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Konnekunda roloBoJ1I0MOK

B0 YIUIRBIE SMIEMN

Bo3gyLuHbiM 3Meem Tuna (g, b) HasbIBaeTca reoMmeTpuyeckas dpurypa, nony-
YeHHas OTpa)KeHWeM MNPSMOYrofbHOro TPeyroribHWKa C KaTetamu a u b
OTHOCUTENBHO Ero rMnoTeHy3bl. Ha pucyHke nokasaHbl BO34YyLUHbIE 3MEN TU-
noB (1,3) n (1, 2), KOTOPbIE NCNOSb3YIOTCH B KAYECTBE AeTarlen B rofIOBOSIOM-
Ke, NMpeasioKeHHOW MHOrO feT Ha3aj aMepuKaHCKMM Matematukom 300M
Merrom (Ed Pegg Jr.).

BaxxHOe CBOMCTBO 3TWX OBYX 3MEEB: X OCTPble YIMbl B CyMMe AatoT 90
rpagycoB. ATO NPSIMO BMAHO M3 PUCYHKA (@ ecnuv Bblpe3aTb hUrypKy Takow
POpMbI, TO MOXHO Y6eaNTbLCA B STOM «CBOUMMU pyKamuy), HO MPU XenaHuu
3TOT (hakT MOXXHO CTPOro fokasaTb (monpobynTe!).

Kpome 3mMeeB B roriloBofiloMKe MCMOMb3yHTCHA 0OblYHbIE AOMUHOLLKU —
NPSMOYrofNbHUKN pasMepoM 1x2. A 3agava 3akmoyvaeTcsd B TOM, YTOObI
CNOXWTb KBagpat 7x7 u3 Habopa, B KOTOPOM NsATb 3MeeB Tuna (1, 3), 4ecaTb
3meeB Tvna (1, 2) n ceMb gomuHoLlek. MNocne Toro, kak lNerr obcygun aty
rofI0BOSIOMKY C KOrfneramMmu, okasarnoch, YTo 3Ty Xe 3agadvyy MOXHO PeLUunTb U
C OpyrMm HabopoM Tex xe duryp: u3 Tpex ameeB Tuna (1, 3), ABeHaguaTu
3meeB Tvna (1, 2) 1 BOCbMW JOMMUHOLLEK TOXE MOXHO CrOXWUTb KBagpart 7x7.
Tak 4TO BMECTO OOHOWM 3adayun norydvaroTcs cpasdy Ase. BoamoxHo, Bam
yAacTCcs HaWTu 1 apyrme Habopbl U3 Tex Xe duryp, U3 KOTopbiX MOXHO
COCTaBWTb TaKOW e KBagpar.

XKenaewm ycnexos!

E.EnughaHos
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..MeHpeneeB 1 neprogmnyeckas
CCTEMA SNEMEHTOB

JI1.BEJIONYXOB

CEHTADBPE 2017 TO/IA TEHEPAJIbBHA

accamOest OOH mpoBosriacuia <rof,
naunnamomuiics 1 ausaps 2019 roga, Mex-
nynapozaubiM rogoM [lepuoamueckoit Ta6.m-
IIbl XUMUYECKUX DJIEMEHTOB B II€JAX IIOBbI-
IIEHUsT OCBEJIOMJIEHHOCTH MUPOBO# 001I1e-
CTBEHHOCTH O (PyH/IaMEHTAJbHBIX HAYKax U
pacimpenusi 06pa3oBaHust B 06yacTy hyHIa-
MEHTAJBHBIX HayK». JTO OBIIO CAENaHO TIO
MPEIJIOSKEHUTIO HECKOTBKIX MEKTYHAPOTHBIX
OpraHu3alnii, B TOM uncae Mex/yHapOIHO-
IO COI03a TEOPETUYECKON U MPUKJIAIHON XU-
mun, Poccuiickoit akagemuu nayk, O6ben-
HEHHOTO HHCTUTYTA SII€PHDBIX UCCIeI0BAHIT,
Poccuiikoro xuMmueckoro oOuecrsa UMEHU
J1.11.MenneneeBa.

150 ner nazan, 17 despass 1869 roga (110
NPUHATOMY Torjia B Poccuu 1oJmanckoMy
Kasenzgapio), murpuit MBanosuy Menpe-
JIeEB MTOCTABUJI ATY JIATY U CBOIO MOJIITUCH MO/
OTHOCTPAHWYHON PYKOINCHIO, HA3BAaHHOW MM
«OT1BIT CUCTEMBI 2JIEMEHTOB, OCHOBAHHOI Ha
WX aTOMHOM BeCe U XUMUYECKOM CPOJICTBES .
OTueT/IMBO CO3HaBag 3HAYEHME CJEIAHHOTO
uM oTkpbitusa («ombitar), [[.11. Menznenees
Yepe3 HeCKOJIbKO JTHEI OTIIPABUIT C/IeJTaHHbIE
MEPENUCYNKAMY KOIUKM 9TON PYKOIMCU 3a-
MaJIHOEBPOTIENCKUM KOJIJIeraM-XUMUKaM.
[Ipeskzie Bcero, oH TOCJIAM PYKOMUCH HEMILY
[Omuycy Jlorapy Meiiepy (1830—1895), an-
rmmyanuny Jxony Heionenacy (1837—1898)
nuranpsniy Cranuciao Kanannapo (1826—
1910). HTepecHo OTMETUTD, YTO 9TH XUMU-
Ku u cam MenjeneeB ObLIN TTPAKTUYECKH
POBECHUKAMU, CPABHUTEIHHO MOJIO/IBIMHU yue-
meiMu. B 1860—66 Tomax OHM HE3aBUCHMO
JIPYT OT JIPyTa CTPEMUJIHICH HABECTU TIOPSIOK
B CUCTEME XUMUUYECKNX 2JIEMEHTOB, KOTOPBIX
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Lmtomi MiBaHosuy Mergenees (1834—1907)

torjga ObLIO U3BECTHO yiKe 0K0Jio 60. Bosb-
1asi 4acTb M3 TOTO yncja Oblia OTKPBITA B
40—60-e roapr XIX Bexka u [JIs1 HUX elfe He
ObLIN HA/IEXKHO OTIPeJieJIeHbI ATOMHbIE Beca 1
XUMHUYECKHe CBoiicTBa (BO3MOKHbIE BaJeHT-
HOCTH).

B 1860 roxy C.Kamaumapo, pacrnosoxuB
3JIEMEHTBI B TIOPSIIKE YBEJUUEHUS WX aTOM-
HOTO Beca, OJMETHJ HEKOTOPbIE 3aKOHOMEP-
HOCTH B TIOXOJKECTH XUMHWYECKUX CBOHCTB.
JI.Meiiep B 1864 Tomy, BeIOpaB 28 seMeH-
TOB, BIIEPBbIE COCTABUJ HEKYIO TabJuILy 13 6
CTOJIGIIOB, COOTBETCTBYIONX 6 BO3MOMKHBIM
BasieHTHOCTSAM. Ho B KayK/10ii 13 5 CTPOK 3TOM
TaGJIUIIbI DJIEMEHTBI PACIOJIATAIUCH HE TI0
BO3PACTAHUIO ATOMHOTO Beca, a JOBOJIBHO
xaotuyHo. [Ipu4nHoii aTOr0 6BLIO HETOUHOE



3HaHHM€ aTOMHbIX BECOB 1N HaJM4YM€e HECKOJIb-

KUX BO3MOKHDBIX BAJEHTHOCTEH Yy MHOIUX
3JIeMeHTOB. [lepronYHOCTD 1O CTpPOKaM u
cTosibaM Hapynraisack. Ho cama ujes mouc-
KOB MEPUOIUIHOCTH TIPU PACIIOJIOKEHUS dJIe-
MEHTOB TI0 CTPOKAM M CTOJIOIaM ObLiIa 31pa-
BoIl 1 MHOTOOGeMaoIIeii. Ha pogune Meiie-
pa, B ropojike Mapesib B Huskneit Cakconni,
HETONAJIEKY OT yCThsl JJbObI YCTAHOBJIEH
MEMOPHAJ € TPEMS CKYJIBIITYPHBIMU TOPTPE-
tamu — Meiiepa, Menyesieesa u Kannuiapo.

Anraniickuii xumuk J1.Hblosenac toske
[IO/IMETUJI HEKOTOPYIO 3aKOHOMEDHOCTb B
cnucke aneMeHTOB. OH Ha3BaJs 3Ty 3aKOHO-
MEPHOCTb «TIPABUJIOM OKTaB» . B HavaJe crmc-
ka KaHHWIIApO BaJIEHTHOCTH TIOBTOPSIJINCD
yepe3 Kayk/Ible TMeCTb JeMEHTOB, 2-1, 9-1f u
16-i1 /1eMEeHTBI UMEJIN BaJleHTHOCTD 1, a 3-if,
10-i1 m 16-if 27eMeHThl UMeN BaJIEHTHOCTD
2.9T0 TOXO/INJIO HAa MY3BbIKAJIbHYIO OKTABY, B
KOTOPOIT MEX/Iy TOHAMH «/I0» PACIIOJIOKEHO
1IeCcTb JPYTMX OCHOBHBIX TOHOB. IIpaBna,
rocJie KaJblus, 3aHuMaBIiero 17-e MecTo B
CIIUCKE, 3TO MPABUJIO TEPSIO CBOIO 06si3a-
tenbHOCTh. Omy6ankoBannas B 1865 romy
pabora Hblosenca He BbI3Basa, OHAKO,
WHTEpeca y XUMHUKOB W JIaKe MOJIBEPTJIACDH
HacMeIllKaM Ha 3acegannu JIOHJOHCKOTo Xu-
MUYECKOTO O6IIeCTBa.

TakuM o6pa3oM, y UCTOKOB CO3/TAHUS Tie-
PUOAMYECKON CUCTEMbI CTOSLITH YETHIPE €10~
BeKa, OJ[HAKO CO3/laTeJieM TepPUONIeCKOi
CHCTEMbl 3JIEMEHTOB TIPU3HAH POCCUHCKUI
XHUMUK.

Tax uro ke caenan [[.V11.Mengenees?

[Ipesxie Bcero, OH pyKOBO/ICTBOBAJICS CITHC-
KoM He u3 28 snementos (Meiiep) u ne u3 40
snementos (Kannunapo), a us 67 snemen-
TOB, CM€EJIO OCTABUB B 3TOM CITUCKE MeCTa JJIst
TpeX, COBEPIIEHHO HEM3BECTHBIX B TO BPEMS
3JIEMEHTOB, TI0 €10 MHEHUIO 00SI3aHHBIX HAXO0-
JINTBCSI B OTIPeJIeJIEHHBIX MecTaxX TaOJIHIIbI
COTJIACHO UX BO3MOKHOW BAJIEHTHOCTU U BO3-
MO>KHOMY aTOMHOMY Becy. JTO 03HAYAET, YTO
JIJIST CAMOT'O aBTOPA TIEPUOINYHOCTD yrKe ObLia
YCTAHOBJICHHBIM 3aKOHOM, XOTS OH U 03arJja-
BIJI CBOIO TaGJIHILy «OIBITOM> . B aTOM cKrasa-
gach Merogosiorndeckas (dusocodekas)
y6eskenHocTb MeH/leeeBa B CYIECTBOBA-
HUW IUKJIXYHOCTH B TIJI0GAJbHBIX 3aKOHAX
TIPUPOJIBI.

ONINTT CHCTEMB 3JEMEHTOB'D,

OCHOBANHOM HA HX'L ATONUOND BECS Il XUNIYECKONL CXORCTBS.

Ti=350 Zr—90 2+ 180,
Vo51 Nb=94 Ta-=182.
Cr=252 Mo~96 W-=186.
Mo—=55 Rh==1044 Pl=1974.
Few56 Ru==1044 Ir—198.
Ni=Co=:59 Pl=106s 0s~~199.
Hes1 .~ Cn=634 Ag—108 Hg=200. .
Be==94 Mg-=24 Zn-+6352 Cdes112
Be==11 Al=274 ?=268 Ur—=116 Au=197?
C=12 Si=28 ?=70 Sn-+}18
Nea14 P31l As=75 Sb==122 Bi=210?
0=16 S«=32 Se=~794 Te-128?
: F=19 Cl~355Br~80 1=~127
Li=7 Nare23 K=--39 Rb--854 Cs=1338 T)=204.
Ca=40. Sr=d7,6 Ba=137 Pb-207,
245 Ce=92 4
?Er=56 La~=94
Y1==60 Di-95
ln=758Th=1187

«OnbIT cuctemsl 31emeHTos» (1869 r.)

B nepBom Bapuanre cBoeil Tab bl Men-
JlesieeB, B oTImune oT Meiiepa, 3JIeMEHTBI C
O/IMHAKOBOHM BaJIEHTHOCTBIO PACIIOaraj He
1o Beprukamu (B cTos16ax), a Mo rOpU30HTa-
qu (B cTpokax). ITO He MEHAJIO CYTH JIeJa,
U yKe BO BTOpoM BapuanTe tabsuiisl B 1870
rozty oH moBepHyJ Tabauity Ha 90 rpagaycos,
U OHa MpHHsIA 6oJiee TPUBBIYHBIN HAM BUI.
Homepa cTONOIOB cTamm COOTBETCTBOBATDH
«TJIAaBHBIM» BAJEHTHOCTSM dJ1eMenTa (¢ mmep-
BOTO TIO CEJIbMOIT) M HA3bIBATHCS TPYIIAMH,
a CTPOKM TMOJYYHJIM Ha3BaHWE TIEPUOJIOB, B
KOTOPBIX cojep:kaaoch jau6o 7, mmbo 17
aneMeHTOB. OTJMYne OT COBPEMEHHBIX 3HA-
vennit — 8 rpymn (um 18, kak npuHATO B
HanboJiee COBPEMEHHDBIX BapHUAHTAX IEPUO-
JIMYECKOT ccTeMbl) 1 110 8 usn 18 ateMeHTOB
B mepuojie — OOYCJOBJEHO TeM, 4TO B TO
BpeMs ellle COBEPIIeHHO He ObLIM U3BECTHDI
3JIEMEHTBI, Ha3bIBaeMble CETO/HST 6Iaropoj-
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ubiMi (uHepTHbIMU) rasamu. ToJbKo 3a 4
MecsIa J0 OTKpbITHs MeH/ieseeBa IOSBU-
JINCH TIepBbIe COOOIIEHNS O THIIOTETHYECKOM
COJTHEYHOM Trase, a Ha 3emJie Teauil ObLI
OTKPBIT JUTIH Yepe3 27 jeT mocsae atoro. M
yoKe BIOCTIEJICTBIH COCTOSITIOCH OTKPBITHE JIPY-
X 6JaropoHBIX Ta30B.

Ouenb BasKHBIM ObLJIO TO, YTO MEH/IEJIEEB-
cKas TabJHIa TTPe/CKa3aja CyIecTBOBAHNE
HECKOJIbKUX HEeU3BECTHBIX TOr/Ia XUMUYEC-
KUX 9JIEMEHTOB, KOTOpble Men/iesieeB Ha3BaJ
9Ka-aJTIOMUHUEM, HKAa-KpEMHUEM U 39Ka-60-
pom. Uepes 6 Jiet mocJie paboTsl MeneeeBa
dbpaniysckum xumukom Jlekokom ne Bya-
60/1paHOM OBLT OTKPBIT DJIEMEHT, HA3BAHHDII
raumeM. Y xoTs mHTepechl MeHzeseeBa B
3TO BpeMS yKe CMECTUJINCD B IPYTHE 0071aCTH
HayKW, OH MTPOJIOJIKA CJICAUTD 33 HAYUHBIMI
myGJuKAIsIMu 1o XuMun. [IpounTtas 06 oT-
KPBITUY TaJJIAS, OH TYT YK€ Y3HAJ B HEM CBOM
TIpeyTaJaHHbIN 9Ka-aTIOMUHUMN.

Coo6iienne Mengesneesa 06 3TOM B TUCbME
(bpanirysckoMy XUMHKY TIPOU3BENIO HACTOSI-
HIyI0 ceHcanuio cpeau yuenoix. Tem Gouee,
4TO TIpejickazanus MemjesieeBa o MJIOTHOCTH
U ATOMHOM BeCe 3TOr0 9JIEMEHTA OKA3aJUCh
Jaxe Gosiee TOYHBIMH, YeM ME€PBOHAYAJTBHO
oITy6IMKOBAHHBIE OMBITHBIE JaHHBIE. B 1e-
CSATKAaX €BPOIEHCKUX JTab0PaTOPUSIX XUMUKHI
CTAJIV ITXOPATOYHO UCKATH OCTAJIBHBIE ITPE/I-
ckazaHHble MeHe/eeBbIM 2JIEMEHTBI W MTPO-
BEPATH y U3BECTHBIX HJEMEHTOB COMHUTEb-
HbIe AaTOMHbBIE Beca W XMMUYECKIe CBOHCTBA.
N yxe uepes roj mBejackuil xumuk Jlapc
Huibcom OTKpbLI 37IEMENT, MOJTHOCTBIO COOT-
BETCTBYIOIINI OnucaHHoMy MeH/ieieeBbIM
aka-6opy. OH Has3Baj ero B YecTb CBOEi
poaunbl ckanaueM. [Ipu xxuznn Meneneena
GBI OTKPBIT dJIeMEHT repManuii (9Ka-Kpem-
HUIT) U HAYaJI0Ch OTKPbITHE ceMeiicTBa GJa-
TOPOJTHBIX Ta30B.

Omny6imkoBanHas MeHzeneeBbIM B OYe-
penHoM u3aHuu cBonX «OCHOB XWMUU» B
1905 roy Tabsuia nepuoMIECcKOi CHCTEMbI
yoKe TOpasfo OoJIbllie MOXOAMIAa HAa COBpE-
Meniyio. OKOHYATETBHO 3TA TaOIUIA TTOJTY-
YIJIa COBPEMEHHbIN Buj I1ocje paboT Io
AHAJIM3Y PEHTIeHOBCKUX CIIEKTPOB 3dJIeMEH-
toB l'enpu Moz (1913 1.). Moz nonsu,
YTO HE TOJIbKO BAJIEHTHOCTD, OIpee/isieMast
YHCJIOM 3JIEKTPOHOB BO BHEITHEHN 3JIEKTPOH-

2019/Ne5
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lepmonmuyeckas rabmiya snemerHros (1905 r.)

