbIM U A.A.MapkosbiM. [TaduyTnii JIbBoBIY
pelI TPYAHYI0 337ia4y 06 yCJIOBUSIX MHTErPHU-
pyeMocTi 6GUHOMUHATBHOTO Juddepeniinaia B
3JIEMEHTAPHBIX (PYHKIMSX, KOTOpasl yIOMHUHA-
eTcsT BO BCEX yUeOHMKAX 110 MaTeMaTHYeCKOMY
aHam3y. OH SBJIsIeTCS] co3/1aTesleM KOHCTPYK-
THBHOII Teopuu (PYHKINIT; BceM U3BECTEH MHO-
rousien YeOblméBa, HauMeHee yKJIOHSIONUICS
OT HYJI. JTO HAIIPaBJIeHNe NCCJIe/[0BAHII BO3-
HUKJIO U3 sKejanus YeGbiéBa ycoBepileH-
CTBOBATH IJIOCKHE MIAPDHUPHBIE MEXAHU3MBbI.
OH cBOMMHU PYKaMU KOHCTPYHPOBAJ TaKue Me-
XaHMU3MbI, CPE/I KOTOPBIX — 3HAMEHUTasl CTO-
MOXOJISAIIAsT MAIINHA, HKCIIOHUPOBABIIASCS HA

Tlel syt G Brd VerFi

BceemupHnoii BoicTaBke B [1a-
puwke B 1878 romy (cm.
«Kauneiigockon «KBanray,
pucynok 1). Hakowert, yro-
MsiHeM YeObIéBCKue ceTu
B mud depentinaabHoi Teo-
METPHUH, KOTOpbie ObLIN
BBE/ICHBI UM B CBSI3H C ITPaK-
THKOI 4epueHns reorpadu-
YeCKUX Kapr.

Booo6ie, I1.J1.YUebObimé-
Ba BBIJIEJISIOT OPraHmdecKast
CBSI3b €T0 UCCJIeIOBAHNUIT TIO
YICTOIl MaTeMaTHuKe W pa3-
JIMYHDBIM €€ TTPUI0KEHISM.
JTa yAUBHUTEIbHAS MaHepa
tBopuectsa [1.J1. UeGbiéBa
cOJmKaeT ero ¢ IpyTuM Be-
sukuM tennem — K.D.Ta-
YCCOM.

[Maduyruii JIbBoBIY GbLI
BJIMATEJbHBIM U YyBaskae-
MbiM usienoM IlerepOypr-
ckoit AH. Akaznemusi HayK
CCCP yupeansa 30J0Ty10
Meganb um. I1.J1.Ye6brméBa 3a Jjrydiiie mcce-
JioBaHug 110 MateMatuke (OHA IPHCYIKIAETCH,
KOHEYHO, M B Halle BpeMs). B ucropuueckom
snanuu [Ipesunnyma Poccuiickoil akazeMun HayK
B (poiie 3ama 3aceaHnii yCTAHOBJICHDBI YeTBIpE
610cTa 3HAMEHNTDIX YJIEHOB aKajeMui. I1o Mu-
xauns Jlomonocos, Jleonapy ditnep, Aapon Jlep-
6epr (ucropuk) un [Mapuytuii UeObnués.

JKusup u tBopuectso I1.J1. Uebbiména gaior
BceM HaM (M OCOGEHHO MOJIOJEKU) BEPHBI
OPUEHTHUP B 3aHATUSAX MaTeMaTHKoii. [Tepedpa-
3upyst ciaoBa Jlammaca o6 Jiisepe, MOXKHO
ckasaTh: ynTtaiite Ye6bIméBa, nzydaiite Ye6nl-
mépa. OH y4nTes b U HACTAaBHUK BCEX POCCHII-
CKHUX MaTEMATHKOB.

B 6mmkaiiimmx HoMepax jKypHaJa IJIaHUpyer-
cs1 01Ty OJIMKOBATh HECKOJIBKO CTaTell, pACKPbIBAIO-
MUX pas3jndnblie rpann TBopuectsa [1.J1. UeObré-
Ba. (ITpum. ped.)
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Tpu nepnona
N3y4YeHUs Teopnm
BEpPOATHOCTEN

A.LLUNPHEB

A.Bepuyimm. B XVII Beke — Hauase
XVIIT Beka tuentpanbHoii ¢urypoii (emte
panbuie 6puin Ilackanp, Mepma, oiirenc)
B HCYUCJICHUH BEPOSATHOCTEH ObLT K06 Bep-
HYJIJIA, KOTOPOMY TIPUHA/IJIESKHUT BBE/IEHNUE B
HayKy KJACCHUECKOTO MOHITHS BEPOSTHOC-
TH KaK OTHOIIEHWS YICJIa BO3MOXKHBIX MCXO-
J10B, 6JIaroNpHUsATCTBYIOMIUX PacCMaTpUBae-
MOMY COOBITHIO, K OOIIEMY YHCJY MbICJIH-
MBIX HCXOJIOB.

OcnoBHott peaysibrar . BepHynmm, ¢ koto-
PBIM CBSI3BIBAETCSI €70 UMSI, 9TO 3AKOH 6016~
wux wucen. Dto ObLIa IepBas TeopeMa B
ncuncIennn Beposttiocteit (onmy6mKkoBana B
«Ars Conjectandi» B 1713 romy; ymep oH B
1705 romy), n GblIa OHa JOKazaHa aGCoTIoT-
HO CTPOTO apH(METHKO-KOMOUHATOPHBIMHU Me-
togamu. (ITosromy 5. Bepryiiu cunraercs u
OCHOBareJeM KOMOMHATOPUKH.)

II.JI.Ye6bmmén. Cpeau yueHbIX BTOPON
rnmoaoBuHbI XX Beka, OKa3aBIINX /I UCUUC-
JICHWSI BEPOSTHOCTEN BBIIAIONIYIOCS POJIb,
6oLt I1.J1. Yebbimién (3arem Mapkos u Jlstimy-
HoB). Ecam 10 Hero onepuposasu ¢ 06bekTa-
M, IPUHUMAIONIUMI KOHEYHOE YHCJIO 3HAYe-
Huii (B OCHOBHOM, /1Ba), TO OH GbLIT TIEPBBIM,
KTO BBEJI [IOHSITHE CJIyYailHOM BesrmanHbl (Kak
(PYHKIIMM OT 5IEMEHTAapHOTO COOBITHS) U ee
MaTeMATUYeCKOTO OXXUIAHUS, TeM CaMbIM
pacIIpuB U yrIyOUB BCe MCYNCIEHUE BEPO-
aTHOCTell. EMy npuHaI/IeKIT cTaBliee KJac-
cudeckuM Hepasencmeo Yebviuéea. On 6oL
MEPBBIM, KTO HE TOJBKO OCO3HAJ C TOJHON
SICHOCTBIO POJIb CAYYUAUHLIX SEUUUN T X
MAMEMAMULECKUX 0KUOAHUU, HO U TIep-
BBIM, KTO CTaJl UCCJIEJ0BATh CKOPOCMb CXO-
JIUMOCTHU  [IOTIPE/IEJbHBIX BEPOSTHOCTHBIX
3aKOHOB K TIpejieibHbIiM. Tem cambiM, UeObI-
MIEB C/Ie/1al AUCKPEeTHYIO KJIACCHIEeCKYIO Te-
OpHUIO BEPOSITHOCTEH YacThio oOIeMareMa-

2021/Ne5

TUYECKOTO aHaJN3a CJIyYallHbIX SIBJCHUI.
(Mesxy npounm, obuiee yucsio pabor Ye-
OBITIEBA B TEOPUU BEPOSITHOCTEN HEBETUKO —
BCETO YEThIpPE.)

A.H.Koamoropos. Cama KOHIETITIHST Be-
POSITHOCTH ObLJIa TIPE/IMETOM MHTEPECA U T0-
HCKOB Ha MPOTSKEHUH HECKOJbKUX BEKOB.
Kyapmunaiyeit 31ech siBuiach Monorpadust
A.H. Koamoroposa (1933 rog) «Ocnosubre
MTOHSITHST TEOPUN BEPOSITHOCTEH», AaBIIast
CXeMy JIOTHYeCKOro 060CHOBAHNUS TEOPUH Be-
POSITHOCTEN M C/IelaB ee BETBbIO MaTeMaTH-
YECKON TeopuH.

ITomuMo JTornyeckoro 060CHOBAHUS B 3TOMI
MoHorpadun Obiin 4eTko ganbl Takue (mo-
CTOSIHHO WCIOJIb3yeMbIe) MOHATHS, KaK yC-
JIOBHAsI BEPOSITHOCTb, YCJIOBHOE MaTeMaTH-
4YecKoe OKUaHWe, 3aKOH HYyJIsT UM e/INHU-
IIbI, TEOPEMA O COTJIACOBAHHBIX pacipe/eie-
nuax (B aroit Monorpaduun), KoTopast SBU-
JIaCh TIEHTPAJBHBIM IYHKTOM B CO3aHUU
TeOpuu CJydyailHbIX IIPOLECCOB.

Momnorpadus Kommoroposa oTKpbLia HO-
BYIO 3Dy B Pa3BUTUU TEOPUHU BEPOSITHOCTEN
KaK MaTeMaTHYeCKOl HAyK! U B PaCITUPEeHUN
cepbl ee BANUSHUS W TPUMEHEHHI.
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3a4a4u
Mo MaTeMaTuKe N Pu3nke

3roT pasaen Begercs y Hac U3 HoOMepa B HOMEP ¢ MOMEHTAa OCHOBaHMSA XypHana. TybnvKyemsie B
HeM 33[ayn HeCTaHAapTHbl, HO AN UX PELUeHUS] He TPebyeTcs 3HaHMV, BbIXOAALUMX 33 PaMKu
LUKO/IbHOW Mporpammel. Hanborsee TpyaHble 3aAa41 OTMeYaroTcs 38e3404Kk0u. [Tocrne ghopmynupoBku
3a4a4u Mbl 06bIYHO YKa3bIBAEM, KTO HaM ee MPEARIOXNI. PazyMmeeTcs, He Bce 3Tv 3aA4a4u ryonvKyroTcs
Briepsble.

Peluenns 3aaay no maremMatmke U @usmnKe U3 3Toro Homepa CieayeT OTrpPas/IsATh 10 3/IeKTPOH-
HbIM aapecam: math@kvant.ras.ru n phys@kvant.ras.ru cooTBeTCcTBEHHO WU/IN 10 10YTOBOMY aAPECY:
119296 MockBa, JleHnHckui npocnekt, 64-A, «KBaHT».

YaroBus Kaxxgaosi opurnHanbHoW 3agaqu, npegsiaraemMos Ans nybnavikaumy, BMmecre ¢ Bawmm

peLueHnem 3Tou 3a[a4u MPUCbIIANTE 110 TeM Xe aapecam.
3anaqyn M2650- M2653 npeanaranvce Ha BeceHHeMm Type XLII TypHupa roposos.
3apaun ®2657-P2660 npeanarannce Ha MockoBckou gpusmnyeckoni onumnuage 2021 roga.

3apaun M2650-M2653, ©2657-d2660

M2650. [Tpu kKakuX HATYPAJIbHBIX 72 HAHTYT-
csl m 10CJIe/[oBaTeIbHbIX HATypasbHbIX YH-
ceJl, TIPOU3BeJieHIE KOTOPBIX PaBHO CyMMe
(MozKeT ObITh, APYTHX) 7 TTOCJIEI0BATETBHBIX
HaTypaJbHbIX 4uces?

b. @penxun

M2651. B komHate HaAXOAATCI HECKOJBKO
ngereit m kyda usz 1000 xonder. eru 1o
ouepei MOAXOAAT K Kyue. Kaskablil 10/10-
MeANUN JIeJUT KOJUYECTBO KOH(PET B Kyue
Ha KOJINYECTBO JleTell B KOMHATE, OKPYTJIIeT
(ecam mosryumsoch Heresoe), 3abupaer 1o-
JIy9eHHOE YNCJI0 KOH(MET U BBIXOJIUT U3 KOM-
HaThl. [Ipn 5TOM MaTLYMKI OKPYTJISIOT BBEPX,
a JIeBOYKM — BHU3. [loKaxkuTe, 4TO CyMMap-
HOE KOJTMYECTBO KOH(PET Y MATbUNKOB, KOT/IA
BCe BLIWIYT W3 KOMHATBI, HE 3aBUCUT OT
TnopgKa Jeteil B ouepen.

M. Tudun

M2652. B oresp noubto mpuexanu 100 Typu-
croB. OHE 3HAIOT, YTO B OTEJIE €CTh OJHOME-
cTHBIE HOMepa 1, 2, ..., n, U3 KOTOPBIX kR Ha
pemonte (HO HEM3BECTHO KAKHE), a OCTaJIb-
Hble ¢BOOOIHBI. TYpPHCTBI MOTYT 3apaHee J10-
TOBOPUTHCS O CBOMX JEIHCTBUSX, TIOCJIE Yero
[0 OYEepPEeU YXOJSAT 3aCENAThCS: KasK/bIi
[IpoOBeEpsieT HoMepa B JIIOOOM TIOPSIIKE, HAXO-
JIAT TIePBBIi CBOOGOIHBIN HOMEDP HE Ha PEMOH-
TE U OCTAETCs TaM HoueBaThb. Ho TypucThl He
XOTAT OECHIOKOUTD JIPYT APyTa: HEJlb3sT TIPO-

BepsITb HOMEP, Ky/a y>Ke KTO-TO 3aCeJNJICS.
J11s1 KasK10r0 R YKasKUTEe HAUMEHbIIEee 77, TIPU
KOTOPOM TYPHUCTBI TapaHTUPOBAHHO CMOTYT
3aCEUTDHCS, He TIOTPEBOXKUB APYT Apyra.
D.Uenes

M2653*. Ilyctb p U ¢ — B3aHMMHO TIPOCTBIE
HaTypaJbHBIe YHcJaa. JIATymKa mpeIraeT mo
YUCJIOBON TIPSAMOT, HaumHas B Touke (. Kax-
JIbIIl pa3 oHA TpbITaeT JuOO Ha p BIPABO,
J60 Ha g BIeBO. OHAK/IDI JATYIIKA BEPHY-
gach B 0. [lokaxure, 4yTo s 10600 HATY-
pasbHOrO d < p+q HailgyTcs aBa 4ducia,
[OCeIeHHbIe JIATYIIKOM U OTJINYAIoNnecs
poBHO Ha d.

H.Bbenyxos

M2657. HabmonenusM 3a ianetoit Benepa
¢ 3eM/m MelraeT ee OJM30CTh Ha Hebe K
Cournty. Yroa ¢ (puc.1) mMexay narpasJie-
Huamu ¢ 3emau (E) Ha MaaHery, B JaHHOM
cayyae Ha Benepy (V), u na Couanue (S)
HasbiBaercst anoHzauueti. OHa ObIBaeT BOC-
TOYHON 1 3aMa{HON B 3aBUCUMOCTH OT PACIIO-
JIOSKEHUS TIJIAHEThI Ha HeGecHOl cdepe OTHO-
curesbno Cousnita. Be-
Hepy B HamboJbIedt
3alajHON 3JIOHTAI[UN
MOJKHO HaOJII01aTh T1e-
pez paccBeTOM, a B Hau-
60JIbIITE BOCTOYHON —
cpasy TIIocjie 3akara ‘
Coanna. Cuunraercs, O
yTO TIIAHeTa pacroga- 4G T
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raercs 3amazgree CoJImIia, ecan oHa MOSBIIA-
eTcst Ha HeGe panbie Hero. Hambosbiiee
3HAUEHME SJIOHT ALK COCTABJIIET OKOJIO 46, 5°,
oC/IeTHUN pas3 GJn3Kne 3HaueHusT HabJIio1a-
auck ¢ 11 mo 14 asrycra 2020 roga, npudem
Benepa 6pblia BusHa Ha paccsete. OpOuThI
3emusin 1 Benepbr MOXKHO CUUTATh KPYTOBBI-
MU U JeKalllMMU B OJHOI ILJIOCKOCTU. Bcee
MJIaHeThl Bpamaiorcst Bokpyr CoJiHIa B Of1-
HOM HalpaBJIeHUH, 3eMJISI BPAIaeTcsi BOK-
PYT CBoeii ocH B Ty e cTopony. OTKIOHEeHWEe
3eMHO¥ OCH OT TIEPTIEH/INKYJISIPA K TIIIOCKOCTH
BpallleHus TITaHeT B JAHHON 3a/1aue HecyIe-
CTBEHHO.
1) Haiinure paccrosaue or Benepnt 1o Coun-
1a, ecan paccrosinve ot 3emuaun g0 Cosnia
paBHo 150 MaH KM.
2) Kora npuMepHo MOKHO 03KUAATD CJIE/Ly-
ol HanboJiee MOAXOAAIINN A1 HaOJII0/1e-
uust Benepor MomeHT?

A./epeaues

®2658. bBesmen — 3TO pyuHble BeCbl s
B3BEIINBAHUS TI'PY30B HEGOJDBIION MAacChl.
OnuH 13 BapuaHTOB KOHCTPYKIIMU Oe3MeHa
MO3KHO BHUJIETH Ha pucyHKe 2. Besmen cocto-
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UT U3 METAJINIECKOTO KOPOMBICIA, 3aKperl-
JIEHHOIO Ha KOpOMbICJe nportuBobeca (Ha
JIEBOM KOHIIE KOPOMBIC/JIA) M IIOJBHKHOM
rupu (cnpasa). Ha kpiodok noasemmsaercst
I'py3, Maccy KOTOPOrO HAJI0 Y3HATh, a TOJIO-
JKeHUe TUPHU TMOJAOHpaeTcss TakuM 06pasoM,
4TOOBI B PABHOBECHUT KOPOMBICJIO Pacioara-
Jioch ropusdonTtasbHo. [Tokaszanue Ge3mena,
u300pAKEHHOT0 HA PHCYHKE, PaBHO 4 Kr.
Psiiom ¢ 6e3MeHOM HaXOMUTCS CAaHTUMETPO-
Bagd JuHelKa. 13BecTHO, YTO €CJIM C 3TOTO
6e3MeHa CHSTh THPIO U TTO/IBECUTH €T0 32 OCh,
K KOTOPOil OblLJI TIPUBSI3aH KPIOUOK, MHAUEe
rosopsi, nepesepuyThb (puc.3), To B mojoxe-

Puc. 2
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GRS

Puc. 3
HIU PABHOBECHSI KOPOMBICJIO Gy/IET pacioJia-
rarbcst ropu3oHTa bHO. ONpeenTe Mo aTHM
JIAaHHBIM Maccy TUpH m u Maccy M ocTaabHOM
koHcTpyKiu (Gesmena 6e3 rUpU 1 B3BEIIH-
BAEMOTrO TPy3a).

M. Pomnawxa

®2659. Ha croste CTOUT MUIUHAPUUECKUIT
COCYy/l C BepTHUKAJbHBIMU CTEHKaMH, 3aIoJ-
HEHHBII BO/ION MpuMepHo HanogoBuRy. [110-
ma/ib cedeHus: cocy/la paBHa S = 400 em?,
BHHU3Y COCY/la UMeeTCs MTYIEp, K KOTOPOMY
MPUCOEIUHEH TOPU3OHTATIHHO PACTIOJIOKEH-
Hblil mmanr. [Ipyroil KoHell IjgaHra coeu-
HEH CO MITYIIEPOM «4YE€PHOTO AIUKA» , B KOTO-
POM HaXOJUTCSd HEM3BECTHOE YCTPOWUCTBO
(puc.4).

Puc. 4

HeussectHoe yeTpolicTBoO jeficTByeT ciery-
oM o6pasom. Ecim B cocy [0JUBAIOT
nemuoro Bozapl (Am mopsaka 100 1), ypo-
BEHb JKUJKOCTH B cocye omyckaercs (1) mo
CPaBHEHMIO C TepBOHavYa bHbIM. Ecm ke
nocJie ATOr0 M3 COCY/Ia 3a4EPIbIBAIOT TaKyTO
K€ TIOPIUIO BOJIBI, TO YPOBEHb TTOAHUMAETCS
[0 TIepBOHAuYAJIbHON BBICOTHI. [Ipemmoskure
KOHCTPYKIMIO YCTPOHCTBA, KOTOPOE MOYKET
HaXOUTCSA BHYTPHU YePHOTO sAmmKa. Mso6pa-
3UTE CXEMY YCTPOICTBA U KOPOTKO OOBICHMU-
Te MPUHIMUII ero paGoTbl. VI3BECTHO, 4TO B
KOHCTPYKIIMU YCTPOICTBA MCIIOJIb3YeTCs He-
KOTOPOE 060PYI0BAHKE U3 CJIE/YIOIIErO CITNC-
Ka: IUJIMHAPUYECKHI COCYT — TaKoii ke, Kak
Ha CTOJE, HepaCTSKUMbIe HHUTH, MPY>KMHA
’kecTRoCThIO k = 300 H/M, HaGop rpy30B pas-
HBIX MACC, PE3UHOBBII IILTAHT ¢ BHYTPEHHUM
JIMAMETPOM, COOTBETCTBYIONIMM JHAMETPY



SAJAYHHUK

MmITyliepa Ha CTeHKe snmka. Bce rpysbpr n
cocy /i CHa0KEHBI KPIOYKAaMU, KOTOPbIE MOTYT
ObITb UCIIOJIB30BAHDI JIJIsI KPETLJIeHUs HUTEN 1
npy kumbl. Kperienus ajist HuTeil u mpysKu-
HbI UMEIOTCS TaKyKe Ha IIOTOJIKE U CTEHKaX
aiuka. [110THOCTD BOABI U YCKOpeHue CBO-
6oamoro majgenust pasubr P = 1000 Kr/ M 1
g =10 H/Kr cooTBercTBeHHO.

A.Bvuxos

@2660. IIpaBusibHbIi TeTpPasaAp CjleJaH U3
HETPOBOJISITIET0 MaTepuasa. Ero moBepxHocTh
MOKPBITA TOHKOIT (hOTBroil TOMIUHON /2, MHO-
ro MeHblieil pa3MepoB pebep. Y ieJabHoe co-
npoTtusJenre Mmarepuasa ¢Gosbru paBao p. K
JIBYM He COIIPUKACAIO-
nMcst pebpaM BIOJIb
BCell UX JIJTMHBI TPUTIa-
ST MEJIHBIE ITPOBOJIOY- CQ)
KU MpeHe6peRnMo Ma-
JIOTO COTIPOTHUBJIEHUS
(JHUY  yBeIMYeHHOI
TOJIIIUHBI HA PHUCYH-
Ke 5), K KOTOPBIM IIOJ-
KJounsin omMetrp. Kakyio Besuduiy compo-
TUBJIEHUS TIOKA3bIBAaeT Mpubop?
C.Bapaamos

PeweHnsa 3apay M2638-M2641,
®d2645-1d2648

M2638. Cywecmeyem au uesoe nosoxu-
MeabHoe YUCO0 1 MAKoe, UMmo 6ce e20 Uudpvl
(6 decsmuunoi 3anucu) Goivwe 5, a ece
yugpot wucaa n* menvue 5?

Puc. 5

O1BeT: He cyliecTByerT.
[IpearnooxuM, 4TO, HATIPOTUB, CYIIECTBYET
takoe n. [IycTb n cocrout us k nudp, Tax 4to
2
10% > >666..6 = = (10" ~1).
— 3

Ecmun = 666k. ..6, To mocseiHss T pa unc-
na n’ paBna 6. Nuaue

10* >n>g~10k,
a cJIeI0BaTeNIbHO,

10 =1=999...9> n* > —-10* >
2k
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Takum o6pasom,

999...9>n’ > 444.. .4,
— —_—
2k 2k

3Haunrt, n’ cocrout u3 2k udp, Mpu ATOM Bce
3T U@PDHI HE MOTYT OKa3aTbCd MEHDIIUMU
WA PABHBIMU 4.

H.Aeaxamnos

M2639. @) B nycmoii maéauye 2'°° cmpox u
100 cmoabyos. Aauca u Esea no ouepedu
3aNOJHIIOM NYCMbLE KACMKU NEPEOLl CMPOKU
mabauupl;, Anuca xooum nepeoil. Kaxovim
X000M uzpoK 6vIOUPAEM NYCMYIO KIEMKY U
cmasum 6 nee kpecmux uau noaux. Iocre
mozo Kax 6 Nepeoll Cmpoke He 0Cmaemcsi
NYCMvLX KAEMOK, UZPOKU NEPexo0sim KO 6Mo-
potl cmpoke u max danee (6 Kaxdoi HOBOU
cmpoxe Anuca xodum nepeoi). Hepa saxan-
qyueaemcsi, x0z0a 6ce CMPOKU 3ANOIHSIMCSL.
Anuca xouem, umobvl paAIUUHLIX CMPOK 6
maod.auue 6vL10 Kax MoxHo boavute, a Eea —
Kax MoxHO Menvute. CKONBKO PASAUUHBIX
cmpox 6ydem ¢ madauue, ecau obe 6yoym
deticmeosamo HAUAYYUWLUM 015 ce0 5 00pa3om?
6) Ta xe uzpa, no Aiuca cmasum moavko
Kkpecmuxu, a Eea — HOIUKU.

Ortser: a), 6) 2°°,

a) CHavasa fokaskeM, uTo EBa MOeT [0-
OUTBCS TOTO, YTOOBI PA3JTMYHBIX CTPOK OBLIO
te 6oubime 2°°. TIycTb OHA Pa3oGbeT KaskLyio
cTpoKy Ha 50 mpsAMOoyrobHUKOB 1 2 (roMu-
nomek ). Kaxapni pas, Korma Anmca cTaBuT
KaKOl-TO 3HaK B O/IHY M3 KJIETOK KaKOTO-TO
MPSIMOYTOJIbHIUKA, EBa GyieT cTaBUTb TPOTH-
BOIIOJIOJKHBII 3HAK B JIPYTYIO KJETKY 3TOM
nomuHomKu. Torma B /0600 CTPOKe KasKaast
JIOMIHOIITKA pa36NeHnsT MOKET ObITh TOJBKO
OJIHOTO 13 JBYX TUIIOB (KPECTUK-HOIUK HJIH
HOJIMK-KPECTUK), TOITOMY PasJIMYHbIX Ba-
PHAHTOB CTPOK He Gosee 2°°,

Ternepb gokaskeM, yTO Asuca MOXeT J0OUTb-
cst ue Menee 270 pPa3AMYHbBIX cTPOK. [[J1s1 aTOTO
JIOCTATOYHO MOKAa3aTh, YTO, MOKa 3aM0JHEHO
menbire 27 CTPOK, TIPU 3aIOJHEHUH HOBOM
CTPOKM AJca MOXKeT JIeficTBOBaTh TaK, YTO-
ObI 3Ta CTPOKA TIOJYUNJIACH OTJTMYHON OT BCEX
HIpeAbIyIIuX.

O6Gosznaunm vepe3 A; (i=0, 1, ..., 50) mHo-
JKECTBO TE€X YK€ IMEJUKOM 3allOJTHEHHDBIX
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CTPOK, KOTOPBIE TIOCJE i-TO XOAa AJINCHI B
TeKyTIel CTPOKe COBIAIAf0T C HOBOH CTPOKOM
BO BCEX €€ yKe 3amoJHEHHbIX KieTkax (B
YacTHOCTH, Ay — 5TO MHOXKECTBO BCEX YiKe
LEJINKOM 3aIl0JHEHHBIX CTPOK). 3aMeTuM,
yTo AJIICAa MOJKET TaK IIOCTaBUTb CBOU OYe-
PEIHOIT i-if 3HAK, YTOOBI BBITIOIHSIOCH HEPa-

1 .
BEHCTBO | 4] S§|Ai_1|. JleiicTBuTEIBHO, B
cToJibiie Hajt Jo60H MyCcTO KJIETKOH HOBOM

CTPOKM B CTPOKAaX MHOXecTBa A;_; 3HaKOB
ofHOrO M3 TUNOB (KPECTUK WM HOJIMK) He

1
6oee §|AH|; IMyCTb AJIHCA U IOCTABUT 3TOT

aHak B Tyctyto ketky. Tora ecom | Ay| < 27,
10 yepes 50 Takux maroB AJmca IOJydYHT
|Asg| <1, T.e. HOBas cTpoka Gyer ormyaTh-
Cs1 OT BCEX MPEbIIYIIHX.

6) Crparerns EBbl IOBTOPSIET €€ CTpaTeruio
U3 TyHKTa a), TOJIbKO AJICa BCe BpeMs
CTaBUT B JOMHHOIIKY KpecTuk, a Epa —
HOJINK.

[lns crpaterun Asncsl coxpansgeM 0603Have-
HIS IYHKTA a) i CHOBA JOKaeM, 4TO eCIn
|4o| < 2°°, T0 ipu 3anosHeHIM HOBOT CTPOKH
AJca MOKeT JelCcTBOBAThb Tak, 4TOObBI 9Ta
CTPOKa MOJy4YMIach OTIMYHON OT BCEX IIpe-
apiaynmx. [lokaxkem, yto Asnca B HOBOM
CTPOKE MOKET TaK IOCTaBUTh i-ii KPecTuK,
4TOObl  BBINOJHAJAOCH HEPaBEHCTBO

|4;] < %|AH|. JleficTButebHO, JH06as CTPO-

kau3 A;_; (asee B aTOM ab3alie paccMaTpuBa-
€M TOJIbKO TaKhe CTPOKM) COBITA/IaeT ¢ HOBOIL
cTpokoil B i—1 Kpectuke u i—1 HoOJUKe,
MO3TOMY B CTOJIONAX HAJ| MTyCTBIMH MeCTaMU
HOBOII  CcTpPOKM  CyMMapHO  CTOHUT
| A;_4]- (50 = (i - 1)) kpectuxoB. Tak Kak Beero

mycreix Mect 100 —2(i—1), Asmca moxer
BBIOPATh TAKOE M3 HUX, B CTOJIOIE HAT KOTO-

1
pbiM crout He GoJee §|Ai_1| KPECTUKOB, U

MIOCTABHUTh B 5TO MECTO KPECTHK.
AHAJIOTHYHO IIYHKTY ), IIOJIydYaeM, 4TO eCJIn
| 45| < 2°°, 10 wepes 50 maros Amnca momyuuT
HOBYIO CTPOKY, KOTOpast Gy/IeT OTJIHYaThCs
OT BCEX TPe/IbITyIIHX.

. A¢pusonos
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M2640. /lan evinyxaviii namuyzoavHUK
ABCDE (c¢m. pucynox). [Tycmo A,, By, C,, D,
E| — mouxu nepeceuenus nap duazonaneti BD
u CE, CE u DA, DA u EB, EBu AC, ACu

BD coomeemcmesenno. /lokaxume, 4mo ecau
uemoipe U3 NAMU UeMbLPEXY20J4bHUKOE
ABAB, BC\B,C,CD,C,D, DE,D\E, EA{E\A
8NUCAHHDBLEe, MO U NAMDBIUL TOKE GNUCAHHDBIIL.