HOIl 060JI0YKE aToMa, OTPEEJSET MOJI0XKe-
HUe 2JIeMeHTa B TOH WJIM WHOI Tpy1ie. Bosb-
NIYI0 POJIb UTPAIOT U CIEKTPBI, CBA3aHHbBIE C
AJIEKTPOHHBIMU MEPEX0aMU BO BHYTPEHHUX
o6omoukax (K-, L- m M-2/1eKTpOHHBIX 060-
Joukax). Topasjio pe3ve, 4eM B ONTHYECKUX
CHEKTpaxX, B PEHTTEHOBCKUX CIIEKTPAX IMPO-
SIBJISIETCST HOMED DJIEMENTA B MEPUOUIECKON
cucreme. Cerojiiisi MbI 3HAEM, YTO 3TO U €CThb
3apsII0BOE YKCJO ATOMHOTO SI/Ipa dJIEMEHTA.
IT10 1Mo3BoMJI0 MO3JM YTOYHUTD PACIIOJIO-
JKEHHEe B IMEPHOANYECKOl TabJHIle MHOTUX
penKo3eMesIbHBIX 2JIEMEHTOB U ITPe/ICKa3aTh,
B CBOIO OUYepe/ib, OTKPBITHE Psfia TOTAA €lle
HEW3BECTHBIX 3JeMeHTOB. U B Halle Bpems,
KOT/Ia Ha MOTIHBIX YCKOPUTENSIX B HECKOJIb-
KHX MUPOBBIX HAYYHBIX HeHTpax (M mpesxie
Bcero B OGbeIMHEHHOM NHCTUTYTE S/IEPHBIX
HCCJIeI0OBAHNIT B TI0JIMOCKOBHOM [[yGHe) oT-
KPBITO yKe 26 TpaHCypPaHOBBIX 2JIEMEHTOB,
KQK/IbIil U3 HUX 3aHUMAET MOJIOKEHHYIO eMy
«KJIETOUKY» B II€PUOJMYECKOIl cUCTEME CO-
[JIACHO aTOMHOMY BeCy U CTPOEHUIO JJIeKT-
POHHBIX 060JI0UEK, OTIPe/IeIIEMOMY TI0 PEHT-
T€HOBCKHM CIEKTPaM.



OuepeibiM TpUyMGpOM MEH/ IE/IEEBCKOIT TA6-
sl ctaso otkpbitue 118-ro asementTa, Ko-
TOPBII 3aHST MECTO B TPYyIINe GJIArOpPOHBIX
ra3oB. Vl oH mosyumns uMsi, KOTOpOe OKaHYH-
BaeTcsl He Ha «-Mif», KaK y BCeX JAPYTUX
TPAHCYPAHOBBIX HJEMEHTOB, & Ha «-OH», KaK
3TO U TOJIOKEHO BCEM 3JIEMEHTaM BOCbMOI
rpymnmbl, KpoMe resus. VImMst aTo — «oraHe-
coH» — nmano B 2018 rogay MexayHapoHBIM
KOMHUTETOM B YeCTb PYKOBOAUTENS PadoT B
[y6ue axagemuka PAH [O.11.Oranecsina.
Bropoil pas ajeMeHTy HIPUCBOEHO UMS B
YeCTh 3/[PABCTBYIONIEr0 y4eHoro (mepsbim
6b11 amepukanckuii ¢usux I'nenn Cubopr,
onpenesuBmnii B 1941 romy HenTyHWH n
mayronnit). Cpean HasBaHMH TpaHCYypaHO-
BBIX 3JIEMEHTOB 2 aCTPOHOMHUYECKHUX, 9 Teo-
rpaduyeckux, a 15 Ha3BaHbI B UECTh YYEHDIX.
Tax, 99-it anemenT — aro siinmreninmii, 100-i
— depmuii, a 101-if ajeMeHT 3acJy>KeHHO
HOCUT WMSA <«MeHzaeneBuii». He mommesxxut
COMHEHWIO U POJIb MeHIeTeeBCKOI TaOTHITbI
B OTKPBITHH 3JIEMEHTOB PAJUs U TIOJOHUS, 32
yro Mapusg CkuonoBckas-Kiopu B 1911 rony
noJsiyynsia BTopyio HobesneBckyio mpemuio,
Ha ATOT pa3 — 10 XUMUMU.

Ho wau6omapmuii Tpuymd mepuoandeckoit
CUCTEMbBI — 3TO €€ TeOPETHYECKOe 000CHOBA-
Hue, caeranHoe B 1926 roxy Boabdrarnrom
[Tayim Ha OCHOBE TOJBKO UTO CO3JAHHOTO
TOT[Ia MAaTPUYHOIO TIPEJICTABJIEHUS] KBAHTO-
BOW MeXaHWKH. ITO 0O0CHOBAHUE CTAJIO O/I-
HUM M3 TIEPBBIX /I0KA3aTeJbCTB CIIPABEIN-
BOCTH KBAHTOBOII MEXAaHMKH, 3TOr0, IO MHe-
HUIO MHOTHX YYEHbIX, BEJIMYANIIEro JOCTH-
skeHust Hayku B XX Beke.

Hvutpuit UBanosuy MeneseeB poausics
27 ausaps (8 dpespans) 1834 roma B8 To6o.1b-
CKe B CEMbE JIUPEKTOPA TMMHA3UM 1 TIOTIeYH-
TeJist HAapOAHBIX yuusuil To6oabcKoit ry6ep-
nun VBana IlaBnosunua Menpgeneesa nu Ma-
pun /ImutpueBnbr MeH/ieneeBoii, YpOK/eH-
noit KopumibeBoii. B cembe 6b110 14 sereii,
HO BOCEMb M3 HUX YMEPJH B MJIa/IEHIECTBE.
JiMuTpuii ObLI MJIAIIINM ChIHOM, <ITOCJIE/IbI-
meM», Kak OH caM ceOsI Has3bIBaJl BIIOCJIE/-
ctBun. MBan [laBroBudY BcKope Tocjie posK-
JIEHNST MJIAJIIIETO ChIHA OCJIETT U, XOTb 3PCHUE
€My YaCTHYHO CMOTJTH BOCCTAHOBUTD MOCKOB-
CKUe XHUPYpru, K paboTe OH BEPHYTLCS He

CMOT U CKOHYAJICSI, KOT/Ia CbIHY OBLIO YyThb
6osbiie 10 ser. Bocrnuranumem G6ymyiiero
YUEHOTr0 3aHUMAJIACh €ro MaTh, ITPOUCXOHB-
rasi U3 CTapMHHOTO CUOUPCKOTO POJIa KYTIIOB
1 TIPOMBITIJIEHHUKOB. OHA CaMOCTOSITETTHHO
TIPOTILJIA TTOJTHBIHA THUMHA3WYECKIH KYPC 1 ChIT-
paJia 0coOyIo PoJib B JKU3HU CeMbH, (PaKkTH-
YECKHU CTaB TJIABHBIM CEMEHHDBIM Ie/IarOroM.

Mapus JIMutpreBHa OBICTPO TOHSIA, UTO
ee MJIAJINIII CbIH MMEEeT BBIAAIONINECS CITO-
cOOGHOCTH, XOTsS B MMHA3UU OH YBJIEKAJCS
MaTeMaTUKOM 1 (pu3uKoii, a K rymaHuTap-
HBIM TIPe/IMETaM He WCIbITHIBAT HHTEpeca.
Crioco6HOCTH MaJIbYMKa U €ro TpynoJiobue
MO3BOJTMJI €My 32aKOHYUTh THMMHA3WMUYECKUI
Kypc B 15 ner. Yepes rog Mapus /IMutpues-
Ha pacipojiajia UMYIIECTBO W OTIPABHUIACD €
cembell cHavasa B MockBy, a motom B [1etep-
O6ypr, TIe Tora JOCTAaTOYHO BBICOKUM OBLI
YPOBEHD €CTECTBEHHO-HAYYHOTO 00Pa30BaHMs,
K KOTOPOMY CTPEMUJICS BCEW JIyIION ee ChIH.
Eit ynaercs o6ecrieunts gocpounoe (1o Bos-
pacty) MOCTyIJIEHHe ChIHA B MHCTUTYT, a
4yepes ToJ] OHA YMUPAET.

B npeaucsioBun K OHOI 13 TIEPBBIX HAYY-
HpIX pabor JImMutpuii MenjeseeB mUINeT:
«ITO HCCIeIOBaHUE TIOCBSIIEHO MaMsITH Ma-
Tepw ee rocye/pineM. OHa CMOTJIa €r0 BbIpa-
CTUTb CBOWM TPYAOM U JIOGOBBIO, BOCTIUTHI-
Bas TPUMEPOM, U, YTOOBI OT/IaTh HAYKe BbI-
xo/ra n3 Cubupu, Tpatuia mocJaeHue Cpeji-
CTBa W CUJIBI. YMUPas, 3aBemniana: n3beratb
caMO0GOIbIIEHNST, HACTAUBATD B TPY/IE, 4 HE
B CJIOBAX, TEPIEJUBO OOBICHATH HAYUHYIO
npaBay, u60 TMOHUMAJIA, KaK IIPU MOMOIIN
Hayku, 6e3 Hacuius, JIOG0BHO, HO TBEPIO
YCTPAHSIOTCSI TPEAPACCYAKN U OMUOKH U
JIOCTUTAeTCs1 cBOOO/A JaJbHEHIero pasBu-
TSI, oO1ee 6Jaro 1 BHyTpeHHee 6J1aromnosry-
qye. 3aBeThbl MATEPU CUNTAIO CBSIIEHHBIMU» .

B 21 ron MenneneeB 3akoHIns (PU3UKO-
MaTeMatmueckuil (pakyapreT [TaBHOTO TIea-
rormueckoro nHcetutyta B Ilerep6ypre ¢ 30-
JIOTOW MeJAbl0 W TUTYJIOM «CTApIIMd y4H-
tesb». JIBa roma oH paboTas cHavasia B
Cumdepornose, a moroM B Ozecce B TMMHa-
3WH TIPU PUTITETbeBCKOM JIUTIEE TTpeTogaBaTe-
JeM (OU3UKU, MATEMATUKH U €CTeCTBEHHBIX
HayK. 3a 3TO BpeMs OH IOJTOTOBUJ U C
6sieckoM 3amuTi B [letep6yprckoM yuusep-
CUTETE MATUCTEPCKYIO JIUCCEPTAINIO TIO0 XH-
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MUYECKOIl 1pobJeMe W CTaj TMPUBAT-IA0IEH-
TOM 3TOTO YHUBEPCUTETA.

B Poccum torjia HacTymanso HoBoe BpeMst —
aMoXa OTMEHbI KPEMOCTHOTO TIpaBa, 3loxXa
peoOPa30BaHWIl U OPTAHU3AIINS PETHOHAb-
Horo (3emckoro) ynpasnennusi. [IpaBurenb-
ctBO Ausekcanzpa Il monnmasno Heo6XOaM-
MOCTD JIJISI 3TOTO MOITOTOBKH TTPOCBEIEHHBIX
YIIPaBJACHYECKUX KAJIPOB, a 3HAUUT, M PA3BH-
Tus 06pa3oBanugd 1 Hayku. Peskoe yBesmye-
Hue (UHAHCHPOBAHMS YHUBEPCUTETOB I10-
3BOJTNJI0 MeHjiesieeBy CTaThb CTUIEHUATOM
JIBYXTOJIMYHON CTAKMPOBKU B HAay4HbIE Y-
pexenust I'epmanun.

3arpanuiieit MeHiesreeB He TOJBKO U3ydas
HOBEHNTINE TOCTHKEHNST XUMUYECKOH HAy KW 1
texHosoru. OH CMOT TIOJYYUTH CPEICTBA
JUIST co3aHms TabopaTopui, B KOTOPOI U3y-
yaJ (PU3UKO-XUMUYECKHE CBONCTBA Ta30B W
SKUJIKOCTEH, B YACTHOCTH 3aBUCUMOCTD TEM-
nepaTypbl KHTIEHUS KUIKOCTEH OT JJaBJIeHUS
U CBOMCTB HACBIIIEHHOTO TIapa.

MenpeneeB 1oKasaJ, 4To BbIIIIE HEKOTOPOU
TEMIEPATypbl HU TPU KAKOM JIABJIEHUU He
CYIIIECTBYET JIJIUTEJIbHOTO MTPOTlecca KUIeHs
SKMJIKOCTU M, COOTBETCTBEHHO, HE CYIIECTBY-
€T SBJIEHUS TIOCTETIEHHOTO CXKIDKEHUS rasa.
[Ipu HEKOTOPBIX TemIeparype u JaBJIeHUN
MTPOUCXO/IUT OJJHOMOMEHTHOE CTYIIeHUE Ta3a
WJIN pacIiuperne SKUIKOCTH. DTH TTapaMeT-
PbI BIIOCJIEJACTBUN ObLTM Ha3BaHbI <«KPHUTH-
YeCKUMU», & CaMO COCTOSTHUE BEIIEeCTBA MU
3TOM — «KPUTUYECKUM COCTOsSTHuEM» . OKa3a-
JIOCh, YTO TOJIyYeHWe CKUKEHHOTO ra3a ¢
ITOMOIIIBIO CXKATHS BO3MOXKHO JIUIID TIPU TEM-
rneparype HuKe KpuTuueckoii. OTKpbITHE
MemnesieeBa JIETJI0O B OCHOBY BCexX OYYITIX
TEXHOJIOTUI TTOJTYUYEHUST CXKUKEHHDBIX Ta30B.

Bo Bpems cBoeii ctaxxupoBku B [epMannm
MemnziesieeB TOJIBKO Havas 3T paboThl. Bep-
HYyBIMCh B Poccuio, OH He CMOT HAWTH TTOI-
xo/isIIee MecTo U (PMHAHCUPOBAHNUE JIJIST TPO-
JIOJKEHUST paboT M0 CXKUKEHWTO Ta30B. Beb
on ¢opmanbho (1o auccepranum) GbLI XU-
MUK, HO B XUMHYECKOIl HayKe elle He ycIeJ
MPOSIBUTH cebsT OJLKHBIM 06pasoM. VI Men-
JleJieeB TIPUHUMAET pelieHre OTJIOMKUTh Ha
BpeMsl CBOM HayuHble 3aHgaTusi. Ha ocHoBe
CBOEro OOTUPHOTO 3HAHUSI XUMUHU OH CO3/1aeT
0CTPO HEOOXOAMMBII Tora yue6Huk «Opra-
HUYEeCKass XWMHSI», a TaKyKe MepeBOJIUT |

2019/Ne5

n3/1aeT HEMENKHil ydueOHUK «XUMUUecKast
TEXHOJIOTUST> .

Itn uzganug npunecan [[.11.MenjeneeBy
M3BECTHOCTh B HAYYHBIX KpyraxX. A MoJy4eH-
Hasg 3a HUX akajgemmyeckas /lemmaoBckast
npemMusi o0ecrevnsia HEKOTOpoe MaTepuab-
Hoe 6J1aromnojyune. JTa IPEeMUst, MEXK/Y Mpo-
YUM, CYIIECTBYET IO/ HECKOJBKO M3MEHEH-
HBIM HA3BAHWEM U B HAIlEC BPEMS U MPUCY K-
JTaeTCs 3a BbIJAIONINECS HAyYHBIE TOCTHKE-
nus. Cpeny HeTaBHUX JaypeaToB aTOM mpe-
MUU TaK¥e BbIJIAIONNECS yuenble, Kak (pusu-
ku JK.N.Andepos u B.A.Py6akos, matema-
tuku JI./[.Dannees u b.B.Paymen6ax, uc-
topuk B.JI.Auun, 6uonorn A.A.BaeB u
A.C.Crmpusn, xumuk .M. Moucees.

[lemuoBckas mpeMus mo3Bosuaa Menze-
JieeBY COBEpITHUTDH IMyTelrecTBue 1mo EBporre
BMeCTe ¢ MOJIOJION keHoil, Deo3Boii Huknu-
tnyHoit JlemeBoit, ero 3emuistukoul 1o To-
60JIbCKY, TaJUepUIlell 3HAMEHUTOTO TOOOIb-
yanuna (M1u «To60IgKa», Kak O0JIbIIe Hpa-
BUTCS KUTEJISIM 3TOro ropoga) Ilerpa ITasio-
Buua Epmiosa, oguinanbaoro aBropa « Koub-
Ka-rop6ynkas . CBoe cBaieGHOe Iy TelecTBre
MetnjiesieeB BOBCIO MCIIOJIb30BAJ JJIs1 00IIIe-
HUS C eBPOTENCKUMU XUMUKAMU 1 N3YUEHUS
BCEX HOBMHOK XMMHWUYECKON HAyKH.

[To Bo3Bparmennn n3 eBpONecKOi moe3 K
MemniesieeB Oy YU MECTO TITATHOTO TOTIEH-
Ta opramyeckoit xumuu IlerepOyprckoro
VHUBEPCUTETA U OJHOBPEMEHHO Tpodeccop-
CKYIO JIOJDKHOCTH B IleTepOyprckoM TexHO-
JIOTHYECKOM UHCTUTYTE. Yepes /Ba roja mnoc-
Jie 3alUThI TOKTOPCKON nucceprariuu MeH-
JiesieeB cranoButest mpodeccopom Ierep6yp-
ICKOTO YHUBeEpPcHTeTA 10 Kade/[pe TeXHUIeC-
KO XMMUN.

B 5T0 BpeMst Bo3HUKJIA OCTpasi HEOOXO/U-
MOCTH CO3/IaTh HOBBIN YYeOHUK 110 HEOPTaHH-
YEeCKOI XUMUH, KOTOPBIiT OBl OTpaskas HOBET-
e JOCTHKeHusT OYpHO pa3BUBaBIIEHcs
XUMWUYECKOI HayKh. IJTa UAes 3axXBaThja
MenneneeBa. Ho B kakoMm mopsiike n3Jiaratb
OTHMCAaHNUSI U XMMHUYECKHe CBOICTBA 3JieMeH-
ToB? Beab OHU Tak pasHOOGPA3HBI.