[Tpusesem 3jiechb, BO3MOXKHO, Hanbosee Ko-
POTKOE pelleHne, KOTOpoe IPUyMasid He-
CKOJIbKO YUaCTHUKOB Ha oJnMIInajie Meraro-
smcoB (3a/1ava mpe/arasach Ha aToil 0JIMM-
nmaJe).

YcnoBue BHECAHHOCTH YETHIPEXYTOIbHUKA
AB{A;B 3KBUBAJIEHTHO PaBEHCTBY

DA, -DB = DA - DB,. (1)
AHaJIOI‘I/I‘{HO, BIIMCAHHOCTDb Y€TbIPEXYTOJIb-
nukos BC,B,C, CD,C,D, DE,D\E, EAE\A
IKBHBaAJIEHTHA, COOTBETCTBEHHO, paBEHCTBaM

EB,-EC = EB-EC,, (2)
AC,-AD = AC- AD,, (3)
BD, - BE = BD - BE,, (4)
CE,-CA = CE - CA,. (5)

Yro6bl pemuTh 3agady, Hago BbiBectr (5),
ucroseayst (1), (2), (3), (4).
JlokaskeM ele 0HO COOTHOTIEHHE:

=BD, -CE, - DA, - EB, - AC,. (6)

[leficTBuTeIbHO, TI0 TeopeMe CHHYCOB JIJIs
tpeyroJbinka AC;Dyumeem AD; sin ZAD,C, =
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= AC;sin ZAC,Dy. 3anuuieM aHaJOrMYHbIe
COOTHOILIEHUS /I TpeyroJabHukoB BDEj,
CE A, DAE|, EB; A n nepeMHOXUM ux. Bee
CHHYCBI COKPATATCS U3-3a PABEHCTB BEPKAJIb-
ublx yraos: LADC, = ZBD\E,, ZBE D, =
= ZCE{A; u T.4., OTKyJa [10JIy4aeM COOTHO-
menue (6).
Tenepp cootnomenne (5) mosyyaercst moce
nepemuoxenua (1), (2), (3), (4), (6) n
COKpaIleH!s Ha O6Ie MHOKHUTEJH.
H.Cedpaxsan, 1O.Tuxonos

M2641. Jlano uenoe wucao n>1. Monem-
ML 060D 8bLINYCKACT MOHEMbL N PASIUUHDLX
HOMUHAN08 Ay, Ay, ..., A, 20€ KAKOIL HOMU-
Haux a; — ueaoe noaoxumeavioe uucao (Ko-
JUYECTNBO MOHEM KAK0020 HOMUMAA He
ozpanuueno). MHoxecmeo HOMUHALOE
{a,ay,...,a,} nasosem yoaunvim, ecau cym-
MY A+ ay + ...+ a, MOXHO HAGPaAmMsb MoHe-
mamu poeno 00num cnocobom (a umenno,
83516 N0 0OHOU MOHEME KAKO020 HOMUHALA).
a) [lokaxume, umo cywecmeyem maxoe
yodaunoe  MHONKeCmME0O  HOMUHALOB
{a,ay,...,a,}, umo

a+ay+...+a,<n-2"
6) Jdoxaxume, umo 01 1106020 yoaurozo
MHOKECMEA HOMUNAL06 {dy,ay,...,d, }

a+ay+...+a, >n-2""

a) IMoxaxeM, 4to HOMEUHAMDBI ¢; = 2" — 2",
1=1,2,...,n, COCTaBJSIOT yJadyHOE MHOXe-
crBO. /l/Ig Hauaja 3aMeTUM, uTO

n n-1
S=Ya=n-2"-Y2 =
i=1 7=0
=(n-1)2"+1<n-2".

[Ipenmnonoxum Ttenepb, uto S HabUpaeTcs
HEKOTOPBbIMH MOHETaMHU:

S = Ep:“ik =p-2" —zp:Zj’%
P P

rae j, =n—1i, € {0,1,2,...,n —1}. Ilockombky
S >(n-1)2", monyqaem p 2 n, n

zp‘le’f =(p-n+1)2"-1=-1 (mod2").
k=1

Bes orpanuuenysi OGHHOCTH CUMTAaeM, UTO
J1SJS...=],. Hokaxem, uro j, <k-1

npu Bcex k =1,2,...,n. Paccysknass or mpo-
TUBHOTO, BbIGepeM MUHUMaJIbHOE R < 71 Ta-
Koe, 4To J, = k. Torma
k=1
-1=)2" (Inod Zk),

s=1
YTO HEBO3MOJKHO, TaK KaK

k=1 k=1
0< Yy 2h < Y2t =20y,
s=1 s=1

[IpotmBopeune.
B wnrore mosywaem
noo 2
(p—n+1)-2"=1=Y 2"+ Y 2 <
N p k=1 k=n+1
<o Y ot =2t 14 (p-n)- 2"
k=1 k=n+1
wm (p—n)-2" <(p-n)-2"".
Takoe MoxxeT ObITb, TOIDKO €C/IN p = 1 1 BCe
HepaBeHCTBA 00PAIafoTCsT B PABEHCTBA, OT-
Kkyfna j,=k-1. JIpyrumu cuaosamu,
S =a +...+a,— nelficTBUTEJBHO €JIMHCTBEH-
HBII cmoco6 cobpath S TpelIoKeHHBIMI
MOHETaMH.
6) TokasxkeMm, 4to a; > 2" 5 mo6om YIA4HOM
Habope @ <...< da, U3 N MOHET; 3TO CPasy
naer S =a, +...+a, >na; =n-2"".
O6o3naunm a = ;. Ilycts ¥ — Habop Bcex
CYMM, KOTOPBIE MOXHO COOPATh € MOMOIIBIO
MOHET dy,ds,...,d,, ACIO0Jb3ys UX HE 60see
4eM 10 OJHOMY pagy; TakuM o6pas3oM, X
cocront poBHo u3 2" uncesn (Hexoropbre u3
KOTOPBIX MOTYT OBITb PaBHBI APYT JAPYTY);
MUHUMAaJIbHOe u3 aTux uucea 0, a Maxcu-
MaJbHOE @y + d3 + ...+ a,,
[TpepmonosxkumM, 4TOo X COAEPKUT /iBA UHCJIA
S; 2 S, cpaBHUMBIX JPYT € IPYTOM 110 MOLYJTIO
a, Tak 4yT0 S| = .S, + at 171 HeKOTOPOTO 11eJ10-
rot > 0. Torma cymecTByeT aabTepHATHBHBIIN
croco6 co6parhb S MOHETAMH, a UMEHHO
S=(S-8)+S, +at
(uto 03HaUaeT, 4TO MbI GEPEM MOHETDI Ay .. ., d,,
yrassieM Habop ¢ cyMMoii Sy, mobasJisieM nabop
¢ cyMMoil S, 1 1o6aBIIsieM ¢ MOHET HOMUHAJIOM
@). ITO NPOTHBOPEYUT YIAUYHOCTH.
Takum o6pasoM, ¥ cozepxkut 2" umcer,
MOMApHO HECPABHUMBIX TI0 MOIYJIO @, YTO
naer g > 2"
H.Bozoanos
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D264>. Kybux Pybuxa c pebpom a ne
uMeem nyYcmom u CA0KeH U3 00UHAKOBHLY
KYOuUKos naommocmuio Py ¢ pebpom a/3. Ecau
6ce menxue Kyouxu,
He GUOUMbBLE HA PUCYH-
Ke, 3amenumo Ha opy-
eue, maxue xe no pas-
Mepy, HO € NIOMHOC-
moio0 Py, MO CPEOHsIS
naomuocmy Kybuxa
Pybuxa yseauuumcs 6
n =3 pasa. Yemy pasno omuowenue niom-
Hocmeti Py [p?

Ha pucynxke Bugno 19 us 27 menkux ky6u-
KoB. Mbl He BuinM 8 MaJeHbKUX KyOUKOB,
OJIVH M3 KOTOPBIX HAXOANUTCA B IIEHTPE 60JIb-
moro ky6uka. CpegHsas IIOTHOCTh KyOHKa
Py6uxa Bnavase paBHa
pcpi =Py,

TaK Kak BCce MeJKHe KyOMKH B 3TOM CJydae
OJMHAKOBble. Bo BTOpOM ciyuae cpepHss
IJIOTHOCTD 6OJIBIIOTO KyOUKa paBHA

% %
—-19p; + - 8p:
27 P17 5772 19p, +8p,

Vv 27

pcp.2 =

rae V — o6bem kyOuka Py6uka. I1o ycaosuio,
n=Pep2/Peps = 3. OTCiONA HAXOAUM

k=P2_775
P1
C.Kapmazumn

D2646. /Jsa odunaxosvix 00HOPOOHBLY Pbl-
yaza maccotu m =7 xz u 0aunoi 80 cm Kax-
Ovlil WapHupro coedurenvl ¢ NOMOULIO Jez-
K020 CMepKHs u Humei, Mexdy KOMmopviMu
nodeewen zpy3 c maxoiu xe maccot m(puc.1).
Onpedenume, HA KAKOM PACCNOSIHUU X OM
JI€6020 KPS 6EPXHE20 CMEPIHKHS HAXOOUMCSL
MOYKA Kpenienus Humu, yoeprusdaiouwet
cucmemMy 8 pasHosecull, uemy pasHvl CULbl
HAMSIKEHUsL 6CEX MPex HUme u cuid, oetl-

x lg
m

= Cmepixens m

Puc. 1

2021/Ne5

CMBYIOWAS CO CIMOPOHLL ULAPHUPA HA GePX-
nutl cmepokens. [ns yoobemea na pucymie
CMEPIKHU pasmeuenvl Ha 8 paeHvlx uacmell.
Touxa xpenienus camou eepxuell HUmu K
poruazy usobpasxena ycaosno, g =10 Hfxe.

PaccraBuM cHavyasma TOJbKO BHEITHUE CHUJTBI,
JleficTByIOIIMEe Ha BCIO CUCTEMY B I1€JIOM
(puc.2,a). Tak KaK 9TH CUJIbI YPABHOBEIIN-
BaIOT JIPYT APYyra, TO

T, = 3mg = 210 H.
I[Ipunsas aamHy Beero pbruara 3a 8/, sanmiiem

IIPpaBNJIO MOMEHTOB OTHOCUTEJIbHO JIEBOTO KPpast
CUCTEMBI!

2-mg -4l +mg -7 = 3mg-x,
OTKY/Ia
x =50=50c™m.

Tenepb paccMOTPUM CHJIBI, JeficTByfomIHE
TOJIbKO Ha HuKHuit pbryar (puc.2,6). 3anu-

a)

v X Ty
' | I | I ]
mg
mg
I I I I I ]
mg
6)
F T,
| I | | I ]
mg
8)
T3
TZ
mg
Puc. 2
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CaB IIpaBUJI0 MOMEHTOB OTHOCUTEJIbHO JIEBO-
T'o Kpad, IMoJydYum

T, -7l =mg - 4l,
OTKy/1a
T, = 4@ = 40 H.

Tak kak Bce CHJIbI, IECTBYIONINE HA pbluar,
KOMIIEHCUPYIOT IPYyT JApyTra, TO

F=mg-T, =3ng=SOH.

Ho crepskenb Jierkuii, mosToMy Takas ke
cuna F eficTByeT co CTOPOHDI 9TOTO CTEPIKHS
Ha BePXHUI pbluar.

Cuia Hats>KeHMe BepXHeil HUTH, y/iepKuBa-
IomIelt Tpy3 m, Ternepb MOXKeT ObITh HaiijjeHa
U3 yCJI0BHS PaBHOBECHS 3TOTO rpysa
(puc.2,6):

T; =mg+7T,,

OTKy/Ia

11mg

T, = =110 H.

Takoit ke pe3yJbTaT MOKHO IMOJYYUTD, 3a-
MACaB TIPABUJIO MOMEHTOB JIJIsI BEPXHETr0
pbruara.

M. 3amsmuun

D2647. ITsamv npyxunok coedurenvl max,
KAK NOKA3AHO HA PUCYHKE, U 8 UCXOOHOM
cocmosHuu Hu 00HA U3
HUX He 0epopMUposand.
Koagpduyuenmor xecm-
Kocmu mpex npyxKun
paenol ky, a dsyx ocmas-
wuxcs — k.

1) Yemy pasen a¢hpex-
mueHvlil Ko3ghduuuenm
JKECTKOCMU  CUCeMbl
npYyKumn?

2) Cucmemy pacmszu-
eaiom, nNPuKIAOLIGAs K
ee KOHuam 00uHaKosvle
cunvt. IIpu kaxom coom-
nowenuu R u Ry npyxuma 2 oxaxemcs
cokamou?

»
>

nnnlAAAAAAAA
VVUVVVVVVVVY

o
AAAAAAAAAAAA _
VVVUVVVVVVVY

o
_ AAAAAAAAAI"“
VVVVVVVVVUVY

\J

[Tycro yannnenue npy:xut 1 u 3 pasao x (u3
CHUMMETPHH CJIelyeT, YTO UX Y/THHEHUS O/TH-
HAKOBBI), a TPYXuHbl 2 paBHO y. Torma
IPYKUHBL 4 1 5 pacTsanyTbl Ha X +y. Pac-
CMOTPHUM CHJIBI, MPHUJIOKEHHBIE K TOUKE CO-
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e/IMHEeHUs Ipyskun 1, 2 u 5:
F=F+F,nmm kx=ky+k (x+y).

Orciona

b=k

ki +ky

Ecmv npu TOJIOKUTETBHBIX X YJTHMHEHUE
y <0, To aTO O3HauvaeT, UYTO TPYKWHA 2
c’kaTa. DTO BO3MOJKHO IIpH ky, > k. Ecim
ky < ki, To ipyskuna 2 pactsauyta. [pu ky, = k&
npyskuHa 2 He ae)OpMUpOBaHA.

O61iiee yBesinueHME AJIUHBI CUCTEMbBI TPYKUH

y:

ki + ky

[IpunoxenHas K KOHIIAM CUCTEMBI CHJIA
F=F+F =kx+hk(x+y)=

— ety 2R 2k k1k1+3k2

ky + kz ky + Ry

AP dexTuBHDIH KoacbcbnuﬂeHT JKECTKOCTH
_ Tt 3k ki +3ky
Al 3k +ky

A.Anosonckuil

D2648. Jodxa nepenivieaem pexy no npsi-
Motl, nepnenduxyasapnoi depezam. Ee cko-
pocmv omnocumenvio 600vl pasna vy. /o
cepeduvl pex CKopoCmy MeUeHUS USMEH -
emcst N0 3aKOHY u = ox om HYy.st 00 vy[2 —
cxopocmu 600vl Ha cepedue pexu, zde o, —
ussecmuvlil KOG puuuenm, x — paccmosiue
om Gepeza. Ilocae cepedunvl pexu ckopocmy
ymenvwaemces 00 Hys y opyzozo bepeza no
momy sxe 3axony. Onpedesume 3a8uUCUMOCND
om epeMeHu Yeaa MeK0y GeKMOPOM CKOPO-
cmu 100KU OMHOCUMENHO 600bL U HANPAG-
JleHUueM 08UKeHUs. OMHOCUMEIbHO Oepezd.
Yepes xaxoe epems N00KA OKAKEMCS HA
dpyzom Gepezy?

Bosmozkibl pasibie crioco6sl perrensi. Pac-
CMOTPUM TPH U3 HHX.

Iepsuiii cnocob

B rpeyro/ibHIKe CKOpPOCTEil CKOPOCTD Teve-
HUS U = O0LX, CKOPOCTD JIOJAKU OTHOCUTETHHO
Gepera v = dx/dt, a ee CKOPOCTb Uy OTHOCH-
TEJbHO BOJBI HAINPaBJIeHa IO YIJIOM @ C
nopmanbio k Oepery (puc.1). Toraa
v = 7, cos @. 3a maJioe BpeMst dt JI0/iKa 1epe-
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ox ox
______ 1
i
¢ i
0 0y o 0y i
adx !
¢ ¢ [
do
Puc. 1 Puc. 2

MeTIaeTcs B HATPaBJIEHUH TPOTUBOTIOIOKHO-
ro 6epera Ha pacctosiune dx, a HallpaBJIeHne
BEKTOPa CKOPOCTH JIOAKH M3MEHSETCS Ha
yroa do (puc.2). ITpu stom

odx = owdt = oy, cos @ - dt.

BeripasuM oTpe3ok adx depes JINHY AYTH C
yIJI0M d@ OKPY’KHOCTH PAJNYCOM Uy
odx = vydpcos .
[Mosyuaercest, uto dQ = odt, niu
¢ =ot.

BexTop oTHOCHTEIBHON CKOPOCTH MTOBOPAUN-
BaeTcs C MOCTOSIHHON YTIJIOBOW CKOPOCTHIO.
Ha cepepune pexku u =y, / 2, Torjga yrona
¢ =7/6, aBpemsat = /(6a). Ot a10ii cepeiu-
HbBI /IO JIPYToro 6epera BEKTOP OTHOCHUTEJIb-
HOIl CKOPOCTH II0OBOpAuYMBaeTcs € TOH ke
YIJIOBOI CKOPOCTbIO, HO B IIPOTUBOIOJIOK-
HYIO cTOpOHY. V3 cuMMeTpun 1oJIHOE BpeMs

o

T=2t=—.

3a
Bmopoii cnoco6
[TocTpouM TpeyroJbHUK CKOPOCTEN /IS JIOJI-
ku (cm. puc.1). U3 teopempr [Tudaropa

2
o+ (ax)” =03
[Toce muddepeHTpoBaHns TO BpEMEHU

IOy YUM

2 _ — 2
2a,v, +20°xv, =0, W a, = —0"x.

[Tocneanee ypaBHeHue — 5TO ypaBHEHHE Tap-
MOHMYECKUX KoJieOanuii. 113 HayaIbHbIX yCI0-
Buit (x =0, v, = ;) HAXOJNM €TO pEIIeHTE:
v, =0, cosat.
Tax:ke U3 TpeyroJbHuKa CKOPOCTeHl BUANM,
4TO U, = ¥y COS P, OTKY/ia
¢ =ot.

2021/Ne5

B MoMeHT pocTuiKeHUsT cepeiuHbl PeKU

a3 ,_m

v )
. 2
OGiiiee BpeMst JIBUKEHUST

T=02t=2.
3a

6o’

Tpemuii cnoco6

U3 reopewmsr [Tudaropa (cm. puc.1) caenyer
02 + (OLx)2 = 5.

Orcioia CKOPOCTb JIOAKH

=9 g (o,

V. = —=
Tdt
a BpeMs
ar=_ 4
O e - ()

Bpewmsi, kotopoe HeE0OXOIUMO JIJIST TIPEOJI0Te-
HUS HEKOTOPOT'O PACCTOSHUA Xy,

1 .oy
= —arcsin —-.

T dx

f= [ —2

N 2 %
B uwacrnoctn, mpu x =g,/(20) (cepeanmna
pekn) Bpems ¢ = 1t/(60). O6miee Bpemst JBH-

JKEHHUA
T

30
Jl1s1 ompeiesieHrsT HCKOMOTO YTJIA 3aMeTHM,
YTO U3 TPEYTOJIBHIKA CKOPOCTEl sin @ = auv/v,
OTKy/1a

T

¢ = ot.
A.Viimun

( \
BHUMaHWIO Haluux yuraresnev

B crarbe IO. MarusiceBuua «/lecsitast mpo6-
nema 'miab6epra» B «KBante» Ne 2 3a 2021
roj GbLIa JIONyIIeHA Olleyarka B opmyJie
(12) — dopmyne Bune pug yucen Oubonay-
yi. DopMyIry CleyerT YuTaTh TaK:

Fn _ (pn _ (_(p) n
5

(rue @ = (1 + \/3)/2 — 30JI0TOE ceueHue). AHa-
JIOTUYHAS oreyaTka Obljia TaK:Ke [IOMyIIeHa B
«Kaneigockomne «KBanra» B Ne 3 3a 1988 ro.
Baaronapum 3a o6HapysKeHIE ITHX OIEYaToOK
JI.M. Koranosa, usieHa MOCKOBCKOrO Mare-
LMaTI/me(:Koro o0I1ecTBa.

J
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OpHouBeTHbIN
TpeyrofbHUK nnowaamn 1
Ha NOoKpPaLLEeHHOW MI0CKOCTU

B.bparux

ITa cTaThsl MOCBAIIEHA PENIeHuIo CeIyio-
el TPYAHON 3a/1a4i C MPOCTBIM YCJIOBHEM
(em. «KBant> Ne 8 3a 2020 1.):

M2617. Ilnockocmv noxpawena e 100
yeemos. Jlokaxume, 4mo HAudymcs. mpu
MoYKU 00HOZ20 UBeMd, ABIAIOUUCCS BEPULL-
Hamu mpeyzosvnuxa niouaou 1.

B pemienun aToii 331241 MHE TTOCYACTIHBH-
JIOCH MCTIOJTb30BATh KJIACCHYECKYI0 TeOpeMy
Ban nep Bapaena:

/s mobvix namyparvuvix k u r cyue-
cmeyem namyparvroe uucio W (k;r) co
CACOYIOUUM CBOUCMBOM: eCAU PACKPACUMD
nemenmol apugpmemuueckoi npozpeccuu
Onunvt W (k; r) npouseosvhvin obpasom 6 k
16emos, mo cpedu Hux nHavdemcs 00Hoysem-
HAsl Apupmemuueckdas npozpeccust OJIUHbL 1.

[anee apugpmemuuecxoil npozpeccuedi npsi-
MblX JITAHBI 7 HA30BEM TIOCJIE0BATEIbHOCTD

PASNMUHbIX NApareny-
HBIX OpAMBIX [, l,...., — _—
TaKy1o, 4TO PACCTOSHUS -
MESKLy MapaMi MPsSIMbIX ?
C COCEJHUME HOMEPaMU

pasubl (puc. 1). Pac. 1

Tenepb GyjieM pacKkpaiuBaTh He YKC/IA, a
Toukn. JloKakeM yTBEPKIEHNE, U3 KOTOPOTO
3a/1ava OYEBUIHO CJEIYET.

Teopema. /[rs 1106020 namypaiviozo n
cyuwecmeyem namypanvioe L(n), o6.aadaio-
wue caedyrouwum ceoticmeom. Ilycmv dana
apugpmemuuecxas npozpeccms uz L(n) nps-
MbLX, U NYCMb KAKOAST MOUKA Hd KAKOOU
U3 IMUX NPIMBIX OKPAWEHA 6 00UH U3 N
yeemos. Tozda Haildymces mpu MouKu 00HO-
20 usemd, Jaexauwue Ha NPIMoIX U3 IMOol
npozpeccull, A6ASIIOUUCCST BEPUUHAMU MPe-
yeoavruxa naowadu 1.

Jloka3areabeTBO Gy/1eM BECTH 10 MHLYKIIHH.
Basa: n=1. Jlocrarouno B3stp L(1)=2.
Ecam ecTb e IpsIMbIe, MOJHOCTBIO MOKpa-
IIeHHBIC B OWH IIBET, TO OYEBH/IHO HAHIETCS
OJTHOIBETHBII TPEyTOMBHIK OGO TLIOMIA/IH.
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Cuenaem nepexod ot n k n+ 1. Oxkaxercs,
YTO MOKHO T1OJIOXKHUTD
L(n+1)=(2L(n))l-W (n+1,2L(n)!)! +1
(pal!! TyT ouenb MHOro (paKTOPHUAJIOB).

PaccmoTpuM  apudmerndeckyto mporpec-
cmio u3 L(n+1) mpsAMbIX, T/ie paccTosHIe
MEXK/ly COCE/JIHUMU TPSIMBIMU PaBHO /i, Ta-
KYIO, YTO Ha 9TUX HPSIMbBIX €CTh TOJbKO 7 + 1
uBet. [IperonoKiM, 4To OTHOI[BETHOTO TPe-
YTOJIHUKA IO/ 1 ¢ BepIImHAMHI Ha 3THX
MPSIMBIX HET, U JIOKaXKeM, YTO TOT/Ia Hal1eT-
ca apudmerndeckas mporpeccus us L(n)
MPSIMBIX, HAa KOTOPBIX OJIHOTO U3 I[BETOB
COBCEM HeT, TI0CJIe 9TOTO BOCIIOIb3YeMCsI ITPe/I-
I0JIO’KEHNEM UHIYKIIUH.

O6osnaunm N = 2L (n)!, K =W (n+1;N),
M =N!-K!, rak uto L(n+1)=M +1.

Paccmorpum  apudmerndeckyio mporpec-
cuto u3 K Touex x,, ..., X, Ha mpsamoil [
(puc. 2). Pasmoctp t
9TOM TIporpeccuu BbiGe- I

t LT Xy

peM paBHOM

Teopeme Ban gep Bap-
nena, u3 atux K Touek,
MOKPAIIEHHBIX B 7 + 1 1IBET, MOXHO BBIOPATD
OJTHOTIBETHYTO apu(PMETUIECKYIO TTPOTPECCHIO
n3 N ToYeK, /IS ONpeesleHHOCTH KPacHOTO
1BeTa. Paznoctb aTo0i mporpeccun pasna St,
rjeS —HaTypaJbHOe YHCJI0, He IIPEBbIIIAIoNIee
K. Torga mpsiMble, TTapaJiiesbHbIe [, HAXOs-

Iuecsd OT Hee Ha PaCCTOAHUAX L, ;, s

1 25t 2-25¢
——_——, COBCEM HE Co/IeprKaT TOUYEK
(N —1)-25¢ e

KPACHOT'O IIBeTa, WHAayue TOJIy4uJics Obl Tpe-
YTOJbHUK ILJIOITaAN 1c BEpHIMHAMHW KpaCHO-
ro nsera. Kpome Ttoro, Bce aTm mpsMble
coJieprKaTCs CPeI HAIUX, TIOTOMY YTO pac-
CTOAHUA OT BCEX YIIOMAHYTDHIX MPAMDBIX PaB-

Puc. 2

ey

HbI

, e 1 <a <N -1, ayactuble 3TUX
aSt
YEceJ1 TIPU JIeJIEHUH Ha /2 paBHBI

M _ M _N! K!
2aSth 2aSh aS a S’
N! K!

N3 BoIpaxkenus —? BHUJHO, UYTO OTU
a

M
YaCTHbIC I1€JIbIC, a N3 _S —YTO OHM MeHbIire M .
a
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3uavenne N 1107106paHoO C TAKUM PACUETOM,

4TOOBI M3 HAIIETO MHOKECTBA IPSIMBIX, HE

CofIepKaIIX KPACHBIX TOUeK, Haroch L (1)

MPSAMBIX, 00pPa3yoNux apudMeTHIecKyo

nporpeccuio. [lelicTBUTENBHO, JIOCTATOYHO

cpeai HUX BBIOpPATh MPSIMble, HAXOSINECS
1

or [; Ha paccrosHusX
1
(N/3)-St” "7 (N/L(n))- St

ITHUM 3aBepIIaeTCs 0Ka3aTeIbCTBO TeOpe-
MBI, U 3afada M2617 pemena.

Pacckaskem Temepb 0 TOM, Kak 3TO pelieHne
IIpUAYyMbIBaJOCDh. 3aqaCTy10 O4YeHb BaXKHO He
TOJIBKO YUTATb CTPOTOE, YETKOE M aKKypar-
HOe pellleHye 33/ja4l, HO U 0CO3HATH KJI04Ye-
BbIE HJIeU, TIOKA3aHHbIC <HA TTAJIbIIAX>».

K pemennio 3a1aun s MOOIIEN € IPYTOH
cropoubl. Eciin g4 Haliy Ha Kakoii-To IIpsiMoit
[ omHoIBeTHYIO apupMeTHYeCKyIo TIporpec-
CHIO JUIMHBI k ¢ pa3HoCTbIO 2d, TO HaliyTes
k —1 IpsAMBIX, NMapaJlieJbHbIX [ 1 JIeXKammx

N-St’ (N/2)-St’

[0 OJIHY CTOPOHY OT [ Ha PaCCTOSHUIX i,
LI S
4d’ 6d’ " 2(k-1)d

1Beta He OyzeT. UnrtaTesab 3aMeTHT, YTO 3TO

oT l, Ha KOTOPBIX 9TOr0

He apudMeTnuecKas MpOrpeccuss MPSIMbIX.
CoO6CTBEHHO, Y MEHSI HA 9TOM JTalle MbICJIU-
TEJILHOTO IIpoIlecca elle 1 He 6bLIO MOHUMA-
HUS, 4YTO UMEHHO ee HaJlo uckarb. Ho norom
9TO TIOHUMAaHWE TOSBUIOCH, KOT/Ia ST OHSLT,
YTO Ha/I0 TTOHEMHOTY MCKJIOYATDh I[BETA, OC-
TaBJIS JIOCTATOYHO MHOTO TapaJlJieTbHBbIX
[IPSMBIX, HA KOTOPBIX 3THX 11BeToB HeT. Ho
ecJiu 310 6y T IPsiMble 6€3 BCSIKOIl CTPYKTY-
PbI, TO HESICHO, KaK II0TOM UCKJIIOYaTh I[BETA.
[Tocue aToro poaumach uaest GOpMyTHPOBKH
TEOpeMbI, KOTOpas IMO03BOJIWIA <«00y3/1aTh

xaocy». Jlasee g 1oHsJI, 4TO R TOJIKHO ObITh

1 1
CTOJIb BE€JIMKO, 4TOObI cpean yucesn —, —

1 ) 2d’ 4d’
@, ey m Hanach apudmernyec-

kasi nporpeccust bl L(n). Kak takoe k
no00paTh, 4 yKe 3HaJl U3 «OJUMIHAJHOrO

oabraopay. Hampumep, MOXHO B3ATHb

1 2
k—31>L(n). Torma uncia m, m,

Y o6pasyioT apudmeTu-

L(n)!" "7 (L(n)-1)!
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ueckylo nporpeccuto aumabl L(n) ¢ pasHo-
crbio ——. Cuenyiomast npo6ieMa B TOM,
L(n)!
4TO s 3apaHee He 3Hal0, Kakoe d TOJTyUnuTCs.
K cuactbio, Teopema Ban nep Bapaena roso-
pur, 4to Takux d KOHEYHOE KOJHYECTBO,
1I03TOMY B MOeil mporpeccuut ¢ 7 + 1 1BeToM
JIOJUKHBI OBITH BCE TIPSIMbIe HA PACCTOSIHUSIX

i, i, i, s 1 JUISE BCEX BO3MOJXK-
2d"4d’ 6d’ " 2(k—1)d

HbiX d. ITOCKOJIbKY BCe BO3MOJKHbBIE 3HauUe-
Hust d Bce JKe conm3MepuMbl (T.e. OTHOIIEHE
JOGBIX /[BYX PAIMOHAJIBHO), & €CJIH TOYHEe,
2d upunumaer 3HadeHus ot 1 10
w (n +1:2L (n)Y) (c 3amacom), To cymecTBy-
€T HEKOTOPOE PAIlIOHAIBHOE YHCJI0, KOTOPOe
YKJI/IBIBAETCSI 1€JI0€ KOJMYECTBO Pa3 B KaxkK-
JIOM H3 BCTPETHBIIMXCSI HAM PaCCTOSHUIA.
Hanpuwmep, uuncaa 1/100, 1/1001, 1/17 «mxe-
asres» nal/(100-1001-17), 1.e. gocratouro
B3sTb 21po0b 1/(1ipousBejienye Beex 3Hame-
HaTeJieil). D10 coo6paskeHre U BBIBOAHUT Ha
(UHHUIIHYIO TPSMYI0 B KOHCTPYHPOBAHHH
L(n+1). D10 4mMCI0 JOIKHO JICTUTBCS HA
BCE 3HAMEHATEJH, KOTOPbIE BCTPETSITCS.
[TosTomy MoxuO B3ATH L(n+1)=
= (2L (n)!)!-(W (n+1;2L(n)!))! HeiicTu-
TEJIBHO, BTOPOHl MHOKHTEJb TOYHO [EIHTCS
Ha Jo6oe d, a TepBbIil TOYHO JIe/INTCS HA TO,

Ha 4ro d JOMHOJKA€ETCA B 3HaM€EHaTeEJIE B

6 1T 1 1 1

AP0V 4d’ 6d T 2(k-1)d

Uwuraresb, He CTOJb IIPUBBIKIINI YUTATH
TEKCTBI C TPOMO3/IKMMH BBIKJIQKAMU, MOT
OBITH 03a/1aveH, YBU/AEB OOJbIIIE (DOPMYJIBI
B caMoM Hauase. Ho mosasumcs aTn Koncran-
TBI JaJEeKO He cpasy, a KOorja 3ajada ysKe
OblyTa pelieHa u mouTH 3anucana. [Ipu yre-
HUM MHOTHX PeIIeHUil 33/1a4 IT0JIe3HO MOHU-
Matb, YTO TPUyMaHbl OHU OBLIN B COBCEM
JIPYTOM Bufie. A WHOTJa MOYKHO MO PeTIeHio
3a/[aui Monpo0OBaTh BOCCTAHOBUTH, KAK OHO
MOTJIO OBITh TPUIYMAHO.
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JIYHHbBIV TOPMO3,
CTONKHOBEHME
C Tevien 1 3aKOH
COXpaHeHus
MOMEHTa UMMNYIbCa

C.IMAPHOBCKuUu

«Hwuuto ne Beuno nop JsyHoil», — moercs B
M3BECTHOH omeperTe. MeHseTcS MHOTOE, B TOM
YHCJIe U TUTETBbHOCTD CYTOK. TOUHBIE 9TATOHDI
BPEMEHN YTBEPIK/AAIOT, YTO 32 TOJ] OHA YBEJININ-
Baercs Ha 23 MUKPOCEKYH/Ibl. VIHbIME cJ0Ba-
MU, BpailleHue 3eMJ 3aMeJIeTcsi, MyCTb U
OUYEHb ME/IJIEHHO. DTO 3aMe/IJICHIE TIPE/ICKa3at
eme B KoHlle 19 Bexka aHTIMIICKMIT acTpOHOM
Jlxopmox Jlapsun (cbmn Yapabsa Jlapsuna).
OH 1 yKkasaJ BHHOBHUKaA — Ty camyio JIyHy, oz
KOTOPOIi Bce HE BEYHO.

JlyHa BBI3bIBAaeT MPUJINBHI Ha 3eMJe, KOTO-
pble CO37aT0T MOMEHT CHJIBI, 3aCTaBJISIONINI
Hally TUIaHeTy 3aMmequaatoes. Ilpm atoMm ee
MOMEHT UMITyJIbca nepegaercs Jlyne, kotopas
3a cueT 9Toro yaaagercs ot 3emun. Paccrosnne
mexxay Jlynoit u 3emuieit, ycpelHeHHOe 3a
nepuo obpaienus JIyHbl, Bo3pacTtaer 3a roj
Ha 38 MUJIMMETPOB. JTO SBHO HEMHOIO B
aCTPOHOMHMYECKNX MaciiTabax, HO eCJIU TOMIy-
MaTbh, YTO 32 MUJIJIMAP/IbI JIeT U3MEHEHUs CTa-
HYT OYeHb OOJBIIMMH, TO K HHUM HE CTOUT
OTHOCHUTBCS TIPEHEOPEIKUTETHHO.

[Tompo6HO 0 TOM, YTO TPHUJIMBLI HepegaroT
MOMEHT UMITyJIbca OT 3eMJn K JIyHe, pacckasbl-
Baercs B crarbe JI.AcsamaszoBa «JIyHublii TOp-
Mo3» B «KBante» No8 za 1987 rox (xoroporit
JIETKO HAWTH B aPXUBE CTAPbIX HOMEPOB) WU B
xaure JI.T. AciamazoBan A. A.BapiamoBa «¥Y -
BurtesbHas dusukas. [lostomy He OGyaeMm mo-
BTOPSATb, Kak TpuTssKeHune JIyHbI BbI3bIBAaeT
MIPUJIMBHbBIC BOJHDLI B OKeaHe, KaK 3TH BOJHBI
HEMHOTO TIOBEPHYTBI OTHOCUTEJBHO HalpaBJIe-
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uus Ha JIyny us-3a Bpamenus 3eMan 1 Kak X
nputsbkenne K JlyHe oGecrieunBaer TOT caMblii
MOMEHT CHJI, KOTOPbIII M BbI3bIBAET BCE Te
U3MEHEHUs, O KOTOPBbIX YK€ YIOMHHAJIOCH.
CkaxkeM TOJIbKO, 4TO pacyeT 9TOr0 MOMEHTa
OYeHb CJOXKEH U 4TO OH 3aBHCUT He TOJIbKO OT
MEHAIONerocs €O BPEMEHEeM PACCTOSHUSA 10
Halllero CIyTHUKA, HO U OT KOH(UTypaIun
MaTepuKoB Ha 3eMJIe.

Opnnako, /715 oTBeTa Ha MHOTHE BOTIPOCHI €T0
1 He Ha/I0 BBIUYNCIATD. [loCTaTOUHO BOCHOJIB30-
BaTbHCS 3aKOHOM COXPAHEHNUS MOMEHTA UMITYJIb-
ca B cucreMe 3emaa—J/Iyra. Ero MbI Beraucanm
OTHOCHUTEJBHO IfeHTpa 3emun. EcrecTBeHHO,
4TO OH Oy/IeT CYyMMOII MOMEHTA MMITyJIbca Bpa-
neHus: 3eMJa BOKPYT CBO€Wl OCHM U MOMEHTa
UMITyJIbCa JABM>KeHUs JIyHbI 110 OpOUTE BOKPYT
3emyu. OlleHUM 9TU BEJUYMHBDI.

Hauynem c¢ Jlyubl. Ee MoMmeHT wumiyJsibca
paBeH L =mor = mor’ = 28-10% kr- Mz/C,
rne m=7,3- 102 kr - wMacca JlyHbI,
r=38-10° m— cpejiHee PaCcCTOSTHIE OT 3eMJn
zio Jlymst, © = 21/T); — yriaoBast CKOpocTs 00pa-
menus Jlyusr, Ty = 27,32 cyTok — nepuoz o6pa-
menus Jlyaor Bokpyr 3emsm. Ilpum xesanun
MOXKHO Y9€CTb I MOMEHT UMIIYJIbCA, CBA3AHHBIH
¢ BpamienueM JIyHbl BOKPYT cBoeil ocu, HO OH
MaJi 110 CPaBHEHUIO C L.

MowmeHT umItyJibca 3eMJu HaliieM 110 13BecT-
Holt hopmyie Ly = IQ, rie yrioBasi CKOPOCTh
Bpamenuss 3emuaun paBuHa Q=2m/T;, a
T3 =1 cytkm. MoMeHT wHepIuu 3eMJH
I=2M 73? /5 OLIEHUM KaK 3Ty BEJIMYUHY /I
oHOpOHOTrO mapa Maccoir M = 6-10*4 kr u
paanycom r3 = 6,4 - 108 M. TlogcTaBUB UMCTEH-
HbIE 3HAYCHH, TOTYyYNM L5 = 7 - 10%3 &t - M2/C.

WTtax, MOMEHT IMITyJIbCa, CBSI3AHHBIN C JBU-
sxenureM JIyHbI, TpuGIM3UTEIbHO BUeTBEPO 60JIb-
1Ie, 4eM MOMEHT UMILyJIbca, CBSA3aHHBIH ¢ Bpa-
nenueM 3emsn. Ho 13-3a mpuanBoB nepsblii co
BpeMeHeM yBeJIMYUBaeTcs, a BTOPOi yMeHbIlIa-
ercd. Tak uto 3emyd 3aMe/sgeT CKOPOCTb
cBoero BpaieHust. A 4yro Jlyna?

Wsmenenne pajnyca ee OpOUTBI 3a BpPeMs
OJTHOTO 000POTA, T.€. MPUOIU3UTETHHO 3a Me-
CSII, HACTOJIbKO He3HAUMTeJbHOEe, UTO JIBHKe-
Hue MOKHO cuuTath KpyrosbiM. (Ha camom
nene Jlyna oOparaercsi BOKpYr 3eMJH Mo aJi-
JIUTICY, HO OH OYeHb GIM30K K OKPY>KHOCTH.)
YcnoBue paBeHCTBA CHIIBI IPUTSDKEHNS 3EMITH
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1 JIyHBI U I[EHTPOCTPEMUTETHLHON CHIIBI JBIKE-
nust Jlyusl o opoure:

9 GmM
mwr = —s—,
’
rae G — TpaBUTAIMOHHAST TOCTOSIHHASA, JaeT

COOTHOlIEHUE
o’r® = GM.
Ortclosia HEeTPYAHO ITI0JIyYUTb BbIpaskeHue
Ly = mor’ = mJGMr .

Mpb1 BUMM, 9TO BO3pACTaHIIe MOMEHTA NUMITYJIb-
ca JIlyHbl TPUBOIUT K ee yIaJeHuio OT 3eMJIH,
[IpPU 9TOM YMEHbIIIAETCS ee YII0Basi CKOPOCTb U,
CJIe0BaTe/IbHO, YBEJIMYNBAETCS TPOAOJIKUTE/b-
HOCTb Tiepuoja obpaiienus JIyHbI, KOTOPBIi
MbI Ha3bIBaeM MeCSIIEM.

JIT060TIBITHOE TTOATBEPIK/IEHUE DTON TEOPUN
JlaeT WUCCJIeJJOBaHWE WCKOIMAeMbIX KOPAaJJIOB.
Amepukanckuii yuenbiii J[3k.Yanbc o6Hapy-
JKIJI Ha HUAX CJIEABI CYTOYHOTO ITINKJIA CMEHBI
ocsentennoct, a 3areM [.Ilanemna n K.Maxk-
KHTOK 06HAPY KN €I1Ie U CJIeIbI MECSTYHOTO
nukJaa. B pesynbrare, ucciaeqyst OKaMeHeBIIe
KOpaJIIbl Pa3HoOTO BO3PACTa, YUEHBIM YAATOCH
y3HaTb, BO CKOJIbKO Pa3 IPOJOJKUTEIbHOCTD
Mecs11a MpeBbIiaa NPOA0JKUTEIbHOCTD JIHS B
TO BpeMs, Korja pocan ot Kopasibl. Okasa-
JIOCH, YTO JIJIS OUYEHD CTAPBIX KOPAJIJIOB U MECSI]
1 CyTKH OBLIM MEHBIIe, YeM Termepb. Tak 4To
napy MUJLIHAp/oB JeT ToMy Hazaja JlyHa 6bLia
6mke Kk 3emite. [Ixopmx [lapBun gaxe npej-
TOJTOKILT, YTO OHa ObLIa OTOPBaHa OT JKHU/KOI
ente 3eMJIM IeHTPOOEKHBIMU cuyiaMu. /laBafiTe
[IPOBEPUM 3Ty TUIOTE3Y.

B to Bpemsi, Korza JOKHO ObLIO TIPOU30NTH
9T0 cOObITHE, TIOYTH BECh MOMEHT MHMITYJIbCa
cucrempl 3emusa—J/lyHa mpuxoanscs Ha Bpare-
Hue 3emuan. Kak Mbl yske NPUKUHYJIM, OH [IPU-
6/IU3UTENBHO BIISATEPO OOJIbILIE, YE€M MOMEHT
UMITyJTbca 3eMJN ceffdac. A Tak Kak pasMepnl 1
Macca 3eMau 0cob60 He MEHSJINCh, 9TO JlaeT
OCHOBaHUeE /11 BbIBO/IA O TOM, YTO CYTKH B TO
BpeMsi ObLIM MOYTH BIISITEPO MEHDIIE, YeM Te-
Tepb, W MPOJIODKAINCH OKOJIO S 9acoB. XOPO-
1110, HO XBATHJIO GBI TAKOTO BPAIEHMUSI JIJIsI TOTO,
4TOOBI OT IJIAHETBI OTOPBAJICS KYCOK?

Jlerko BuzieTh, 4TO HET, He XBaTUJI0 Obl. Ecin
MBI TIOJIOKUM KaMeHb T/Ie-TO Ha 9KBATOPE, TO OH
CMO3KeT YJIeTeTb B KOCMOC, TOJIbKO €CJIi CKO-
POCTb €ro BpallleHusI IPEBbICUT IIEPBYI0 KOCMU-
YeCcKyIo CKOpocThb. I1pu IBMKeHUN CITy THUKA 110
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0co60 HU3KOH opbure, T.e. MMEHHO C 3TOI
MUHUMAJIbHOW CKOPOCTBIO, OH JIeJIaeT MOJTHBIN
o6opot BOKpyr 3emuin rae-10 3a 1,5—2 waca. A
CKOPOCTb Jlaske GbICTPOTO BpallleHus! I0HOi 3eM-
Jn obecriednBasia 6bI 0JJUH 060POT 32 5 YACOB,
YTO HEJOCTATOYHO [IJIsi TOTO, YTOOBI OTOPBATH
4yacThb BelecTBa 3eMuan. BoT W OYeBUIHBIN
BbiBoj: JlyHa me Oblia oTopBaHa OT 3eMJn
IEHTPOOESKHBIMU CUJIAMM.

B mame Bpems rumore3a o ToMm, 4to JlyHa
0TOpBaach OT 3eMJIU, OISATh CTajJa AKTYyaJlb-
HOU, HO € BaXHbIM J06aBieHueM. JlyHa He
oTopBaJsiach, a OblIa BBIONTA W3 3eMJHM TPU
TUTAaHTCKOM CTOJIKHOBEHWH C IPYTOH TIJIaHEeTOH,
KOTOPYIO Ha3BaJM WMEHEM TUTAHUIbI Teiin,
marepu 'esmmoca, doc u 6orunn Jlynor CesteHbl.
Ynap Teitn nipuriesncs mo4yTu 1Mo KacaTeJabHOUN
o0 Kpaio 3eMJH M CMOI OTOPBaThb KYCOK, U3
KOTOPOTO M chOPMUPOBAJICS CO BPEMEHEM HaIIl
€CTeCTBEHHDIII CIIyTHUK. B 110/1b3y 3T0I rurnore-
3bI TOBOPSIT PE3YIbTATHI T€0JIOTHUECKOTO U U30-
TOITHOTO MCCJIEOBAHUN JIYHHBIX MTOPO/I.

Wrak, ¢ OMOIIbIO HECTOKHBIX OIEHOK HaM
yIanoch TMPOJUTH CBET Ha HAyaJo mpolecca
yaagenus: JIyHol. A yeMm oH 3akoHuuTcsA? [la
TEeM, YTO YTJIOBbIe CKOPOCTH obpaiienust JIymHb
1 BpalieHnst 3eMJIn CPaBHSIOTCS APYT € [PYTOM
u Jlyna Oymer Bce BpeMsi HAXOAMTBCS HA
onpe/ieJIeHHOM CTOPOHON 3eMJii, Kak ceiuac
cama JlyHa Bcerza mosepHyta K 3emJe OJHOM
cBoeil cTopoHOil. [leHb 1 Mecs1| CpaBHSIIOTCS 110
MTPOJIO/KUTENBLHOCTH M OYAYT IJIUTHCS OKOJIO
JIBYX COBPEMEHHBIX MeCSIeB. JTO MOXKHO y3-
HATH BCE M3 TOTO K€ BBIPAYKEHUS JIJIsI MOMEHTA
umiryabca. Hazmo monoxxuts B HeM Q = m, 1pu-
PaBHATb €Tr0 TEKYIIeMYy 3HAYeHUIO MOMEHTa
UMITyJIbCa, TOJYYUTHh YpaBHEHUE, WCIOJIb3YS
cootHomenne 0°r° = GM , U PEIUTD €ro, XOTs
6Bl YNCTIEHHO, C TIOMOIIBI0 KOMITbIOTEPA.

Ho Mo:xHO 1 He perath, BeJlb Hac MHTEpecyeT
OLlCHKA, a He TouHasd Besauuuna. Herpyano
JIOTA/IaThCsI, UTO TPU L = ) TIPAKTHUYECKU BECH
MOMEHT UMMYJIbca OY/IeT CBSI3aH ¢ 06palieHueM
Jlyupl. Tak 4TO TIO CPABHEHMIO C CYTIECTBYIO-
UM ee IBIKEHIEM MOMEHT UMITYJIbCa JI0JIKEH
Oy/ileT BbIPACTH Ha 4eTBepTb. [IOCKOJbKY HTa
BeJIMYMHA TTPOMOPIUOHAIbHA /7, TO CpenHei
pazuyc op6utbl JIyHbI [O/DKEH BO3pacTu B
1, 25,2 pasa, a yriaoBast CKOPOCTb YMEHDIITHTHCS B
1,25 pas. Tlpu atoM mumrespHOCTD Mecsia (u
paBHas el JIMTENbHOCTb CYTOK) YBEJMYUTCS
10 CPaBHEHWIO C HBIHENTHUM MeCIIeM B
1,25% = 2 paza.



OU3NUYECKUN ®AKYJIbBTATUB

aKoH Apxmmea v
3aKOH COXpaHeH/s
SHEepPrn

C.4ABOPAHUHOB

Pacemorpum takyto 3amauy. Ilyctb numeercs
OJIBII BHYTPH KyOHK C JITMHON pedpa @, TpaHn
KOTOPOTO ¢/IeJIaHbl U3 TPOYHON 1 OUeHb TOHKON
dosbru. ITOT KYOUK IJIABAET HA TIOBEPXHOCTH
BO/IBI TaK, YTO YETHIPE ero pe6pa BepTHKATIbHDI
(puc.1). Ky6uk cMecTuin BHU3 10 BEPTUKAIH

Puc. 1

Ha paccTOSTHUE X, TIPH 3TOM YacTb ero OKasa-
jgach B Boge. Cumras maccy KyOMKa paBHOI
HYJIIO, Ha/I0 HalTH COBEPUIEHHYIO TIPH 3TOM
paGory.

[laTh OJIHO3HAUHBIN OTBET K 3a/1a4e O TOrpy-
JKeHnn KyOnKa B BoJy Heusb3s. OKasbIBaercs,
OTBET 3aBHCHUT OT TOTO COCYyZa, B KOTOPBII
HasuTa Bosia. OOCY/IMM HECKOJIBKO CJIyYaes.

bak 3anonHeH BoAoW 4O caMOro Bepxa

B arom ciyuae npu MasieiiieM MorpysKeHnn
Harrero Ky6nuka Bosia 6yjier u3 6aKa BbLIUBATD-
cs1, HO YPOBEHb BO/IbI B 6ake Oy/IeT OCTaBaThCs
HeusMeHHbIM. OT Hero u OyZieT OTCUNUTBIBATD
ryyOuHy TorpysKkeHust. drta ray6una H, coor-
BETCTBYET PACCTOSIHUIO OT YPOBHS BO/BI [0
HuKHeH rpann KyOuka u pasta x (puc.2). Ipu
9TOM uepe3 Kpail 6aKa BbLIbETCS BO/A, 00beM
KOTOPOil a’x U Macca pa’x. Brauase IEHTP
Macc 9TOH BOJBI HAXOAWJCS Ha riybune x/2,
CcJ1e/10BaTesIbHO, paboTa, COBEPIIEHHAS 110 TI0/be-
My 9TOI BOJIBI /I0 BEPXHETo Kpast 6aKka, paBHA

DOI: https://doi.org/10.4213/kvant20210505

a

Puc. 2

IpupalieHuIo ee MTOTEHITNATbHON SHEpTruun:

A (x)=E, =pa’x-g- z- lpazgxz.
2 2
Cuuta, HeoGxouMast /ISl TIOTPYSKEHHs TeJla B
BOJlY, SIBJISIETCS TEPEMEHHONH M 3aBUCHT OT
rJTyGUHBI [IOTPYIKEHNUSI, TI03TOMY

J.F1 (x)dx = 1pazgxz.
0 2

[uddepennnpyst o6e yactu TOro pPaBeHCTBA
o X, HaXOAuM

F (x) = pa’gx.

Cuna F{(x) — aro cuna, npotusoseiicTByto-
Iasi BBITAJTKUBAIONIEH CUJIe, T.e. Cujae ApXuMe-
na F,. (Cumna TsxecTd Ha Haie Teo He
neiictByer, ono Hesecomo.) Cusa Apxumena
HAIPaB/JeHA BBEPX M UYHCJIEHHO paBHA CHJIE
TSKECTH BOJIbI, BBITECHEHHOM KyOMKOM u3 6aka.
B noBcesHeBHON KU3HU CUJIY TSXKECTU dYallie
HA3BIBAIOT BECOM. 3aMeTHM, YTO B JaHHOM
caydae evimecHenHass BoAa — 3Ta BOJA, GbLIU-
mas u3 6axa. JlaBJeHue co CTOPOHBI BOJBI HA
HIDKHIOIO IPaHb KyOMKa PaBHO

_F(x) _pdigx _
p(x)= s 2

OHO JelicTByeT BBEPX.

ITycTb roryGrHa moTpysKeHust cCTaga PaBHO# d.
[Tpu pasnbHeiieM 1epemelienn KyOuka BHU3
Bosa u3 Oaka BbLIMBATbCs He Oyer, Cujia

pPgx.

Fy A
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Apxumesna Tenepb Oy/JeT OCTaBAaTHCS MOCTOSH-
Holl 1 paBHOH F, = paBg. I'padukn Ha pucys-
Ke 3 TI0Ka3bIBAIOT, KaK OT ryOUHbBI TIOTPYsKe-
HUS 3aBUCAT Cujia ApXumena u HeoOXOoauMast
JUIS ee TpeojioJieHus paboTa.

Ecam cuna ApxuMesa paBHa Becy TIaBalole-
ro Ha HOBEPXHOCTH BOAbI Tesma (T.e. cuie
TSDKECTH TeJIa), TO MEJICHHOE IIepeMelleHue
TeJa BAOJIb TOPU3OHTATH C MaJioil CKOPOCTBHIO
TpebyeT Majyioli cuabl. Eciam Teso 1enmkom
HaXOJUTCS B BOJIE, TO JIETKO OCYIIECTBUTH €TO
repeMenenye U Mo BepTukaan. Kaskapiii 3HaeT
3TO W3 JINYHOTO OIBITA: TIPU BbIXO/e Ha Geper
mocsie MPOMOUKUTENBHOTO TIIABAHUS B MOPE
0COOEHHO 3aMeTHO, KaK JIerKO MOXKHO OBLIO
JIBUTaTh PyKaMu W HOTaMu B BOJIE IO CpaBHe-
HUIO ¢ HEOOXOIUMBIMY YCHJIUSIMU HA CYTIIe.

Boipaskenue /17151 paboTbl A MOSKHO MOJIYIHUTD
u mo-Apyromy. fIcHo, YTO B HaleM cJydae
BO/IA, 3ATIOTHATONIAS TTApaJIIeJeTnIe [ d X d X X,
MTOTHAACh HAa YPOBeHDb 6aka. MbICJIeHHO pas-
JIEJTIM BCIO BO/IY Ha OU€Hb Y3KHe BEPTHKAJIbHbIE
CTOJIOUKY, TPAKTHYECKN HA MaTepUaJbHbIe OT-
pe3kn. MeIeHHbIit TOBOPOT KaXK/I0TO CTOJION-
ka Ha 90° u npuBeseHne ero B ropu3oHTAIbHOE
mojiokenue He Tpebyer HUKAKOH pa6orbi. Ho
TeTepb TMOJIYYaeTCsl, YTO KaXKIYI0 TOUKY TAKOTrO
cron6uKka-orpeska (T.e. BeCh OTPE30K 1IEJIHU-
KOM) HaJI0 MOAHATH HA OAHY U Ty K€ BBICOTY
X/2. DTO PABHOCUJIBHO TOMY, UTO Ha 3TY BBICOTY
HAJ0 TMOJIHATb BCIO MAacCy BOJIbBI pa’x. Jlns
MCXOJHOTO TapaJijiesenuiesia BbIcOTa ObLaa
IepeMeHHON, CBOEH /IS KaXK/I0H TOYKH.

Bopa u3 6aka He BbInUBaeTcs

Paccmorpum 6ak ¢ Bojoit, uMeronuii opmy
napaJuiesenumesa. Ero ocHoBaHume — KBajpar
CO CTOPOHOI a«/f, K >1, a BpicoTa 6aka
GOJIbIIIAst, TAK YTO JAKE TIPU TIOJHOM HOTPYIKE-
HUKM KyOuKa B BOJY BO/Ia 13 GaKa He BbLIMBAETCS.

HasoBeM HauasibHBIH YypPOBEHDb BOJbI B GaKe
HyJieBbIM. T1yCTb 10/ JeHCTBUEM CUJIbL, TIPHIIO-
JKEHHOU K KyGUKY 1 HAIIPABJECHHON BEPTUKAIb-
HO BHH3, KyOUK CMECTHJICSI BHU3 OT HYJIEBOTO
YPOBHSI Ha PACCTOSIHUE X U YACTHYHO OKA3AJICS
B Bojie (puc.4). IIpu a10M KYOUK <BBITECHUI>
BO/y, 06beM KOTOpOil paBen a’x 1 KoTopas
pacipe/ie/iniach Bblllie HyJeBOro yposus. Te-
nepb IJIOIA/b OBEPXHOCTU BOJbI CTATA PAB-
noit (K —1)a”. Ilycts yposenb Boabl B Gake

2021/Ne5
Y H,
X
a
avK
Puc. 4

MoBbICUJICS Ha Besnunny y. COrJIacCHO 3aKOHY
coxpanenusi o6GbeMa T[OJy4aeM, UTO
(K- 1)a2y = a*x, otkyma

X
K-1
[Tpu aTOM OT HOBOTO YPOBHSI BO/IbI B 6aKe KyOHK
MOrPY3UJICsS HA TAyOUHY

y:

szx+y=%x.

[Tyctp BepxHsAs rpaHb KyOMKa B BOJY €lle HE
nomnana, T.e.

H, = x<a.
K-1

Torza 1eHTp Macc BHITECHEHHON KyGHKOM BO/IBI
CMECTUJICA BBEPX I10 BEPTUKAJIN Ha
heXty K

T2 Tak-nt
HOTeHHHaJH)Ha.H SHEprusa BBITECHEHHON BO/IbI
ToJay4nJja 1Ipu 3TOM HpHupallleHne

1t K
Eo,=mgh=—-pa‘x-g-——x =
2 g 2p g[<—1
[ 2
Pt IRTY

NmenHo Takyio paboty

1 1 K
Ay (x) = Ep‘lngzx = Epa2gl<_—x2
HEOOXOIMMO COBEPIIUTD [IJIsI TTIOTPYIKEeHUs Ky-
6uKa B BOAy Ha TrayOUHY X OT HAYAJTBHOTO
YPOBHSI.

PaGora A, 3aBUCUT OT X KBa[PaTHYHBIM 06pa-
30M: HAIpuUMep, yBeJIWdYeHHe X B J[Ba pasa
TpebyeT BUeTBepo Goubiieir pa6oTel. C atuM
00CTOSITETHCTBOM Mbl CTAJKMBAEMCSI HA MOpe
WJIN PEKE, KOT/IA TIBITAEMCST «YTOIUTb> PE3UHO-
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BBI Mg4. A BOT C 3a-
BHCHUMOCTBIO PabOThI
or napamerpa K, T.e.
OT TLJTIOIAJN <«3epKa-
Jay 6aka, Mbl BCTpe-
yaeMcs HeyacTo. I'pa-

bux dynximm f(K) =

K
= moKazaH Ha
K

pucyake 5. Ha G6eckoHeuHOM wuHTepBase

1< K < +co 912 (OYHKIMS YOBIBAET OT +oo 10 1.

[Tycrp 6ak ¢ Bo/0if 0YeHb-0YEHD Y3KHil, YYTh
mmpe Ky6uka, T.e. K — 1+ 0. B atom cayuae
paboTa 10 TOrpy>KeHNI0 KyOHKa B BOLY OYCHD
Besimka. Ha Gosibiiiom o3epe, ipu K — 4o, 312
pabora OKa3bIBaeTCs HaUMEHBIIEH U3 BCEX BO3-
MOKHBIX M PABHOI paGoTe CUJIbI TSKECTH XKHU/I-
KOCTH, BbITeCHeHHOI Ky6ukoM. [Ipn stom cunra-
€TCs1, 4TO YPOBEHD BO/Ibl B 03€Pe He N3MEHUJICS.

[Tpro6perenHast TOTEHITNAIbHAS SHEPTUS BO3-
HIIKJIA B Pe3yJIbTare pabOThbl IePeMEHHON CUJIBL.
To, 4ro cuma nmepemMeHHast, 3HaeM U3 OIIBITA!
4yTOOBI IJIy6Ke TOTPY3UTH ILJIaBAIoIee Ha I10-
BEPXHOCTU BO/IbI TEJIO, HAJIO TIPUIOKHUTD 6OJIb-
myto cuary. CieoBaresibHO,

T K
E dx = pa’tg ——— x2.
{z(x) Rl STt

[uddepentupysi, noayyaem

F = pa’ .
5 (%) =pa‘g 1"
OueBnIHO, YTO

F, (%) = pa’g KK %> F (%) = pa’gx.

9TO HEPABEHCTBO O3HAYACT, YTO BO BTOPOM
cilydae CuJIa, HeOOXOAMMAst ISt TOTPY>KEHUsI
KyOnKa Ha riayOuHy X OT HA4aJbHOTO YPOBHS,
GoJIbliie, 4eM B 1iepBoM ciiydae. BoJee toro, ata
tpefyemMasi CHJa MOXKeT ObITb CKOJIb YTOJHO
6oJ1b1110i, ec/m K 0CTaTO4HO OJIMBKO K e/[HHI-
1e, T.e. ecu GaK ¢ BOAOH JOCTATOYHO Y3KHIL.
VIMeHHO 9T0 06CTOSTENBCTBO HCTIOIB3YETCS TPU
CO3/[AHUN TH[PABINYECKUX MAIINH, B 4aCTHO-
CTH TH/IPABJINYECKUX TIpeccoB. B atom ciyuae
HOJIy4aeTCs TaKoil MapaJlOKCAIbHBII Pe3yJib-
tar. Ilyctb Hant KyGUK — 3TO «KOpalbJiby, a 6ak
¢ BoJ10i1 — 310 «MOpe». Toraa na aToM Kopab.ie
MOKHO PA3MECTHTh CKOJIb YTOJHO TSKEJIbINH
rpy3 n kopaGub He yrtoHer. [l 9TOro Has0
B3Tb mapaMerp K [OCTATOYHO OJH3KUM K

equHuIe. TOTBKO BOT MJIBITH TAKOMY KOPaOJIIo
HeKy/la — OH OYKBAJBHO 3a5KaT CO BCEX CTOPOH
«MOPCKUMHU GeperamMmu».