Xopolo n3y4nB cBoOCTBa BCEX M3BECTHBIX
TOr/Ia 9J1eMeHTOB, MeH/le/ieeB coCTaBUII Kap-
TOTEKY M BCE BPEMSI MBICJEHHO TACOBAJ 3TY
«KOJIOJLy», TIBITAsICh HAUTH 3aKOHOMEPHOCTH
pacrionioxkenust ajementoB. OH 3HAT O TIO-



JIOGHBIX TIONBITKAX €BPOMNEHCKUX XMMHUKOB,
HO JIOJITO€ BPEMS Y HETO, Kak Uy HUX, HUYero
He BbIxoauso. Ilosayunsna pacrnpocrpanenue
JIETEH/Ia, UTO pelieHne mpoOIeMbl TIPUIILIO K
HeMy BO cHe. JTy Jerenjy caMm Menjesnees u
€0371aJ1, JKUBOIMCHO OIMCHIBAs, KaK OJHAK-
JIBI TI0cJie 6ECCOHHOM HOYM €My B TIOTyCHE
SIBUJIOCH €INHCTBEHHO BO3MOXKHOE PACIIOJIO-
>KEHIE 3JIEMEHTOB 1 OH TYT JKe 3aIICaJI eTo Ha
mepBoM TomnasiieMcs: kjaouke Gymaru. [lcu-
XOJIOTH CYUTAIOT, YTO 3TO OBLI HE COH, a
[IPOMEXKYTOYHOE COCTOSHHME MEX/Iy CHOM U
60/IPCTBOBAHIEM, B KOTOPOM MO3T paboTaer ¢
0co060il aKTUBHOCTbIO. MeH/lesieeB Ipu 3TOM
M06aBJIAT, YTO HUYET0 HE BUIUT B 3TOM
0COGEHHOTO, TMOCKOJbKY [0JITOe BpeMs OH
HeTIPephIBHO JIyMal 06 3TOM, TIpeX/e IeM
PEIUTHCS HAa OKOHYATENbHBIN BapuaHT Tal-
JIUTIBI, T7Ie OBLIM BaKaHTHBIE MECTa U TJe OH
CMEJI0O M3MEHSIT M3BECTHBbIC TOT/JA ATOMHbBIE
Beca HEKOTOPBIX 3JIEMEHTOB, YTOOBI OHU 3a-
HSAJM COOTBETCTBYIONINE MeCTa B CTPOKAX 1
cros6iax rabauibl. Tak, HanpuMep, HECMOT-
P Ha TO, YTO ATOMHDII BeC aJeMeHTa ypaHa
TOr/la CYUTAJICd PaBHBIM Bcero Juiib 60
YCJIOBHBIX e/IuHNIL, MeHn/iesieeB «IIpucBanBa-
€T» ypaHy 3HaueHUE aTOMHOIO Beca B 4 pasa
GoJibiee (Kak OHO M OKa3aJoch Ha CaMOM
JleJie) W MOMeIaeT ypaH B TO caMOe MeCTO
TaGJIUIIbI, TAe OH U I0JKEH HAXOANTBCS.

3aKOHHBIN TpUyMQ 1 MIPOBOE TIPU3HAHNE,
0COOEHHO TIOCJIe OTKPBITUS TIPEICKA3aHHBIX
UM 3JIEMEHTOB, He ITIOMelaan MeHzeaeeBy
IPOIOJIKATh aKTUBHO padorath. Ho ero ma-
yulble HHTEPECHI CMECTUJIUCH B IpyTHe 06.1a-
cti. OH BHOBD 3aHAJICS M3yYeHUEM IOBe/ie-
HUS Fa30B IIPU PA3IMYHBIX JAaBJACHUAX U IS
He O4eHb BBICOKUX JIaBJCHUN 11€PEOCMbICIINII
OTKPBITBIH B 1834 rory dhpaHIly3CKUM UHKe-
HepoM u ¢dusurom Ilonem Knaneiiponom
3aKOH 1 BBEJ TOHATHE YHUBEPCATBHOI ra3o-
Boli mocTostHHOMN. C TEX TMOP 3TOT 3aKOH HOCUT
M MenaeneeBa—KamelipoHa 1 Ha3bIBaeT-
cs1 ypaBHEHNEM COCTOSTHYSI HJICaIbHOTO Ta3a.
Ho wa stom MenjeneeB He yCIOKOMJICS U
CTaJ UCCAEIOBATD OTKJIOHEHNUS OT 3TOTO 3aK0-
Ha. OH BBeJ TOHSATHE <peaJbHbIe Ta3bl» 1
KA4yeCTBEHHO OIMCaJl OTKJIOHEHUS [TOBe/[eHIS
3TUX T'a30B OT «UJCAJTBHOCTU» .

Besuku 3acayru MenjieneeBa B pusudec-
KON XMUMUM, XMMUYECKON TEXHOJIOIMU U CMESK-

HBIX OTPACJSIX TEXHUKHU. BOT TOJIbKO HEKOTO-
pble U3 HUX: co3janue 6e301acHoro crnocoba
MOJTyY€EHUST OJTHOTO U3 BAPUAHTOB 6E3/[bIMHO-
ro (MMPOKCHIMHOBOIO) OPOXa, 06ECIeYnB-
1iee MIMPOKOE PaclpoCTpaHeHne ero B MUPe
(«MenzeIeeBCKuil» MOPOX); pazpaboTKa Te-
OPHH PACTBOPOB, B YACTHOCTH OIIpeIesIeH1e
HauboJ1ee ONTUMAJIBHOTO COOTHOIIEHHST KOM-
IIOHEHTOB B CMECHU PAa3JIMUHbIX JKUKOCTEN;
U3yyeHie OBEPXHOCTHOTO HATSIKEHUST JKUJI-
KOCTell U JI0Ka3aTebCTBO €ro MCUe3HOBEHWS
B KPUTHYECKOM COCTOSIHUH BEIECTBA; UCCJIe-
JloBaHue coctaBa HedTH U JI0KA3ATETbCTBO €€
Kak GMOTEHHOTO, TaK U aOHMOTeHHOTrO TTPOKC-
XOJKJIeHNsT; 0OOCHOBaHME 3HAYEHWST MHOTHX
COCTABJISTIONTMX HEe(MTU KaK IIEHHBIX XUMH-
YeCKUX TMPOAYKTOB M pa3paboTKa METOIOB
U3BJICYEHNS N3 HeTH HTUX MPOAYKTOB (3Ha-
MeHuTast pasza: «CKUTATh HePTH — 9TO BCE
PaBHO, YTO TOMMTDH TIEYKY ACCHTHATIUAMU> ).

K aToMy BeyaTIsgionmemMy «XuMniecKoMy »
MEePEeYHio MOXKHO JOGABUTD IEJbII PS APY-
rux uHTepecoB u goctmwkennit [[.11.Menne-
JeeBa. Harpumep, MeTposioTudecKkue ucce-
JIOBaHUs, PYKOBOJCTBO CO3JAHHOW MM POC-
cuiickoii «[TanaToit Mep 1 BecoB»; MeTEOpO-
JIOTUYECKUE WCCJEJOBAHUSI, M3yYEeHUE 3€eM-
HOW aTMOCdepbI ¥ COJTHEYHOIW KOPOHDI; yya-
CTHE B CO3/IaHUU MEPBBIX B MUPE JIEJTOKOJIOB
JUISI OCBOEHUST APKTUKH; HalMCcaHue 25 CTa-
Teil Mo mpo6JeMaM TIPOMBITILIEHHON 9KO0JI0-
UM B 9HIIMKJIONEMYECKOM coBape bpokra-
y3a u DdpoHa.

Ho oano u3 MenjesneeBCKUX yBJeUeHUI
BbIIesisIeTcsT W3 o01ero psiaa. st mosHo-
IEHHBIX HAGIIO/IEHII 38 COTHEUHOI KOPOHOI
BO BpeMsl TIOJIHOTO COJTHEYHOTO 3aTMEHUS
getom 1887 roga MenjiesieeB pa3pabaTbiBaer
MIPOEKT CTPATOCTATA, PABHOIO KOTOPOMY TOT-
Ja B MHUpe He cylecTtBoBasio ([uaMeTpom
20 M u o6bemom Gosbime 3000 M2). Omn
JIEJIAeT 9TO COBMECTHO € HM3o0perarejieM |
BozayxomnaasareseM C.K. [[xxeBeniknm. Bme-
cre ¢ MengenreeBbIM JIOJDKEH ObLI JIETETh
nusioT-aspouant. Ho xorja BbisicHsieTcs1, 4TO
B HEOXKUJAHHO HACTABIIYIO TOK/JIUBYIO 110-
TOJy IIap He CMOJKET HMOAHATD IBYX YeI0BeK,
MetmiesieeB peraer, 4To OH HOJIETUT OJH, 1
nocJje Heo6XOIUMOTO WHCTPYKTaXKa 06 yII-
paBJIEHUU 1IAPOM MOJHUMAETCST B BO3ayX. K
CO’KAJIEHUIO, W Ha BBICOTE COJIHIIE OCTAJIOCH
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CKPBITBIM 32 00JIaKaMU U TIPUTILIOCH I0BOJIb-
CTBOBATBLCS TOJIBKO N3YUYEHUEM CBOKCTB 3€M-
HOIl arMocdepbl Ha Pa3JIUYHBIX BBICOTAX.
[Ipu aToM m3-3a OTKa3a KjamnaHa Imap Mo/j-
HsLJICST BbIlie 06JIaKOB Ha He3alJTaHuPOBaH-
HYIO BBICOTY 3,5 KUJIOMETPA, HO, YBBI, 3aTMe-
HUe y’Ke 3aKOHYMJIOCh. MeH/eseeB cyMed
HCTIPABUTH KJANaH U GJIATOTIOJYYHO TTPU3EM-
qutbes Ha paccrosHun 100 KuaoMeTpoB OT
TOYKU CcTapra.

ITOT MITPUX MeHjesieeBCKoil 6uorpadun
WJTIOCTPUPYET ero HEOOBIYAHYIO CMEJIOCTD,
MPOSIBUBIITYIOCS HE TOJIBKO B TIO/[BUTE CO3/1a-
HUS TIEPHOAMYECKOil Tabuibl. Menjemneen
ObLJI CMeJT W TIPUHITUITHAJIEH BO BCEX CBOUX
JleJlax, B TOM YHCJe W B OTHOIIEHUSX C
«BJIACTSIMU TIpefiepkamuMuy» . B konrie XIX
Beka B Poccum BiacTsamMu ctasia TpOBOAUTHCS
TTOJTUTHKA «YKPETIeHNs UCIUTIINHDI 1 TTPa-
BOIIOPSI/IKa» B OOIIECTBE U IIPEXK/IE BCETO B
YHUBEPCUTETAX, T/l CTy/IeHYeCcKast MOJIOJIEKb
cTaja CTpeMUTbcsi K pedopmam o6pasoBa-
Hust. MeH/iesieeB HECKOTBKO pa3 oOpariasics
B «WHCTAHIUU», 3aCTYIAsICh 32 HMCKJIOYae-
MBIX U3 YHUBEPCUTETA «OYHTOBIIHKOB.

Pesysbrarom crajio ero yBoJibHeHUE U3
VHUBEpPCUTETAa W OTCTaBKAa W3 TOYTH BCEX
KOMUCCHI, B KOTOPBIX OH JEsITeJbHO y4a-
crBoBaJl. /IBa paza MenjeneeBy ObLIO OTKA-
3aHO B n36panuu 4ieHoM Poccuiickoii akaie-
MUHU HayK, XOTS OH ObLI YK€ UJeHOM He-
CKOJIbKUX JICCATKOB MPECTIKHDBIX aKaJIeMUn
U HAY4YHBIX OOIECTB BCEro Mupa. JBaskipl
MPaBUTEIbCTBO HACTOSITIO HA OT3bIBE TIPE/I-
cTaBJeHUl MeHgeseeBa Ha Harpak/JaeHue
HoGeneBckoii nipemueit, caesanHbIX BUHBI-
MU poccuiickumu xumukamu. M 3710, 6e3yc-
JIOBHO, TIOBJIUSLIO HA HOOEJEBCKUIT KOMUTET,
Tak W He yJocToWBINMMi MeHeneeBa 3Toi
Harpajpl, K HEJIOYMEHWI0 BCETO MUPOBOTO
XUMUYECKOTO COOOTIECTRA.

Baxnoe mecTo B :Kusam MenaeneeBa B TO
BpeMs 3aHUMAJIN eXKeHeleTbHbIC Beuepa, Te
cOOMPANUCDH KOJIJIETU U JIPY3bs, B TOM YHCJIE
xynoxankn U.E.Penun, A.W.Kywunmxn,
N.N.IIumkuH 1 1pyrue nepejBmkKHIKN. B
9TOM CaJIOHe HEPUHYXKIEHHO 06CYKIATUCH
BCe COOBITHSI HAYYHO! U TIOJTUTUIECKON K13~
Hu oorectBa. sKena MewneneeBa 1eMOHCT-
paTUBHO He NPUHUMAJA Y4YacTUsi B ITHUX
Bcrpevyax. CeMeliHble OTHOIIEHUS CTAaHOBU-
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JINCH Bce 6oJiee CJAOKHBIMU 1 Oe3bICXO/[HbI-
mu. B xonite 1876 roga 42-neruuit Menene-
€B Ha OJTHOM W3 CBOUX CAJOHHBIX BEYEPOB
3HakoMmurcs ¢ 16-ymetHeit AnHoi VBaHOBHOI
ITonosoit (1860—1942).

Mousoiasi feByIiKa BbIGpaJjia HEOOBIYHYIO
JUISE TOTO BpeMeHn cyn6y. Beipocin B cTa-
PO3aBETHOI ceMbe JIOHCKOTO Ka3allKoro aTa-
MaHa, OHAa KaKUM-TO OOpa3oM BOCIIPHUHSJIA
nepejioBble WJIeN HapoXKJaBleiicss pyccKoi
UHTEJITUTEHIIH, BBIOPAB [IJIs1 ce0s1 yTh TIPO-
cemenns Hapoga. Taitno or orma (Ho ¢
MaTepPUHCKOro 6JIaroc/J0B/ICHNS) OHA yeXaJia
B CTOJIUILY, YTOOBI YUUTHCS HA JKEHCKUX Kyp-
cax (mpooGpase 3HAMEHUTBIX <«OECTYKEBC-
KUX KYPCOB» — TIEPBOTO KEHCKOTO YHUBEPCH-
teta Pocenm). OHa yuumach sKkusonmcn, Gblia
MIPUHSTA B MEHIETEEBCKOM CAJIOHE, TYBCTBO-
BaJsia ce6s B HeM CBOGOIHO M HETTPUHYKICHHO
U, KOHEYHO, He MOTJia He 06PaTUTh BHUMAHUS
Ha ero TJIaBy — 3HAMEHHUTOro XuMuka. U Hu
BceMupHas cjaBa MenjeneeBa, nu 26-JeT-
Hes pa3HUIla B BO3pacTe He IMOMeNaJu ei
Hapsity ¢ 6e3MepHbIM yBa’K€HHEM MOYyB-
cTBOBATD JI060Bb. A [IMutpuii iBanosudy e
MOT He WHTepecoBaTbCsd AHEUKOil, Kak ee
cTajiM HasbIBaThb B cajioHe. He skemast 6bITH
MIPUYNHON pa3pyIleHust ceMbr, AHs «cOeka-
Jaa» B Mtammio. ¥Y3uas 06 orbesze, Memgene-
eB OpocmJI BCe W yexaJ BcJel 3a AHHOI.
Uepes Mecsiil OHU BO3BPATHUJINCH BMECTE.

[Tocsie pasBoma ¢ mepBOU KEHOU KU3HD
MenneneeBa pe3ko naMenmaachb. Auna lBa-
HOBHa Obllla BHUMATEJbHOU ¥ 3a00TJNBOI
JKEHOU ¥ pasjienisiia Bce B3TJISI/IbI CBOETrO
Myka. B aTOM Gpake pPOAMIOCH YETBEPO
nereii. Herogasieky ot 3aropojiHoro 1momoc-
KOBHOTO JioMa Men/iesieeBa Oblaa JIepeBHs
[[TaxmaTOBO, T/IE B JIETHEE BPEMSI JKIJIA CEMbS
nouepu pexropa IlerepOyprekoro yHuBepcu-
teta 6orannka A.H.Bekerosa 6osbiioro gpyra
JI.11.MenpeneeBa. VI TtaM IO3HAKOMUJIUCH
crapmiasi 1oub MenjeneeBa Jlio6oBb [IMut-
pueBHa u BHYK BekeroBa, Asexkcanap AJiek-
cauzpoBud buok, Oyaymmii BelIukmii pyc-
ckuit mosT. OHNU cTaMn My>XeM U KeHOI.

B 6uorpaduu MHOTUX 3HAMEHUTDIX JIO/IEi
BILJIETAIOTCS ¥ aHEKI0oTHYecKue ucropun. [Tpu-
CYTCTBYIOT OHU U B 6norpacdun Mewn/ieieeBa.
O Jerenjie OTKPbBITUS, C/IEJAHHOTO BO CHE,
y3Ke ynoMuHasock. /[pyras nputda o MeHn/e-



JieeBe — 06 306 PETEHUH UM, TKOOBI, PYCCKOIT
copokarpazaychoii Boaku. Ha camom gese
BBe/IEHIE TOCY/IAPCTBEHHOTO aKIM3a HA BOJI-
Ky mpousonuio emie B 1844 romy, xorja
MemnpiesieeBy He HCIMOJHUJIOCH W JIECSATH JIET.
Briocnenctsun MeHpereeB MHOTO 3aHUMAJI-
csI TeOpHeil pacTBOPOB. JTOMY ObLJIa TTOCBSI-
IeHa ero JJOKTOPCKAas JUccepTarys, B KOTO-
POIi OH YCTaHOBUJI, YTO CYTIECTBYET HEKOTO-
poe ONTUMAJbHOE COOTHOIIEHHE CMeInBa-
HUST PA3JNYHBIX JKUAKOCTEH, TTPU KOTOPOM
IJIOTHOCTH CMecH MakcuMaJibHa. Ho st atu-
JIOBOTO CIIUPTa U BOJIBI 3TO OBLIO BOBCE He
40%, a COBEPIIIEHHO /[PyTasi BEJMYNHA — JIBE
YacTH CHUPTA Ha OJIHY YacCTh BOJbI, 4TO
6e3yCJIOBHO HE TOIWUJIOCH JIJISI HAPOJHOTO
QJIKOTOJIBHOTO TIPOAyKTa. A Bo DpaHiun
UMEHHO TO COOTHONIEHNE OBLJIO TPUHSTO, Ha
ocHOBe paGotT MeHpemneeBa, aas (panirysc-
KOro aGCceHta — CMeCH 3TUJIOBOTO CIHPTA C
HacTOUKON u3 14 Tpas.

Ho Bot pacckaser o MenmeneeBe, Kak 00
M3BECTHOM MacTepe YeMO/IJAHHOTO JIeJia, nMe-
Jin peasibHoe ocHoBanwue. Elte B caMoM Hava-
Jie CBOeHl Iearoruyeckoil JAesiTeIbHOCTH B
Cumpeponosie u Onecce ero MatepuaibHoe
noJiokeHue GbLIo BechbMa TsKeJbiM. 1 Men-
JleJieeB Haies crnoco6 ero nonpabutb. OH
n306peJ 0coObIil JTak, KOTOPbIi genan ¢pubd-
POBYIO OCHOBY 4eMO/IaHa OYEHDb MMPOYHON U B
TO ;Ke BpeMs Jerkoii. Ho kpome aToro Takoit
YEMO/IaH BBITJISAIEN KaK OY€Hb JJOPOTroe KOXKa-
Hoe u3jiesme. BriocjecTBum 310 yMeHue cTa-
J0 «x066u» yuenoro. OH ¢ YI0BOJIbCTBHEM
OT/IBIXAJT, JIeJTast YeMOIaHbI M pas3iapuBasi ux
3HAKOMBIM.

O/HaKO CaMbIM XOPOIIUM OTBIXOM JIJIst
JImutpust MBanouua ObLin maxmatbl. Ha
CBOMX JIOMAIITHUX Bedepax OH GOJIBIIYI0 YaCTh
BPEMEHHU TIPOBOJINJI 32 MIAXMATHOH JOCKOIA,
YTO HE METIAJ0 eMy y4acTBOBATb B WHTEPEC-
HbIX OecenaX. A UTPOKOM OH ObLJI OYeHb
CUJTBHBIM.

HeBo3MOXHO 0XapaKTepu30BaTh JAeSTe b-
HocThb /mutpusa VBanosmua MenjeneeBa n
€T0 JIOCTIKEHUS OTHUM, JaKe CAMBIM EMKUM
onpenenenuem. Xumuk JI.A.Uyraes B 1907
rojy Hamucas o MeHjiesieeBe Tak:

«3HaMEHUTHIl XUMWK, IePBOKJIACCHBIN
(usuK, NI0IO0TBOPHBII MCCIe0BATEND B 06-
JIACTU TEPMOJMHAMUKY, TUPOJMHAMWKH,

[Toprper [U.MeHpeneesa B MaHTUM [OKTOPA
npasa 3[uHOYPIrckoro yHUBEPCUTETa, HAMACaH-
HbIi U.E.Perrbim (1885 r.)

METeOPOJIOTUH, TeOJOTUH, B PA3JUYHBbIX OT-
JlesiaX XMMUYeCKOH TeXHOJIOTUU U JAPYTHUX
COIIPE/ICJIbHBIX € XUMUEH JUCHUILIMH, TJIy-
6OKNMIT 3HATOK XUMHUYECKOH MTPOMBIIIJIEHHO-
CTH W TIPOMBINIIJICHHOCTH BOOOTIE, 0COGEHHO
PYCCKOH, OPUTHHAJIbHBIA MBICIUTENb B 006-
JIACTH YYEHUS O HAPOJHOM XO3SICTBE, TO-
Cy/IapCTBEHHBII yM, KOTOPOMY, K COsKaJje-
HUIO, HE CY/K/I€HO GbLIO CTaTh TOCYIAPCTBEH-
HBIM Y€JIOBEKOM, HO KOTOPBIN BUIET M TO-
HUMaJ 3a7auu u Oyayiinocts Poccun Jyd-
nie 1pejcTaBuTesiell Hamielr odumaabHoOR
BJIACTH» .

Jmutpuit MBanoBuu paboTtas 10 TOCTe-
auero aHg. OH CKOHYAJICS OT BOCHAJICHUS
gerknx 20 guBapsg 1907 ropa. Ilamsarts o
MeneneeBe coxXxpaHsieTCs B Ha3BaHUSAX TO-
PO/IOB U TIOCETTKOB, MHOTHX TeorpamuecKux
1 ACTPOHOMUYECKNX OOBEKTOB M B MHOTOUWC-
JICHHBIX MaMATHUKaX. A HAa MEMOPHAJbHOM
KaMHe ero MOTUJIbI Ha BoskoBoM Kjagbuiie
Camnkr-Ilerep6ypra goctatounbiMir OKa3aIuCh
BCETO JINIIIb TPU cJoBa «/ImMutpuit IBanosuy
MenjeneeB».




JNeMeHTapHOe J0Ka3aTeNbCTBO
3aKOHa OONbLUMX Yncen

A.9UN6NCOB

1. BBepeHue

3akon Gosbiux uuncesa (mamee 3BY) —
(bynmaMeHTaIbHBIN 3aKOH TEOPUN BEPOSITHO-
creit (amee TB), CBA3LIBAIONTII MaTeMaTH-
4eCKOe TOHSTHE BEPOSITHOCTH C SIBJIEHUSIMU
peasbHOl >xu3Hu. [lepBoHavyasbHOE pa3Bu-
tne TB cBsI3aHO ¢ MPaKTUKOI a3apTHBIX UTP.
Hampumep, B urpe AByX UTPOKOB C JIBYMs
PABHOBEPOSITHBIMU UCXO/IAMH CTaBKU HIPO-
KOB, €CTECTBEHHO, JOJIUKHDBI ObITb PAaBHBI.
(O6bruno B TB Takas urpa uimocTpupyercst
6pocaHneM MOHETBI, HO TMPAKTHYECKH 3TO
MOJKeT ObITh YeT-HeueT B PyJieTKe WM UTpa
apaon, ommcannas B «IlukoBoii mame», n
T.I.) A TIPEANIONOKUM, g UTpaio Ha TO, Y9TO
YHCJI0O OYKOB, KOTOPOE BBIMAJET TIpu Gpoca-
HUU UTPAJIbHON KOCTH, jlesinTest Ha 3. KakoBa
Oyner cripaBefmBast ctaBka? [lockosbky s

BbIMI'PbIBAIO B 2 CJIydadax us 6 BO3MOXHDIX,

1

TO BEPOATHOCTDb MOEI'O BbIMI'PbIIIa paBHA § .
Hepr,[IHO TIOHATD, YTO CITpaBe/JinBadA CTaB-

Ka JO/uKHA ObITh 2 py6. mpoTus Moero 1 pyo.
[leiicTBUTEIBHO, TOTIA B GOJIBIION CEPUE UTP

s BBIUTPBIBAIO 110 2 py6. B IPUMEPHO 3 urp,
2 .
T.e. 0 — B CPEJHEM HA UTPY, & MOU OIIIO-

HeHT — 10 1 pyo. B § WTp, T.C. TE K€ § Ha

urpy.

O6paruM BHUMaHKE HA TOCTEIHION (pa-
3y, B KOTOPOI TO/Pa3yMeBaeTcsi, Kak caMo
co6oil pa3yMeIoleecst, 4T0 OTHOCHTEbHAsI
4acToTa COOBITUS JOJIKHA ObITH TPUOJINKEH-
HO paBHa €r0 BEPOSITHOCTH. JTa 3aKOHOMEP-
HOCTh, KOTOPYIO MOKHO Ha3BaTh <«IMITHPH-
YeCcKUM 3aKOHOM OOJIBIIIUX 4Yucea», ObLia
0COOEHHO XOPOIIO M3BECTHA 3aSIJIBIM UTPO-
KaM, OBICTPO yJIaBIUBABIINM OTKJIOHEHUS OT
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Hee ¥ UCKAaBIIMM WX NPUYUHY 160 B CO6-
CTBEHHOM HETPABUJIBHOM IOJICYETE BEPOST-
HOCTH, JUGO B NIYyJIEPCTBE OMIOHEHTA.

C passutnem TB Bcrasa 3ajaua BbIBECTH
ATOT 3aKOH U3 TIPUHITUIIOB, JIEKAIINX B OCHO-
Be TB (0 KoTOpBIX GyAET pacckazaHo HUKE).
ITO, ¢ OMHOW CTOPOHBI, AAN0 Obl 3aKOHY
HaydyHoe OGOCHOBaHWE, a € JPYroil — TOj-
TBEPAWIO OBl TPABUIBHOCTH MOJOKEHHIH,
Jexkanmx B ocHoBe camoit TB, Tem, uyro
BBITEKAIONINE W3 HUX CJEJACTBUS COOTBET-
CTBYIOT PEabHOCTH.

Joxkasareabctso 3BY 6bL10 aHO IIBEii-
IapCKUM MaTeMaTHKoM JKoBoM Bephysim B
knure «MckyccrtBo npeanososkenuii» («Ars
Conjectandi» ), ony6mkoBanHoi B 1713 roxy
(em. [1D.

Briocregersum 3BY chirpast BaxkHYTO PoJib,
HaIlpuMep, B BOBHUKHOBEHUU F'€HETUKH, KOT-
Jla U3 COOTHOIIEHUS YaCcTOT HaCJeI0BAHUS
MPU3HAKOB B OTbiTaXx Men/ienst, 6JIM3KOro K
3:1, ObLIO CAeTaHO TIPEANONOKEHNE, UYTO

MPpU3HAKU HACJEAYIOTCA C BEPOATHOCTAMU

3 1
7 mn 00bsiCHEHEe MeXaHU3Ma ITOr0

SBJIEHUS COCTaBUJIO OJMH U3 3aKOHOB MeH-
Jed.

B nacrosiieii cratbe MbI IPUBO/IAM 3JIEMEH-
tTapHoe jokasareabcTBo 3bUY, 6auskoe K
JIokazatesbeTBy 1. BepHysm, BO BCIKOM
clydyae, He WCIOJb3YIollee HUKAKUX TIOJIY-
YEHHBIX T03/[HEE pe3yJbTaToB. B yueGHUKe
[2] (kax n BO Bcex coBpeMeHHBIX Kypcax TB)
3bY nokasbIBaeTcs ¢ TOMONIBIO HEPABEHCTBA
YebprméBa, HO OHO ObLIO OTKPBITO B XIX
BeKe, a MHTEPEC JAHHOI CTAaThU — JIOKA3aTeIb-
CTBO CPENICTBAMU, JOCTYNHBIMU DepHyJLin.

MpbI He TIpeanoaraeM OT YNTATENST HUKA-
xux nozuanuii B TB. Bee, uto my:xHo, 6yser
cOpMyIMPOBAHO U TIOJYYEHO B TIOCJEIYIO-
mux pazgenax. /las nokaszatenpcrBa 3bY B



1. 3 Gy/IeT BBIBEJIEHO GUHOMUALBHOE pACchpe-
denenue eeposimmuocmeii. 1peaBapuTesnbHo,
B 1.2, MbI BbiBegeM (POPMYJTy IS OGUHOMU-
ALHLIX KO3DPuyuernmos, BXOAANMX B Bbl-
PaskeHUs /I GUHOMUAJIbHbIX BEPOSTHOCTEH .
VIX HarJsjHoe MpeiCTaBICHUe JaeTcs ¢ H0-
Motibto mpeyzoavnuxa Iackans (ppanirys-
ckuiit matematuk, 1623—1662).

2. TpeyronbHuk lNMackans
M GuHOMManbHble KO3 dULMEHTbI

Tpeyroabuuk Ilackasis (cM. pUCyHOK) —
3TO TabJUIA, KOTOPas CTPOUTCS TI0 CJIEyT0-
memMy 1paBuity. B Bepiuie taGuuibl U B
Havase W KOHIlE KaKIOH CTPOKHU CTOST efIi-
HUIBI, a KaXKJI0e YUCJI0 BHYTPU TaGJIHIIBI

PABHO CyMMe JIBYX YHCEJT, CTOSIIINX HA/ HUM.
BaM, KOHEYHO, 3HAKOMbI BbIpaskeHus d + b ,
(a+b)2 =a*+2ab+b* u (a+b)3 =a’+
+3a’b + 3ab® + b° . Torpa BbI yBUIUTE, YTO
yucsa B 1-if, 2-it m 3-ii cTpokax TaGJUIIBI
(Bepumna He B cyer, cuntaeM ee 0-if cTpo-
KOH) — 9TO B TOYHOCTH KOI(DPUIIMEHTBI,
BXOJIAIMNE B 3TH BBIpAKEHUS. A ecanm He
MMOJIEHUTECh BBITICATh PA3JOIKEHUS IS
(a+ b)4 u (a+ b)s, TO YBHUANTE, 4TO KO3~
(unmenTsl 1pu MpousBeieHusiX @ W b B
Pa3HBIX CTEMEHSIX CHOBA JAIOTCS YUCIAMU U3
TPEYTOJTbHIKA HaCKaJIH [Ipumem mnst HUX
oGoznauerne CX — ar0 wmcrno, crosimee Ha
k-M MecTe B n-it CTpOKe2 (cHoBa cumras, uTo
eIMHUIIA B Havasje CTPOKu cTouT Ha 0-if
nosuiim). Hampuvep, CJ =Cj =1, Cji =
= C32 =3 . Jlerko BUAETh TaK)Ke, 4TO C,1, =
=C"'=n, n=1,2,

[Tosb3ysich aTUM 0603HAYEHNEM, MTPABUJIO
MOCTPOEHNsT TpeyroabHuKa [lackans MoxxHO

t Te KTO 3H3.KOM C HadaJlaM1 KOM6HHaTOpI/IKI/I
3HaloT, 4TO C — 9TO YNCJIO COYETAHWIT U3 72 TIO k,
HO 3/1€Cb KOM6HHaTOprIe METO/IbI HE MCIIOJIb3Y-
I0TCA.

3allucaTb B BHU/E
Cr=Cll+Cly,
n=2,3,.., k=1,2, ..., n (1)

C 1OMOIIbIO PEKYPPEHTHOTO COOTHOITEHUST
(1) noxaskem, uro uncaa C, , BOSHUKAIOIINE
B TpeyrosabHuUKe [lackams, aeficTBUTENTHHO
SIBJISTIOTCST GMHOMHMAJIBHBIME K03 UIIeHTa-
MH, T.e. KO3(UIMEHTAMI B BBIPASKEHUSIX
NI CTereHeln (a + b)n 6unoma a + b. ITouar-
HO, YTO TaKOe BBIPaKEHWE MMEET B/

(a+b)' =

=a"+Bla" b+ .+ Bla" 40" (2)

r7e Bk — HeKoTopble K0a(h UIINEHTHI, npo
KOTOPDBIE Mbl XOTUM JIOKa3aTh, 4T0 B, Cn .
(Y0610 3aMeTHTB, YTO BEPXHUIT WMHIEKC
npu B paBen crerieHn b B TOM e cJarae-
MOM. )

JlokazaTesnbcTBO Gy I€T TIPOBOAUTHCS METO-
JIOM MaTeMaTU4ecKOoil MHIYKIUK. Bbiire Mbl
y6enIch, YTO Hallle YTBep:KIeHHe BepHO
npu n = 1 u 2. IIpearoynoxkum Terepb, 4TO
OHO JIOKa3aHO /I BcexX cremeneil go n—1
BKJTIOYUTEBHO, U JOKa’KeM, UTO TOT/Ia OHO
BEPHO W LIS CTETICHN 72, T.€. UTO B PA3JI0Ke-
mm (2) BY =Cf. Tlockombky (a+b)' =
=(a+b)" ! (a +b), nocMOTpHM, KaK ciarae-

Moe B,lf n=kpk g (2) POMCXO/IUT U3 cjarae-
MBIX B aHaJOrm4HoM (2) pasiIoKeHuu I/t
crerienn n — 1 pn ymuoxkenun Ha @ + b. OHo
MOJIYYAeTCs TIPU YMHOKEHUN Ha d CJIaraeMo-
0, CO/IEPIKAIIET0 HA e/IMHUILY MEHBIIYIO CTe-
eHb da, T.e. a”‘lek, 1 TOYHO TaK Ke IIpu
YMHOKEHHU Ha b CJIAaraeMoTro, COIEPKAIIEro
bk_1, T.e. a"*o*'. Ykasaumbie crememnn
BXOJAT ¢ KoadduimentamMmu B,ff_1 n B~
COOTBETCTBEHHO, HO 10 MPEANOJOKEHUIO
HHTY KUY B,’f_1 = C,]f_1 u Bf;:f = C,’f:f . Ilo-
TOMY W3 CKa3aHHOFO cJeyer, 4ro Bf =
=k, + k! arorma cormacno (1) Bf = Ck,
9T0 U TPe6OBAIOCH.

Tenepb MOJIYYUM  SIBHYIO (POPMYJTY LISt
C Tounee, BpITAIIEM €€ W JOKAKEM, YTO
OHa JIEHCTBUTEJNbHO JaeT BBIPAKEHWE ISt
C, . A umenno, yTBep:KIaeTcsi, 4TO

ok _ n(n=1)...(n-k+1)
" 12k '

(3)




12 KBAHT

I/ICHO]IbSy}I HIUPOKO INTPUMEHAEMOE B MaTEMaA~

tuke o6oznavyenue n!=1-2-...-n (yuraercsa
«n (axkrTopHag») U YMHOXKasd YUCAUTE]Ib U
sHamenatesb Ha (n—k) =1-2-...-(n-k),
MOJIy4aeM 9KBUBAJIEHTHOE BbIPAKEHIE

13 n!