B 3aksiouenue ere pas3 BCIIOMHUM TJIYOUHY

K
HnorpyskeHnust ky6uka B Bogy H, =ﬁx n

3aMeTnM, 4TO Ha 3TOil TJIyOuHe Ha KyOuK jefi-

CTBYET CUJIa
F,(x) = pa’gH = pa’H - g.

A 3TO W ecTb cmia ApXuMeaa, paBHAs BeCy
BO/IbI, BbITecHeHHOW KyOuxom. Ilomymaiite, K
KaKOI 9aCcTH BOJIbI OTHOCUTCS B IAHHOM CJIydae
[PUJIAraTeJIbHOE BbIMECHEHHAsT W Ky/la OHa
svimectena. I'naBHasi XapaKTePUCTUKA BBITEC-
HEHHOI BOIbI — 9TO ee 06beM, OH BCET/Ia paBeH
o6BbeMy TOI 9acTH Tesia, KOTopas HaXO/INTCS B
BO/JIE.
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XLII TypHUp roponos

a) (2) 100 x 101 kJyeToK;
6) (4) 100 x100 KIETOK?

3apaym BeceHHero Typa
ba3oBbI BapuaHT

8—9 knaccobl!

1 (4)! . Moxer 1 mpousBeienne Kakux-1o 9
I10CJIe10BAaTC/IbHBIX HaTypaJIbeIX qucesa paB-
HATbes cymMe (MOsKeT GbITh, Apyrux) 9 mocJe-
JI0BaTeIbHBIX HATypaJbHbIX YHCE]?

b. ©Qpenxun

2 (4). B tpeyronbauke ABC npoBe/u BbICo-
ol AX u BZ, a taxkxe 6uccexkrpucel AY u BT.
WsBectHo, uro yrabt XAY u ZBT paBHbl.
O6s3arenbHo jin TpeyroabHuk ABC paBHOGe -
PEHHbIIT?

Kiopu

3 (4). Y Tanu ectb 4 OAMHAKOBBIE C BUJLY
TUpH, Macchl KOTOpbIxX paBubl 1001, 1002, 1004
1 1005 r (en3BecTHO, T/e KaKkas), 1 YaleqHbie
Bechl (IOKasbIBaolKe, Kakasg M3 ABYX 4alll
HepeBecHIa UM YTO UMEET MECTO PABEHCTBO).
Mozxer s Tanst 3a 4 B3BeNIMBaHUS rapaHTUPO-
BAHHO OIpee/uTh, riae Kakasa rups? (Caemy-
10ll[ee B3BeINBaHNe BBIOMPAETCS 110 Pe3yJIbTa-
TaM TIPOUIE/IIINX. )

Kiopu

4. a) (3) MosxHo 1 paspes3aTb KBajgpaT Ha
4 paBHOGEPEHHBIX TPEYTOJIbHUKA, CPEMH KO-
TOPBIX HET PAaBHBIX?

6) (3) A MOKHO /I Pa3pe3aTb PABHOCTOPOH-
HUii TPEYTOJIbHUK Ha 4 PaBHOGEIPEHHBIX TPey-
FOJIbHUKA, CPEJIM KOTOPBIX HET PABHDBIX ?

B.Pacmopzyee

5. Ha xuseruaroii jocke Jieskar JJOMHHOIIKH,
He Kacasich faxke yraamu. Kaskgas qJoMuHOIIKA
3aHuMaer ase cocegrue (110 CTOpPOHE) KJIETKN
mocku. HimpkHAS JseBag W TpaBasg BepXHAST
KJIETKH JOCKH CBOGOJHDBI. Bcerjga Jim MOKHO
MpONTU U3 JIeBOH HUKHEH KJIeTKU B IMPaBYIO
BEPXHIOI0, /ICJIasi XO/IbI TOJIbKO BBEPX U BIIPABO
Ha COCe/IHIe TI0 CTOPOHE KJIETKN U He HAaCTyTast
Ha JIOMWHOIITKH, €CJIM JOCKA UMEeT pPa3Mephl

!B cko6kax mocsie moMepa 3agadi yKasarmo
4ueno GAIOB, MPUCYIKAABIINXCS 32 €€ TOJHOE
peurenue. VITOr OABOAMIICS 110 TPEM 3a/1auaM, 110
KOTOPBIM JIOCTMTHYTBI HAWJIyYIIHEe Pe3yJbTaTbl
(6asIBl 32 TTYHKTBI OHOM 3a1aul CyMMUPYIOTCS) .

H.Yepusamoes

10—11 knaccel

1. a) (2) BbImyK.IbIi TATHYTOTBHAK PasOIIm
HEeTePeCeKAONNMUCS NATOHASIME HA TPH TPe-
yroJibHuKa. MOTYT JIM TOUKH TIepecevyeHus Me-
JIMaH 3TUX TPEYTOJbHUKOB JIEKATh Ha OJHON
MIPSIMOIL ?

6) (2) Tor e BOMPOC ST HEBBITYKJIOTO
[ATHYTOTBHUKA.

A.Tpubanxo

2. a) (2) ¥V Tanu ectb 4 OAMHAKOBBIE C BU/LY
rupH, Macchl KoTopbix pasubr 1000, 1002, 1004
1 1005 r (mem3BecTHO, T/e KaKas), 1 YalleqHbIe
Bechl (MOKasbIBaoOlMe, Kakasg U3 JABYX 4all
HepeBecIa M YTO UMEET MECTO PABEHCTBO).
Mozxer sin Tans 3a 4 B3BelmuBaHus TapaHTUPO-
BaHHO OIpeesuTb, riae kakasa rupsa? (Ciaemy-
Iolllee B3BEINIMBaHNE BbIOMPAETCS 110 Pe3yJibTa-
TaM TPOTIE/IINX. )

6) (2) Tor e BOIPOC, €CJAU Y BECOB JIEBast
yamika Ha 1 © Jjlerde mpaBoif, TaK YTO BEChI
MOKA3bIBAIOT PABEHCTBO, €CJIM Macca Ha JieBOii
yanike Ha 1 T 6oJibllle, YeM Ha MPaBOil.

A.Toanwvizo

3(5). Cm. samauy M2650 «3azaunuka « Kan-
Tar.

4 (5). Kak usBecTHO, KBaJpaTHOE yPaBHEHUE
nmeer He OoJiee JBYX KOpHell. A MOKeT Jin
ypaBHEeHUe [xﬂ +px+q =0 upu p # 0 umernp
6o.1ee 100 xKopHeit ([xz] o06o3HavaeT HanbOJIb-

1ee 1eJI0e YncJo, He MPeBOCXO/IsIee x%)?
A.Toanvizo

5 (6). Ilyctb O — HEHTP ONUCAHHON OKPYXK-
HOCTU OCTPOYTOJIbHOTO TpeyroyibHuka ABC,
touka M — cepenuna ctoponbl AC. Ilpsamas BO
nepecekaeT BbicoTbl AA; u CCy B Toukax H, u
H,_ coorBercTBeHHO. OTMCAHHbBIE OKPYXKHOCTH
tpeyronbnukos BH,A n BH_C BTopuuHO I1e-
pecekaiorca B Touke K. [lokaxure, uto K

JICKUT Ha TIpaMoit BM .
M. E6dokumoe



Cno>XXHbI BapuaHT
8—9 knaccobl!

1 (4). Yucno 2021 = 43 - 47 cocrasnoe. Jlo-
KaskuTe, 9To ecu B uncye 2021 Brmcarb CKOJIb-
KO YTOJAHO BOCbMepokK Mexay 20 m 21, Toxe
MOJIYYUTCS. COCTABHOE YHCJIO.

M. E6dokumos

2(5). Cm. 3agauy M2651 «3amaunuka « Kpan-
Tar.

3 (6). Tpeyrombuuk ABC paBHOCTOPOHHUIA.
Ha croponax AB n AC Bbi6pasn Toukn E u F,
a Ha IPOJI0JIXKEHUU CTOPOHbI AB — Touky K Tak,
yto AE = CF = BK. Touka P — cepenuna EF.
[loxkaxmute, uto yron KPC mpsaMoii.

B.Pacmopeyes

4 (7). TlyrenrecTBeHHUK NPUGHLI HA OCTPOB,
rae kuByT 50 abOpHUTeHOB, KaXK/IbIil U3 KOTO-
PBIX 160 PhITIAaph, 160 JiKell. Bee aGopureHnbt
BCTAJTM B KPYT, W KaKIbI Ha3BaJ CHAYAIA
BO3PACT CBOETO COCE/IA CJIEBA, a TIOTOM BO3PACT
coce/la crpaBa. V3BeCTHO, 4TO KaK/blil PbI-
1apb Ha3BaJ 062 YUCJIa BEPHO, & KAXK/IbI JIXKeTl
KaKoli-To 3 Bo3pacToB (10 CBOEMY BBIGODY)
yBeamuuI Ha 1, a apyroil — yMmeHbmma Ha 1.
Bcerﬂa JIn HyTeIHeCTBeHHI/IK 110 BbICKa3bIBaHN-
siM aGOPHUTEHOB CMOJKET OIPEETUTh, KTO U3
HUX PBIAPb, a KTO JIXKeI[?

A.Tpubanxo

5. B 1ueHTpe KaxkJOH KJIETKH KJIETYaToro
HPAMOYTOJIbHUKA M PAClofioxKeHa TOYCUHAsS
JIAMITOYKA, M3HAYAJIbHO BCE OHU MOTAIleHbl. 3a
XOJI PA3pPeIaeTcsl MPOBECTH JIOGYI0 MPSAMYIO,
He 33/IEBAIOIIYIO JIAMIIOUEK, W 3a5KeUb BCE JTaM-
MOYKM TIO0 KAKYIO-TO OJAHY CTOPOHY OT 3TON
[PAMOIi, ecJau Bce OHM ToramieHsl. Kaxapim
XOJIOM JIOJDKHA 3a’KHTaTbCst XOTst Obl OJ[HA
Jgamrouka. TpeGyercst 3akedb BCe JIAMIIOUKH,
clleTaB Kak MOJKHO GoJiblite X008, Kakoe Mak-
CUMAJIbHOE YHCJIO XO/IOB YAACTCSI C/IEJIATD, €CJIN

a) (4) M — xBagpar 21x21;

6) (4) M — upamoyroabuuk 20 x 21?

A.Illanoeanoe

6 (10). Cwm. samauy M2652 «3amaunnka
«KBaHTa».

7 (12). Cm. samauy M2653 «3amaunuka
«KBaHTa».

10—11 knaccel

1 (4). Cm. 3amauy M2651 «3anaunuka «Kpan-
Tar.

2 (5). CyuecTByer Jii Takoe HaTypaJibHoe 72,
YTO /LIS JIIOOBIX BENIECTBEHHBIX YUCET X U Y
HallyTcA BelleCTBeHHbIE YHCIA dy,. .., d,, YIOB-
JIETBOPSIIOIINE PABEHCTBAM

1 1
x=aq+..ta,ny=—+...+—7?

1 a,

A.Coxoznos

3 (5). Touka M — cepeauna croponsr BC
tpeyroibanKka ABC. OKPY>KHOCTD (O TIPOXOANUT
4yepe3 TOuKy A, Kacaetcs npsmoit BC B Touke M
7 TlepecekaeT cTopony AB B Touke D, a cCTOpOHY
AC — B touke E. Ilycto X n Y — cepeauHbl
orpeskoB BE u CD cooTBeTcTBeHHO. [oKaxKu-
Te, YTO ONMUCAHHAS OKPY>KHOCTb TPEYTOJTbHUKA
MXY kacaercs .

A. lonedenok

4 (8). B pan nesxkar 100N GytepOposos ¢
Kosbacoit. [smst @enop u Kor MaTpOCKUH
urpatot B urpy. [Asana denop 3a oHO JeiicTBue
chefaeT oJuH u3 Kpaitnux 6yrepOpojos. Kot
Marpockut 3a 0HO [efiCTBHE MOXKeT CTSHYTb
Koz6acy ¢ oaHoro 6yrep6posa (a MoKeT HI4ero
ne jienatb). [aga Degop Kaxablil X0/ Je1aeT
o 100 geficTBuil moapsaa, a KOT MaTpOCKWH
nenaet TobKo 1 geiictBue; ngaasg Deaop XoaAuT
TIePBBIM, KOT MaTpPOCKUH BTOPBIM, Jajee XO/IbI
yepeayioted. [lans Deaop BLIUTPHIBACT, €CJIN
MOCJIEIHUN CheJIeHHbII UM O6yTepOpos ObLI C
KoJsi6acoii. BepHo i, 4TO MpW Ka’KIOM HaTy-
pasbHOM N OH CMOXKET BBIMTPATh HE3aBHCHUMO
OT XOJI0B KoTa Marpockuna?

H.Mumpogparnos

3 (8). Cm. samauy M2652 «3agaunuka « Kan-
Tar.

6 (10). Haiiute XOTb OJHO BeleCTBEHHOE
q1ca0 A co CBONCTBOM: /1JisT JIIOOOTO HATYPaJib-
HOTO 7 paccTosiHue OT BepxXHel Ienoii uactn
yncia A" o Gmpkaiiniero Kpajgpara 1eJIOro
yncsa pasHo 2. (BepxHasa 1e/as 4acTh 4mc/Ia
X — HaMEHbIIIee 1[eJI0e YUCJI0, He MeHblIee X.)

. Kpexos

7. [ano nemnoe n > 2. Ha cdepe pamgmyca 1
TpebyeTcst PACIOIOKUTD 1 TIOTIAPHO HE repece-
KAIoMMXcst AyT GOJBIINX OKPY’KHOCTEH, Bce
JyTH PaBHOH AMHBI Ol J[oKaskuTe, 4TO

21
a) (6) pu mo6oM O, < TT + —— 5TO BO3MOKHO;
n

2

6) (7) npu moGomM oL > T + T 370 HEBOAMOMKHO.
n

H.Bozdanos
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YcTHbIN TYp ang 11 knacca

1. Kaxpmas ns dymxmmii f(x) n g(x)
omnpejie/icHa Ha BCEW YMCJIOBOM TPSMON M He
SIBJISIETCSI CTPOTO MOHOTOHHOU. MOJKeT Jiv ObITh,
YTO U UX CyMMa, M UX Pa3HOCTb CTPOTO MOHO-
TOHHBI Ha BCEH YMCJOBON TIPSMOii?

Jl. I Tnonw

2. Tlers m Baca mo ouepenn Kpacsat pebpa
N-yroapnoit nupamujer: Ilets — B KpacHblit
uBer, a Bacs — B seseHbiii (pe6po Hesnb3st
kpacutb aBax/pl). Hauunaer Iersi. Bourpoi-
BaeT Bacs, ecam mocse Toro, Kak Bce pebpa
OKpAITleHbI, M3 0601 BEPUINHBI MHPaMU/LI B
JOOYIO IDYTYIO BEpIINHY Be/IET JIoMaHasi, CO-
crosimasi u3 3ejeHbix peGep. B mporusHOM
cayuae BbiurpbiBaer Ilersi. Krto u3 urpokos
MOKeT JefiCTBOBATb TaK, YTOObI BCET/ia BBINUT-
pbIBaTh, Kak Obl HU UTPAJ €ro COMEePHUK?

A.Tne6os

3. Touka [ — 1eHTp BIUCAHHON OKPYKHOCTH
tpeyrosbHuka ABC, a T — Touka KacaHus aToii
okpykHOCcTH co ctoponoit AC. Ilyctb P u Q —
opToleHTPbI TpeyroabHukoB BAI u BCI coot-
BercTBeHHO. /[lokaskurte, uto touku T, P, Q
JIeSKAT Ha OJTHOW TMPSIMOI.

DonvKa0p

2021/Ne5

4. Cm. 3amauy M2656 «3amaynnka <«Ksan-
Ta».

5. IMosmuns 3azep:xasna 50 yesoBeK, U3 KOTo-
PbIX 35 — IIPECTYITHNKH, KOTOPbIE TOBOPAT, YTO
3axorar, a 15 — cBuUzeresM, KOTOpble BCer/a
TOBOPSIT ITpaBy. Bee 3a/iepskaHHble 3HAIOT, KTO
mpecTynmHuKN. Kakoe HanMeHblIlee Y1C/I0 9es10-
BEK /IOCTATOYHO BBIGPATh, 4TOOBI, CIIPOCUB TI0-
TOM y Ka)X/[OTO, KTO UMEHHO IIPECTYIIHUKH, 10
OTBETaM BbIYMCJHUTD XOTSI Obl OJIHOTO TIPECTYII-
HUKa?

A. Apixanues

6. CymecrByer sin omucanubpiii 2021-yrosb-
HUK, BCE BEPIINHbBI U IIEHTP BITUCAHHOIN OKPYK-
HOCTH KOTOPOTO MMEIOT 11eJI0YICJIeHHbIe KOOp-
JITHATBI?

M. Egdoxumos

ITy6auxayuio nodzomosuiu

E.Baxaes, H.Bozdanos, A.Ipubazxo,

M. [ludun, C./opuuenxo, M.Eedoxumos,
A.3acnascxuil, I1.Koxeenuxos, A.Kywnup,
3./, M.Manxun, JI.Meonuxos,
B.Pemunckuii, A.Tepmepan, A.Toanwvizo,

b. ©penxun, H.Dponos

K «Kanenpgockony «KBaHTa»

Ha pucynkax Ha cTpanuiiax 32—33 uzo6pa-
JKeHbl MexaHusMmbl, nzobperennnie I1.J1.Ye-
OBINIEBBIM.

. Cronoxozsmnias MalmHa.

. CoprupoBaJika.

. CamoxarHoe KpecJo.

. Apucdmomerp. IlepBasi Mojesb.

. LleHTpOGEsKHBIIT peryJsarTop.

. Becnr.

. Besocume .

. [TapoBas mammna.

. 3ybuatas nepejava.

. Cronoxozsmniasa MamnHa. sKenesHas Mo-

JleJTb.

11. TIpecc.

12. MexanusM ¢ U3MEHAEMbIM XO/[OM.

13. SnuimkaonHas epeaada apud)mMoMeTpa.

14. MexaHnsM KyJHCbl TADOBOW MAITHbI.

15. MHOTr0O3BEeHHDBIII MEXaHNU3M C OCTAHOBKA-
MU B KpallHUX [OJIOXKEHUIX.

16. MexannaM ¢ JIUTETHHON OCTAaHOBKOMN
BE/IOMOTO 3BEHA B KOHIIE €TO XO/Ia.

S O 00NN ULk W —

17. MexaHnsM € OCTAaHOBKaMu B KpallHUX
MTOJIOJKCHUSX .

18. MexauuaM /i1t TpeoOpa3oBaHus Bpalia-
TeJIbHOIO ABIKEHUS B KadaTeJIbHOE.

19. Mexanuam JiJist IpeoOpa3oBaHus Bpalia-
TEJIbHOTO JIBVYKEHUS B ITOCTYIIATENbHOE C
YCKOPEHHBIM OGPATHBIM XOJIOM.

20. ITapasokcaabHbINT MEXaHU3M.

21. MexaHusMm, Jalomuil ABa KauyaHusl BeJ[0-
MOTO 3BeHa 3a OJINH 060POT KPUBOIIHUIIA.

22. lllectTn3BeHHass TPOTUBOBpAIIATETbHAS
PYKOSTKA.

23. MexaHusM ¢ OCTAaHOBKOI BEJJOMOI0 3BEHA
Ha TIOJITTYTH.

24. MexanusM TPOTHBOBPAIIATEIHbHON PY-
KOSTKHU C OCTAHOBKOII BEJOMOIO 3BEHA.

25. Mexanu3Mm, HAIPaBJISIONIHIT 110 IyTe OK-

PYyKHOCTH. “tcheb.ru

Ha caiite tcheb.ru atu me-
XaHU3MbI MOYKHO ITOCMOTPETh
B JIBUJKCHUM.
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B3MLL

Beepoccuiickasg 3aounass MHOTOIpeMeTHAs
TIKOJIa TIPUTJIAIAeT NTKOJIBHUKOB M yunTeJseil
u3 Bcex pernonoB Poccuu, GimxHero u gajbHe-
ro 3apy6exbs [Js1 06ydeHus Mo IporpaMMamM
JIOTIOJIHUTEIBHOTO ucTanTHOro (oH-s1aiin) 06-
pasoBaHus.

B3MIII — crapefimmii B8 Poccun 1iedTp mo-
MOJTHUTEIbHOTO 06pasoBanusi. OHa GblIa 0CHO-
Bana B 1964 roy mo HUIMATHBE BBIAAIONIIXCS
MaTeMaTukoB, akajeMukoB M.T.IlerpoBckoro
(B T0 Bpemst pekropa MI'Y) u 1I.M.Teabdan-
na. B macrosmee Bpems B3MII — cTpykTyp-
HOe TTo/Ipa3/ieienre 3HaMEHNTOTO MOCKOBCKOTO
Jusmko-matemMatnyeckoro <«Jlnmes <«Bropasg
TITKOJIaY .

Mpr yuuM Matematuke, dusuke, GUOJIOTHH,
PYCCKOMY SI3BIKY U JINTepaType, ucropuu, ob-
necTBO3HaHW0. Hamm mpemopaBateanm — 3To
corpyannkn MI'Y umenn M.B.JIomonocosa n
JIPYTUX BEAYIINX BY30B M aKaJeMUYECKUX MH-
crutyToB. MMn nanucana oGmmphHas 6u6Jmo-
TeKa YHUKAJIbHDBIX yueGHBIX 1TOCOOUil o Mate-
MaTHKe, MCTOPUH, OOIIECTBOZHAHUIO U JIPYTUM
npeaMeraM. Co3anHble MU METOANKH TI03BO-
a0t Bectn 3aounoe (oH-saiin) ofyuenue Ha
caMOM BBICOKOM yDPOBHE.

Oo6yuenue crapinekiaccankos B8 B3MIII na-
[IPABJICHO TIPEK/IE BCETO HA TIOITOTOBKY K OJIHM-
nuajaM 1 EI'9. OgHako Mbl cuutaeM, 4To jaxke
camasi BBICOKasI OTleHKa He MOJKeT OBITh caMoIie-
JIbI0. Y HAc 3aHUMAIOTCS TIPEsK/Ie BCETO TaKue
VYIEeHUKH, I KOTOPBIX Ha TIEPBOM MeCTe CTOUT
caMopa3BuTue, KoTopbie XoTaT 3Hath CBEPX
TOTO, cBepx LIKOIBbHOI IIPOrpaMMBbl, U IIPU-
06pecTH JIOTIOJTHUTEIbHbIE 3HAHUS TI0 CAMbBIM
Pa3HBIM TIpeMEeTaM.

B3MIII okonumin 60siee 200 THICSY MIKOJIb-
HUKOB. 13 X pS/0B BBINJIO MHOXKECTBO yde-

HBIX, HCCcJegoBaTeseil, mnegaroros. MHOruUm
yue6a B BSMIII momorJia Jsrydiiie OpueHTHpO-
BaTbCsI B )KU3HU, CTABUTD Hiepei o601 6OJIbIIne
3a/1aun, J06UBATHCS 3a/LyMaHHOTO.

B3MIII, B ot/m4me 0T KypcoB N KPY>KKOB,
3TO caMasl HACTOsIas IMIKOJIA, CO CBOEH Ipo-
IpPaMMOii, PUTMOM, KOHTPOJIbHbIMEU paGoTamiu,
JIBYCTOPOHHEH CBA3BIO MEK/Y YICHUKOM U YIH-
TeseM. MBI TpeiocTaB/IsIeM HAIlN MaTepHaJIbl B
3JIEKTPOHHOM BH/Ie, TOCTOSTHHO OO0IaeMcst ¢
HAIIMMU yYeHUKaMH 4Yepe3 COLUAJbHbIE CeTH,
paccka3bplBaeM WM O TOM, 4YTO He BXOJWUT B
nporpaMmy oOydeHwsi, HO TIOMOTaeT UX Pa3Bu-
THIO, 3HAKOMUM C KHUTaMU U CTATbsIMU HAIINX
npenojasareseil, MpoOBOAUM BU/IEOKOH(EPEH-
1NN 1 BU/ICOJIEKITHHN.

B B3MIII cymiecrByer ocobast hopma pado-
Thl — Tpynna «KoJJIeKTUBHBIN YyUeHUK». IJTO
IPYIINa IKOJbHUKOB, pabGoTalolias 1o MeTo/iu-
yeckuM noco6usim B3MIII nos pykoBojcTBOM
MIKOJIBHOTO YYUTEJIS TIO TEM Ke TporpaMMaM 1
1oco6usIM, YTO M MHAUBU/IyaIbHbIE YUeHUKH. B
HOMOIIb YYUTEJISIM — KypaTropaM TaKuxX TPy —
paspabaTbIBAIOTC ClIEINATbHbIE METOINYECKIE
u y4yeGHble MaTepuasbl. Y YeHUKH 110/l PYKOBO/I-
CTBOM YUHTeJsI BMecTe OOCYKIAioT IIPOii/IeH-
HBIIT MartepuaJ, noJydennole 3ajganud. Co-
Tpyaumiectso ¢ B3MIII, kak mokaspiBaeT HaII
MHOTOJIETHWI OTIBIT, MHOTHE YUYHUTEJS BOCIIPHU-
HUMAIOT ¥ KaK CBOI0 COGCTBEHHYIO yuely.

Oo6yuenue B popmare «KosekTusHblil yue-
HUK» UMeeT CJEAYIONue IPenMyIecTBa: KoH-
TAKT C y4duTesJeM yIpoiaer olbydeHue, 4TO
0COGEHHO BaJKHO /LIS T€X MIKOJbHUKOB, KOTO-
PBIM CJIO’KHO CaMOCTOSATEJIbHO, (Ge3 HaCcTaBHU-
Ka, OPraHM30BaTh CBOE BPEM:; COBMECTHBIC
3aHATUS CO3/IAI0T TBOPUYECKYIO armocdepy, B
KOTOPOIi €CTh MECTO U JIJIsI KOHKYPEHITUH, 1 JIJIs1
Koorepanuy; npucbliaemble 13 B3MIII marte-
pHAJIbI MOTYT CJIYKUTH YUUTEJIO XOpolieil 6a-
3001 [I7Is1 OpraHM3alui B IIMKOJIEe KPY:KKa NN
(pakysbraTnBa, TOMOTAIOT ITO/ITOTOBUTH YYEHU-
KOB K y4acTWio B oJmMIuajax u caave EID;
yuenuky npunuMaiorcss B BSMII Ges Boimour-
HEeHUsT BCTYITUTEIbHOTO 3a/IaHust; T1aTa 3a 00y-
YyeHHe 0/IHOTO YYEHUKA MEHbIIIe, YeM PU H/IN-
BU/IyaJIbHOM OGYUYEeHUH.

[Toapo6HO 03HAKOMUTBCS € IIPOrpaMMaMu
00y4YeHUs, 3aperucTPUPOBATLCS, BBITIOJHUTD
BCTYTIHTEJIbHbIE 33/IaHNST, a TAK)KE MO/IaTh 3asIB-
KY /71 TPYIIDI « KOJIJIeKTHBHDBIN YYeHUK > MOXK-
HO 31ech: math-vzms.org
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[Tpuctynutb K 0OyY4EHUIO MOXKHO B JI060€
BpeMs!

Pacckasxem nogpo6GHee 0 HAIIUX OT/ETEHUSIX
U TIPUBE/JIEM YCJIOBHSI COOTBETCTBYIONINX BCTY-
MUTENbHBIX PaboT.

OTBeTBl OTTIPaBbTe HaAM JIOOBIM yIOOGHBIM
€1oco6OM: 3JIEKTPOHHOI OUTOM, TPOCTHIM MTUCh-
MOM HUJTH C TIOMOIIBIO 0GPATHOI CBSI3H HA HAIIIEM
caiite. He 3a6y/ibTe TIpecTaBUTHCS U yKA3aTh
cBOIT azipec u Bopact. TpebytoTes auirb 6a3o0-
Bble 3HAHUA — He O6eCIOKONTeCh, €CJU BbI
pEInIN He BCce 3a/ayi.

OTpeneHne mMaTeMaTUKU

Bynymux maremaTnkoB Mbl o6ydaeM paGo-
TaTb C Hay‘{HbIMI/I TeKCTaMM, 4YEeTKO uaJjiaraTb
CBOIO MBbICJIb, MPEJIOCTABJSIEM BO3MOKHOCTD,
UCTIOJIb3YsI HalM 1OCOOUsT, TPOJBUHYTHCS B
U3YYEHUN PA3JIUYHBIX MATEMATUYECKUX BOIPO-
COB HACTOJIBKO JAJIEKO [0 CPABHEHUIO C HEOGXO0-
JUMbIM MI/IHI/IMyMOM, HACKOJIbKO OHH CaMU 9TO-
ro 3axXOTT.

Mpbi moMoraeM yriayOuTh ¥ PACIIUPUTD MOJIY-
YeHHblEe B IIKOJIE 3HAHUA, IIOATOTOBUTHCI K
ETD, OI'D u mpoynm sK3aMeHaM.

TeMm, KOMy yKe BEIOMO YIOBOJBCTBUE OT
peHleHI/ISI MaTeMaTUu4YeCKuX 3a/a4d, Mbl Ha/JleeM-
€Sl JIOCTABUTH PajIOCTh OT Pa3MbIILICHUST HaJl
HOBbIMU, IIOXOXHNMU 1 BOBCE HE ITOXOKXUMU Ha
[IpesKHIE, 3aJadyaMiu.

MBI 110CJ1e/10BaTEIbHO 00YYaeM MIKOJIbHUKOB
¢ 4 mo 11 kmacc. Hauatp o6yueHne MOKHO C
J060T0 KJjiacca.

BcTtynuTenbHas paboTa

PsijoM ¢ TIOpSiIKOBBIM HOMEPOM 33jauul B
CKOOKaX YKa3aHO, YYEHIKAM KaKOTo KJIacca ata
3a/ava npeaHasHavaercs (MMeeTcsl B BUIY TOT
KJIacc, B KOTOPOM BbI Oy/IeTe YUUThCS B CJIEIY-
foteM yueGHOM ro/y ). Bbl MojKeTe, ecJiu XOTu-
Te, JOMOJHUTEJbHO PeNiaTh 3aJadyd, aJpeco-
BaHHbIe 60Jiee CTApIIUM KJIACCAM.

BosMo:kHO, BbI He CMOKETE PENTUTH BCe 3a/1a-
YU CBOEro KJjacca, MPUChLIaiiTe peleHust Tex,
KOTOpBIe caenath yaanoch. He 3a6yabpTe 060-
CHOBATH CBOM PEIIEHNs, «TOJbII» OTBET K 3a/1a-
4ye peleHreM He CYUTAETCs.

1. (5 xu.) Bypysayxu Yun u Jleitn 1o1KHBI
3aacT O/IMHAKOBOE KOJMYECTBO OPEXOB Ha
saumy. Ilocsie toro, kak YUun npunec 120, a
[eitn — 147 opexoB, Unmy ocTasoch 3amnacTu
OpexoB B UeTbIpe pasa Goubie, yem [leftry.

2021/Ne5

CKOJIbKO OpPEXOB /IOJKEH 3aracTH KasK/IbIi 13
HUX?

2. (5 k1) OXOTHHK paccKasajl IPHATENO,
YTO BUJIEJI B JIECY BOJIKA C METPOBBIM XBOCTOM.
Tor pacckasas Apyromy MpusiTeIio, yTo B JeCy
BU/IEJIA BOJIKA C JIBYXMETPOBBIM XBocToM. [le-
pezaBas HOBOCTD [IAJIbINE, TIPOCTBIE JIION yBe-
JIMYUBAJIN JIJTUHY XBOCTA B/[BOE, & TBOPYECKIE —
BTpOe. B pesyJibrare 110 TesneBU30pY COOGIININ
0 BOJIKE C XBOCTOM /IJINHOM 648 MeTpoB. CKOJb-
KO TIPOCTBIX M CKOJIBKO TBOPYECKUX JIHOJIEil
«OTPACTUJIN» BOJIKY XBOCT?

3. (5 ku1.) U3BecTHO, 4TO B SIHBApe 4eTbIpe
MIATHUIBI U YeThIpe MoHe/ebHuKa. Ha xakoi
JleHb Hejle npuxoautest 1 suBaps?

4. (6 xa1.) Ha nossguy npuiereso 35 BOPOH.
HeosxumanHo BOPOHbBI B3JIETEIN 1 PA3/IETUIUCH
Ha [[Be CTaW: OJ[HA CTas ycejach HA BETBU
cTapoii 6epespl, a apyras — Ha oJbXy. Uepes
HEKOTOPOe BpeMsi ¢ 6epe3bl Ha 0JIbXY TepeJieTe-
JIO 5 BOPOH, CTOJIBKO K€ BOPOH COBCEM YJIETEJIO
¢ 6epesbl, 1ocJie uero Ha 6epese 0CTanioch BIBOE
60J1BIIE BOPOH, YeM Ha oJbXe. CKOJIbKO BOPOH
6bBLJIO B KAK/IOW U3 JIBYX CTall IePBOHAYAJIHHO?

5. (6 ki) Ha kaproukax ObLINM HaIMCAHbI
ypeaa 1, 2, 3, ..., 111. Baug B3san cebe
KapTOYKM C YeTHbIMU HOMepamu, a TaHs — ¢
HEYETHLIMU. Y KOTO M3 HUX CyMMa YUCes Ha
KapTOUYKaX MOJIyYnIach GOJIbIIE U HA CKOJIBKO?

6. (6 x1.) Ha kaeruaroii Gymare HapucoBaH
KBaJIpaT cO CTOPOHOI 5 KJeTok. Pasbeiite ero
Ha 5 yacreil OJMHAKOBON ILJIOMIA/M, TTPOBOJIS
OTPE3KHU BHYTPH KBaJpara TOJDbKO O JIMHUSIM
CeTKHM TaK, 4TO CyMMapHasl JJIMHA MPOBeIeH-
HBIX OTPE3KOB HE MPeBOCXOANT 16 KJETOK.

7. (7 kn.) VIHHOKEHTHII XOYeT 3alucaTh M0
kpyry 2015 HaATypaJbHBIX YHCENT TaK, YTOOBI
JUIST KOK/IBIX JIBYX COCE/IHUX YMCEJ YACTHOE OT
Jiesienust GOJIbIIEro Ha MeHbIee ObLIO ITPOCTHIM
ycsaoM. Ero gpyr Maxkap yTBepsK/jaer, 4To 9T0
HeBO3MOXXHO. Krto 1pan?

8. (7 x1.) B npasuibhom 2018-yrosbHuke
MpoBeJN Bce auaroHanu. Ilets BbI6GmpaeT Ha-
yrajp kakue-ro N jauaronaneif. Ilpum kakom
nanmenbiiteM N cpeir BBIOpaHHBIX [HaroHaJIelt
rapanTUPOBAHHO HANIYTCS JBE, UMEIOIIIE O/IU-
HaKOBYIO JIJINHY?

9. (7 x1.) Y 10HOro XymoxKHUKa Gblaa OfHA
6aHKa cWHeHl m onHa 6aHKa JXEJITOH KpacKw,
KQK/IOH M3 KOTOPBIX XBaTaeT Ha IOKPACKY
38 am? mromazan. Vcno/b30Bas BCio 3Ty Kpac-
Ky, OH HapuCOBaJ KapTuHy: cuuee ne6o, 3eJe-
Has TpaBa U JKeJITOe COHIIE. 3eJIEHBIIH I[BET OH
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MOJTYYasT, CMEITHBAS IBE YaCTH JKENTOH KPacKu
1 OJIHY YacTb cuHeil. Kakas miomanb Ha ero
KapTuHe 3aKpaiieHa KaXK/bIM I[BETOM, eCJu
IJI01a,/{b TPABBI HA KapTHHE Ha 6 1M GoJblie,
yeM TIoma b neba?

10. (810 ku1.) [IBa ropoma A u B pacmnoJio-
JKeHbl Ha Gepery peku Ha paccrosaund 10 KM
apyr ot apyra. Ilapoxoj MOKeT TPOILILITD U3
A B B uob6parno 3a 1 yac. BoJibiiie uin MeHblie
BpEMEHU IOHAI00UTCST €My, YTOODI TIPOILIBITH
20 kM 110 03epy?

11. (7-10 ku1.) a)MOKHO /11 3aHYMEpPOBaTh
pebpa Ky6a HatypaabHbiMu yncaamu ot 1 10 12
TaK, 4ToObI /IS KXK/J0 BepIINHbI Kyba cyMMa
HOMEPOB pebep, KOTOPbIE B HEll cXOATCst, ObLIa
OJTHOM U TOM Ke?

6) AHAJOrUYHBII BOIPOC, €CJU PACCTABJISITH
mo pe6bpam Ky6a uncaa —6, -5, -4, -3, -2, -1,
1,2, 3,4,5,6.

12. (8-11 ka.) Haiizure neable yucia x u y
Takme, 4to x >y >0 u x° + 7y = y° + 7x.

13. (9—11 ku.) PasznoskuTe HA MHOMKUTEIN:

a) 2% + 2% +1 (na Tpu MuoOMHMTENRR);

6) x° +x +1 (Ha 2 MHOKHUTEIS).

14. (8—11 kun.) B paBHOGEAPEHHOM TpEy-
roJIbHUKe OHMCCEKTpUCA YIya TIPU OCHOBAHUH
paBHa o/HON u3 ctopoH. Ornpeesute yribl
TPEYroJIbHUKA.

15. (911 ka.) a) Jdoxkasxkure, 4ro 1pu @ > 0

1+122.
a

6) Tloctpoiite rpaduk GyHKIUYN ¥ = x + 1
x

16. (9—11 xu1.) UsBectho, uroa +b+c<0u
4To ypaBHenmne ax®+bx+c=0 He uMeer

JIeCTBUTEbHBIX KOpHel. Onpe/ennre, Kakoit
3HAK MMeeT YHUCJIO C.

17. (9—11 k1.) MOKHO JU BOCCTAHOBUTD
TPEYTOIbHUK IO CepeinHaM ero CTOPOH? A
yerbipexyroyabHuk? JIio6oii orer TpeGyer no-
KasaTeJibcTBa!

OTpeneHue puUsnKUN

Ecm BbI mHTepecyeTech (DU3NKOM, XOTHTE
TTOHATD €e HEMHOKKO TJIy6:Ke, YeM 0ODSACHSIIOT
B ITIKOJIE, cO6UpaeTech N3yvarhb (PU3NKY B By3e —
mocTymnaiite Kk Ham!

MpbI 06bsICHSIEM, KaK peNiaTh TUIMTUYHbIE IS
ET3D samaun (B TOM 4mcIe TTOBBIIEHHOI CJI0K-
HOCTH), PACCKa3bIBaEM O MATEMATHYECKUX Me-
TOJIAX COBPEMEHHOH (PU3MKN N MHOTUX JIPYTUX
BOIIPOCAX, KOTOPbIE OCTAIOTCS 3a paMKaMu
IITKOJIbHOM TTPOTPAMMBI.

Mbl npejiaraeM IIporpaMMbl 06y4eHHS Pas-
JIMYHOH JIIUTENBHOCTH W YPOBHSI CJIOKHOCTH
A7t mKoJbHUKOB 9—11 k1accoB: 9-kaaccHUKH
yuarcs tpu roga (kype @3), 10-K1accHUKT —
aBa (kype @2), 11-knaccuuku — oaun (Kype
®1). YV Hac ecTb M IporpamMma yriyGIeHHoro
ugyuenus pusukn ansa 11-kaaccnuxos (Kype
D0).

Ha 6mxafimmii yae6HBIN TO MpHeMa Ha
(pusmaeckoe oTIETIEHTIE HET.

OTneneHne buonorum

Ilestb GHOJIOTHUECKOTO OT/EJIEHUS — ITOMOYb
HIKOJIbHUKAM yTIyOUTH U PACITHPUTDH CBOU 3HA-
HUSI, & TAKKe MO3HAKOMUTHCSI C COBPEMEHHDBIMU
METOJIlaM¥ U JOCTIKEHUSIMUI HAYKU.

IIporpamMma OUOJIOTUYECKOTO OT/AEJEHUS
BKJIIOYAeT B cebsd HanboJiee NHTEPECHDbIE TEMBI,
KOTOPBIM B 6a30BOM TITKOJIBHOM Kypce yeseT-
€SI MAJIO BHUMAHMU: 9TO (PU3NOIOTUS PACTCHUH,
IUTOJIOTUSI U TEHETUKA, TeOPUs CHUCTEeMATUKU,
Jusnonorns yesoBeKa M KUBOTHBIX W HEKOTO-
pble JpyTue pas/eibl.

Hamm mocobust m y4e6HBIE MaTepuasbl B
MEepBYIO o4Yepeab MPHUYYAOT IMKOJBHUKOB K
CaMOCTOSITEJIbHOI TBOPUECKOH paboTe, JJAI0T UM
BO3MO3KHOCTb TPUOOPETEHUsI HABBIKOB IIHCH-
MEHHOT'0 U3JI0’KEHUSI CBOUX MBICJIEI, BbIJ[BUKE-
HUSI U KPUTHUYECKOTO aHAJIN3a Pa3JUYHBIX I'H-
motes, paboThI ¢ GUOJIOTHIECKOH JIUTEPATYPOHA.
Kaskpiit yuanuiicsi 6MOJIOTHYeCKOTO OT/eie-
HUS TIOJIyYaeT Kyparopa, KOTOPBIi TTpoBepseT
paGoThI U OTBEYAET HA BO3HUKIIUE BOIIPOCHI, &
TaK)Ke IIOMOTAeT IIMKOJbHUKY VYBU/IETb CBOU
cjrabble MecTa M WX CKOPPEKTUPOBATH. ITO
obecrieunBaeT TOJYYCHNE MIKOJbHUKAMU WH-
Qopmarm «nU3 MEPBBIX PYK», 3HAKOMCTBO C
daxTamMu 1 TEOPUSMHU, KOTOPbBIE eTlle He yCIean
BOWTHU B IIKOJIbHbIE YIEOHUKHU.

B saBucumoctn or kmacca — 8 mam 9 —
MIKOJIbHUKH Y4aTcst Ha GHOJIOTHYECKOM OT/IeJIe-
nrnn B3MII 2 mimm 3 roga. 3akoHumsiime 8
KJaccoB mocTymaioT Ha 1 Kype, a 9 kmaccos —
Ha 2, 1O OKOHYAHWN 3 Kypca BCe Y4EHUKH,
BBIIOIHUBINKE porpaMMy oOydenus (1o cxe-
Mam 1-2-3 niu 2-3), nosydaior aumioMm o6
OKOHYaHUU Onosiornyeckoro oraesennsa B3MIII.

BcTynuTtenbHas paboTa

1. Cocrasbre onpeznesnurens (B Gpopme Te3 u
AHTHUTE3) OBOMIEH, MPOJAIONINXCS B MAarasuHe,
10 BHeINIHEMY BH/Y, cOOpaB B HeM JIECSITOK
BU/IOB, HanboJiee TUITMYHBIX I/ Baleil MecT-
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HOCTH. BxioyaTh B OINpeNesuTeNb TIOJHBbIE
OTMCaHNs He HY)XHO — TOJDBKO Te MPHU3HAKH,
KOTOPBIE PEAJHbHO MOTYT OBITH HMCIIOJb30BAHDI
JUIST OTJIMYMST OJTHUX OBOIIeil 13 Baiieil BbiI6GOp-
KU OT JPYTHX.

2. Ha okeaHn4yeckoM jiHe OOUTAIOT MIPe/ICTaBH-
TEJIN CaMbIX PAa3HBIX TPYII JKUBOTHBIX. Kakne
MIPUCTIOCOOJIEHHST K TAKOMY 00pasy KU3HU Yy HUX
BO3HUKIM? I KaXKZOTO M3 YKA3aHHBIX BaMU
[IPUCIIOCOOIEHNIT TIPUBEIUTE IO OIHOMY-BA
MIpUMepa JKUBOTHDBIX, Y KOTOPBIX OHO MMEETCS.

3. Ilpu pasBeneHnMu >KUBOTHBIX B HeEBOJIE
nMeeT MecTo 3dPeKT TaK Ha3BIBAEMOTO <«BBI-
POXK/IEHUST» — YMeHbIIEeHUs )KU3HECTIOCOOHOCTH
u3-3a GIM3KOPOJACTBEHHOTO CKPEIINBAHMWS.
WNurepecHo, 4To y pasHbIX BUJOB JKUBOTHBIX
BBIPOXK/ICHUE HACTYIACT C PA3HOIT CKOPOCTBIO —
B TO BpeMsI KaK OJ[HUM BH/IaM XBaTaeT HECKOJTb-
KUX TTOKOJIEHWH, YTOObI HAYaTh BBIPOXKIATHCS,
y APyrux Majienbkue GJU3KOPO/ICTBEHHbIE TO-
MyJISIIIAA MOTYT CYTIECTBOBATH IOCTATOUHO JI0JI-
ro. Kak moxxHo o6bgcuurb 3ro asienue? C
KaKUMU 0COOEHHOCTSIMU BU/Ia MOKET ObITH CBSI-
3aHO OBICTPOE MJIN MeJIJIEHHOE BBIPOsKieHne?

4. Anornto3 — 3amporpaMMUpOBaHHAs KJe-
tounasi tuGesb. Korja kierka mnojydyaer cur-
HaJl K 3alyCcKy amomnTo3a, oHa (aKkTuuecKu
OKaHYMBAET JKU3Hb camoybuiicteoM. [Tomymaii-
TE: B KAKMX CJY4YasiX 3TO MOXKET ObITb [T0JIE3HO
st opranuama? C KakuMu poOJeMaMu CToJI-
KHETCSI YeJIOBEK, €CJIM MeXaHWU3M allollTo3a B
€ro KJETKaX OTKJIOYUTCS ?

5. B macrosgiiee BpeMsi Ha HAIUX TJla3ax
Pa3BOpAYMBAETCS TTAH/IEMUsI HOBOT'O KOPOHABHU-
pyca. Pacckaskure, Kak BbI IOHUMAETE:

a) ueM HTOT BUPYC OlacHee NPe/bIAYIINX;

6) Kak OBICTPO MOKET IIOSBUTHCS JIEKAPCTBO,
MoMoraioiiiee B cJydae HOBOTO 3a60JieBaHUS
WJIN TIPEYTIPEXK/IAIONIEe €ro;

B) Kakue Mepbl MOTYT ObITb IIPHHATBI [
MpeIOTBPAIIEHIS WU 3aMe/JICHIsST ATUIEMUN.

OTtpeneHne cdpunonornm

MpbI 1oMOTaeM JKeJaloiM CHCTEMATH3UPO-
BaTh U yrJayOUTb UMEIOIINeCsT 3HAHW, PACIIN-
PUTH CBOIT KPYro30p, MPHOOPECTH HABBIKU HC-
CJIe/IOBATEJIbCKON PABOTBHI.

OG6beKT Halllero MHTepeca, BHUMAHUS U UC-
crenoBanust, kKoueuno ke, CisoBo. Pomnoe n
«4y)KO0e», <«IpeTBopeHHoe» Meradopoil, 06-
pasHoe 1 TepMUHOJIOTHIeCKN TouHoe. Kak mpa-
BUJTBHO HATINCATH M K MECTY MCIOIb30BATD; KaK
YUECTh CHCTEMHDIE CBSI3H; KaK YBU/IETh U OIle-

2021/Ne5

HUTHb YHUKAJbHOCTH paboThl co CI0BOM Besu-
kX MacrepoB? CKOJIBKO ¢ HUM TIPOOJIEM — Y
MHOTHX, W KaK TNPHUATHO BCTPETUTb K HEMY
nHTEpec — mycTb y Hekotopbix! Hamm kypcebt
Oy/yT TIOJIE3HBI U TE€M, U [[PYTHM.

[TparmMaTHKy CMOTYT TIOBBICUTH IPAMOTHOCTb,
HAYYUTbCS PellaTb OJUMITHAHbIC JIMHTBUCTU-
YecKe 3a/1a4M, MOJTOTOBUTLCS U XOPOIITO C/IaTh
ETD. Te ke, KTO TIOJy4aeT yI0BOJbCTBHE OT
OOIIEHNS C XY/I0’KECTBEHHDIM TEKCTOM, HAyJar-
Cs Pa3MbIILIATh HAJ/ MO33Wel W MPOo30ii pyc-
CKHX KJIACCUKOB W THCATh COYMHEHUS, OTBEYA-
omme tpeGopanuam JIBU (gomosHuTebHbIX
BCTYIUTEIbHBIX UCIIBITAHIN ) PUIOTOrHYECKIX
¢axyIbTeTOB BY30B.

Yduenuk umI0IOrIUECKOTO OT/IEIEHUST HAXO0-
JIUTCS B TIOCTOSIHHOM B3aMMO/IEHICTBUU CO CBOUM
mperiojiaBaresieM, KOTOPbI B pelieH3nu K pabo-
Te 0653aTeTHbHO JaeT PeKOMEH/IAINH, KaK yIyd-
MIUTDH Pe3yJIbTaT, a Mpu HeOOXOAMMOCTH WH/IN-
BUIyaJIbHO TI0/I0MPAeT JIONOJHUTENbHbIE 33/[a-
HUST JI71s1 OTPAOOTKY TEMbI WU JIUTEPATYPY JIJIst
60s1ee TIy6OKOTO TOHUMAHUS UCCJIEAYEMOTO
MaTepuasa.

BcTynuTenbHas paboTa

1. Ilopymaiite W HamuIIMTE, YTO HE TaK C
BBIPKEHUSIMU: OCMALCSL 3d 6OPMOM pazbumo-
20 Kopoima; dogecmu 00 6€1020 KOAEHd; 3AMO-
PUMb UePBSIUKOG; HU 32U He Opezxum; Hu
CAYXY HU Nepd; CKPuns cepoye; wumo-Kpol-
mo OenviMu HUMKAMU; He 8 KOHEe KOPM.

2. Ilouemy 3aifumuinka MMeeT OKOHYAaHUE — A,
Kak MbICIMIIKA, a gomuimko — O, Kak 30J0-
UK O?

3. Onpenemure wacts peun: (HA)BCTPE-
4y, O3ABOYE(H,/HH)O. Ilpuaymaiite
IPE/IIOKEHNST, KOTOPbIE TOMOTYT /I0KA3aTh BallLy
TOUKY 3PEHUSI.

4. BcrioMHHTE Tpex repoeB pycCKoil JmTepa-
TYpPBI ¢ «roBOpsimuMu» davuausamu. [Ipesso-
KUTE I KaXKJO0TO M3 HUX JIBe JIPYTHe, TOXe
«roBopsiiues 00 X CBOWCTBAX U KAuecTBax, u
0OBSICHUTE CBOI BBIOOD.

5. B mpuBeneHHOM HIZKE OTPBIBKE U3 IyII-
KUHCKOro «EBrenuss Oneruna» Hailjure asiu-
TepaIMio U TONbITAlTeCH OOBSICHUTH: 3aUeM
aBTOP MCIHOJB3YET 3TOT (DOHETHUECKUI TTPHEM,
moyeMy UMEHHO TaK?

bwieao,

Koeoa epemen masypxu epom,

B ozpomnoii 3ane sce dpoxaio,
Haprxem mpewan nod Kadayxom,
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Tpsicaucs, Opebessxkanu pamol;
Tenepv ne mo: u Mo, Kax damol,
CKop3um N0 1aKosviMm OCKAM.
Ho ¢ zopodax, no depeeusm
Ewe masypra coxpanuna
Iepsonauanvrvie Kpacot:
ITpunpvikku, kadayxu, ycol...

OTpeneHune ncropun

OO6yuenue Ha MCTOPUYECKOM OT/EJIEHUH I10-
3BOJIUT PACIIUPHUTD KPYTrO30p, MOATOTOBUTHCS
K OJINMITAA/IAM 110 KICTOPUH, [TOJYYUTH BBICOKHUIT
6ann no ET3, OI'D u apyrum ak3ameHam.

Kaxxapril paszzmes Kypca MOCBSIIAETCS OIpe-
JIeJIEeHHOMY TIEPHOY POCCHIICKON MCTOPUH, CO-
MIPOBOK/IAETCS MHOYKECTBOM  WJLTIOCTPAITHI,
UCTOPUYECKUMU JIOKYMEHTaMU, CBOJAMU AT,
JINHACTUYECKUMU TaGIUIIAMU, KOTOPBIX HE Haii-
JleTb B 06bIYHOM yueGHUKe. Takie MaTepuasbl
TTOMOTYT He TIPOCTO 3aIIOMHUTD MIPOiiieHHOe, HO
1 IOHATD COJIePsKaHme 3TTOXH. Beb MbI yInM He
MIPOCTO 3aIMIOMUHATH, HO W PA3MBIILISITH!

Ha kask/10e BBIIOJIHEHHOE 3ajJ[aHle MbI J[aeM
CBOIl KOMMEHTApuii: YYeHUK He MPOCTO 3HAET,
MPaBUJIBHO JIU OH OTBETHUJI, & y3HAET, MOYEMy
BepeH WJIM HeBepeH MMEHHO TaKOl OTBET.

Mbl pekoMen/IyeM Jyuiiiie yaeGHUKH 1 TI0CO-
Ousi, HO TIpe[JIaraeM CBOIl, OPUTHHAJBHBIN,
TIPOBEPCHHLIHN BpeMeHeM Kype. Ha mamem ¢o-
pyMe MOKHO 3a/1aBaTh BOIIPOCHI MpeIoaBaTe-
ggaM. OTBeYaoT OHM He3aMeJINTEIbHO.

[Tporpamma o6ydueHms paccynTaHa HA TITKOJTb-
HUKOB CTapIIX KJACCOB.

BcrynurenbHasa pabora

1. CKOJIbKO TIPaBUTEIHHUIL TOCYAAPCTBA HA-
cunThIBAaeT MCcTopusi Poccun?

2. Kakoii c60pHUK 3aKOHOB M3 HUKE Iepe-
YUCJEHHBIX ObLI IEPBBIM, U3JAHHBIM MACCO-
BBIM THPAXKOM ?

a) Cyne6uuk WMpana II1.

6) Cynebnux Mpana IV.

B) CoGoproe Y moxkeHwue.

r) Bounckwii aptuky.s Ilerpa 1.

3. Ilouemy B coBXxo3e ObLT JUPEKTOP, a B
KOJIX03€ TpeJICe/IaTeb?

OTpeneHue OGLU,ECTBO3HaHI/ISI

Korga Hayk MHOTrO, a mpeJMeT OJH — 3TO
o6miecTBo3Hanue. Harr Kypce HaiesieH Ha moji-
rotoBky kK EI'D, OI'9, ommmMnmazam 1o atomy
MIPe/IMETY U BXOJISIIUM B €r0 COCTAB JIUCITUTLIN-
HaM, B TOM YHCJIE 110 9KOHOMUKE, TIPABY, MMOJIU-

TOJIOTHH, cotmosiornu, puiaocodpuu. OH 6yaeT
UHTEPECEH U TeM, KTO MPOCTO XO4YeT CTaThb
Pa3HOCTOPOHHE 0OPA30BAHHBIM YEJIOBEKOM.

3aganusa ET'D 1o obuiecrBo3Hanmnio, ocoOeH-
HO BTOPOW YaCTH 3TOrO dK3aMeHa, 3aaHuUs
OJIMMITHA/I, OUEeHb CI0KHDBIE. [109TOMY MBI 00bsiC-
HsieM Kax/Iblil oTBeT (HEBaskHO, BEPEH OH WJIU
HET), a He IIPOCTO CTABUM OAJIJIbl 3 €r0 BbIIOJI-
HeHue.

Oco6oe MeCTO MBI YESIEM CAMOMY CJIOMKHO-
My 3a/IaHHMIO 9K3aMEHA — HAlMCAHHMIO aJcce.
Tosbko Takas o6patHasi CBSI3b [HO3BOJISIET By M-
YHUBO U IMOJIHOLEHHO IIOJTOTOBHTHCS K JIIOOBIM
9K3aMeHaM. JTY JKe IleJib Tpecenyer Gopym,
Ha KOTOPOM YYEHUKH MOTYT 3aJaTb Ji060i
BOIIPOC mpenoziaBarestio. Kpome toro, ¢ mpero-
JlaBareJsieM MOXKHO cBsi3aThesi uepes WhatsApp.

[IporpamMmma o0ydeHns: pACCYUTAHA HA TITKOJIb-
HHMKOB CTapIINX KJIACCOB.

BcrynutenbHaa pabota

1. Kakas pecrry6mka — cy6pext Poceniickoit
Dejepalin — ¥MeeT TEPPUTOPUATIBHYIO OCHO-
By?

2. Kakas dopma npasJieHns CylecTBoBaja B
Poccuu ¢ anpens 1906 o mapt 19177?

a) AGCOMIOTHASA MOHAPXMSL.

6) Jlyanucruyeckass MOHApXUS.

B) COCJIOBHO-IIPE/ICTABUTE/IbHAS MOHAPXUS.

r) Teokparnmaeckass MOHAPXMsL.

1) TpaauuuonHas MOHAPXUS.

3. B crpane Yxmguauu B 2016 roxy dpupma
«I'peiinep», MCIIOIB3YsT 9KCKABATOP U MPOUYYIO
TEXHUKY, BBIPBLJIA, BO NCIOJHEHNE KOHTPAKT-
HBIX 00513aTeNIbCTB, KAaHABY JJIMHON B OJMH
KIJIOMETP U HIMPUHOW B OJUH METP, 3a UTO
MoJiyynsa OT 3aKa3uuKa OILIaTy B pasMepe
2000 poKUKOB (PBIKUKU — YXJISHACKASA BAJIO-
ta). B 2017 rozsy Tak:e 110 3alaHUIO 3aKa34nKa
OHa 3Ty KaHaBY 3apblia, Ha 4eM 3apaborasia
3000 ppokukoB. Ha CKOJBKO M3MeHMJICS B
pe3yJibTate aTUX JABYX ONepaliiii BaJOBOI BHYT-
PEHHUIN TPOAYKT YXJIAHIUU, €CAU Y4eCTb, UTO
OH M3MEHSIETCS 110 COCTOSTHUIO Ha KOHEIl KasK /10~
ro rojga?

a) Beipoc Ha 2000 pHIKHUKOB.

6) Boipoc 1a 3000 pbIKUKOB.

B) Ymax na 1000 pbDKUKOB.

r) He nsmennics.

1) Boipoc na 5000 pbpKUKOB.



OTBETHI,

«KBaHT» Aanga Mmnaawunx WKoJibHUKOB
(cm. «Keanms Nod)
4,520 4.7 2009 120 4,2 20
37 2035 207 3 216 7 21
Ectp u apyrue npumepst. MuTtepecto, 4to B mocJe-

1

JIHEM 3/[aHUH HE yIaeTcsi 000HTHCh HECOKPATHMbI-
MU JIPOOSIMHU.

2. a) lpexcraBum cebe, 4TO KyOUK CJOKEH W3

BOCBMH €/IMHUYHBIX KYOHKOB, ¥ I[OCMOTPHM Ha

KyOHK, 3aKpalleHHbIH Ha

% pucynke 1. Uro 6b1 by-

@@ paTMHO HU Halucaa Ha

@ ero HUKHEH rpaHu, Tpe-

6oBanne MasbBuHbl Oy-

Jer HapyuieHo. Ecan tam

GyJleT KPECTHK, TO HOJIUK

Ha €ro InepejHeil rpaHu

OylieT TPaHUYUTD C Tpe-

Msi Kkpectukamu. Ecan

tam Gy/IeT HOJIUK, TO Kpe-

cTUK HAa GOKOBOHW rpanm Gy/JeT TPAaHUYUTD C TPeMs

HOJIMKaMH.

6) CymectByior (¢ TOYHOCTBIO /10 HOBOPOTOB Ky6a)

TPU PA3JIMYHbIE PACCTAHOBKN KPECTHKOB ¥ HOJIH-

koB. Moskno (puc.2) Ha BepxHell TpaHu Hapuco-

BaThb HOJIMKM, HAa HIDKHEH KpPecTukd, a GOKOBbIE

(SH
S
oY Kiop

IpaHu pasMeTHTh «CJa0sMI» . Bropoii ciioco6 (puc.3)
3aKJII0YaeTCs B TOM, YTOOBI MpPEACTaBUTh cebe Ky6
CJIO)KEHHBIM M3 BOCBMHU EMHUYHBIX KyOukoB (Ha
YeThIPeX U3 KOTOPHIX HAPUCOBAHBI TOJBKO KPECTH-
KM, a Ha YeThIPEX TOJBKO HOJHUKH) B HIAXMATHOM
nopsiike. Hakowerr, TpeTuii crioco6 mpecTaBIeH Ha
pucynke 4. HeBugumbie rpann OyayT pasMedeHbl
«TIPOTUBOTIOIOKHO» BU-
JIIMBIM: B KJIETKAX, CHUM-
METPUYHBIX KJETKaM C
KPECTHKAMI OTHOCUTEJIb-
HO TIeHTpa KyOHKa, CTOST
HOJIMKH, U HA06OPOT.