Cy=——" (4)
n .
kl(n—k)!

[l fokasareibeTBa ATOTO paBeHCTBa yoe-
JIUMCS CHavaja, 4To YHcJja, CTOAIMe B Ha-
YaJbHBIX CTPOKaX TpeyrojbHuKa Ilackasg,
BbIpaskaioTcst atoit popmy.ioii. ITo bopmye
(4) naxomum

2! 3!
11 1121
LAl ool AL
! rIPI

wa
Il

1
2 ) )

IETEI
Kpome Toro, C2=Cy=3 u C; =Cj =4,
[IOTOMY YTO COOTBETCTBYIOLIME BLIPASKEHUS
OTJINYAIOTCS TOJIBKO IIEPeCTaHOBKON MHOKU-
tesell B 3HaMeHartese. [losyuennble umcsa
COBIQ/IAIOT CO 3HAUCHWSIMU B TPEYTOJBHIKE
ITackang. Jlanee s gokasaTeIbCTBa 110
WHAYKIUKA TOKayKeM, 4TO C,’j BbIPpaskaeTcs
dbopmy.toit (4), B IPEANONOKEHNH, YTO HTA
(opmymna BepHa g ij_1 .

[leiicTBUTEIBHO, I10JIb3YSCh COOTHOIICHMU-
em (1), numeem

ct@ckt vt
B (n—1)! . (n—1)!
S (k=1)!(n—k)!  kl(n-k-1)!

_k(n-O)+(n-k)(n-1)!  nl
kl(n—-k)! kl(n-k)!’
4TO M TPe6OBAIOCH /[OKA3aTh.

Omnpenenennie n! pacmupsior, GopMaIbHO
nomarass 0! = 1. Torma Cy =CY =1, uro
[03BOJISIET pacipocTpanuTsb hopmyy (4) Ha
KpaitHue ajeMenTbl Tpeyrobuuka [lackass.

B caeptytomeM pasjiesie BBOJATCS BEPOST-

HOCTHBIE TIOHATHUS, HEOOXOUMbIE IS JTOKa-
3aresibctBa 3bY.

3. Cxema bepHynnu
1M GMHOMManbHoe pacnpepgeneHve

Cxemou Bepnyamu (uiam ucnvimanusmu
Bepnyaiu) Ha3bIBAIOT CJyYailHbIN 9KCIIEpH-
MEHT, COCTOHHII/IfI B IIPOBEJAECHNUN 17 HE3aBUCH-
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MBIX IIOBTOPHbBIX MCIbITaHuii (UIp, OIBITOB,
Ha6MI0eHII) ¢ ABYMS MCXOJAMM, UMEIOIIU-
MU B TUX UCIBITAHUSX OJIHU U T€ K€ BEPO-
SITHOCTH.

YUt0o06bI OTBJIEYBCS OT KOHKPETHKU, CUUTA-
€M, 4TO B Ka’K/[OM UCITBITAHUM TTPOUCXOIHT
oxun u3 ucxo10B 1 nin 0 ¢ BeposATHOCTAMU p
n g =1-p coorsercrenno (ucxon 1 Gyzem
Ha3bIBaThb «ycrexoM»). B pesysbrate n uc-
NBITAHUI BO3HWKAET I1IENOYKA Xy, ..., X, , B
KoTOpoil x, =1 mam 0 B 3aBUCHMOCTH OT
nucxoja k-ro ucnbitanusi. Hanpumep, ucxo-
JlaM¥ 4eTbIpeX WCIBITAHUU MOTYT OBITh
(0,0,0,1) wmu (1,1,0,1) u 1.11. Kaskayio Ta-
KYIO 1[eM0uKy Oy/leM Ha3biBaTh <«3dJeMeHTap-
HBIM HMCXOJ0M». KaX/Iblil ajieMeHTapHbI
ucxoz (Lenoyka U3 Hyaeld 1 eMHKII) MOXKET
paccMaTpuBaThCs KakK 3alliCh HEKOTOPOTro
n-3HAYHOTO YKCJa B JIBOMYHON CUCTEME, OT-
Ky/Jla TOHSTHO, YTO YHCJO BCEBO3MOMKHBIX
9JIEeMEHTaPHBIX MUCXOJ0B paBHO 2" .

Cobvimuem Ha3bIBAETCA JI0O0E MHOKECTBO
3JIeMEHTAPHBIX WCXOJ0B, a 6EepPOsIMHOCIG
cobbimus paBHA CyMMe BEPOSITHOCTEH Co-
CTABJISIIONIMX €r0 3JIeMEHTAPHBIX HUCXO/I0B.
[lanee, cayuatinoii eesuuunoll Ha3BIBACTCS
so6ast yuc/eHHas BeJInynia, 3HayeHue KoTo-
POIi OTIPEIETSIETCST 2IEMEHTAPHBIM UCXOIOM.
Wnaue ToBOpsi, ciaydaiiHash BeJUYUHA 3TO
(GYHKIINS Ha MHOXKECTBE 3JIEMEHTAPHDBIX HC-
x0/10B. B c¢Bsizu ¢ 3bY nac Gyzer B 1mepByIio
ouepe/lb MHTEPECOBATD CAyJaiiHas BeJUYNHA
S, , paBHAs YHCJIY YCIIEXOB B 72 ICIIBITAHWSX,
U ee pacrpejiesieHne BepoSITHOCTe, T.e. Ha-
6op Bepostthocreit P (S, =k), k=0,1, ..., n
(BeposgTHOCTH TIPUHATO 0603HAYATH GYKBON
P or aura. probability). YkasaHnast Bepost-
HOCTb paBHA CyMMeE BEPOSITHOCTEH 3JeMeH-
TAPHBIX MCXO/IOB, IMEIOIINX B CBOEM COCTaBe
k equHuIl U n — k Hyseil.

[TocuntaeM BepOSITHOCTH TaKOro COObBI-
tusi. Haurem ¢ npocroro mpumepa. Boamosk-
HBIMW UCXOAMU JIBYX WCIIBITAHWI SBISIOTCS
(1,1), (1,0), (0,1) m (0,0). Hesasucumocmeo
HCIBITAHUI O3HAYAET, YTO BEPOSITHOCTH CO-
BMECTHOTO HACTYIJICHUS] KaKUX-JTUO0 MCXO-
JIOB JIBYX UCIIBITAHWI paBHA MPOM3BE/ICHUIO
BEPOSTHOCTEN HACTYTIJICHUS] 9TUX UCXOJIOB B
KasKJ[0M 13 ucnblTaHuii. HarmoMHuM, 4TO HC-
x0/ 1 B KayK/IOM UCITBITAHUM TTPOUCXOJUT C



BEPOSITHOCTBIO p 1 ncX071 0 — ¢ BEPOSITHOCTBIO
g =1-p . TllosroMy 1iepedrcaeHHbIe UCXO/IbI
JIBYX HCIBITAHUI MPOUCXO/SAT ¢ BEPOSITHOC-
T p?, pg = qp u g°. Touno Tak e
BEPOSITHOCTD IIPOU3BOJIHOTO 3JIEMEHTAPHOTO
ncxojda, cojepskamero k exmHul uw on—k
nyJeii, pasna prg" " .

TakuM 06pa3oM, 3JeMEHTapHbBIC HCXO[IBI,
Bxogsmme B cobpitne {S, = k}, nmeror oany
M Ty JKe BeposITHOCTD, paBuyio p'q"* | u
0CTAETCS MOACYUTATD YHCJIO ITUX DJIEMEHTaP-
HbIX NCXOO0B.

[ToxkaskeM, 4TO HTO YKMCJIO PAaBHO OGUHOMU-
anbHOMy Koaduumenty C. Jlasaiite BbI-
nuieM passioxenne 1t (@ +b)" , He npuso-
JI51 TTOJIOGHBIE WIEHBI, He TOJIb3YsICh MepecTa-
HOBOYHOCTBIO ITPOM3BEACHNA 1 HE 3alTChIBasA
MIPOM3BE/ICHUS OJNHAKOBBIX COMHOKUTEJIEH
B Bu/e cTemeHeli. Hampumep,

(a+b) =(a+b)(a+b)=aa+ab+ba+bb.
AHaJIOTHYHO,

(a+b)3 =(a+b)2(a+b)=aaa+aba+...

[Tpu yBeuuennu crenenu ua 1 4ncio ciaara-
eMbIX OyJIeT yABauBaTbCs, sl N-U CTENeHN
nx Gymer 2" m onm OyayT o6pasOBLIBATDH
TaKue e MerouKu u3 OyKB ¢ u b, Kak HaIln
3JIEMEHTAPHbIE UCXOJ(bl — U3 €UHUI[ U HY-
Jeil. TIoaTOMY 4YHCJIO0 BJIEMEHTAPHBIX HCXO-
JIOB, COJIEPsKAIUX R eIMHUIL U 7 — kR HYJEH,
Oy/leT paBHO YHCJIY CJIAracMbIX B Pa3JioiKe-
Hun st (@ +b)", cozeprkaitix k MHOKHTe-
geil a u n—k MHoxuresneir b, a Kak Mbl
BU/IEJTM PaHBIIe, 9TO YHCJO MOCJe TTPUBEIE-
HUS TOJOCHBIX YJIEHOB U €CTb OMHOMUAJIb-
HBIN KO3 pummenT C,’f .
C y4eToM CKa3aHHOTO MOJIy4aeM, 4To

P(S,=k)= C,’fpkq"_k ,

n=1,2,3 .., k=0,1,..,n (5
3aMeTumM, 4TO
S Clptqt =1,
k=0

TIOCKOJIbKY, C OJIHOI CTOPOHDBI, 3TO BEPOAT-
HOCTb J1JIA Sn IIpUHATD a1060e U3 CBOUX
BO3MOJXHDbIX SHa‘IeHI/Iﬁ, ac ]IpyI‘Oﬁ CTOPOHBI,
9Ta CyMMa IIpEACTaBJIAET €060l 6GUHOMUATb-

n
Hoe pasnoxenue s (p+q) =1.

Wrak, MbI 3arOoTOBUJIM BEChb BEPOSTHOCT-
HbBII anmnapar, HeoOXO[IUMbII HaM LIS IOKa-
3atesnbcTBa 3BY, KoTOpoe GyieT MpoBe/IeHO
B CJIEYIONIEM pasjeJie.

4. 3aKoH bonbLnX Ynucen

Kax y>xe roBopusioch, aTOT 3aKOH IJIaCHUT,
YTO OMMHOCUNENLHAS HACMOMA ycuexos S, [n
IPUOIMIKAETCS K BEPOSITHOCTH ycIieXa p Ipn
pocte yucya ucnbitanuii n. TouHnoe BeposT-
HOCTHOE BBIPAKEHUE ITOTO YTBEPIKIECHUS
naetcst hopMyJIoi:
Jutst 1o6oro € > 0

P <e|—=1 npu n—e. (6)

Sy
— P
n

Jlns Beaxoro coObiTus A BEpOATHOCTD npo-
TMUBONOJ0KH020 COOBITHS A , T.€. COOBITHS,
COCTOSIIIETO B HEBBITIOJHEHNH COOBITUS A,
paBHa P (A) =1-P(A). B nannom ciydae
co6bITHE, MTPOTHBOIOJIOKHOE COOBITHIO IO
3HakoM BepositHocti B (6), coctout B BbI-
TIOJTHEHUH TIPOTUBOTIOJIO’KHOTO HEPABEHCTBA.
[Tostomy 3BY skBUBaNeHTEH YTBEPIKICHUIO
>e|—0 npu n—oo. (7)

Sh
—-Pp
n

P

Haragaubiii embica yreepskaerus (6) co-
CTOUT B TOM, 4TO IIPH GOJIBIINX 72 OTHOCHTEJIb-
Hast 9acToTa S, JIEKUT B OKPECTHOCTU BEPO-
STHOCTH p ¢ Goutbinoit (6/m3Koi K 1) BeposiT-
HOCTBIO, a yTBepskaenusi (7) —uro S, BbIna-
JIa€T U3 3TOil OKPECTHOCTH € MAJION BEPOSITHO-
CTBI0. ITH YTBEPKIEHUST HKBUBATEHTHBI 1
JIOKa3bIBaTh MOKHO J1I060€ U3 HUX.

Mpr1 rokaxem yreepaxaenue (7) B mpocreii-
neM cjIyvae, Ipu p = 1

2
Teopema. B cxeme bBepnyanu ¢ pasnose-

POSMHBIMU UCX00aAMU, KO20A P = § = 5 ons
a106020 € >0
p Su_l >e|—>0 npun—e. (8)
n

IokasateabctBo. [1o popmy.te (5) Bepo-
ATHOCTD ITOJTYYCHUA k YCII€XO0B B 12 UCTIbITaAHN-

AX B HalllEM CJIydae, Korja p = 5, paBHa
1
k
p(5n=k)=cn.2_n,
n=1,2,3 .., k=01, .., n (9)
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Co6bite moj 3HakoM BepoarHocTH B (8)
MIPOMCXO/IUT TOT/[A, KOTJa S, PaBHO KAKOMY-
HUOY/Ib U3 YUCEN R TAaKUX, YTO

k1

n 2

[Tosromy BepositHocTb B (7) paBHa cymMme

Bepoarnocteil (9) mo BceM TakuMm k, u 1711

JIOKa3aTeIbCTBa TeOPEMbI HaZl0 II0Ka3aTh, 4TO

aTa cyMMa crpeMurcs K 0 npu n — oo,
MHOKeCTBO 3HAYeHuil R, yIOBJIETBOPSIO-

mux (10), pacmagaercs Ha ABa MHOKECTBA:

mHuoskectBo K, ., cocrosiiiee u3 tex k, /st

KOTOPBIX

E — 1 S —£

n 2 ’

Te 0<k<Z_ne=n 1—8 , (11)
2 2

>¢, (10)

u MHOXKecTBO K. Tex R, ISt KOTOPBIX

“——>¢,
n 2

T.c. n>k>21ne=n 1+s . (12)
2 2

BBuay cmMMerpnm GMHOMMAJBHOTO pac-
npenenenns (9) nmonaganue S, B Kax10€ U3
3TUX MHOXECTB IPOUCXO/NUT C PABHBIMU Be-
POSITHOCTSIMU, TO3TOMY Oy/ieM JOKa3bIBaTb,
uTo cymma Bepositaocreii (9) no k, npunas-
aexamum Muoxectsy K, ., uxade rosops,
yaoBJerBopsionum Hepasenctsy (11), crpe-
MUTCSL K HYJIO.

Muoxecto K, . uMeer BUJ

1
K,. ={0,1,...,kn’8}, k. ={n 5—8 } (13)

([a] o6o3nauaer ueayio uacmoy yucia a, T.e.
nan6oJibliiee 1eJI0e YUCJIO0, He MPEBOCXO/s-
uee a, nanpumep [2] = 2, [1,4] = 1). B
CHJIy CKa3aHHOTO TpefyeMoe COOTHOIIEHIE,
13 KOTOPOro Oy/IeT CJIeloBaTh TeOpeMa, MMe-
eT BUJ

Su 1

k,
1 N,€ k
<-el=—>»C, =0
n 2n}§) n

npu n — o (14)
(manomunM, uto corsaacuo (9) 6mHOMHUATD-

HbIE BEPOATHOCTU IIPHA P = % PaBHbBI C,’f / 2").
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[Ipeaonosxum, uTo 1 HeyerHo (II0TOM pac-
CMOTPMM U 4YeTHble 7). B aTOM ciydae n-a
cTpoka Tpeyroabiuka [lackans pacmanaercs
Ha JIBe CUMMETPUYHbBIE YACTH, HAIPUMED,
3-g ctpoka —Ha 1, 3u 3, 1, 5- cTpoka — Ha
1,5, 10 m 10, 5, 1 u T.1. B o6mem caydae
TaKasl <IMOJyCTPOKA» COJAEPIKUT OMHOMUAb-

A n-1
ubie Koaddurnmentsr C, c k=0, 1, ..., 5
n+1

BcCero YJIEHOB.

Kaxk yxe orMeuasoch, cyMMa GUHOMUAJIb-
HbIX K02 uImeHToB (9JeMEHTOB TPEYTOJIb-
nuka Ilackama) mo n-ii crpoke pasHa 2" .
CooTBeTCTBEHHO, CyMMa OMHOMHUAJIBHBIX Be-
postrocreit (9) 1o crpoke paBHa 1, a cymma
ATHX YK€ BEPOSATHOCTEH 10 TIOJIYCTPOKE paBHA

—, T.e.
’ (12
P2y el s)
n 2] 2" 3 2

Ilnga nokasaresnbersa (14) Mbl OLIEHUM OT-
HOTIIEHHE TTOCTEHETO CTaraeMoOTo B CyMME B
(14), orewaromero k =k, ., k nociaegHemy
craraemomy B cymme B (15), oTBeuaromemy

n-1
k= 5
HEro cJiaraeMoro (k =Ry — 1) B (14) x

3aTeM OTHONICHHE IIPpeAIIoCae/1-

npejanocaeanemMy chaaraemomy B (153)
k_n—1

craaraeMbpix W T.J. OOGHapy>KHUTCH, YTO 3TH
orHomenust npu Beex k = 0, 1, ..., Kk,
OTpaHUYEHbI OJIHUM U TEM K€ UHUCJIOM, 3aBH-
CSIIIIUM OT 7 ¥ € , KOTOPOE CTPEMUTCS K HYJIIO
npu KaxxaoM € >0, Korga n — oo,
3aMeTnM, 4TO YHCJIO CJIAraeMbIX B CyMMe
(14) menbiue, yem B cymme (15). Tloatomy
HAlIIl TIPOIECC CPABHEHUS CJIaraeMbIX OCTAHO-
BUTCS HA KAKOM-TO IOJIOKUTEJIbHOM 3Haue-
HUM R, KOTOPOE MbI He 6y/IeM KOHKPETU3HPO-
Barb. Dy/eM Ha3biBaTh CyMMYy OT 3TOTO 3Ha-

—11, sarem orHomenue 3-x, 4-x

yeHust 10 kR = - (xax B (15)) HeroJHOi

cymmoii (15). B Hee BXOAUT CTONBKO Ke
cmaraeMbiX, Kak n B (14), m unciennoe

sHauenne ee (C y4eroM MHOKUTES 2—,,)

1
MEHbIIIC 7 . CJIe]IOBaTeJIbHO, OTHOIIEHUE CyM-

2



MbI (14) K HEMOJTHON CyMMe OrpaHi4eHO TeM
XK€ YHMCJOM, CTPeMAIMMCS K HYJIO IIpU
1 — oo, a IOCKOJIbKY HEIOJIHASI CyMMa Bepo-

arnocreit (15) Menbire 5 » CYMMa BEpOSITHO-
creit (14) crpemMutest K HyJIO.