3. 5 MuHYT.

JlaBaiiTe Ha OJTHOM MOHU-
TOpE 3aIyCTUM MOJIYYIHUB-
muiicss poJMK, a Ha Jpy-
rom — Ileruno Buzeo 1e-

Puc. 1

|

[O/X]
NERAN
NEIA

Eﬂ%@

NIV

Puc. 4

YKAS3AHUA, PEIIEHUNA

JIUKOM ¢ KOHIAa. Torga MOHUTOpPBI GyAyT ITOKa3bl-
BaTb pasHoe, TMOKa Oparbsi HE OKAXKYTCS B OJHOM
TOYKE IyTH, a MOCJEe ITOTO OHU Oy/AyT MOKA3bIBATH
O/THO U TO 3Ke. I109TOMY JUTHTENBHOCTH TAKUX JBYX
BHU/IE0 PABHBI.

4. 21.

ITepsoe pewenue. TIyctb NPSIMOYTOJNBHUK 3aHNMAET
@ KJIETOK TI0 BEPTHKAJIN U b KJIETOK 10 TOPM30HTA-
i, a+b=>50:2=25 (puc.5). AHaIOTMYHO, TTyCTH
pasMepbl JIbIPKU PaBHbBI
X KJIETOK MO BEPTUKAJIM
U y 1O TOPU30HTAJN,
x+y=32:2=16.
Ecan 6b1 gbipku mHe
6bL110, ObLIO Obl @ TOPHU-
30HTAJBHBIX MOJOCOK.
Jlpipka paspesaer x W3
Puc. 5 HUX Ha JBE 4acTH, TakK
YTO BCEr0 TOPU3OHTAJIBHBIX MOJOCOK @ + X, YTO TI0
ycaoBrio paBuo 20. AHAJOTMYHO, BEPTHKATIbHBIX
nonocok Oyzner b+y. Ho a+b+x+y=25+16=
=41u a+x =20. 3uaunt, b+y =41-20=21
Bmopoe pewenue. [na Kax[Ioll TroOpU30HTAIbHON
MOJIOCKU OTMETHM €€ JIEBYIO U TIPaByiO CTOPOHBI, a
JUIST KQOK/IO BEPTUKAJIBHON — BEPXHIOID W HIUXK-
HIOIO. SICHO, YTO MBI 110 OJHOMY Pa3y OTMETHJIU BCE
IPAHUIBI KJETOK HAa KOHTYPE IPSIMOYTOJbHUKA U
koutype Abipku, T.e. 50+ 32 =82 rpamuipsr. Kax-
JIast TOJIOCKA JIaBajia HaM 110 JIBE TPAHUIIBI, TAK YTO
Bcero moJiocok 82 : 2 = 41. Topu3oHTATBHBIX Cpen
Hux 20, 3HAYUT, Bep-
THKAJbHBIX 21.
Kommenmapuii. Bro-
poe perrenne GoJiee
o6Iee — oHO paboTaer
U B TOM CJIy4ae, KOTja
urypa u gpIpKa nve-
I0T CJIOXKHYIO MHOTO-
yToJabHYIO dopMy
(puc.6).

Puc. 6

KoHkypc umeHn A.M.CaBuHa
(cm. «<Keanms No3)

25. 45°.

B rtpeyrosibHuKaX 006s13aTEJbHO BCTPETUTCS YTOJ

D C 45° — 210 MOXKET OBITH KaK
yroa CBK, Tak u yrona
BCK.
PaccMoTpuM JBa caydasi.
Ecin £ZBCK # 45°, o 1psi-
mble AK n CK ne coBnaja-
o1, noaromy K JIEKUT Ha
nx mnepecedenun (puc.7).

A N B OTH UDSMbIE CHMMETPHYHDI

Puc 7 OTHOCHUTEJIbHO IHArOHAJIH
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BD, rtak xak Z/BAK = ZBCK, noatomy K jexut
Ha BD, a 3naunt, ZABK = 45°.

Ecan sxe ZBCK = 45°, 1o Touka K He 0643aTeIbHO
nexxuT Ha auaronasu BD. Ho aTto HeBaxno, Tak
KaK MbI y)Ke OOHApYKUJIH B TPEYTOJbHUKAX YTOJ B
45°.

26. Yncao cunnx rpameit wetno (mo 6 Ha Kaskaom
cuneM KyOuke). BuyTpu Ky6a HaXO[nTCsT HEYETHOE
YICJO CHHUX TpaHell, TMOTOMY YTO 3TO Y/BOEHHOE
YICJIO Tap COCETHUX CUHUX KyOUKOB TLITIOC YHCJIO
M30JIMPYIONNX KBAJPATHKOB. 3HAYHUT, HA IMOBEPX-
HOCTH HEYETHOE YHCJIO CHHUX Tpaneil. Eciam 6o
KPACHBIX TpaHeil 6bLIO CTOJBKO JKe, TO 00IIee dnc-
JIO KBAJIPATUKOB Ha MMOBEPXHOCTH HE JIEJIHJIOCH Obl
Ha 4, Ho oo pasno 600, mpoTuBOpeune.

27. 8.

BBesiem koopamHaThl Tak, 4TOGBI OCH IILJIH BIOJb
JIMHUH CeTKH ¥ eJAMHUYHBII OTPe30K ObLI pPaBeH
CTOPOHE KJeTKH. Touka mepecedeHNs MenaH TPey-
rosbHuKa ¢ BepumHaMn A (1, y;), B(x, 1), C(x3,y3)

(x1+x32+x3yy1+y§+y3)_ Sra

nMeeT KOopAnHaTbI

TOYKa ABJAETCA y3JIOM B TOM U TOJBKO B TOM
caydae, Korjia 06e CyMMbI Xy + Xy + X3 U Yy + Uy + Y3
nesarca Ha 3.

910 coobpaskeHHe ITI03BOJIIEM HAM IepeiTn K pac-
CMOTPEHHUIO OCTaTKOB TIPH A€TEHNN Ha 3 KOOPIMHAT

Bcex y3/10B Ha6opa. Bcero

ecTb 9 BO3MOIKHBIX Iap (0 2) (1 2) (2 2)
OCTaTKOB, PAaCIIOJIOJKUM UX

B Buie Tabaumbl 3 X3
(puc.8). Bymem kaacts B | (0,1) | (1,1)] (2,1)
sgueiiky TaGauIpl  (PUIIKY

JUIA KaXK/1I0TO y3Jia, KOOpP-
JAIMHATDBI KOTOPOTO IIpn /1e-

(0,0)| (1,0) | (2,0)

JIeHnn Ha 3 JlaloT TaKue
OCTATKH. pnc. 8

B na6ope, moaxojsiieM O/ YCJIOBHE 3ajayl, HE
MOKeT OBIThb TpexX ¢uiiek, o6e CyMMbI KOODMHAT
KOTOPBIX Jestarcs Ha 3. CyMMa Tpex 4HcesT JeIUTCs
Ha 3 B TOM U TOJIbKO B TOM cJiy4ae, Korjia Jibo Bce
TPU CJaraeMbIX Jal0T OJIMHAKOBBIE OCTATKHM IIPU
JejeHnn Ha 3, 60 BCe OHM JIAIOT TPU Pa3HbIX
ocratka 1pu jgenennu Ha 3. Ilosromy samperennt
caenytonye curyanuu (M TOJTBKO OHM):

(1) B oaHO# KJIeTKe JexkaT Tpu (PUIIKH;

(2) B xaxmoit kaeTke paga (cTpokn mam croréia)
JIEKUT 110 (DUIIIKE;

(3) 1o Quike JTEKUT B TpeX KJIETKAX, PACIHOJIO-
JKEHHBIX B TPEX Pa3HbIX CTPOKAX M TPeX Pa3HbIX
CcTOJIOIAX.

Hpumep. Moxuo mnonoxutb 8 dumex: no 2 B
SYENKM JIEBOTO HUXKHETo KBaapara 2 X 2. Herpyano
[IPOBEPUTH, YTO 3alpeTbl He HapymaoTcs. [Ipuse-
JIeM KOHKPETHOE PacIoJIOKeHHe TOYEK Ha IJIOCKO-

(0,00) (1,0)

Puc. 9

ctH, abbl y6eUThCs, YTO UX ACHCTBUTETBHO MOXK-
HO PACCTABUTD TaK, YTOObI HUKAKWE TPU He JIEXKAJM
Ha onuHoil pamoii (puc.9).

Ouenxa. Ilokaxem, uto 9 ¢umex B TakoM Habope
GbiTb He MoskeT (a TOr/a, OYEeBU/IHO, He MOKET GbITh
u Gouspiie 9 umek). JokakeM OT MPOTHBHOTO:
HPEIOIOKUM, YTO CYIIECTBYeT Habop, MOAXO/s-
muil Mo/l ycJIoBUe 3aJadui, B KOTOPOM TOYEK XOTs
6b1 9.

OGparnMcest K CIHCKY 3arpeToB. 3aMeTHM, 4TO eCJIn
B TabJille MEHATb MECTaMH CTPOKH WJN CTOJOIBI,
TO TpOiKa (UIeK, HapyMIAONAsl 3alpeT, IPOJO0JI-
JKaeT HapyllaTh TOT JKe 3amlper. JTo HabJIo/eHue
TIO3BOJINT HAM PACCY’KAATb O PACIOJOKEHHH (DH-
HIeK B KBaJjipare, He IPOBO/iS 1epe6op.

MbI packaajpiBaeM He MeHee 9 ¢puliex, moaTomy us
sanpera (1) caegyer, uto Bcero 3aHATO XOTst Gbl 5
kjerok. llostomy Haiizercsa crpouka, B KOTOPOii
3amsaTo dunkamMu Xotst Obl 2 KJIETKH; IIPH 9TOM U3
sanpera (2) ciemyer, 4to B Heil 3aHATO POBHO 2
kiaeTkn. IlepecraBum cTpokn
TakK, 4TOOBI 3Ta CTPOKA CTaJa
1epBoii, a cToJOIbl IepecTa-
BUM TaK, 4TOGBI ITyCTast KJIET-
Ka B Heil Obuia crnpasa (Ha
pucyHnke 10 3aHATBIE KJIETKH
00603HaYEeHbl ILIIOCOM, IIyC-
Thle — MUHYCOM). Pnc. 10

Tak kak BO BceM KBajpare 3 X 3 3aHATO HE MEHBIIE
5 KJIeTOK, TO B JIEBOM HIDKHEM KBajpare 2 X 2
3aHdaTa XoTd Obl ozxna KJerka. Ilomensem, ecun
HYJKHO, MEX/Iy cOO0i BTOPYIO M TPETHIO CTPOKH, a
TaKXke TIepBbIii U BTOPON 7 b c
CTOJIONpBI TaK, 4TOOLI 3Ta + + —
KJIeTKa II0Najga B JIEBYIO
KJIETKY BTOPO#l CTpoku |d e f
(puc.11). +
OGosuaunm KieTkn OyK- _
samu. W3 sanperos (2) u |9 h L
(3) crexyer, uro pas Kiaer-
ku a, b u d 3amarer, TO
kaerkn g u i nycrsie. Tax  PUC 17

+ |+ | -
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KaK BCErO 3aHATO XOTsI Obl 5 KJETOK, TO Cpern
OCTAaBIIUXCS KJIETOK €, [ u h XOTst Obl [[BE 3aHSTHI.
Torpa oana u3 Tpoek uiex B KiIeTkax b —e — h,
d-e—[f wm a—f - h napymaer 3anper.
28. 2%,
PaccmotpuM  Xoporiyto mocJeoBatesbHocTh. [lo-
CTaBUM MEXK/IY COCETHUMU YHcaaMn 3amsaToie. [lpen-
CTaBUM KaXX/I0€ YNCJIO B BHJE CYMMBI €JUHUI —
nanpumep, BMecto 3 nanumem 1+ 1+ 1. Ioayunm
CTPOYKY U3 CTa €JIMHMUII, MEXK/Y COCETHUMU €/INHI-
[[aMi CTOUT ILTIOC WaW 3ansTtasg. Hampumep, us
nocaegoBateabHocT 3, 1, 4 mosmyunrces

1+1+1, 1, 1+1+1+1

Bcero 3nakoB (110coB 1 3amsaTbix) 99, n3 Hux 49
3anaTeix. I[Ipomymepyem atn 3uakm or 1 1o 99.
Paso6bem ux na mapsr 1-51, 2-52, 3-33, ..., 49—
99; 6e3 mapbl ocranercst 3Hak ¢ HoMepoM S50. 3Hax ¢
HoMepoM S50 He 3amsrtasi, Tak KaK TOTJa MOXKHO
6b1J10 ObI BBIOPATD /IO 9TOMW 3AISATON BCE YHMCJA, WX
cymMMa Kak pas pasna 50. B mapax ne moryT o0a
3HAKa ObITb 3AIATHIME — HHAYE MOXXHO BBIOPATH BCe
YyHCIa MKy HUME, nX cymma pasHa 50. Bcero
3aMATBIX POBHO 49, 3HAUNT, B KaX/IOU Tape POBHO
ofHa 3arsirtas. 3aMeTHUM, UYTO €CJIU ITO YCJIOBUE
BBITIOJIHSIETCS, TO HET JIBYX 3alIATbIX, MEXJY KOTO-
poivu posHO 50 exmuui. IToatoMy KosmuecTBO XO-
POIINX MOCJIe[0BAaTeIbHOCTEIl PaBHO KOJHIECTBY
crioco6oB BbIGpath u3 aTHX 49 map 1o opHOMY

() o 49
3HAKy, KOTOpHIil 6yzieT samsroii, Tak uto orer 2%,

XLIlI TypHup ropopos

3apgaum BeceHHero Typa
Ba3oBbI BapuaHT

8—9 knaccel
1. Mosxer.
Hanpumep, (8!-4)+(8!-3)+...+8!+...+(81+4) =
=9-8!=9!. Cm. Takke 3amaay M2650 «3agaunn-
Ka «KBanrar.
2. He oGsi3aTesibHo.
Hamnpumep, HeTpyZHO IPOBEPUTDH, YTO B TPEYTOJIb-
nnke ¢ yraamn ZA = 30°, ZB =90°, £C = 60° oba
YKa3aHHBIX yrja paBHbl 15°.
3ameuanue. Tongutcest M0G0 TPEyTOJbHUK € YTIIOM
C, paBHbIM 60°.
3. Moxer.
IlepBble Tpu B3BelMBaHUS Takue: pa3bUBaeM TUPH
Ha JIBe Tapbl ctoco60M, KOTOPDIil ellle He BCTpevas-
csl, M CpaBHHMBaeM MX. Pa3HbIX cHOCOOOB Kak pas
Tpu. MbI mosryunm paBeHcTBO s map 1001, 1005 u
1002, 1004. Ilpu stom Tosmbko rupss 1001 B aByx
JIPYTUX B3BEIINBAHUSIX ObLIa B <«JIETKOI» Tape u
toabko Tupsg 1005 B ABYX APYyrux B3BEHIMBAHUSIX
OblJIa B «TSKEJION» mape — Tak Haxo/uM ux. Ocras-
muecs ase rupu 1002 u 1004 pasmuyaeM yeTBepTbIM
B3BEINBAHIEM.

2021 /N5
C
g
- K
qe B
Puc. 12 Puc. 13

4. MoxHO B 060UX MyHKTaX, cM. pucyHkn 12 m 13.
Ha pucynke 12 cmavyama mpoBOAUM OHCCEKTPHCY
AK yrana BAC, a 3ateM oTpakaeM TOUKy B oTHOCHU-
teabHo AK u nosyvyaem Touky E.

5. a) He Bcerna.

Ha pucynke 14 noxasano pacrnoJiosKeHne JOMUHO-
meK Ha jiocke 6 X7, KOTOpoe He T03BOJIIeT TPOHTH
U3 JIeBOI HUIKHEH KJETKU B
[IPaBYI0 BEPXHIOI: HMEETCst
€/IMHCTBEHHBIN MyTh MO J0C-
Ke, WAYIUi U3 HIDKHEN Jie-
BOW KJIETKM, U OH B WTOTe
VIHPAETCss B IMOCJEIHION
BEPTUKAIBHYIO IOMUHOMIKY .
Puc 14 Irta KOHCTPYKIHS 0000611a-
ercst Ha J106YI0 OCKY pasMmepa 2n X (2n +1).

6) Bcerma.

HavanbHas m KOHEYHAss KJIETKM JIe)KAT Ha TIABHON
JUWATOHATH JIOCKH U UMEIOT «Koopamuator» (1, 1) u
(100,100). [MokaxeM, 4to B JOGYI0 CBOGOAHYIO
KJIETKY STOH JMATOHAJIN MOXKHO TIOTACTb.
JleficTBITE/IBHO, TIYCTD MBI ONLTH JI0 KACTKH (71, 12).
Ecmu xmerka (n+1, n+1) coGoama, T0 XOTb O/
u3 kaerok (n,n+1) u (n+1, n) He 3ausra u yepes
Hee MOJKHO TPOfiTH Ha KiaeTky (n+ 1, n+1).

Ecmm sxe xmerka (n+1,n+1) samara, 1o u3 ee
coceziell 3aHsaTa POBHO OJIHA KJETKA, IPUYEM 110
CTOpOHE, [I0ITOMY OJMH U3 ABYX myTeil u3 (n, n) B
(n+2, n+2) He 3aKpHIT.

10—11 knaccel

1. a) He moryT; 6) Moryr.
SIcHo, 9TO MPOBEJEHO POBHO JIBE [IHATOHAJN, [TPUYeM
OHU BBIXO/ISAT U3 OJHOI Bepiuubl, nycTb u3 A. Torpa
YKasaHHbIe TOUKN NepeceveHyst MeINaH MOTyYaloTcst
romorerreit ¢ meHTpoM A u Koaddurmentom 2/3 us3
cepenun cropon BC, CD w DE.
a) ITH cepeluHbl CTOPOH HE MOTYT JIEXKaTh HA O/(HOI
IPSIMOIA, TaKk Kak MpsiMast, He
coJiepsKaasi CTOpOHY BBIITYK-
JIOTO MHOTOYTOJIBHUKA, MO-
JKeT Iepecedb ero TIPaHuUILy
He 6oJiee 4eM B JIBYX TOUKaX.
- - 6) DT cepeluHbl CTOPOH
MOTYT JieXKaTb Ha OJIHOI Ipsi-
E Mmoit, xax noxasano ma pu-

cynke 15.

A
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2. a) He Moxer.

Kak 6br Tans Hu 1momelaja THPY Ha BECbI, PaBHO-
BecHs OHHM HUKOT/Ia He TOKaxyT. IloatomMy Kaskiaoe
B3BEIMBAHNE JIEJTUT MHOKECTBO TIOI03PUTENBHBIX
MepecTaHoOBOK He GoJiee YeM Ha JiBe yacTu. Bruauase
ObLI0 24 TIOJ03PUTEIbHBIE TE€PECTAHOBKHU, IIOCJE
MIEPBOTO B3BENIMBAHUS TIPH <«HEYAAYHOM» HCXOJE
X OCTaHeTCs He MeHble 12, mocje BTOPOro — He
MenbIe 6, ..., OCJIe YeTBEPTOrO — HE MEHbIIe 2.
6) Mosxert.

CHauaJja TMOJIOKUM Ha dYalid 1o JBe Tupu. B pe-
3yJIbTare TP pa3OUBAIOTCS HA JIBE TIAPbI: JIETKYIO
u TsKeayto (ecsu Bechl MOKasalu paBHOBeCHe, TO,
KakK Mbl 3HaeM, 6oJjiee TspKeJash TpyIna — Ha JIEBOI
vame). EcTh Tpu BapuwaHTa: Jerkas Tapa — TUPU
1000, 1002, tskenas — 1004, 1005; nerkas mapa —
1000, 1004, Tsxemas — 1002, 1005; nerkas mapa —
1000, 1005, Ttsorenas — 1002, 1004. Caenyommmn
JIByMSI B3BEIINBAHUSAMHI YTIOPS/IOYUM THPH IO BECY
B Kak/0#l mape. UeTBEepPTHIM B3BENTMBAHUEM CPaB-
HUM GoJiee TsDKesble THPU 06erX Tap, MOJOKUB Ha
JIEBYIO Yallly TUPIO M3 TsDKesoil mapel. B mepBom
BapHMaHTe MEPEeBECUT JieBasi dalla, B TPETbeM —
paBas, a BO BTOPOM BECHI IMOKaXKyT PaBHOBECHE
(Ha sreBoii wama 1005, Ha npasoii 1004).

4. Moxer.

PacemorpuM, Hanpumep, ypaBHeHue [x2] —100x +

+ 2500 = 0. Ono umeer 199 kopueii Buga 50 +%

(rme k =-99,-98,...,99). [leiicTBUTEIBHO,

2 2
50+i =[2500+k + i =
100 100
=2500+k =100 - 50+i —2500.
100
36!]'461{617{7/!6. TTosgcaum He(.t)OpMaJIbHO, KaK MOXHO

ObLIO IPUAYMATh PelIcHUe 33 aul.
[Tockombky [xZJ =x? - {xZ}, UCXO/JHOE ypaBHeHue

MO3KHO TIEPEITHCaTh B BUAC x° + px + ¢ = {xQ} by-
JleM pelaTh ero rpaduyeckn: MCKaTh MepecedeHst
rpadukoB 1apabosbl 1 JPOOHON YacTH KBaJpaTa.
I'pacdux apoGroit wactu y = {x} npexcrasisier co-
60ii psT pABHOMEPHO HM/IYIINX HAKJOHHBIX MOJTYHH-
teppasioB (puc.16).

Ananoruuno, rpaduk y = {x2} COCTOUT U3 KyCO4-
KOB napaGosibl: Mbl paspesaeM HapaGoty y = x°
FOPM30HTAJbHBIMU HPSIMBIMH BU/AA y =n, T/
n=0,12 ..., Ha KyCOUKH W KaXK/bIii KyCOUeK Ia-

-6 -4 -2
Puc. 16

o_
oo
o
.

TR M
-6 -4 2 0 2 4 6
Puc. 17
paJsiieIbHO c/IBUTaeM BHU3 K ocu abcrucc. Ho atu
KYCOYKH U/IYT YK€ He PABHOMEPHO, a <Y€M JaJbIie
OT HyJist, TeM Bee yarie» (Befib IPH CTPEMJIEHUH X K
6eCKOHEYHOCTH OpJIMHATA Bo3pacTaeT Ha 1 1pu yBe-
amdeHnu x Ha Bce Menbmee (crpemsmeecs k 0)
uncao (puc.17).
Ho rorga mo6oe ypasnenue Buga (x — a)2 = {xz} c
JIOCTATOYHO OOJIBIINM ¢ TOAUTCS: B OKPECTHOCTH
cBoeil BepmmHbl Hapatona y = (x —a)2 nepecever
MHOTO KyCOUKOB Irpaduka y = {xZ}
5. Ilycrp BD — jpuamerp ONHCAHHOH OKPYKHOCTH

tpeyroibanka ABC (puc.18). IlockoabKy
ZADB = ZC, uMeeM

ZCAH, = ZCAA = 90° - £C = 90° — ZADB = ZABH, .

Puc. 18 D

CaenoBaresibHo, ctopora AC kacaercs ONUCaHHONM
OKpysKHOCTH Tpeyrosbauka BH ,A. Ananorimano ona
KacaeTcs OINUCAHHOW OKPYKHOCTU TPEYTOJIbHUKA
BH_ C. Kax usBectHO, pajukaibHas ocb BK sTux
JIBYX OKPY>KHOCTEIl MPOXOAuT uYepe3 cepenuny M
orpeska AC ux oO61eil KacaTeJbHOM.

CnoXHbIA BapuaHT

8—9 knaccsl

1. PasnocTp AByX TaKUX YHCEJ, B KOTOPBIX UHCJIO
BocbMepoK passmuaercs Ha 1, mmeer Bua 1880...0.
Ho 188 = 47 - 4, 1.e. genur-
ca Ha 47, xkak u 2021. Tlo-
aTOMY, /106aBJIsIsT BOChMeEp-
KU TI0 OJHOii, MbI GyjeMm
ToJTy4yaTh 4YucJa, AeJISIn-
ecs Ha 47.

3. Ha mpogosmkennu ot-
peska CP 3a touky P ot-
METHM TaKyio Touky 1', 4To
CP =PT (puc.19). Torma
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FCET — mnapamnenorpamm, orkyzna TE paBHO u
napaJuiesbio FC. Ho torpa tpeyronbuuku TEK u
KBC paBHbI 110 1I€PBOMY NPU3HAKY: TYIbIE YTJIbl Y
HUX paBHB 120° 1 COOTBETCTBYIONINE CTOPOHDI TIPH
aTuX yriax pasHbl. Cie0BaTeIbHO, TPEYrOJbHUK
TKC paBHoGe/ipennblii u ero Meanana KP sBisieT-
Cs1 BBICOTOH.

4. Bcerpa.
Boi6epem mo6oro abopurena — GyeM Ha3bIBaTb €T0
Ilereit — u moOKa)keM, KaK HAWTH €ro BO3PacCT.

MpIc/IeHHO HaJleHeM Ha KaK/[0ro BTOPOro abopwure-
Ha manky, HaunHas ¢ [letn. 3amymepyem aGopure-
HOB Ge3 1mamok, wayimmx 3a Ilereit mo yacoBoit
crpesike: 1, 2, ..., 24, 25.

3aMeTuM, YTO KaXKIbIil abOpHUreH BEpHO COO0OIaeT
CYMMy BO3PacTOB CBOMX cocefeii (ecam cloxuTh
HasBaHHbple abopureHoM umcaa). CIOKUM uuCIIa,
HasBaHHbie 1-M, 3-M, ..., 25-M abopureHamu G6e3
MIATIOK, 9TO Oy/eT CyMMa BO3PacTOB BcexX abopure-
HOB B mamnkax nuoc Bozpact Iletu. Ciaoxum yncia,
Ha3BaHHbIe 2-M, 4-M, ..., 24-m abopureHamu G6e3
Aok, 310 GyIeT cyMMa BO3DAcTOB BCcexX aGopure-
HOB B mmanmkax Mmunyc Bospact llerum. Borutsa us
MepPBOIl CyMMbI BTOPYIO U HOJEJINB HA 2, TOJYINM
Bozpact Ilern.

3Hasg Bo3pacT J1060r0 aGOpHUreHa, JEeTKO Y3HATD,
KTO €ro coceJu, II0 UX OTBETaM.

5. a) 3 xoxa; 6) 4 xoxa.

Bwmecro ncxopnoro npsimoyrosbuuka M Oynem pac-
CMaTpUBaTh MPSMOYrOJbHUK N ¢ BEpIIMHAMHU B
VIJIOBBIX JIAMITOYKAX.

Ouenxu. 3aMeTuM, 9TO KasK/[bIM XO/IOM 3a’KUTaeTCst
XoTs ObI O/lHA W3 YEThIPEX YTJIOBBIX JIAMIIOYEK.
CueoBaTeIbHO, XO040B He OGoubiie 4. B 1. a)
3aMETUM ellle, YTO MbI JIOJUKHBI Ha KAKOM-TO XOJy
3aKeub IEHTPAJIBHYIO JAMIIOUKY. Bmecre ¢ Heil 110
OJIHY CTOPOHY OT IIPOBEJCHHOII TPSIMON OKa’keTcst
XOTs1 OBl [1Be YTJIOBbIE JTaMIouKn (IT0CKOJIbKY Tps-
Masi, TapaJsijiefibHasi MPOBEJIEHHON U POXO/SIIAst
yepes TeHTp, AeJUT KBajapar N Ha /IBe CUMMETpPHY-
Hble OTHOCUTEJNBHO IIEHTPa YacTH).

Ipumepovi. a) Chavara 3axxuraeM Bcé, KPOMe HIDK-
HETO psi/la JIaMIIOUYeK, 3aTeM 3aKUTaeM BCE U3 OC-
TABIIUXCS JIAMIIOYEK, KPOME YTJOBOW, M HAKOHEI]
saxnraeM yriosylo gammnouky. (Ha pucynke 20
n300pasKeHbI [[BA HIDKHUX CJIOS JIAMITOYEK, CTPEJIKI
YKa3bIBAIOT, 110 KaKyI0 CTOPOHY OT NPSIMOIl 3asKura-
I0TCS JIAMIIOYKH. )

2021/Ne5

6) Ipsmoyroabuuk N umeer pazmepbt 19x20. Ha
€r0 [MAaroHaJu HET JPYTUX JIAMIIOYEK, ITOCKOJIBbKY
19 m 20 BzaumHuo mpoctbl. [IpoBesem mepByio Tps-
MyIO HapaJiIeIbHO [IMArOHAIN, UyThb HIKE, YTOOBI
9TH JIBE JIAMIIOYKH OKA3aJHUCh
HaJl Heii, a Bce OCTaJbHbIC
JIAMIIOYKH OCTAJICD C TOM Ke

4 CTOPOHBI, 4YTO M [0 3TOTO;

% 3KIKEM BCE JIAMITIOUKU HUMKE

% sroii mpamoit (puc.21; mns

7 npuMepa Mbl B3su N pazme-
Puc. 21 poM 4X5 — moOMeHblle, HO

TOKE C B3aHMHO MIPOCTHIMU CTOPOHAMMU). AHATIOTHY-
HO IIPOBE/IEM BTOPYIO MPSIMYIO ITapaJljieJIbHO JNaro-
Hall, HO UyTh BBINIE, W 3a’KXKEeM BCe JAMIIOUKH
BBINIIE 9TOI MPsAMOI, Kak Ha pucynke. Ocrapmmecs
JIBE YTJIOBBIE JIAMIIOUYKH MOXKHO 3a’Keub 3a [Ba
XO0/1a, OTCEKast MPSMOIl OT OCTATbHBIX.

10—11 knaccwi
2. CyecTByer.
JlokazkeM, 4TO MOJAXOJUT N =4.
Ilepsoe peuerue. 3aMeTnM, YTO €CJIH MBI 3aPUKCH-
pyeM II0JIOXKHTENbHOE YHCJIO kR M paccMOTpUM BCe
BO3MOJKHbIE Iapbl TMOJOKHUTEJIbHBIX uucesa a, b ¢

CyMMOﬁ k, TO MHOKECTBO 3HAYEHMIT BbIpa’K€HUA

1 1 4
—+— — 910 ayu | —;+e° | (1ipoBepbTE 9TO, 3anucan
a b k

1 k

CyMMy B BHUJIE 1 +—=—).

a k—a a(k-a)

Torja /st JAaHHBIX X U § BbIGEPEM TIOJIOKUTEIbHBIE
cymMbl @ +b i ¢ +d Tak, uto a + b — ¢ —d = x (camu
uncta a, b, ¢, d noka ne puxcupyem).