Wtak, BbINKUIIEM OTHOINIEHUE MOCJAEHEH B
cymme (14) BeposaTHOCTH, OTBewalomei
k =k,,, x nocaeameii 8 (15) BeposTHOCTH,

. n-1
orBevaionieit k = —— . [TockosbKy mo dop-

myJie (9) MHOKHUTETb T, Y HUX OOIIHii, 910

ornomenue 1o gpopmyae (4) paBHo

n=1)(n+1),
Cy nt U2 )2 )

U2k, A(n—k,,)! nl
(16)

Camo co6oit, n! cokpamaercst, a oCTaJIbHOE
3anuiieM Kak IPOusBejleHre JIBYX Apoleii,
KOTOpbIe Oy/IeM OIleHUBATb. A UMEHHO,

n—1 n+1
- () (5]
G L2 ) 12 ) 4

Pkl (n-k, ) B

(1.e. A oGosnauaer mepsyio aApo0b, a B —
o6paTtHyl0 KO BTOpOii). IToCKOABKY

1 n-1
k,.=|n 5_8 <T (Tak Kak pu Joc-

TaTOYHO OOJIBIIINX 7 UMeeM €N > 5 ), YHUCJIN-
Teqb B A <«JJJIMHHEee», YeM 3HaMeHaTeJlb,

[O9TOMY TI0CJIE COKPAIIEHHsT MHOKHUTEJIEid,
BXOAANNX B K, !, momyyaem

A= (b +1) (s +2) - S0 (18)
Touno Tak ke

po(nt3) (n+5)
2 2

Terepb MbI BOCIIOIb3Y€EMCsI TTIPOCTBIM COOT-
HOIIIEHWEM, KOTOpoe cOpMyJINpPyeM B BUJIE
JIEMMBI.

Jdemma. /s mobvix 0 < a < b, ¢ > 0
umeem

.-(n—knyg). (19)

a a+c
b b+c’

ﬂOKaBaTeJ’IbCTBO NIpeaoCTaB/JIsdAEM YuUTaTe-
JI1O (HPI/IBe,Z[I/ITe K 06H.[8My 3HaMeHaTeJ/ 10 "

CpaBHUTE YUCAUTENN). Mbl TOJbKO MPOWUJI-
JIOCTPUPYEM 5TO Ha IPOCTOM IPHUMEPE:
1 4 5
=<
2 8 9
A
Cornacuo (18) u (19), orHomeHue B
[PeJCTABISACTCA B BUJIC IIPOU3BEACHUS PO~
oeit
n—1
A_ketl bet2 T3 (9
B n+3 n+5 n—~Fk

n,e

2 2
Kaxnas nocaenyiomas 1po6b OTJIHYAETCS
OT TIPEABIAYIIeH MpuOaBICHUEM eIUHUIILI B
YUCJAUTENIe U 3HaMeHareJie, II03TOMY 110 JieM-

M€ OHHM BO3paCTaloT, TaK 4TO Hau6GoJIbINas 13

A
HUX — IocJjeaHdada, CJeJ0BaTeJIbHO, E HE

IPEBOCXOMAUT OTOH mocaeaHeil apo6u
(n-1)/2
n—=~k,,

uncny comnoxureneii B (20).

Ouenum 3Ty MocJeHIo0 Apobsb. OueBu/-

HO, uTO /1 Besikoro 0 < a < n

y BOSBE[[eHHOfI B CTEII€HDb, pPaBHYIO

1 1
al£a, n—|al|lzn-a, < .
[ <a, nol]zn-a, st
(21)
[Toatomy
n-1 n-1 n
2 _ 2 <2 __t
n—ky, n—[n(l—eﬂ no . 142
2 2
(22)

OueHuM Tenepb YMCI0 COMHOKHUTEEH B
(20). Ono pasno uncy muoxutenci B (18),
o6pasyommx A, a 970 eCTh YMCJIO MHOMKHU-

. n-1
TeJIell, OCTaBIIMXCS OT JIeJIeHUS (T)‘

n-1
Ha k,.!, 1 OHO paBHO " k, . Monbay-

ACh aHAJIOrOM BTOPOro HepasercTBa B (21),
noJiydaeM

TR A

1—£+ns—ns—1
D) 2.(23)

Wraxk, u3 (22), (23) u ckazaHHOTO BbIIIIE 06
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A
OLleHKe E caemyer, 4To

1
é y 1 ne—E

< (24)
B (1+2¢

HamoMHnM, 4TO 5TUM caMbIM MbI ONEHWIN
OTHOIIIEHNE «KpaifHe#l mpaBoiiy OGMHOMUAJD-
HOil BepositHOCTH B cymMme (14) K «kpaiiHeii
npasoii» BepostHocTH B cymme (15). Temnepn
c/lelaeM TIar BJIEBO ¥ OIEHUM OTHOIIEHUEe
MPEANOCAEIHIX BEPOATHOCTEN B 9TUX CyM-
Max. Anasornuno (16), (17) s10 oTHOLIEHHE
paBHO

n—3| n+3
k, 1 ! !
ﬂ_ cc 2 2

B, IR (ke 1)l (n—k,, +1)!

(25)
Ananornuro (18) nmeem
n-3
A e Retl 2
B, n+l n+3 n—k,, —1
2 2

Kasxnaa npo6s B (26) oTnmuaercs ot cooT-
Bercreyionei apo6u B (20) Boruntanuem 1 B
yucJaurtesie u 3namenaresie. 1o Toii :xe memme
HoJTyyaeM, 4o

A A

B, B |1+2¢
To »xe camoe TNpOM30HJAET W TPH BCEX
MOCJIeIYIOMNX Tarax BJIeBO: OTHOIIEHUE CO-
OTBETCTBYIOIINX OUHOMMAJIBHBIX BEPOATHOC-
Ten 6yaeT [IPU KaK/OM LlIare yMeHbIIATbCA U
0CTaBATbCSI OrPAHMYEHHDIM TOIl JKe BeJIMYu-
HOU

ne—1
1 2

1
ne—— ) €
L) 2 ey [
1+ 2¢e 1+ 2¢

(27)

[Toatomy wHTepecytomas Hac cymma Ou-
HOMHUAMBHBIX BeposTHOcTel B (14) He mpe-
BOCXO/IUT HETIOJIHOW CYMMBI BepOsITHOCTE

(15), Mmeublueit bx YMHOKEHHO Ha BepX-

noio rpanny (27). Tlocmeanss mpeacras-
nena B (27) B BUJE IPOU3BEAEHNS IIOCTOSH-
woro uucsa (He 3aBUCSIIEro OT 1) U YJeHa
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reoMeTPUYECKON MTPOTPECCUH CO 3HAMEHATe-
JieM, MeHbIMM 1, KOTOpbIN, Kak M3BECTHO,
CTPEeMHUTCS K HYJIO TIpu n — . Tem ca-
MBIM, TeopeMa JIOKa3aHa B MPEIII0JI0KEHNH,
YTO 7 HEUYETHO.

[lng moxasaTesbcTBA TEOPEMbl B ciydae
YeTHOTO 7 HY>KHO TIeHTPAJTbHOE 3HAUYEHUE B
TpeyroabHuKe [Tackasusg mpocTo BIGPOCUTD 1
paccMaTpuBath OMHOMUAJIbHBIE BEPOSITHOC-
TH, OTBeYaloll[lie OCTAJIbHbIM 3HAUYEHUIM.
Torpa cymma GUHOMUATBHBIX BepOﬂT?OCTeI‘/’I
110 HEIOJHOM ITOJIyCTPOKE MEHbIIIe 5 410
HUCKOJIbKO HE MeIIaeT MOJYYEeHUIO CTPeMs-
meiicst K HyJIIO BepXHeil Tpanuiibl. /okaza-
TeJIbCTBO, TIOBTOPSIONIEE TTPOBEACHHOE BBITIIE,
TIPEIOCTaBISEM UYNTATEJIO.
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16 anpens 2019 roga nocne Tsxenom npo-
LOMXUTENbHOM OONe3HW yLien u3 Xn3Hu
Bnagnmup Mpuropbesmy bonTaHckmm, n3Be-
CTHbIM MaTeMaTUK U BbIAAIOLWMNCH aBTOP
Hay4HO-NOMyNAPHbIX TPYAOB MO MateMaTu-
Ke. Bnagnmup puropbeBuy Bce Bpems Obin
pagoMm ¢ «KBaHTOM»: C MePBOro BbIMycKa A0
1990 roga — 4YneH pefakLMOHHOW KOeruu,
a fanee — 4neH pedakuUMOHHOro coseta. B
«KBaHTe» onybnukoBaHo 6onee 30 craTen
B.l.bontaHckoro, a ero 3amevaresibHble KHU-
W, Takme Kak «Bbinyknble dpurypbl» (B coas-
TopcTBe € M.M.ArnomMom), BOT yxe MHorue
rofdbl MOMOTaIOT LUKOSIbHUKAM U CTYAeHTaM
BbIPaCTW B y4eHbiX. Bknag Bnagnmupa Ipu-
ropbeBlYa B MaTeMaTnyeckoe obpa3oBaHue
TPYLHO MepeoLeHnTb.

MNpennaraemM BHUMMaHWIO 4YuTaTenen cra-
Tblo B.I.bonTsiHCKOro, BrepBbie onyoavKo-
BaHHYIO B HalLleM XypHane B 4-M HOMepe 3a
1973 rog.

O BpaLleHnK
OTpe3ka

B.BOJITAHCKUU

ACHO, UTO OTPE3OK [IJIMHbBI 1 MO-

. JKET COBEpIIUTH MOJHBII 060pOT, BCE
BpeMs Haxo/sich B durype miomaam m/4, a
uMeHHO B Kpyre muamerpa 1 (puc.1). A ne
MOKET JiM OTPe30K JUIMHbI 1 COBEpIINTDH
MOJIHBIT 060POT, JBUTAsICH B (DUTYPE MEHb-
men nsomaan? Ha

TIePBBIN B3TJIS/T 3TO Ka-

JKETCST MaJIOBEPOSIT-

HBIM: IOXOJXKE, YTO

Kpyr anamerpa 1 sB-

Jisiercst HanboJiee «dKo-

HoMHOM» (B cMbICTe

ommazan) Gurypoi, B

Puc. 1 KOTOPO# OTPE3OK JIJIU-

Braaumump [pvropsesud bontaHckug
(26.04.1925—16.04.2019)

HbI 1 MOJKET COBEPINUTH TOJHBIH 060POT.
OpmHako 37O HeBepHO!

B 1918 roagy A.C.besukoBuu pokasai,
YTO CYIIECTBYeT (PUTypa CKOJb yTOIHO Ma-
JIOH TIJIOMIA/IA, ABUTASCH B KOTOPOW OTPE30K
JuiHbl 1 MOYKET COBEPHIMTH IOJIHBIH 000-
por. TouHee TOBOPSI, ecau Mol 3a0adum o-
60e noaoxumenviioe uucao € (Hampumep,
e =0,000001), mo cmoxem nocmpoums
Gueypy naowadu €, suympu KOMoOpPo Mo-
JKem cogepuums noHvlil 000pom ompe3ox
Oaunvt 1. De3snKOBUY TIPEAJIOKNI TIPOCTHIE
reoMeTpuYecKye UJIeN, C ITOMOIHI0 KOTOPHIX
MOJKHO JIOKQ3aTh 3TOT Y/IUBUTEJIbHBIN (PaKT.
OpHako AJsi TOro, 4TOObI TIPEBPATUTDL ITH
UJen B TOJHOE JT0KA3aTeJIbCTBO, €My TIpH-
IIIJIOCh TIPOBECTH JIOBOJIBHO FPOMO3/IKHE BbI-
YUCJIEHNUSI, TaK 4TO BCE pacCyk/eHue B Iie-
JIOM OKa3aJ10Ch CJOKHBIM (JI0Ka3aTesbeTRO,
MOXO’Kee Ha JI0Ka3aTeJbCTBO besukoBmua,
mpuBe/ieHo Ha crp.258—263 kuuru .M. r-
goma u B.I.Boarsauckoro «Boinykibie du-
Typbi»).

He tak naBno akajsiemuk 11.M.BunorpazioB
pacckasaJ MHe KOPOTKOE 1 3JIeTaHTHOE JI0Ka-
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3aTeJIbCTBO ATOH TEOPEMBI. JTO JIOKA3aTe N b-
CTBO OH TIPUYMaJI Cpa3dy Ke MocJje TOTo, KaKk
Bes3ukoBry pacckasal eMy o CBOeii TeopeMe,
oJiHaKo mevaraTth ero He craia. C mo6e3Horo
cormacus V.M. BuHorpa ioBa st IpuBe/Ly 371eCh
€ro JI0KA3aTeJIbCTBO.

2. Ilpexkzme Bcero paccMOTPUM TeOMETPH-
yeckue njaen A.C.besnkosnua.

SlcHO, ITO AOCTATOUHO TOCTPOUTH (DUTYPY
MaJIeHbKOI TITOain, BHYTPH KOTOPOI OTpe-
30K JIINHBI 1 MOXXHO MOBEPHYTH HA yroa 60°:
MPUKJIA/IBIBAS TOT/IA APYT K IPYTY TPU TaKue
¢urypoi, mosydum GUrypy, BHyTPH KOTOPOI
MOKHO Oy/IeT TIOBEPHYTb OTPE30K Ha YTOJI
180° .

[ToBopor orpeska aaunbl 1 Ha 60° MOKHO
COBEPUIUTb BHYTPU PABHOCTOPOHHETO TpEY-
rosbHuKa ¢ Bbicotoii 1 (puc.2). Paspexem
Telepb 3TOT TPey-
FOJIbHUK BBICOTOMN
Ha J[BE YacTH W Ha-
JIOKUM  3TH YacTh
IpYyr Ha JApyra.
Buyrpu nosyuus-
meiica  ¢GUTypn
(puc.3) MOXKHO OT-
pe3ok AB moBep-
HYTb B IOJIOXKEHHE
AC; xpome Toro, orpe3ok DE, napaJeb-
Hbiit AC, MOXXHO TIOBEPHYTb B IOJIOJKEHUE
DF. Ho nepemectuTb oTpe3ok AB B moJo-
sxeane DF B atolt purype He yIacTces: MOXK-

HO TIOBEPHYTDb OTPE30K B

D » A
noaoskenne AC, a «ire-
PEPBITHYTb» B MOJIOKeE-
nue DE nenbsal Oxpnaxo
MOKHO TOCTYIUTDH TaK.
[Ho6aBum x durype,
u300PKEHHON HA PUCYH-
ke 3, orpesku AH n DH
=z u cexkrop paamyca 1 ¢

E C 1eHTpoM H, Kak nokasa-
pac. 3 HO Ha pucyske 4. B mo-
JIyquBIIeiicst purype yske MOKHO OyZeT I1mo-
BEPHYTb OTPE30K M3 MoJ0keHns AB B moJio-
xenne DF: nano 6yaer ns noioxkenns AC
CIBUHYTb OTPe30K BAoab AH B mosoxxenue
HK, 3arem TOBepHYTb €ro BHyTPH CEKTOPA B
nosoxenne HL, a 1moTOM CABUHYTbH BJOJIb
HD B nonosxenne DE.

Puc. 2

2019/Ne5

Uro sxe MBI MOJYYH- D
s B pesyabrare? [lio-
ma/b GUrypsl, 1306pa-
JKeHHON Ha pucyHke 3,
CYTIECTBEHHO MEHDBIIE
TLJIOTIA/I TIEPBOHAYAITH-
HOTO PaBHOCTOPOHHETO
TpeyroJibHnKa (Tak Kak
JIB€ IOJOBUHKU 3TOTO CE
TPeyTroJbHUKA Iepe- L
KpbiBaloTcs). Ilpu me-
pexojie JKe OT PUCYHKa
3 K pUCYHKY 4 MBI JI0-
6aBJisieM JIUIIb OTpE3-
xu AH, DH (onu nme-
0T HYJIEBYIO TLJIOTIAb )
U CEKTOP C IeHTpoM H ,
MIPUYEM TLIOTIAIb ATOTO CEKTOPA MOXKHO Clie-
JIaTh KaK yroAHo Majoii (Hy>KHO JIMIIb TOY-
Ky H B3sTb masnexo, yto6sl yroa AHD 6bua
MaJIEHbKUM ) .

A 4TO ecyu paspe3aTb PABHOCTOPOHHUM
TPeyTOJIbHUK He Ha /Be, a Ha YeThIPe 4acTu
(puc.5)? Toraa, NPOU3BOAI Mapalie bHble

-

Puc. 4

Puc. 5

[EePEHOCHI HTUX YacTell (4TOObI OHK IIEPEKPbI-
BaJuch), Mbl noayuum ¢urypy (puc.6), B
KOTOPOII MOJKHO OTpe-
30K IUIUHBI | TOBEPHYTH
Hayros 15°, 3arem, «Iie-
PENPBITHYB» B Tapa-
JieTbHOE TIOJIOXKEHHE, TT0-
BepHYTHh eme Ha 15°,
MOTOM elle W ele Ha
15°. A Tak Kak <IpbI-
ratb» HallleMy OTPEe3Ky
e pa3peraercs, TO Mpu-
JleTcsl, KaKk U Ha PUCYH-
Ke 4, 106aBUTb OTPE3KU 1 CeKTOpbI (puc.7).
B ¢urype, uzobpakentoil Ha pucyHke 7,
OTPE30K JJUHBI 1, HelpepbhIBHO IepeMela-

Puc. 6



H,

Puc. 7

SCb, MOXKET MoBepHYyTbcd Ha yroa 60°. Ilpu
ATOM CYMMY ILTONIA/Iell 106aBIEHHBIX CEKTO-
POB MO3KHO C/IeJIaTh KaK yroHo MaJoi (Ha1o
JINIID B3ATh Touku Hy, H,, H; gocraToyHo
nanexo). B o sxe Bpemsa miomazapb (purypsi,
n300paKEHHOI HAa PUCYHKe 6, 3HAUUTETHHO
MEHBIIIE TLIOMIAJN UCXOAHOIO PaBHOCTOPOH-
HETO TPEYTOJbHUKA, TOCKOJbKY YeThIpe Jac-
TH, Ha KOTOPbIE Pa3pe3aH aTOT TPEYTOJbHUK,
MHOTOKPATHO TIEPEKPbIBAIOTCS.

Temepb CTAaHOBUTCS MOHSATHBIM 00TIee Ha-
IIPaBJICHNE JI0KA3ATEIbCTBA: HAJO pa3pe3ams
PABHOCNOPOHHULL MPEY2ONbHUK HA UACMU
ompe3Kamil, UCXO0AWUMU U3 GEPULUHDL, U
npouseecmu NAPaliesbHvle NepPeHochbl IMUX
uacmetl maxum o6pazom, umobol uzypa,
NOKPOIBACMAS 6CEMU IMUMU UACNAMU, UME-
ad NAowadsv, Menvwylo uem €, z20e € —
danmoe noa0KUMEIbHOE YUCIIO.

3. Usnoxennble coOOpaKeHUs, OJHAKO,
BOBCE eIllle He JaloT JIOKa3aTeJbCTBa. IJTO
TOJIbKO HAINlPaBJIEHNE, B KOTOPOM CJIETYET €T0
nckarb. Camoe Tpy/IHOE BIEPEIN: HAO TIPH-
JlyMaTh, KAK CJEyeT CIBUTATh 4YaCTH, YTOODI
32 CYET MHOTOKPATHBIX ITEPEKPBITHI IOy Y1~
Jach (Urypa JOCTaTOYHO MAJON TLIOTIAIN.
Crioco6 cjBura dyacTel v nmojcuera IJIomam,

npesioskennbplit . M. BunorpaziosbimM, cocto-
UT B CJIEYIOIIEM.

BosbMeM npon3BoIbHOE HATYPATbHOE YHC-
JIO m 1 Pa306beM OCHOBAHNE PABHOCTOPOHHE-
rO TpeyrospHmKa Ha 2" pPaBHBIX YacTeid.
CoeIMHNUB TOYKU JIeJIEHNSI C BEPIITHMHON, MbI
HOJTyYUM pa3OHeHne PAaBHOCTOPOHHETO TPey-
rojbHUKa Ha 2" Yacreil, KOTOPbIE yCJIOBUM-
cs1 Ha3bIBaTh KJaunbamu. IIpoBenem, Kpome
TOTO, TIPSIMbIE, MapaJiJIeIbHbIe OCHOBAHUIO 1
pas6uBalolme BBICOTY TPEYTOJIbHUKA HA M
PaBHBIX dYacTeil; 3TH INpsAMble 0O03HAYUM,
HauYMHAg OT BEpPIIMHBI, 4Yepe3 [,...,[, 4

(puc.8).

li
/71 LV

/N

Puc. 8
Paccmorpum jBa cocennux kJamna. IIps-
Mas /| BbICeKaeT B HUX O/IITHAKOBbIE OTPE3KH.

CaBuHEM 9TH KJIUHDS TaK, YTOOBI 3TH OTpE3-

KU <TIePEeTNpbITHYJN» JPYT dYepe3 Jpyra

(puc.9), u «ckie-

UM» TeNepb ITH JIBa a) 6)

KJIWHA, T.e. Qury-

Py, IOJIYYEHHY IO U3 Ly 10/ L

9TUX [BYX KJUHD- 4

pUBATD KaK e/IIHOe

1ejso0e ITIPU BCEX

JaJIbHEUIINX Ia-

paJIIeJIbHBIX TIepe-  Puc. 9

Hocax. Taxkoe ckure-

MBaHWe TIPOU3BeeM I KaKIBIX IBYX CO-

CeIHNX KJIWHBbeB: 1-if cKkaenMm co 2-M, 3-i ¢
Durypy, NOJYyUYEHHYIO CKJICHBAHUEM JIBYX

KJINHBEB, pa3o0beM Ha YacTH CJIeIyIONNM

06pa3oM: BBIJIEJUM U3 Hee TPEYTOJbHUK C

BEPIINHOI Ha TIPSAMOIi [; 1 YeTbIpe «XBOCTH-

Kay. Kax/plil 13 «XBOCTUKOB» IPeJCTABJISI-

er co6oii TpeyroabHUK ¢ BbicoToil 1/m (Ha-

MOMHHM, YTO BBICOTA MCXOJHOTO PaBHOCTO-

€B, 6y[[eM paccmar-
4w, .., (2’"—1 e 2"
poHHero TpeyrosbHuKa pasua 1). OcHoBa-
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HUE JKe KaXK/J0TO «XBOCTUKa» paBHO o ,

rae a = —3 — CTOPOHa NCXOJHOTI'O PaBHOCTO-

POHHETO TpPEYroJIbHUKA. CJIEZIOBaTeJIbHO,
OéH.IaH Tiomaab BCEX YETHIPEX «XBOCTUKOB»

paBHa 2- , a TaK KaK BCEro MMeeTcsd

2 m
-2
-
2" nmap CKJIEECHHBIX KJUHbEB, TO 00Lias

. a

CyMMa TLIOMAJIeHl «XBOCTHKOB» PaBHAa —.
m

[Tnomazab S; paBHOCTOPOHHErO TPEYTOJIbHU-

Ka A, OTCEKaeMOro OT MCXOHOTO TPEYTOJIb-
. a

Huka npsvmoit [ (puc.10), pasna Pl
m

Takum o6pasom, ofmas cymMMa ILIONIAeit

1
A\

B

Puc. 10

BCEX <«XBOCTHKOB» paBHa 25;. Bni6pocum
Terepb BCE 9TU «XBOCTUKU» M3 PacCMOTpe-
HUd, 3allOMHUB CyMMy HX Itontazeir. [1pn
BCEX JlaJbHEHIINX c/IBUTaxX cyMMa Iioraien
OTOPOIIIEHHBIX «XBOCTHKOB» MOJKET JIHIIh
yMeHbIUThes (32 cUeT mepeKphITHii).
TpeyroJbHUKH, OCTAIONIMECS TTOCJIe OTOPa-
CbIBaHUSI BCEX <«XBOCTUKOB» (YMCIO 3THX
TPEYTOJbHIUKOB PABHO om1 ), GyaeM Tenepb
paccMaTpuBaTh Kak HOBbIe KIMHbsI. CABUHYB
X BMECTE, TMOJYUYNM M3 ITUX oM~ HOBBIX
KJUHBEB PABHOCTOPOHHWN TPEYTOJbHUK C

BBICOTOMN 1—l (puc.11). Tenepn yxe He

m
npsMast [, a npsMas [, OTCeKaeT OT HEro

I,

~

Puc. 11

2019/Ne5

MaJIeHbKUIl PaBHOCTOPOHHUN TPEyTrOJbHUK
A, , IpUYEM OH, OYEBU/IHO, PABEH TPEYToJib-
nuky A, . Casurasu ckjaenBast HOBbIe KJIMHbS
TakK ke, KaKk W PaHbIle, MbI ONATh TOJYyINM
«XBOCTHKH», 00TIasi CyMMa TLIOIMaeit KoTo-
pbIX paBHa 28, U «COBCEM HOBble» KJUHDbS,
BEPIINHBI KOTOPDIX JIEXKAT HAa IPSAMON [, .
N3 aTuX «COBCEM HOBBIX» KJIMHBEB, C/[BU-
ras ux, MoJy4uM PaBHOCTOPOHHUH TPEYTOIb-

HUK C BbICOTOIl 1—— , a CKJIenBasdA «COBCEM
m
HOBbBIE€» KJIMHbBA IIOIIApHO, OIIATDH IOJYUYHUM

«XBOCTUKH» , CyMMa ILJIOIIA/IEN KOTOPBIX PaB-
na 25y, u T.1.

[Ipomenaem Bce m 1MIaroB TaKOro MOCTPOe-
aug (Ha TOCJaeAHEM M-M HIare MOJYYHuTCS
IIPOCTO PABHOCTOPOHHMIT TPEYTOJbHUK, PaB-
HBII A, TaK 4YTO HUYEr0o U CABHUTATb HE
Hax0). MbI BUAUM, YTO OT IepPBOHAYATIHLHBIX
KJINHBEB TIOCJE TOCTENEHHOTO OTPEe3aHust
«XBOCTHKOB» HHUYEro He ocTajoch. Muaue
rOBOPSI, IJIONAAb (DUTYPbI, MOJYIHBIIEHCS
13 MEePBOHAYATBHBIX KJUHBEB IOCJE BCEX
CJIBUTOB ¥ CKJIEMBAHUIA, MEHDBIIIE 00T CyM-
MBI ILJIOIA/EeH BCEX «XBOCTUKOB», T.€. MEHb-
e 4em

m-2S, =42 2

—_— < — .

2m>  m J§m m
Tenepb JACHO, 4YTO, B34B m [JOCTAaTOYHO

GOJIBIIINM, MBI CMOYKEM C/I€JIaTh 9Ty ILIOIIAID

Kak yrojgHo masoil. /lokasaTejabCTBO 3aKOH-
YyeHo!

4. U Bce ke, MOXeT, WHTYHUIHS HAC He
o6ManHbIBaeT? MoKeT ObITb, KPYT J[HaMeTpa
1 HelCcTBUTEJbHO SIBJISETCS HAUMEHbIIEH 110
mioman pUrypoii, B KOTOPOl MOKET COBEP-
IIUTH MTOJHBIH 060POT OTPE30K JAJMUHBI 1, HO
TOJIBKO He cpeu JioObix (uryp (Kak Mbi
BU/IEJIN, 9TO HEBEPHO), a CPE/H BCEX GbinyK-
avx puryp? Benb te urypbl 1ocTaTOuHO
MaJIOH I1JIOIA/IH, O KOTOPBIX I1J1a PeYb BbIIlIe
(cM. puc.7), ABJISAIOTCS OYEHD «PHIXJIBIME>
pa36pOCaHHBIMI U YK, BO
BCSIKOM CJTy4dae, HEBBITTYKJIbI-
M. HanoMHWM, 9TO BBITIYK-
JIOIt HasbIBaeTCS Takas (pu-
rypa, KOTopast BMeCTe ¢ KasK-
JIBIMU JIBYMSI TOUKAMU T[€JTH-
KOM COJICPKUT U COEIUHSIO-
muii ux orpesok (puc.12). Puc 12

A/B



Tak BOT, BEPHO JII, YTO CPe/l BCEX BBIIMYK-
JIBIX (DUTYP, B KOTOPBIX OTPE30K JIMHBI 1
MOJKET COBEpIINTDL TIOJHBIH 060pOT, KPYT
quaMeTpa 1 mMeerT HAMMEHDIIYIO TIJIOMIA/H ?

OxkasbIBaeTcsi, 4To U 3TO HeBepHO. llosic-
HUM, B 9eM 37ech zeso. llycts F — durypa,
B KOTOPO# MOKET COBEPIIUTD ITOJHBII 000POT
orpe3ok muuHbl 1. Bo3bMeM Kakyio-mmn6o
pSMYI0 [ 1 TIPOBEJIEM JIBE ONOPHbLE NPSIMbLE
ly u I, durypnot F, mapaienbHble [, T.e. 1Be
[psIMble, MEX/IY KOTOPbIMU «3a)KaTay (Pury-

pa F (puc.13). Tak
I Ll kak orpesok, cosep-
nraromuii B purype F
MOJIHBIH 060POT, J0JI-
JKEH B KaKOH-TO MO-
MEHT 3aHSTb MOJIOXKe-
HIe, IepIIeH/IIKY JISIp-
HOE TIPSIMOiA [, TO pac-
crosiane Mesxay npsmpivu [ w [, (ero
Ha3bIBAIOT wupunoll Gurypel I B HaTIpaBJie-
HUM, TepneHankyasapHoM [) He menbiie 1.
Wrak, mupuna durypsl F B 060M HAIpas-
JIeHUU He MeHbire 1.

Kaskercs BIIoJIHE eCTeCTBEHHBIM TIPEJIITO0JI0-
JKeHUe, 4To y Urypbl HAUMEHbIIIEH L1011
MIMPITHA BO BCEX HATIPABJIEHUX JI0KHA OBITDH
pasra 1 (MHaYe MJIOMA/Ab, BUAUMO, MOKHO
66110 GBI YMEHBIIUTD). [TocMOTpUM, K YeMy
TIpUBE/ET HAC 3TOT MPEINOJIOKEHNE.

[Tpesxae Bcero BO3HMKAET BOTIPOC: UTO CO-
6oii ipezictaBiisgeT GUrypa, y KOTopoii BO Bcex
HalpaBJeHusax mupuHa pasHa 1? Hepeako
OTBEYAIOT, YTO TaKoil (purypoii Moxker 6bITh
TOJIBKO KpyT auamerpa 1. Oxmnako aTo HeBep-
no! CyiectByer 6€CKOHEYHO MHOTO Pa3JIny-
HBIX UTYp, Y KOTOPBIX MUPHHA paBHa 1 BO
BCEX HallpaBJIEHUAX; UX HA3bIBAIOT uzypa-
Mu nocmoannol wupunvr 1. Ha pucynke 14
nmokaszaHbr jiBe Takue ¢purypol. O6e durypo
OTPAHMYEHBI AYTaMU OKPY’KHOCTEH pajimyca
1. VI3 1By X mapaJijieJIbHBIX OTTOPHBIX MTPSIMBIX
OHA TIPOXOJWT dYepe3 YIJIOBYID TOUKY, a
JIpyrast KacaeTcsl IYTH OKPY)KHOCTH, U pac-
CTOSHHE MEXK/y STUMHU TIPSAMBIMU PaBHO 1.
IlepBag m3 M300pa’KeHHBIX Ha pucynke 14
uryp umeer cnenmanbHOe Ha3BaHUE: Mmpe-
yeovnux Peno (110 nMeHM MeXaHUKa, KOTO-
Pblii BIIEPBbIE 3AMHTEPECOBAJICS CBOWCTBAMU
9TOIl (PUTYPBI ¥ MBITAJCS HCIIOJb30BATh €e
[PY KOHCTPYMPOBAHUH MEXAHU3MOB).

Puc. 13

Puc. 14

Durypbl MOCTOSHHOM IMMPUHDBI 06J1a/1A10T
MHOTHMU 3aMeyvaTesIbHbIMU cBoiicTBamMu. Ha-
puMep, JJWHA KPUBOM, OrpaHMYMBAIONIEH
J06y10 (pUrypy MOCTOSTHHOM MupuHbI 1, paB-
Ha T, T.€. PaBHA JJINHE OKPYKHOCTH InaMeT-
pa 1 (reopema Bap6be). [lanee, us Bcex
uryp mocTosAHHON MMpUHbI 1 HAU60ABULYIO
(a He HaMMeHbINYIO!) MUIOMAAb UMEET KPYT,
A HAUMEHbULY10 TITIONIA/Ib UMeeT TPEYTOJIbHUK
Pesio; Bo BeskoM ciydae, HETPYAHO TIPOBe-
PUTD, YTO TJIOTAh TpeyroabHKa Pesro pas-

Ha # = (,7048 — 3amerHO MeHbIIIE I110-

a1 Kpyra, paBHOI g = 0,7854 . OTmernm

elle, 4TO /IB€ TapaJuiesIbHble ONOPHbIE MPS-
Mble, TPOBEJCHHbIE K (DUType MOCTOSTHHOMN
MIMPUHBI 1, IMEIOT € 3TOH (DUTYPOii ABE 00TIIHE
TOYKH, TIPUYEM OTPE30K, COeIMHSIONII 3TN
TOYKH, HePIEH/IUKYISIPEH OMOPHBIM ITPSIMBIM
(1, caenoBatesibHO, WMeeT JMHY 1; cM.
puc.14). V3 sroro cJejyer, 9To BO BCSIKOii
urype nocrosHHO# mMpHHLI 1 OTPE3OK JLIH-
Hbl 1 MOJKET COBEpIIUTH IOJIHBINH 06OpOT.
JlokaszaresbcTBO CPOPMYJIMPOBAHHBIX 3/1€CH
YTBEPsK/I€HUH MOKHO HAlTH B yIIOMIHABIIIET -
cst Bblle KHUTE «Bbimykibie Gurypor» (M.
raxke KypHan «Kpanr», 1971, Ne3, ¢.21).

Wraxk, ecam 661 c/ieTaHHOE BBINIE TTPE/IIO-
JioskeHue ObLIO BEPHO, TO HauMenbleil (1o
JIONA/IM) BBIMYKJIOH (GUrypoii, B KOTOPOii
MOKET COBEPIIHNTD MOJHBIH 060POT OTPEe30K
aumabl 1, 6bu1 Gbl TpeyropHuk Peso (a
BoBce He Kpyr). Ho, okasbiaeres (kak aTo
Ha MePBbINl B3IJISAL HI KasKETCs CTPAHHBIM),
YTO W TPeyroJbHUK Pesio He ABisgercs Hau-
Menbiieil ¢urypoii. Takoii Hanmenblei
urypoit crykUT pasHocmoponHull mpey-
2onvnuk ¢ vicomou 1 (ero miomanp paBHa

E =~ (,5773, T.e. HAMHOIO MEHbIIIE ILJIOIA-

A1 TPpEyroJIbHUKa PeJIO). ﬂOKaSaTeJII)CTBO

aToro (hakTta MOXKHO Haiitm Ha €.256—258
KHUTH «Bpinyxibie Gurypors.
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3afa4m
Mo MaTtemMaTuke 1 Qu3srkKe

3r0T pasgen BegerTcs y Hac N3 HOMepa B HOMeP ¢ MOMEHTa OCHOBaHMs JXypHana. [Ty6nvkyemsie B
HeM 3afa4yuv HeCTaHAAapTHbI, HO AJIS UX PELUeHUs He TPebyerca 3HaHuV, BbIXOZALUMUX 33 paMKu
LIKO/IbHOV Miporpammel. Hanboriee TpyaHble 3aaa4u oTMeYaroTcs 38e3404kou. Tocre gpopmynupoBiu
3afAa4n Mbl 06bI4YHO YKa3bIBaeM, KTO HaM ee MPeaIoxXnI1. Pasymeercs, He Bce 3Tv 3a4a41 ny6nukyrorcs
Briepsble.