11 1 1
[Tockonbky BblpaxceHus — + 5 u—+ 7 110 CKa3aH-
a c

HOMY BbIIlle, TIPHHUMAIOT BCE JIOCTATOYHO GOJIbIINe
3HAYEHNUS, MOKHO TO06PATH TT0JIOKUTENbHbIE d, b,
¢, d Tax, 94T0ObBI Pa3HOCTb THUX BBIPAYKEHHUI PABHSI-
JIach y.

Bmopoe pewenue. Bynem uCKaTh 4YUCHAA dy,...,0d
KaK KOpHI MHoroutena sufa P (t) = t* — xt” - 2t -
-yt +1 (cormacuo ¢opmy.iam Buera onn ynosier-
BOPSAIOT yKa3aHHbIM paBeHcTBaM). IloCKOJIbKY
P(0)=1, ana toro urto6or MHorouwnen P (t) umen
YeTbIPe BEIECTBEHHBIX KOPIHS, JAOCTATOYHO, YTOODBI
uncia P(1)=2-x-z-y u P(-1)=2+x-z+y
6blu oTpuIaTebHbl. Mbl 9TOro J106bEMCsI, B3SIB
z>|x+yl+2.

Sameuanue. Moxno gokasath, uto n=1, n=2 un
n =23 He MOIXOJST.

3. 3amerum, uro MX u MY — cpeanue JUHUA
tpeyroabuukoB CBE u BCD coOTBeTCTBEHHO
(puc.22). Io ycaosuio

BD - BA = BM?* =CM? = CE - CA,
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Puc. 22

OTKyJa
MX : MY =CE : BD = BA: CA.

Hockombky MX || AC u MY || AB, TpeyrojabHUKU
MXY u ABC mnopo6ubl. 3uaunt, /MXY = /B =
=ZYMC. Ilo Teopeme 06 yrie Mexay KacaTesb-
HOIt M Xopaoil cropona BC Kacaercsi ONHCAHHOI
OKpy>KHOCTH TpeyrosbHuka MXY, oTkyzaa ciaenyer
YTBEP:K/ICHUE 3a/Ia4H.
4. Toxaxem, uto mpu N = 3'% spmrpaer kot Mar-
pockui. [l 3TOr0 AOCTATOYHO, YTOOBI HA TIOCJIE-
auem mare asgan Depopa Bce ocrasmmecs 100
6yTep6po/IoB OKa3aauch 6e3 K0JI6aChI.
[Tponymepyem OyTtep6pozabl o mopsaky. Crpate-
rmio Kota MaTpOCKMHA pa3es MM Ha HECKOJBKO
cragnii. CHavyasa MOKa)kKeM, 4TO OH MOJKET JeHCTBO-
BaTh TaK, YTOObI K MOMEHTY, KOT/[a OCTAHETCSI TPETh
OT MCXO/IHOTO KoJIm4YecTBa 6yTepOpoIoB, Bce GyTep-
6pO/IbI, HOMEP KOTOPBIX JlaeT OCTaTtok 1 mpm mese-
nun Ha 100, 6buin 6e3 KOI6ACHL.
OtMeTHM B KaXxI0il cotHe 6yTepOpoioB TOT GyTep-
6po/1, HOMEep KOTOPOTO JaeT OCTAaTOK | Tpn JeseHun
99
Ha 100. Ilycrp 3a mepsble 37 x0/0B KOT Marpoc-
KUH CTSHET KOJGACy ¢ KaXJI0TO OTMeYeHHOro Gy-
Tep6po/ia CPe/iu IEHTPATIbHOU TpeTH 6yTepOpOJIOB.
Tax xax asaag Oeop 3a 910 Bpems cbegact 3% - 100
6yTepOpo/ioB, HUKakue O6yTepOpOJAbI CPEAN IeHT-
pasibHOil Tpetn cbefenbl He 6yayT. Cuaeayiomine 3%
X0ZI0B KOT Marpockut Oyzer 3a6uparb KoJabacy ¢
IIPOM3BOJIBHOTO OTMEYEHHOTO 6yTepOpoia, a ecJi
oTMedeHHbIX OyTepOPOIOB ¢ KOJGACON He ocTaHer-
cs — HUYEro He jenarh. Tak Kak 3a OJUH XOJ Jsi/ist
Denop cbegaer He Gosiee OAHOTO OTMEUEHHOTO OY-
Tep6poaa (cM. 3ameuanue), To eme uepes 3% xomoB
BCE OCTaBIWeCs OTMedeHHble OyTepOpobl OyayT
6e3 K0J16achl.
Ha caenyromeii craguu coeit crparerun Kot Mat-
POCKUH aHAJOTHYHBIM 06pa3oM I00bETCS TOTO, YTO-
6b1 Bce 6yTepOpPO/IbI, HOMEP KOTOPBIX JIaeT OCTaTOK
2 npu penenun ua 100, okazasmuch 6e3 KOJI6ACHI;
IIPH 9TOM KOJNYeCTBO OyTepOpPOJIOB CHOBA yMEHb-
murest B 3 pasza. Ha kasknoii caemytomeil cragum oxn

6yzseT ocBOGOKIATb OT KOJI0OAchl O4epeJHOI ocTa-
Tok ot gesenus Ha 100; yepe3 cro craamii, Korjga
ocranercsi posao 100 6yTep6posioB, oHn Bee OYAyT
6e3 KoJs10achl.

3ameuanue. MOXKHO yTOUHUTD CTpaTernio kora Mar-
POCKMHA, TIOKa3as, uyTo mpu N = 2'% o1 Toske BHINT-
poisaer. A sor npn N = 2'% —1 yxe Bemrpoisaer
naass Deop.

6. PaccmorpuM mo6oe KBaJpaTHOE ypaBHEHHE C
nesbiMn KoadguiuenTaMn u cTapmuM Koaduimm-
eHtoM 1, mMmeioliee [Ba TMOJIOKUTETHHBIX KOPHS,
npousBesiennie Kotopbix pasHo 1. Ilogoiizer, Ha-

npumMep, ypasuenne x> —4x+1=0, ero xopHm —

370 2 ++/3 1 2 — /3. 3aMerum, uTO CyMMa 1 PON3-

Be/IeHIe 3THX KOpHeil — ILiesble, a TOLZA U CyMMa
n n

(2 + \/§) + (2 - \/§) — 1esas npu Jo60M HATy-

pajibHOM 7 (9TO HETPYJHO JIOKa3aTh [0 MH/YKINH

HJI TIPOCTO PACKPBIB CKOOKHM: CIaraeMpie ¢ /3 Ju6o

BXOJAT B UEeTHON crenenu, Ju60 B3aMMHO YHUUTO-
JKAIOTCS) .

Toraa [(2 + x/g)n + (2 - \/§)n i — TOYHBII KBaJpar,

2 2
W OH paBeH (2+\/§) ! + 2+(2—\/§) ! (Tak Kak
MPON3Be/IeHIe KOPHEIT paBHO 1{), T.e. OTCTOUT Ha 2

OT 4YuCJja (2 + \/§)2n + (2 - \/§)zn, KOTOpOE, B CBOIO

ouepe/ib, eCThb BEPXHSIS 1eJIast YaCTh YUCIa (2 +/3 )Zn
(MOCKOTbKY BTOPOH KOPEHD MOJOKUTETEH U MEHb-
me 1).
2

Ho Torga uncino A =(2+ \/§ — UCKOMOE.
Kommenmapuii. HecnoxH0 BUAETD, YTO B KayecTBe
t MOKHO B3SITH J110060€ YUCJI0, SABJIONEecs O0Jb-
MM KOPHEM MHOTOYJIeHA BHJA 22 —mx+1, tae
m — HaTypajibHOe uucJjo, He Menbliee 3. [elicTBu-
TeJbHO, KaK W B PEIICHUN BBINIE, CyMMa KOpHEH

1 .
t" +_n 9TOro MHOTOYJIEHa OKa3bIBa€TCA I€JION, OT-
t

Kya 18 A = 2 criejyer yTBepiKICHHe 3a/1aul.

B aToM perieHun MbI YBUEH, YTO ISl JIEOOOTO U3
B3ATHIX HAMU 4Kcell ¢ paccrosiHue or t" 1o GmxKaii-
LIETO TIeJIOTO CTPEMUTCS K HYyJI0 ¢ poctoM 7. Ha
caMoM JieJie, YHCeJ, CTEIleHH KOTOPBIX CTaHOBSTCS
Bee GasKke U GJIMsKe K 1eJbIM yucaaM, 6opiie (Ho
PO OCTAJIbHBbIE HEJIb3sI CKa3aTh, YTO OHU TOAXOMIAT
JUTA pemenust ganuoi sagaun!). Ilogpo6Hee o HuX
yntaiite B crarbe A.EropoBa «Uncaa Iluzo»
(«KBant», Ne5 1 6 3a 2005 ro); cM. TakKe TPOEKT
«/Ipo6ubie yactu creneneit» xHa XII Jlerneii koude-
pennuu Typuupa ropozos.

7. a) Ilycrp BepruKajbHas TpsaMas [ TPOXOAUT
yepes 1eHTp cdepor O. Ilyctb aBe mapasienbHbie
TOPH30HTAJbHBIC MJIOCKOCTH BBICEKAOT Ha cdepe
nBe pashblie (He GoJbimye!) OKPYKHOCTH Y, M Y_.
Torza cymecrByer GoJiblas OKpPy»KHOCTb £, Kaca-
fomascs Y, u Y_ B (InaMeTpasbHO IMPOTUBOIOIONK-
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HbIX) Toukax Py u M, coorsercrBerHo. IlosepHyB
o 2mk / 6
o Ha yroua e BOKpYT [, mOJydyuM GOJIbIIYIO

OKPY>KHOCTb ), TakKe KacaloNIyIocs IBYX OKPYXK-
HocTeil B Toukax B, u M) cOOTBETCTBEHHO.
Paccmorpum oznny ayry PyM, okpyskHOCTH £), a
taoxke ayru P,M,, nosydernnbie u3 Hee 1moBOpOTa-
mu. Bce atm ayrm He TepeceKkaioTcsi, TOCKOJBbKY
J06asi TOPU3OHTAJIbHAS TJIOCKOCTDh MEPEceKaeT aTh
JIyTH B BEPIIMHAX MPABUJIBHOTO N-YTOJbHUKA. Bo-
Jlee TOTO, Kax/ayio u3 atux ayr P,M, moxmno pac-
MUpHUTH 0 GamsKaiiimx K Heit (HO He Jiexarmx Ha
Heit) Touek mepecedeHus Q ¢ APYTHMHU OKPYKHOC-
TaMu €2;. 3aMeTnM, 4TO TOUKH MepecedeHns Q, n Q;
aexar B (BEPTUKAIBHON) TIJIOCKOCTH, CHUMMETPHST
OTHOCHTEJIBHO KOTOPOIl MEHSIET 3TU OKPYKHOCTH
Mectamut (9Ta TIOCKOCTD COJEPIKUT, HATTPUMEP, OUC-
cextpucy yraa POP,). Otciona Jerko BUAETb, 4TO
GunpKallIMu K Haueil yre OyyT TOYKH Hepeceye-
HUSL € Qp_q U ¢ QU KOKAYIO Oyry P,M);, M0oxHO
pacmpuTh /0 JAYTH MEXKAy oTuMu Toukamu (He
BKJIIOYAIONIEH KOHIBI).

Ecim Temepp miiockoctu, BbICceKaomme Y, U Y.,
B3SITb GJIMBKMMU K TIEHTPY cepbl, TO TOUKH TIepe-
ceuenns Q, u Q_y 6yayt (13 cummerpuu) GJM3KH K
cepenunam ayr PP, u M M,_,. [losToMy mHbI
MOJIyYeHHBIX JyT MOXKHO CJeJaTb CKOJb YTOJHO

2n
OMUBKUMU K T+ —, 4TO U TPeGOBATIOCD.
n

6) Ilycrb Ay, Ay,..., A, — TIOIAPHO He IepeceKatolme-
cs1 yTH GOJIBIINX OKPYSKHOCTEH C JIMHAMH T+ O,
T+ 0y, ..., T+0O, TPH TOJOXHUTEJBHBIX O;; MbI
cY4nTaeM, 4TO OHH CO/IeP’KAaT CBOM KOHIIBI. MBI
JIOKa)KeM, 4TO

n
Y o; <2m,
it

OTKyJla 1 cJefyeT Tpebyemoe.

B mampreiimenm mos notocom momycdepbl Mbl TOHN-
MaeM TOYKY aToil mnosycdepnl, Hanbosee yaajieH-
HYIO OT ee I'DaHMIbL.

O6osuaunm vepe3 B; gyry GOJIbIIONH OKPY’KHOCTH,
ponosHuTenbHyi0 K A; (ee jumHa paBHa T—0;).
Pacemorpum Bee (oTKpbITBIE) TOMyChEPBI, COMEP-
skamque Bj; mycrb X; u Y; — xonnpt B; (MbI cuuTaem,
4yro onm npuHamaekar B;). IMoaycdepa comepsxur
B; Torma m TOIbKO TOT/A, KOT/a OHa COAEPKUT X; 1
Y;, T.e. KOrjia ee IOJIOC JIE)KUT B OTKPBITBIX I0OJIY-
cdepax ¢ nomocamu X; u Y;. 3Ha4UT, MHOKECTBO S;
TOJTIOCOB TaKHUX TIOJycdep — 3TO MepecedeHne aTHX
IByX moaycdep, T.e. ceprmuecKkmii «JIOMTHK» pa-
cTBOpa 0;; €ro ILIONAb paBHa 20,

JlokaskeM Teriepb, YTO MHOXKECTBa S; NOMAPHO He
TepeceKaroTcsl; MOCKOIbKY TIIOMaAb cepbl paBHA
41, OTCiOfa BBITEKAeT TpeOyeMoe HepaBeHCTBO.
ITpeamososknm, 4TO HEKOTOpas TOUYKA Z JIEXKHUT B

2021/Ne5

Sy N'S,; Toraa nosnycdepa ¢ m0I0OCOM Z COAEPKUT
B, u B,, a 3nauut, gonoanutenbHas K neit (3aMxny-
tast) moaycdepa H nepecekaer Ay u Ay 1o 1mesabM
nosyokpyskHoctsm (a He ux uacrsm). Ho so6bie
JIBe TaKue MOTyOKPY’KHOCTH Ha mosycdepe // mepe-
cexaorcst (60 KOHIBI OGO — AMAMETPaIbHO
IIPOTHBOIIOJIOXKHbBIE TOYKM Ha TpaHulle IoJycde-
pb1). DTO NPOTUBOPEUUT HALIEMY HPEIIOJIOKEHHUIO.
3ameuanue. Jns mOOBIX TIOJOXHUTETBHBIX UHCET
Oly,...,0,, CyMMa KOTODBIX MeHbIIe 27, Ha cdepe
MO’KHO PACIOJIOKUTD ITONAPHO He TI€PeCceKaroNnecst
JIyTU JUIMH T+ O; TeM >XKe MeTO/[OM, YTO M B pelle-
HUW TIyHKTa a).

YcTtHbIM Typ ans 11 knacca

1. Her.
Homoxum F(x)=f(x)+g(x), G(x)=f(x)-g(x).
Torga f(x):w, g(x):F(x);G(x).

[ycts F u G crporo Bozpactaior (COOTBETCTBEHHO,
crporo y6biBaior). Torza f Kak uX HOJyCyMMa
crporo BozpactaeT (COOTBETCTBEHHO, CTPOro yObI-
Baer), YTO MPOTHBOPEYHT ycJosuo. Ecam ke Ka-
Kasg-to n3 ¢yskmuit F u G cTporo Bo3pacTraer, a
apyrast crporo y6eisaer, to ¢yukunun F n -G
CTPOTO BO3PACTAIOT MK CTporo y6biBaioT obe. Cre-
JI0BaTeIbHO, UX TIOJYyCyMMa ¢ CTPOTO MOHOTOHHA —
CHOBA MPOTHBOPEYHE C YCIOBHEM.

2. Bacs.

[Tyctp O — Bepumna nupamuabl, A;A,...Ay — ee
ocHoBaHme. Pazo6beM Bce pe6pa MIPpaMu/Ibl Ha Mapbl
CMEXHDBIX, OJIHO M3 KOTOPBIX OOKOBOE, a JIpyroe
aexur B ocHoBannn: (OAy, AjAy), (OA,, AyA3),
oo, (0Ay, AyAy). Ha xaxapiii xox Iern Bacst mo-
JKeT OTBeJaTh B Ty sKe Mapy, T.e. KPacuTb B 3eJe-
HbII 1BeT pe6po M3 TOi mapbl, B KoTopoil [lers
TOJIBKO YTO HOKPACHJ BTOpOe pe6po B KPaCHbIIL.
Ecam Ilerst nokpacur xotst 661 0/fHO pe6po B OCHO-
BaHNHU MHUPaMIJIBI, TO B OTBeT Bacs mokpacur 60ko-
Boe peOpO M3 TOIi Ke Iaphbl, IyCTh 3TO, HANPHMeD,
pe6po OAy. Tak Kak B KOHIle UTPBI BepirnHa Ay
coeimHeHa 3eseHbiM pebpoM 6o ¢ O, aunbo ¢ Ay,
TO M3 Hee MOKHO JIONTH 1o 3eseHbIM pebpam g0 O.
[lasee, Bepumna Ay _, coequnena jgn6o ¢ O, 6o ¢
Ay _y, U3 KOTOPOI €CTb IyTb TI0 3€JI€HBIM peGpam
1o O. CrefioBatesibHO, U 13 BePIIHHDBI Ay _y MOKHO
no6parbest o O 1o 3eneHbiM pe6pam. IIpomomkas
9TU PACCYXK/EHUsI, TTOJYYINM, YTO U3 BCEX BEPIINH
MOJKHO JIOITH 110 3eJieHbIM peGpam j10 Bepinuel O,
a aTo 3Hauut, uto Bacsa nobemuin. Taxum o6pasoM,
4TO6BI He TpourpaTth, IleTs gomken KpacuTb TOMb-
KO GokoBble pebpa. Ilocsie ero mpeanocesHero
X0/1a HEOKPAIIEHHBIMI OCTaHYTCsT PeGPO U3 T1apbl, B
KOTOPYIO OH TOJIBKO YTO CXO/HJI, U /iBa peGpa ele
u3 ozxnoii napel. Torpa B orBer Bacst Moxer nokpa-
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CUTh B 3eJIEHBbI I[BET TIOCJEHee HEOKpalleHHOe
60KOBO€E Pebpo, TocJe Yero OHU MOKPACST elle Mo
omHoMy pebpy B ocHoBaHuu. B utore 3eseHbIM
1BeTOM Oy/IyT MOKpallieHbl Bce pebpa B OCHOBAHUK
MUpaMK/Ibl, KPOME OJIHOTO, a TaKyKe OJHO OOKOBOE
pe6po, MO3TOMY KaK/ble JBE BEPIIMHBI OYIyT CO-
€INHEHDBI MyTeM U3 3eJIeHbIX pebep. 3HAuuT, W B
aTOM ciaydae Baca moGennt.

3. Cuyuait AB = BC oueBuzieH. VHaue, ocHOBa-
nust F u E Boicor AF u CE nexar Ha OUcCeKTpuce
BI 1o pasuble croponnl ot AC, npsambie AP u CQ
napaJienbibl 1 LPAT = LZFAT = ZECT = ZQCT
(puc.23). 3apmaua Oy/ieT pelleHa, ecJ Mbl JIOKa-
JKeM Tozio6me TpeyroabHukoB TAP uw TCQ (torma

Puc. 23

pasubie yrapl CTQ u ATP BepTUKAJbHBI U TOYKU
P, O, T nexar na ommoii mpsamoii). [as atoro
JIOCTaToOYHO 1poBeputb, 4ro AT/AP =CT/COQ.
ITycte K m L — TOYKM KacaHus OKPY>KHOCTH CO
croponamu AB u BC coorserctBenno. Toraa
AT = AK u CT =CL, 1 OCTaJOCh JI0Ka3aTb pa-
BerctBo AK/AP = CL/CQ. OHo crexyer U3 mojo-
6ust TpeyroibuukoB APK u CQL: oHu TpsiMOy-
roJIbHBIE, a HMOCKOJIbKY Bl — Ouccekrpuca yria B,
yribl BAP w BCQ paBHbI.

3. 47.

Ouenxa ceepxy. BopibepeM 47 uesoBeK U KaskJOTo
cupocuM «Krto u3 skuresneir npecrynHuxku?s> Econ
KTO-TO Ha3BaJ He 35 YesJOBEK, TO OH — IPECTYITHUK.
ITyctp Kaxapiii HazBam cBOoe 33-2J€MEHTHOe ITOJ-
MHOXKECTBO IIPECTYIHUKOB. 3aMeTuM, 4To cpeu 47
OTIPOIIEHHbIX He MeHee 12 cBuzereseit, MoaToMy
OHU HA30BYT O/IHO M TO K€ 35-3JIEMEHTHOE TIO/IMHO-
skectBo. HaszoBeM 35-2/1€eMEHTHOE TOJIMHOKECTBO
NOMEHUUATDHO NPECYNHBIM, eCIIH eTo Ha3BAJIN He
menee 12 u3 47 uwenoBek. OMHO M3 HTUX IIOMHO-
JKECTB B CaMOM JleJIe COBIAJaeT C MHOXECTBOM
npectynHukoB. Ho cpean Bcex 50 uenoBek ecTb

4yesioBeK A, BXOJAIMUII BO BCE TOTEHIIMATBHO Tpe-
CTYIHBIE MOJMHOYKECTBA: JEUCTBUTEIbHO, TaKUX
MOJMHOKECTB Bcero He Gosee 3 (MHaue omporeH-
HBIX GbLT0 ObI He Menee 4 -12 = 48), u noartomy 15-
3JIEeMEHTHBIE JIOMOJHEHHS K MOTEHI[HAIbHO IPECTyTI-
HBIM TOJMHOKECTBAM HAKPbIBAIOT He GoJiee 45 Ofl-
polIeHHbIX. 3HAUNT, A — TOYHO MPECTYITHUK.
Ouenka cnu3y. Ilyctb Mbl onipocun k < 47 smojeil.
Ornpocum erie 46 — R cirydaifHbIX JHOJIEH U3 OCTaB-
muxcs. Pazo6bem 46 omporieHHbIX Jiojeil Ha 4
rpymmet o 11, 11, 11, 13 wenosex. Ilycts rpymmer,
rae 11 gesoBex, OyayT OTBeyaTb Ha BOIPOCHI Tak,
Oy/ITO CBUJIETEJI OHU U 4 HEOTIPOIIEHHDBIX YeJ0Be-
Ka, a rpymna u3 13 dvenoBek GyjeT oTBeyaTb Ha
BOTIPOCBHI Tak, OYATO CBUJETEJH OHU MU 2 JIOOBIX
HEONpOIIeHHBIX. Tak Kak MBI HE MOKEM MOHSTD,
KaKas M3 BePCUil HACTOSMASA, TO U IIPECTYITHUKA MbI
HaliTU He CMO’KeM, BeJlb J060il YeJI0BeK B KaKOU-TO
U3 BepCHil CBUJETED.

Kommenmapuii. Ilonpo6yiiTe pemmmTh TakxKe 3aja-
4y, KOTJIa JIOJEil OIPAIINBAIOT IOCJIE/[0BATEIHbHO
(MOKHO BBIOMPATD OYEPEAHOTO OMPANINBAEMOTO,
YUUTBIBAsE OTBETHI MPEABIIYIINX OMPOIIEHHDIX).

6. CymrectByer.

Bynem Ha3biBaTh TOUKY C PAMOHATBHBIMU KOOP/IU-
HaTaMU pPalMOHATbHOU. PaccMOTpuM OKpPY:KHOCTH
2%+ y? = 1. Jlokaxkem, uto Ha neii CYIIECTBYET CKOJIb
YTOJHO MHOTO DPalMOHAJbHBIX TOYeK. PaccMorpum
npsMyio Buja y = kx +1 ¢ parmonanbubiM k. Ona
npoxozut 4yepes Touky (0; 1) okpyskHOCTH, I BTOpas
TOYKA TepeceyeHrsl ¢ OKPY’KHOCTBIO TOXKe OyIer
patmonanbHoil (IOCKOJIbKY KBaJpaTHOE ypaBHEHHE
x4 (kx + 1)2 =1 c panoHaJbHBIMU KO3 UIIEH-
TaMH FMeeT paloHaJbHBIN KopeHb (, BTOpOIt KO-
PEHb TaK)Ke PaIMOHAJEH).

BpiGupast pasuble parpoHasbHble k, OTMETHM Ha
okpysknoctn 2021 panuoHaJbHYIO TOUYKY, BKJIOYAs
touku (1 0), (4 0), (0;1), (0; —1). Hepes xaxmyio
u3 atux 2021 Toyexk mpoBejeM KacaTeJbHYI0 K OK-
PY>KHOCTH 1 OTMETHM TOYKH MEPECEUCHUS COCETHNX
KacaTeJbHDIX, TTOTy4YnM omucanublii 2021-yroapHuK
(cTporo 3T0 MOXKHO 060CHOBATH, HAIPUMEpP, TaK:
cHayaja TOJY4YnM OIMCAHHBIN KBAApaT, TPOBEIS
KacaresJbHbIe B YETBIPEX YKA3aHHBIX TOYKAX, a 3a-
TEeM TI0 OYepey MPOBEJeM OCTAJTbHbIE KacCaTesb-
HbIe; Kaxaas OyleT OTCEKaTh OT YK€ MMEIONIErocs
MHOTOYTOJIbHUKA TPEYTOJIbHUK, IIPUMBIKAIONIII K
BepILUHE).

3aMeTuM, 4TO ypaBHEHUs KacaTeJbHBIX UMEIOT pa-
IUOHaJIbHbIe KOOpAMHaThl (MOCKOJIbKY KacaTesib-
HbIe TEePIEHUKYISPHBI TPSIMbIM, COEIHSIONINM
HAvaJ0 KOOPJAMHAT C PAIOHATBLHBIMI TOYKAMU Ka-
canns). TouKa mepecevenyst MPsAMBIX ¢ PAIOHANTb-
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HBIMH KOOP/JIMHATaMM palinoHasbHa (Kak e[MHCTBeH-
HOE DEIIeHNe CUCTEMbI JIMHEHHBIX YPaBHEHUII ¢ pa-
[[MOHABHBIME  KOd(dduItmeHTaMn). 3HAuYuT, Bep-
mHbl Hatero 2021-yrosibHuKa panuoHasbubl. [Ipu-
BeJIeM KOOP/AMHATHI BEPIIMH K O6IIeMy 3HaMeHaTe-
a0 N U paccMOTPUM TOMOTETHIO € IIEHTPOM B Haya-
sie kKoopauHat u koadduimenrom N. OHa mnepese-
et Hair 2021-yrofibHUK B Y/IOBJIETBOPSIONINI yc-
JIOBUIO 3a/IauM.

OnuMmnuaga «JIoMmoOHOCOB»
(cm. «Keanms No4)

®dusuka
OTGOpPOUHBIN 3Tan

/=9 kraccel

1. YpaBuenne ABIXeHUS GpycKa IO TOPH3OHTAIN
umeer Buj ma = Fcoso — F, tae Fyy = uN — Mo-
JlyJIb CHJIBL TpeHust ckoubkerns, N =mg — Fsino—

MO/IyJTb CHJIbI HOPMAJIBHOTO [aBJIeHUst GPYCKa Ha CTOJI.
F .

Orciona yekopenne Opycka @ = — (coso.+usin o) —
m

—ug. 3a BpeMs t GPYCOK 11EPEMECTHTCS Ha PACCTO-
SAHUe

2 2 2

L= a_ F—t(cosoc+usinoc)—£.
2 2m 2

2. Pa306beM TPAeKTOPUIO CAaHOK Ha TPU y4acTKa,
KaOK/Iblil U3 KOTOPBIX IIPEJCTaBJIseT cO60ii HAKIOH-
HYIO ILJIOCKOCTb, 00OpasyIollyio ¢ FOPU30HTOM YTOJI
0Ol;, UMEIOIILYIO TIePernajl
BBICOT /4 M JIMHY OC-
nosanusa I; (puc.24;
i=1, 2, 3). Hockosb-
KY CaHKH TIePeMeIatoT-
€51 MEJITIEHHO, UX YCKO-
peHue PaBHO HYJIO.
[Tostomy B mpoexiu-
SIX HA OCU X U Y ypaB-
HEHUsI [BUKEHUSI CAHOK Ha KaXK[OM y4acTKe HMe-
ot Taxoit Bux: 0=mgsino,; + F,; —F, 0=N, -
—mg cosa;. [ockoabky Frpi = UNj, To F; = mgsinoy; +
+ Wmg cos o;, a paboTa Ha yyacTKe TPACKTOPUHU [IJI1-
HOil §; paBHa A; =(mgsino; +wmgcoso,)s; =
=mg (h; + ul;). Cymmupyst paGoTbI Ha BCEX ydacT-
KaX, BBIUYUCJIUM paboTy 10 MOABEMY Tejia Ha TOPKY:

3
A =mgY (b +nl;) =mg (h+nl).
i=1
Orcrofia HaxXoM K03 PUINEHT TPEHHS:

Puc. 24

A—-mgh
W=—-——"—.
mgl
3. [lo oxusask/ieHust Macca BOJSIHBIX 1apoB B GaHKe
6pla m, = @p, .V, riae ¢; = ¢/100%. Iocse oxmax-
JICHHSI Macca HaCbIIIEHHOro mapa B OaHke Oyjer

2021/Ne5

my = p, V. Iloatomy macca o6pasoBasiierocs B Gai-
¢

Ke JIbjla paBHa m = m, —m, = [pK 100% —px]V

4. CnpaseasuBa creayionast cucTeMa ypaBHEHUIL:

L =1,+15, Uy = LRy, Uy = I3R3, Ry = nR,. Pemas

ee OTHOCUTENbHO Ry, momydaeM R; = (n + 1)%

|
5. U3 dopmysl 1711 TOHKOI coGHpalonieil JHH3bI
1

1 1
— + — = — HOJIy4aeM, 4TO PACCTOAHUE OT JIMH3BI J10

a
aF
crenku b =
-

(puc.25) HaXOAUM MOJYJb CKOPOCTU U306PasKeHus

s HO[IOéI/IH TPEYroJIibHUKOB

N

a Uy
VY b
Puc. 25
VF
maykKa OTHOCHTEJbHO CTEHKHU: 0, =V —= .
a a-F
CrieoBaTeIbHO, MOYJIb MCKOMOIl CKOPOCTH PaBeH
aV
v=V+y, = .
a-F

10—11 knaccel

1. Ha pucynke 26 mo-
KasaHbl CHJIbI, AEHCTBY-
ole Ha TPysbl 2 U 3.
W3 pucynka craenyer,
YTO HPOEKINN ypaBHe-
HUS JIBIDKEHUST TPY30B
2 1 3 Ha BePTUKAJIBHYIO
OoCb U IIPOEKLUS ypaB-
HEHUs JIBIDKEHHS Tpy3a
2 Ha TOPU3OHTAJILHYIO
0Chb UMEIOT BU[L

T, cosa =Tj coso. + mg,
2T, cosa = myg,

ﬂll}z

— =T)sina+7Tsino,
Isina

rje o — JuHelinasg ckopocTh rpysa 2. M3 samm-
CAHHBIX ypaBHEHHIl HAXOAUM ©° =2glsinatga.
CrnenoBaTesqbHO, HpUpAlleHHE KUHETHYECKON

sHeprun cucrempl AE, = 2% =2mglsinotgo.

[IpupanieHre TOTEHIINAIBHON SHEPTUH CHCTEMBI
AE, =2mgl(1-cosa)+mg -2l (1 - cosa). ITo 3ako-
HY W3MEHEHHsI MEXaHMYeCKOW HSHEPTHU HCKOMast
pa6ora

A=AE +AE, =2mglsinatgo+4mgl (1 - cosa).

2. IlycTb pacTsyKeHUs NPYXKUH B HOJOKEHUH PaB-
HOBecHsl paBHbI [, [, u I3 coorsercrsenno. Torga



OTBETDI,

CUJIa HATSDKEHUS TE€PBON MPYKUHBI W HUTH, MPH-
KPEILICHHOI K TPy3y, paBHa Fj = kl;, a cuia narsa-
JKEHNUs HHUTH, TepeGpOoIIeHHol Yepe3 OJIOK, paBHA

F, = kyly = kyl;, Tak Kak 6J0k raajkuii. Us yciosus
HeBecoMoctn 6/10Ka cieayer F =2F,, a ToToMy
I, = Ry ol =

2k, 2ky
BO Ha paccTOSHNe Ax TepBas MPYKIHa COKPATHTCA

l,. Ilpu cMemieHnn rpysa BIIpa-

Ha Ax, a BTOpasl M TPeThsl yAMUHATCS Ha Axy m Axg
COOTBETCTBEHHO, npuueM Ax, + Axz = 2Ax (Tak Kak
HUTH HEpacTssKUMbI) M RyAx, = ksAxy (ipyskumbr

2k
nesecompl). OTciofa HaxoauM Ax, = ——3— Ax,
ok ky + Ry
3 = ——2__ Ax. V3MeHeHne MOTEHIHAIBHON CHC-
ky + Ry

TeMbI TIpK 3TOM GyJieT
A, = 3 (k (4= A%+ (i + 8y +
(I + A ) = ki~ ol — byl ) =

1 4kyk
= |y 2 Ay,
2 ky + Ry
OGOBHa‘JI/IB qyepes ()0 CKOPOCTb rpyaa B TIOJIOJKEHNN
paBHOBeCHUs, 10 3aKOHY COXPAHEHUS MeXaHnuecKoil

mo
sHEprun nMeeM AE, = TO. [TockoIbKY aMILIHTY -

HO€ 3HaYeHHue CKOPOCTU ¥y CBA3aHO C aMH]IPITy[[OfI
CcMeleHnd Ax COOTHOIIEHUEeM 0y = WAx, dyacrtora

my
3. ITnoTHOCTD JKUJIKOTO TIpoTlaHa B GaJ'IJ'IOH(:‘ p=—

0
JaBJieHue B GaJ/LIoHe p- Ilo ycjioBUuio B OaJlJIoHe

ocranoch m = (1 - o )my ponana, rie oy = ¢,/100%.
IIycTh 4acTb IPOTMAHA, KOTOPast HAXOAUTCS B Ta30-
006pa3HoM coctostHnu, 3annmaer obbem V. Torza

)

m = NZV u(1—oy)my =p(Vy=V)+ N;p;/ Orcio-
maV= ouymyVoRT oy VoMp

moRT —MpVy "~ (moRT —MpV})- 100%"

4. IloTeHnmabHAs SHEPTHUs IPUTSKEHUS 3aPs/IOB B

UCXOJHOM IoJIoKeHun pasHa Wy = — Qq . Korna
4me,l

BTOPYIO YaCTHUILy HepeMecTH/IN HepBbIil pas, IMOTeH-
Qq

1uaJjbHas sHeprust craga W = — pu

dme 2+ 12

aToM Oblia cosepirena pabora Ay =W, —W,. Ilo-
TEHI[MAJIbHAST 9HEPIUS CHCTEMbI TIPH KOHEYHOM T10-

JIOKeHUN BTOPOi yacTuipr W, =— 9

dreg [+ LY+

YKA3AHNA,
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CoBepllleHHasi TIPU TaKOM TMepeMelieHnn paboTa
Ay, = W, — W,. OKkoHYaTeJbHO MOJyYyaeM

Al N
4 = 2 12 1= 21 2
VE+E =1 Juen) 4

5. Ha pucynxe 27 mokasam Xoj Jydeil, JAiONIX
nzo6paskenne C riasa uenoBeka A B 3eprase. Jlyu

A
@x(x a‘@

h

Q|

= _--"
-
=

B
Puc. 27

/ uper or Trjasa IO HOPMAJIM K 3epKajly H IIOcJe
OTpa’keHHs OT Hero BO3BpalllaeTcs B IJIa3 110 TOMY
ske 1ryTtu. JIyd 2 mper or riasa moj yrioMm o K
HOPMAaJIN K TIOBEPXHOCTH BOJIBI U TIOCJIE OTPAsKEHIS
OT 3€pKaja U IOBTOPHOIO IIPOXOXIEHUS CKBO3b
BOJly Tak:Ke IIollajiaeT B I71a3 yenoseka. lIpogosrxke-
Hus aydeil 1 n 2 nepecekaiorcss B Touke C, SBIISIO-
nteficst nckoMbIM n3o6paskenneM Triasa. Corsacto
3aKoHy mpeJsomsenus, sino = nsinf. Ilockoabky
JUaMeTp 3payka 4YesI0BeYecKOro Ijasa COCTaBJgeT
HECKOJIbKO MUJIIMMETPOB, B TIJa3 IIONAAyT TOJbKO
Te JIy4d, KOTOpble HAYT IO/l MAJBIMH yIJaMH K
BEPTUKAJIN, T.e. CIPaBEJIUBO NPHOIMXKEHHOE Pa-

BercTBOo o =nf. Iloatomy ﬂztg_oc:g:n n
b tgp B
a=2H+h =2H +nh. V3 pucynxka BHUJIHO, 4YTO
[=h+b. Tlockoabky 2=@=E=1y TO
a tga o n
[ -2/
b= M Cuaenosaresbio, H = M

2
3aKnounTenbHbIN 3Tan
7=9 knaccobi
1. Vcnomb3ys 3akon I'yka, 3almieM CHJIbl HATSIKe-
HUSt IPYXUH B Bige Fy = kAL, Fy = RyAly, Fy = kyAly,
rae Aly, Al, n Aly — yaimmenns IpysKum. Y CJIOBIS

paBHOBecusl IIPY>KUH IIpefcTaBuM B Bujae F = F,
F =F, n F = F;. YjulMHeHne COCTaBHON IPY>KIUHBI
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pasuo Al = Al; + Al, + Aly, wn Al = l + i + i
ky ks
OTcrozia HaX0/ UM
ky = __ Pkl .
Alkiky = F (ky + k)
2. YpaBHeHHe TeIJIOBOro GajaHca UMeeT BUJ
(ty —t)cmy + (t, —t)emy =0, Tae ¢ — yaesbHAs TeTl-
JIOEMKOCTD BO/Ibl, 7 — Macca ropsueil, a m, — macca
XOJIO/IHO¥ BOJIbI, IpuueM my + my = m. OTcio/la Ha-
XO/IUM
b=t )
3. Ilpnm TOCTOSHHOW CKOpPOCTH BpAIeHUS pPOTOpa
JIBUTATEJIS TIPOTEKaHNE TOKA 10 ero 0OMOTKE COIPO-
BOJK/IAeTCS TOJBKO BbBIJECJCHHEM TellJla B Hell U
COBEpIIEHNeM JBUTATEIEM MEXAHHYECKOil PalOTBI.
TTorpebasiemast aBurareseM MOIMHOCTG paBHa Ul,
rae I — cusa Toka, Tekyero 1o o6Morke. Mori-
HOCTb TEILIOBBIX ToTepb paBHa RI%. Iloatomy pas-
BHUBaeMasl /[BUTATeJeM MeXaHudeckas MOIHOCTb N
yzosersopsier coornomenuio UJ = N + RI%. Tak
Kak N 3aBUCHUT OT CHJIbl TOKA 110 KBaJPATHYHOMY
sakony: N =UI - RI?, MaKCHUMyM 5TOIO BbIpajke-
HUS JIOCTUTAETCsl TIPU 3HAYEHUU CUJIbl TOKA, JiexKa-

m

1emM B Cepe/lMHe MHTepBaJia [0,%:| n paBHOM

Iy = —. CnenoBaTebHO, MaKCUMAaIbHAS MOIHOCTD
2R U UV U

Npax =U—=-R| —= | =—. Ilpu nocroauuoii
2R 2R 4R

CKOPOCTU IBUKEHUA IIOJIHUMAEMOI'O ABUTaTeJIEM I'PDY-

3a HaTsSDKEHMe HUTH paBHO mg. llpupaBHuBas Mak-
CHUMAJIbHYIO MOIIHOCTD JIBUTATEJISI MOTIHOCTH CHJIbI
2
U
max 4 gR
4. VI3 ycioBus 3aj1auul CJIeAyeT, 4TO 9KpaH HaXo-
UTCSA OMKe K MPOEKTOPY, YeM YeTKoe M300paxKe-
HHe [Malo3UTHBa, MHA4Ye IOCJe YCTaHOBKH [006a-
BOYHOII JIMH3BI pa3Mep M300pasKeHNUS TOYKU YBEJH-
qiicst Gpi. Xoj Jiydell Ui MEepBOTO M BTOPOTO
cJIyvaeB, YKa3aHHBIX B YCJIOBUH, HM300pa’kKCH Ha
pucynke 28, rie D — onTtuueckas cujia o0beKTHBA,

S dxpan
S R\% s
P>

HaTsDKEHUA mgo , 110Jy4aeM o

ya

“
)
“

Puc. 28 hed

2021/Ne5

D, =1/F, — onruyeckas cuaa H06aBOYHON JIMH3DI,
d — paccrosiHie OT JNANo3nTHBA 10 OObEKTUBA, f; 1
f, — paccroanusa or o0beKTHBa /10 M300paskenus,
L — paccrosinie or 00beKTHBA /[0 9KpaHa, R —
pasnyc JUH3BI U 7 — PaJuyc MsTHA HA dKpaHe. U3

pHUCYHKa BU/IHO, YTO — = —f1 —L = —L —f . Otcioza

1 1 2 /i 2

—+— =—. Dopmysa TOHKOI JUH3bI, IPUMEHEH-

il L 1 1

Has aas o6ouX cJiayyaeB, jgaer — + 7 =D,
1

% + fl =D + D,. C10:x1B 9TH paBeHCTBa, 10JydaeM

2

2 1 1

—+—+—=2D+D;, nau 2 l+l =2D+ Dy.

d fi h d L

M3o6paskeHne AHAINO3UTHBA HA 9KpaHe OYAeT pes-
11

KIM, ECJTH BHIIIOJHSIETCS PABEHCTEO — + 7= D+D,.

CormocTaBuB IOCJIEIHIE J[Ba BbIpa’Ke€HUdA, MMoJTydaeM

10—11 knaccel

1. Bpycok u KJIWH ABIKYTCS TOJ JEHCTBUEM CILT,
n300pKEHHbIX Ha pucynke 29. B wyactnoctu, K

Puc. 29

GPYCKY HPHJIOXKEHDI: CUJIA TSDKECTH MG, HOPMAJb-
Had COCTaBJIAIONIAsA CUJIbl PEAKINN KJINHA ﬁ n cujia
TpeHust pr. B cBoio ouepesib, OpycoK JielicTBYeT Ha
kman ¢ cutavn N’ n Foy, , npidem N'= N, Fj, = Fy,.
O6o3HaunM vepe3 ¢ ycKopenne OpycKa B HEOBIIK-
HOIl cucreMe oTcueta. B coorBercTBHH € 3aKOHOM
CIIOJKEHUsl YCKOPeHuit, d = dy + dy, Tie d, — ycKope-
HHe KJMHA, d; — yCKOpeHHe OPyCKa OTHOCHTEJBHO
kanna. [Tpumensisi x 6pycky Bropoit 3akon Hpioto-
Ha, HUMeeM B I[IPOEKIOUAX Ha OCH KOOpAMHAT
m(ay = aycosa) = =N sino — F,, cosat, —maysina =
=-mg+Ncoso— Fy,sina. YpapHenne [BIKeHUS
KJ/IMHA B NMPOEKNUAX Ha TOPU3OHTAJIbHYIO OCb UMEET
Bug May = Nsino+ Fy, coso..  YuntpiBas, 4TO
F., = UN| okomvarenpio momydaem
N = Mg cos oL '

1+ m(sin2 o+ Msinoccosot)/M
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Mogpyan cymmapnoii padotst cua Fy, n F’, pasen

IIPOM3BE/ICHUIO MOJYJIS CUJIbI TPEHUS CKOJIbXKEHUS

Ha MOJLyJIb TIlepeMeleHust 6pyCcKa OTHOCUTEIbHO KJIN-

Ha: |ATP| = UNZ/sin o Tlo 3aKOHY COXpaHEHHs dHeP-

run 9Ta paboTa paBHA KOJIMYECTBY TEILIOTHI, BbLJE-

JIIBIIEMYCSI TIPH CKOJIb)KEHHN OPYCKa IO KJINHY:
umgh ctgo.

- 1+m(sin2 oc+usinoccosoc)/M.

2. Karymmka HaX0JUTCs B PABHOBECHN TOJ /1€ ICTBH-
eM CHJI, MOJYJIU U HANPaBJEHUS KOTOPLIX TTOKa3a-
Hpl Ha pucyHke 30. IlockopKy yckopeHme Kartym-

0
Puc. 30

KM JIOJDKHO OCTaBaTbhCs PABHBIM HYJIIO, CyMMa MO-
MEHTOB M CyMMa JIHCTBYIOIMNX Ha KaTyIIKy CHJ
JIOJDKHBL ObITh paBHbl HyJm0. [lo 3akony cyxoro tpe-
must, Frpp = UNy, Fpo = UNy. Vimeem  caeayiontyio
cucTemy YpaBHEHUI: N, -uN, -F =0,
Mg—-N,-uN; =0, FR=2uR(N;+N,). Orciona
oJryqaeM

Fe 2Mgu(1+p)
T o 2.2 "
1-2u+3u

3. Cpennexsajipatnunas CKOPOCTb MOJIEKYJI Tasa
3kT

OIpe/I/IACTCS BbIPpasKeHueM v = |——, 1je k — 110-
my

crognnas Bosbimana, T — a6co/moTHas Temiepary-

pa, my — Macca MoJekyJbl. CieoBaTeIbHO, MCKO-

T,
Moe OTHolieHue pauo o= |[—=, tne T, u T} —

1
TEMIIEPATYPbI I'a3da B KOHEYHOM U Ha4aJIbHOM COCTOA-

nusix. U3 YpaBHEHUSA HA4YaJbHOTO COCTOAHUSA rasa,

( Do +%]h5 = VRT,. IIpu HarpeBe ra3 cosepiraeT

n306apHoOe pacimpenne, mosromy AQ = EVR (I, -Ty).

Orcro/la HaXO/ UM

FI . —
5(poS +Mg)h

4. 3aBucuMocCTb JlaBjeHHs OT o6beMa B Ipoliecce
1—2 onucpiBaeTcd JWHEIHONW QyHKIUeH BuUaa

p(V)=b—kV.Toycosmo p(Vy) = 3py, p(3V5) = o,
wim 3py = b —kVy, py =b—3kV,. U3 aroii cucremb

k=P
v,

naxoauMm, 4ro b =4V, CueoBaTeIbHO,

P 0

p=4py — v V. [lna aprona, KOTOPbL MOXHO c4u-
0
TaTb  OJAHOATOMHBLIM  M/€AaJbHBIM  Ta30M,
3 3

U==-pV =—|4p,)V - Loy2| I'padpux 3aBucumo-
2 2 Vo

cri U (V') usobpaxken Ha pucyhke 31, mpudaeMm oH

UA

ma

U

0 2V, 4V,V
Puc. 31

nepeceKkaeT ochb abciuce B Toukax V =0 u V =4V,
[TosToMy MakcuMyM BHYTpeHHel sHeprum JOCTHUTa-
erca npu ob6beMme apronma V =2V, u pasen
Urnax = 6pOV()
5. o HelTpasmsaimu 3apsiia KOJbIA MPYsKHHA
pactsaHyTa 1oJ{ AeHCTBMEM CHJIbl TSKeCTH mg U
CUJIBI 3JICKTPOCTATUYECKOTO TIPUTSIPKEHUSI CO CTOPO-
HBl PABHOMEPHO 3aPSKEHHOTO KOJIbIla

1 a*h 1 ¢

- 4me, (R2 e )3/2 - 8\2me, R

[Tocue H(:‘IL/'ITpa]II/IBaL[I/II/I 3aps/ia KoJiblla TOJIOKEeHNEe
paBHOBECHUA 6yCI/IIIKI/I CKa4YKOM H3MEHHUTCA Ha HO-

F
BOe€, Haxo/jsdlleecsa Ha pacCTOAHUN Ax = z OT 11ep-

BOHAYa/IbHOTO. B pe3ysibrarte BOBHUKHYT TapMOHH-
yeckye Kosebannst GyCHHKH ¢ aMILINTyoit A = Ax

. . k
" MUKJINYECKON YacTOTOM ) = ,[—. Maxkcumab-
m

Hoe (aMIuMTy/(HOE) 3HAUEHUE CKOPOCTH JIBHKEHUS
6ycuHKU Gy/IeT PaBHO NPH 9TOM

1 7 [k

Y — L=
8\/51180 kR*\'m

max — A(DO =
6. Ilocse 3ambIKaHUsT KJroya B IIENMM BO3HHUKAIOT
rapMoOHHYecKre KojaeOaHus, B IPOIEcce KOTOPBIX
TIPOMCXO/IUT TIEPUOAMUECKasT Tepe3apsijika KOHIeH-
caTopoB. B KaxXzaplil MOMEHT BpeMeHH CyMMapHOe
HanpspKeHne Ha KOHJIEHCATOpaxX PaBHO HaIpsiKe-
HUIO Ha KaTyIIKe, KOTOPOE, B CBOIO 04Yepe/lb, oTepe-
skaer mo (ase Tok B nenm Ha T/2. B moment
JIOCTYKEHUsT MAaKCUMAJbHOTO HANPSDKEHUST Ha KOH-
JleHcatopax TOK B IIeNMu OGPaTUTCS B HOJIb, CJE0-
BaTeJbHO, BCsS aHEPTHs Oy/eT COCPeIoTOYeHA B KOH-
nencaropax. IIpn sTom na xomnzencarop C, nepere-
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yeT n3 KoHJeHcaTopa C; HEKOTOPBIN 3apsaj ¢, a Ha
xongiencarope C; ocranercsa sapsan CU, —q. Bemu-
unHy 3apgnaa ¢ Ha KouzaeHcatope C, MOXHO HaliTn

13 3aKOHa COXPaHE€HUS SHEPIUM B KOHTYDPE

2 2
; cU, -
Tepr&U=a) | &
2 2C; 2C,
YuutpiBas, uro U, :i, oJryyaeM
G
U2ma‘( = 2U1C1
C +G,

OTKy/Ia

(C1 + C2 )UZrnax )

U, =
2,

7. Kax/iplit n3 syueii cBera, MaJaomux Ha MPU3MY,
[IpeJIOMJISIeTCST IBAXK/IbL: Ha IlepejHell U 3aJHell ee
rpansax (puc.32). 3akoH NpPeNOMJEHHs Ha 9TUX

Puc. 32

TpaHiax, 3alMCcalHblil ¢ Y4€TOM MaJsoCTH YIJVIOB Ila-
JieHuA 1 IIpeJIOMJICHUA, [aeT cJjeyrone COOTHO-

o
mennsi: B=—=, §=mny. Iockombky y=a—f, s
n

yrma mperommenns § momydaem = o (n—1). Us
PUCYHKA BUHO, YTO MyYKH CBETA, MPETOMJIEHHBIE
MIPU3MOI, MEePECTaHyT MEePEKPBIBATLCS HA PACCTOSI-
HUH
o d _d _ d
2tgd 28 2a(n-1)

8. Ilocrpoenne nm3o6paskeHUl TpeaAMETa TPU JABYX
€ro I0JIOKEHUSIX II0Ka3aHo Ha pucyHke 33. U3

2021/Ne5

(bOpMy]II)I TOHKOU JIMH3BI CJIEAYIOT paBEHCTBa

1 1 1

a ka F’
1 n 1

_ = —
a+L k(a+L) F
Orcroza HaXo UM

F=

n-1

RBAHT

HOMEP IIOATOTOBUJIU

E.B.Baxkaes, E.M.EnudaHos,
A.10.Kotora, C.J1.Ky3Heuos,
B.A.Tuxomuposa, A.U.YepHoyuaH

HOMEP O®OPMUJIN

B.H.Bnacos, A.H.lpuwykoea,
A.E.Nauxeepusa, M.H.CymHuuna

XYAOXKECTBEHHBIN
PEJAKTOP

E.B.Mopo3oBa

KOMIIBIOTEPHA{I TPYIIIIA
M.H.Fpuuyk, E.A.MutueHko

XypHan «KBaHT» 3apeructpmpoBaH
B Komurere P® no neuarm.
Per. cB-Bo MU NedC77-54256

Tupaxx: 1-# 3aBop 900 >k3. 3akas Ne 211581

Appec pepaxkuum:
119296 Mockea, JlenuHckmii npocnekT, 64-A,
«KBaHT»
Ten.: +7 916 168-64-74
E-mail: math@kvant.ras.ru, phys@kvant.ras.ru

OrtneuaraHo
B COOTBETCTBUM C NMPEOCTABNEHHbIMU
marepuanamu
B 000 «Mpunr-Xayc» r. Hwxuuit Hoeropop,
yn. UutepHauyuoHansHas, . 100, kopn. 8
Ten.: (831) 216-40-40



IMMAXMATHAA CTPAHUUYUKA

n CVIXOHOI'VIH

PELLIAET

IIporeammii TypHUp npeTeH/ieH-
TOB B OY€PE/HOI Pa3 IMOKa3aJ1, YyTo
B IPOQeCCHOHAIBHOM CHOPTE MO-
MMMO HETIOCPE/ICTBEHHO CHJIbI UTPbI
u pusnveckoit hopMbl BaskHeliIee
3HAUCHNE UMeeT IICHXOJIOTHYeCKasT
MO/TOTOBKA.

An Henmomusmmii, y>xe B cTary-
ce noGeIuTeIs, BEPOSITHO, HE CMOT
JIOJDKHBIM  00PA30M  HACTPOUTHCS
Ha TIAPTUIO TIOCJEJHEro Typa |
yerymmn Anny JImskaHIo, KOTOPBIi
cras mobeiuTesIeM BTOPOTO KPyTa.

AuvH NnxaHb — A.HenomHawmMn
EkaTepuHOypr, 2021

1. d42f62. c4g63.f3e64. e4
c3 5.d5 d6 6. Ld3 Lg7 7. Qe2
ed 8. cd 4bd7 9. Qec3 a6 10. a4
Ah5 11. 0-0 £d4+ 12. 2h1 2e5
(yrpoxas 13...Wh4 14. Qe2 412
C HEeME/JIEHHBIM BBIUTPBIIIEM )
13. Qe2 Wh4 14. Ad4. Kawouesoii
MOMEHT B MApTHU — YEPHBIE J10JI-
JKHBI peruThest Ha 14...cd! 15, 2gt
85! co cTpaTernueckyu COMHUTE/Ib-
HOI [ TpoccMelcTepoB TOII-
YPOBHS TTO3UINEN, HO PeaJTbHBIMA
MIaHCAMU Ha Pe3yIbTaTHBHYIO aTa-
Ky Ha KOPOJIEBCKOM (pJianre.

I o o X
A i

1
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i i

i
i 1
A W

IS Do me

A
B 88
BaOo%w B &

14...4d3? 15.%d3 g3+
16. seg1 Af1 17. Ac2! BeposiTHo,
3TOT XOJI YEpHbIE IIPOCMOTPEJIN.
UepHbIil KOHb MPAKTHYECKU TOH-
MaH, a GeJiblii — BHE OIACHOCTH.
17...4h2 18. %e3 0-0 19. ¥gS
Af3+ 20. gf Wh3 21. &f4! Wf3
22. Ad2! Tounoii urpoit Gesbie
OTOWJIN aTaky, ¥ HAJUIIO IPenMy-
IIECTBO JIBYX (DUTYD TIepes Ja/ib-
eit. 22...f6 23. ¥g6+ hg 24. af3
Lg4 25. Ad2 Le2 26. 2f2 4d3

27. Qel c4 28. L.d6 Efe829. Ad3
cd. C MUHU-JIOBYIIKOl: B CJyuae
30. e3? Gesrble TEPSIIOT TIEMIKY Ha
d5> mocae Ead8. 30. &7 2f7
31. Ba3 Zac8 32. d6 %6 33. Ed3
®2d7 34. &ach Ec7 35. Qb6+, un
YepHbIe CIAJUCH.

VHTepecHOe MOJIOXKEHUE CJIO-
JKUJIOCh Tiepefl maptueidl 12 Typa
mexxay Dabuano Kapyanoii u
Anuntem ['mpu — o6onmM rpocemeii-
cTepam st POJI0JIKeHNsT GOpb-
Obl 32 IepBOe MeCTO OblJa HY>KHA
TOJIBKO T06e/a, 1 B GUTBE HEPBOB
Kperde oxasajcs I'mpn.

®.KapyaHa - A.l'vpun
EkaTepuHGypr, 2021

1.e4 ¢5 2.2f3 e6 3.d4 cd
4. 2d4 26 5. 2Ac3 2c6 6. a3 Le7
7. %e3 0-0 8. Le2 d6 9. ¥d3
£.d7 10. f4 e5. Besble caenanu B
neGioTe pesIkuii X0/ a3, a yepHbie
n36paju cucTeMy, He CBSIBAaHHYIO
¢ TMPOJBIZKEHNEM b5, Jiuias Xoj
6esbIx cMbicsa. [1oaTomy 110 uTO-
ram je6iorta paserctBo. 11. Ac6
bc12. 0-0ef 13. Lf4 L6 14. Fg3
ad7 15. Bad1 Ze8 16. 2h1 Wb
17. b4 Ae> 18. b3 2¢819. be Zc6
20. 2d> Wf8. Yepubie urpator
TOYHO, 1 3a OeJIbIX He BUAHO HIYe-
ro sryuie, yeM 21. c4 Ac4 22. Lc4
Hc4 23, Qe7 We7 24. £.d6 ¢ ympo-
MEeHUSIMA W BEepPOSITHOW HUYbeid.
21. ¢3 2ac8 22. Bc1?! He xemnas
MUPUTHCS ¢ HUUbEit, OeJible Jieia-
10T JIBa TIACCUBHBIX XOJa TOAPSII,
U UHUIMATHBA TIEPEXO/IUT K dep-
oM. 22...4g6 23.4d2 4Lh4
24. ¥e3 Ecd 25. c4.
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25...h6! 26. ¥4b3 L.g5!27. Lg5
hg. Ilpu nemkax, GuKcHpoBaH-
HBIX Ha GEJIbIX TI0JIIX, KOHb SBHO
cusbhee ciona. 28. g3 Wd8
29. Bed1 £d5 30. ed af4 31. ¥f2
E8c7 32. Bd4 We8 33. &f3 Ec4
34. B4 Ec435. a7 2a4 36. ¥f2?!

Cmumkom maccusBno. Cracaso
36. #c7! a3 37. h4! (membss cpa-
3y 37.¥d6? wus-za mara Tocje
37...Ef3! 38.gf We2) 37..gh
38. %d6. 36...2a3. Temneps y uep-
HBIX JIMIIHSIS TeNiKa B JIydlnei
TO3UINH, W OHHU CIIOKOIHO JI0BO-
aat napruio a0 nobeapt. 37. h4
We3 38.hg Wgd 39. Hel =a8
40. Le4 Ea2 41. Bb1 a8 42. Eel
S 43. &bil 2f7 44. Be3 Eh8+
45. 2g1 Ag2, u Geable CAATUCD.

Opnako ata mobesia B UTOTE He
nomorJia Anuiry I'mpu, tak kak B
MIPE/INIOCIIEIHEM Type OH YCTYITHII
Anexcanzpy 'pumyky, a B mocsiesi-
neM type — Kupuity Anexceenko.

A.l'vpn — K.AnekceeHko
EkaTepuHGypr, 2021

1.c4 Af6 2. g3 e6 3. Lg2 d5
4.d4 Lb4+ 5.2d2 0-0 6. 2gf3
b6 7. 0-0 £b7 8. b3 Ze8 9. Lb2
apd7 10. %c2 (uepcuekTuBHEe
cxeMa passurud ¢ Bel, e3 u #e2)
Zc8 11. Hadl ¢S5 12. ¥b1 We7
13. dc Ac5 14. cd £d5 15. &ed
Lg2 16. 2g2 Wh7+ 17. gl b5
18. Qef3 EZed8 19.a3 4d2
20. ££6?! Heypaunoe pemienue —
y GEJIBIX HEJIOCTATOUHO PECYPCOB,
4TOOBI MCIOJIB30BATD CIBOCHHDBIE
nemku. 20...gf 21. ad2 s2g7
22. Af3 (GenbIM CTOMIO CaMuUM
3aHATH AKTUBHYTO TTO3UIINIO B TIEH-
pe — 22. b4 Aad 23. Qed) Ae4
23. Bd8 2d8 24. #b2 a5 25. b4
a4 26.Bcl Wd5 27.4c2 Ed7
28. ©2g2?! (ropasjgo akTUBHee
28. ¥c8! Ed8 29. ¥c7) Wb7
29. g1 £d8 30. 2g2 £d7 31. 2g1
2d6 32. g2 Ad2. Yepubie crpa-
BE/UTMBO OTKA3aJIMCh OT MOBTOPE-
HUS XOJOB U BIIOCJEJCTBUH BOC-
MOJIb30BAJIICH MACCUBHOCTBIO Ge-
JbIX GUryp U ca1aboCTbIO IemIeK
depsesoro daanra. 33. Bd1 Ac4
34. Bd6 Ad6 35. ¥d3 ac4 36. e4
We6 37.g4 W7 38. 2d2 Qe
39. He3 h6 40. f4 Ag4 41. g3 {5
42. 21 h5 43. Re2 Wh6 44. h3 h4
45. ¥c3+ Af6 46. ef ef 47. Af3
Web+ 48.%2d2 Wd5+ 49.%d3
Ac4i+ 50.2e3 Wa2 51.2d4 6
52. #f1 Wa3 53. 2d5S Wb4
S4. Mgl+ 2f8 355.2e6 We7+
56. 2f5 Ag3+, u GeJbie caaUCh.

A.Pycamnos
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