PeLuenns 3a8a4 Mo mMaremMatvke U @usnke m3 3Toro Homepa ceayer oTrnpas/siTh 10 EKTPOH=
HbIM agpecam: math@kvant.ras.ru u phys@kvant.ras.ru cooTBeTCTBEHHO WU 110 T0YTOBOMY aApecy:
119296 MockBa, JleHuHckmvi rpocrnekT, 64-A, «KBaHT».

Yenosus kaxgovi opurviHanbHovi 3agayqy, rnpegnaraemMosi 4ns nybavkayuy, BMecte ¢ Bawwim

peLueHnemM 3Tou 3a[a4yu rpycbisIauTe 1o TeM XXe agpecam.
3anayn M2558 — M2561 npeanaranics Ha XL TypHupe roposos.
3apaun D2565-D2568 npegnaranvce Ha WHXeHEPHOU ONIMMINALAE LUKOSIbHUKOB B 2018/ 19

y4ebHom rogy. AsTop 3aga4 — C.MypaBbes.

3apaun M2558-M2561, P2565-D2568

M2558. Ha npamoii cugar 2019 togeunnix
Ky3HEUYnKOB. 3a X0/ KaKou-uubynb us
KY3HEUHUKOB IIPBITAaeT 4epe3 KaKoro-HuOY/Ib
JIPYTOTO TaK, 4YTOObI OKa3aThCsl Ha MPEKHEM
paccrosguuu ot Hero. [Ipbiras TobKO BIIpaso,
Ky3HEUHKH MOTYT JOGUTBCS TOTO, YTOOBI
KaKkue-To JBOe M3 HUX OKa3aJuch Ha
paccrossHun poBHO 1 MM JpyT OT Apyra.
JlokaxxuTe, 4TO KY3HEUUKH MOTYT JOOUTHCS
TOTO K€, TIPBITas N3 HA9aTbHOTO TIOJIOKEHUS
TOJIBKO BJIEBO.

C. opuuenxo

M2559. K mnaockocty TpuKJIeeHBI JBa
Hellepecekaonuxcss a) paBHbIX; 6) He
00513aTEJIBHO PABHBIX JIEPEBSIHHBIX Kpyra —
cepsrii n wepnHbii (puc.1). /lan 6eCKOHEIHbIN

Puc. 7

JICPEBSIHHDBIN yTOJI, OJHA CTOPOHA KOTOPOTO
cepas, a ipyras — 4epHasi. Ero mepensuraor
TaK, 4TOObI KpyrW ObLIM CHapysKH YIJa,
IIpIYeM cepast CTOPOHA Kacalach CEporo Kpy-

ra, a uepHas — 4epHoro (Kacanue IpOUCXOUT
e B BepinuHe). [[oKasKuTe, 4TO BHYTPHU yIJa
MOKHO HApHCOBATh Jy4, BBIXOAAIINN U3
BEPIIUHDI, TaK, 4TOOBI MPU BCEBO3MOKHBIX
MTOJIOJKEHUSX YTJIAa 3TOT JIyU TTPOXO/IMT Yepes

OJIHY U Ty K€ TOYKY TIJIOCKOCTH.
B.Pacmopezyes, E.Baxaes, H.Bozdawnos,
11. Ko.xesnukos

M2560. [Tepen [lapukom mexuT 6eCKOHEY-
HOE YUCJIO KOTJET, Ha KaKIOW CHUAUT IO
myxe. Ha xkaxxgom xony [llapuk nocsenosa-
TEJIbHO JIeJIAeT [[BE OTIePAIlMN:
1) cbegaer Kakyo-TO KOTJETY BMECTe CO
BCEMU CHSAINME Ha Hell MyXaMu;
2) nepecakuBaer OJ[Hy MYXYy € OJIHOIl KOTJIe-
Tl Ha Apyryto (Ha Koriere MOXKeT ObITb
CKOJIBKO YTOJTHO MYX).
[MTapuk xoueT cbecTh He 6oJIee MHUJJIMOHA
MyX. Jlokaskure, 4TO OH He MOXKET JeilcTBO-
BaTh TaK, 4TOOBI KasKgas KOTJieTa ObLIa Che-
JleHa Ha KaKOM-TO XOJIy.

H. Mumpoganos

M2561%. PaccmoTpum Ha KjeT4aToi
IIJIOCKOCTH TaKue JIOMaHble C HadajJoM B
TOUYKE (0; O) U BEpPIINHAMU B IIEJIBIX TOYKAX,
YTO KakKJ0e OdYepelHOe 3BEHO HUMeT TI0
CTOPOHAM KJIETOK JINOO BBEPX, OO BIIPABO.
Kazkoil Takoil JoMaHOI COOTBETCTBYET uep-
6Kk — durypa, cocrosmasi M3 KJIETOK
IIJIOCKOCTH, UMEIOIINX XOTSI OBl O/IHY OOIIYIO
TOUKY C 3TOil JioMaHoii. [lokaskute, 4YTO



SAJAYHHUK

YEPBSIKOB, KOTOPBIE MOKHO Pa30UTDh Ha JIBY-
KJIETOYHbIE JOMUHOIITKU POBHO 72> 2 pasJind-
HBIMH CIIOCOGAMHU, CTOJIBKO K€, CKOJIBKO
HATYPAJbHBIX YHCEJT, MEHBIINX 7 U B3AHMHO
MIPOCTBIX C 72.

. Yanaxuu, P.IlTuggrep

®2565. Tlpu wuccaemoBaHUE aBTOMOOUJID-
HBIX MTPOOOK MHXKEHEPAM-IOPOKHUKAM TIPH-
XO/IUTCST PACCYUTBIBATD MPOITYCKHbIE CIIOCO06-
HOCTH JIOPOT — MaKCUMAJIbHOE KOJUYECTBO
MaIllMH, KOTOpPbIE MOTYT TPOEXaTh 10 TOMY
WJIM UTHOMY YYacTKY JIOPOTH, — IIPUYEM HCXO-
IS 13 BO3MOKHOCTEN 1 TPEANTOYTEHN yepe/I-
HeHHOTo BozuTesd. IlycThb mo mpsamMomy yva-
CTKY TIOcCe ABMKETCS TOTOK MamunH. Mx
CKOPOCTH OJIMHAKOBbBI U HE MEHSIOTCS C Teue-
HueMm Bpemenu. /lan tpaduk 3aBucmMoctn
ckopocTi v (B KHJIOMETpax B 4ac), ¢ KOTOPOii
€/IyT MAIIUHbBI B IOTOKE, OT YUCJIA MAIIUH 7,
npuxogganuxca Ha 100 meTpoB poporu
(puc.2). Kakoe MakCHMa/IbHOE KOJMYECTBO

o, km/g A
100

80
60

N
40 <

20 N

0 5 10 15 20 25
n, mamr/100 m

Puc. 2

MallMH MOJKeT TpoexaTh 3a 1 4ac OKoJo
HEKOTOPOW OTMETKM Ha Jopore?

®2566. B BepTHKAIbHYIO IIJIOCKYIO CTEHY
BOWUTBI [[BA TJAJAKUX T'BO3/s, IEePHEH/IKY-
JIpHBIX crene. Ha
HIIX TIOBECHJIH KPYT-
¢ JIBIE 06pyY € paB-
HOMEPHBIM pactpe-
JleIeHIEM MacChl 0
06071y, 1 OH C MecTa
He caBuHycs. [lo-
JIO’KeHHEe OJHOTO
I'BO3/I U3BECTHO —
OHO IIOKa3aHo Ha
Puc 3 pucyske 3. ITpsamoit

«KBAHTA »

OTPE30K C KOHIIAMU B [IEHTPe 06pyUa U B 3TOM
rBO3/1e 06Pa3yeT ¢ BEPTHKAJIBIO yroJ ¢ < /2 .
e MoskeT HaXOAUTHCS BTOPOH TBO3/IH?

®2567. B cexperHoii 1abopaTopun CHHTE3U-
poBaJn Heo6bIuHbII MaTepual. Ero ynenpras
TEIJIOEMKOCTbD € 3aBUCUT OT TEMIIEPATYPBLI ¢ B
mikase leabens no sakony ¢ (t) = ¢y (1+1vt),
rae ¢y = 2,1-10° Jk/(kr-rpag) u oy =
=0,05 rpag’ ! — WU3BECTHbIE MOCTOSHHBIE.
OGpaselr [aHHOTO MaTepuajga Maccoit m =
=0,5 Kr u HavaJabHOIl TemuepaTypoii t, =
=0 °C 6pocaioT B BOLy Maccoil 2m u TeMiie-
patypoil ¢, = 45 °C . Kakast ycTaHOBUTCS TeM-
neparypa? YuenapHas TeIJOEMKOCTb BOJIbI
¢, =2y = 4,2-10% Jlx/(xr - rpan). loteps-
MU TeILIa MOKHO TNpeHeOpeyb.

®d2568. IlMeerca miockas MeTaJImyecKast
MJIAaCTUHKA. Ecam nacTiHKY pacnosioKuTh
MEPIEHNKYISPHO COTHETHBIM JIy4aM, TO ee
OCBeITleHHast CTOPoHa Oy/IeT UMETh TeMIiepa-
Typy ¢ = 50 °C, a IPOTHBONOJIOKHAS CTOPO-
Ha — TeMieparypy t, = 30 °C . Kakmmn 6y-
JyT TeMIlepaTypbl OCBEIeHHOW U TeHeBOi
CTOPOH, €CJIU B3STb NJIACTUHKY yIABOCHHON
rtoyuubl? Cuuraiite, 4To ILJIACTUHKA OYEHb
TOHKAsI M OT/IA€T SHEPTUIO OKPY KAIOIIeit cpe-
Jie 6yaroiapsi TeIIonpoBoiHocTH. TeMiepa-
Typa OKpysKaolieit cpeipl f, =25 °C.
Yxazanue. B ycranoBuBiemMcst pexxume 1o-
TOK TeTJa MEK/y TeJaMW TTPOMOPITMOHATIEH
PA3HOCTH WX TEMIEeparyp ¥ IO KOH-
TaKTa U 0OpPaTHO TPOIMOPIUOHATIEH PACCTOSI-
HUIO MeK/Ly HUMU (3aKOH TEIIONPOBOHOCTH
Dypbe).

PeweHnsa 3apay M2546-M2549,
®2553-d2556

M2546. Cymma uucen a, b u ¢ pasua 0.
Jloxkaxxume, umo:
aZ+b*+c? A+’ + @+ b+

v 3 5
6 @ +b*+ @+ +c” _a +b +c
2 57

BosMoxxHO, 01H 13 caMbIX KOPOTKUX ITTyTel
K PEIIeHNI0 — HEMOCPE/ICTBEHHAS MTPOBEpKa
TocJIe BBIPQJKEHUS O/THON TTepeMeHHON yepes
[IBE JIpyTHe.
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n n n
[Tonoxnm S, =u
c=-(a+b). Vveem
&b+ (a+b)

n II0ACTaBJIAEM

S, =a’ +ab+b*;
2
@ +b° - (a+b)’  -3a%b - 3ab?
53 = 3 = 3 =
=—ab(a+D).

Wcnonb3ys pasnoskenns no 6mmnomy Hpioto-
Ha

(a+b) =
=@’ +5a'b +10a°b* + 10a°b® + 5ab* + b°
"
(a+b) =
=a’ +7a% + 21a°b* + 35a"b> + 354°b" +
+ 21a°b° +7ab® + 17,
3allnuiinemM
g @ +b —(a+b)J ~
5 S =
=-ab (a3 +2a’b + 2ab* + b3) :
a’ +b" —(a+b) _
- =
=-ab (as +3a'b + 5a°b* + 54°b° + 3ab™ +° )

S7=

Tenepb PoBEpUM paBeHCTBa a) U 6):
S,S3 = —ab(a+ b)(a2 +ab + b2) =
—ab (a3 +2a’b + 2ab* + b3) =S5
8,85 =
=-ab (a2 +ab + bz)(a3 +2a%b + 2ab* + bS) =
= —ab (as +3a'b +5a°b* + 5a°b° +
+ 3ab* +b5): S, .

He my»xHo gyMaTb, 4To JaHHast 3ajada ecre-
ctBeHHO ob6o6maercsa. CkaskeM, PaBEHCTBO
S$,8; =8y Hesepuo ipu a =b =1, c=-2.

I1. Kosxeenuxoe

M2547. Oxpy:xnocmu Qq u Q, ¢ yenmpamu
O, u O, xacaiomcs eHewHuUM 00pPA30M 6
mouxe T (puc.1). Oxpyxnocmv Qs (¢ yen-
mpom Oz ) Kacaemcs. enewnum 06pa3om
oxkpyxKHocmen Qq u Q,, a maxKxe Kacaemcs

2019/Ne5

Puc. 7

obweil kacamenvnoii AB, nposedennoti k €
u Q,, 6 mouxe D. Ilpamas TD emopuuno
nepecexaem oxpy.xmnocmo £ ¢ mouke C.
Hoxaxume, umo OC || AB .

Ecim pajiiycbl OKPY’KHOCTEH paBHBI, TO B
cuty cumMerpun ipsiMast TD GyieT sSiBIsITh-
cst o6leil KacaTeJbHOIT K OKPY)KHOCTSIM; B
9TOM CJIydae [OKa3bIBATD HEUETO.

Hanee mpeamosaraeM, 4to 7 <7, (pagmyc
Q, Menble paamyca Q,); ciydail 7 > 7
anasormyes. Ilycrs X — Touka mepecedeHns
0,0, u AB (puc.2). JlocTaToqHO [J0Ka3aTh,

X A D B
Puc. 2

yto XT = XD. [leficTBUTETbHO, TTOCKOJIbKY
OT =0,C =n, o XTD nu OTC O6yznyr
SIBJIITBCSI 1TO/IOGHBIMU PABHOOE/IPEHHBIMU TPE-
YrOJIbHUKAMHU, OTKy/la TOJydyaeM HY>KHYTO
napaJsuienbtocts O,C || AB .

IToxasatp, uro XT = XD, MOXHO pa3HBIMU
criocobamu (MCIOTB3yst TEOPEMY O TPEX Tro-
MOTETHAX, HHBEPCUIO C LeHTPOM B X U T.J1.).
3/7ecb MblI MPUBEJIEM pENIeHNre, B KOTOPOM
moTpeGyercst TOMOTETHSI U HEMHOTO BbIUUCJIe-
HUIA.

[Tonoxxum XA = t, a oTHOIIEHUE Pa/INyCOB
7y/r; OKpy:kHOCTEH Q) U Q; 0003HAUNM
yepe3 k. [lycTb Z — BTOpas Touka nepeceue-
Hua XTu Q. Torna XT - XZ = £, C npyroit
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CTOPOHBI, U3 TOMOTETHH C IIEHTPOM X, Tiepe-
Bojsmieil QB Q,, cnenyer XZ/XT =n[r, =
=1/k. Orciona XT -(XT/k)=t*, snauur,
XT =tk

[anee, n3 romoretnu XB =k -XA=Fkt,
orciofa AB = XB - XA =(k-1)t . Ilo ¢op-
MyJie JUIMHBI OOmel KacaTeJbHOH MexXIy
KaCaloIUMKICA OKPYKHOCTAMU AD = 2\/%
(rme 73 — pagmyc OKpyskHOCTH Q) ¥, aHa-
jgornyno, BD = 2@ . Taxum ob6pasom,

BD|AD = Jr,[r, =k . Uneenm

XD =XA+AD = XA+ AB- AD

AD+BD

ﬁ:tw(\/ﬁ—q:t\/ﬁ

Oxonyvarenbro, XT = XD = k.
B.Pacmopeyes, I1.Koxeenuxos

=t+t(k-1)-

M2548%. Cm. craThio B.bparuna «Pgaz un-
cest, 0OPATHBIX K TPOCTHIMS .

M2549. /[15 ka:x0020 HAMYPAILHOZO N HATL-
dume cyMMy 6Cex N-3HAUHBIX UUCE, Y KOTNO-
PBLY NOCIED0BAMENLHOCTND UUPD 6 Decamun-
HOU 3anucu HeyovLleawas.

IIyctp X — MHOKeCTBO BceX n-3HAUHBIX UM-
ceJl, Y KOTOPBIX MOCJIe/J0BATENbHOCTD (P B
JlecITUYHON 3anucu Hey6biBatomas. Wmges
petenust 6yIeT 3aKJII0YATHCS B CJIEYIOIEM:
MBI HaiizieM cpeanue sHavenus (1.e. cpeHue
apudMeTHYeCKne 110 YKuCcIaM MHOKECTBa X)
S{y S9,..-,S, COOTBETCTBEHHO TEPBOIi,
BTOPOIi, ..., n-if U(PBI, U TOTAA OTBETOM B
3a/1aue OyIeT SIBJISITHCS YHCJIO0 |X | . (31 10" +
+5 10" 2 4+ s, -10+Sn), rae |X| -
KOJIMYECTBO UMCeJ B MHOKecTBe X.

IIyctb A = aya,...a, — OJHO U3 YKMCEJ MHO-
xectBa X, monoxuM l=a;<a; <a, <...
..<a,<a,,=9. Yncary A mocraBuM B
COOTBETCTBHUE TOCTEA0BaTebHOCTD D (A) =
=(dy, dy, ..., d,,), tae d; = a; —a;_, (npu-
Mep — Ha pucynke 1). Jlerko BWJeTb, 4TO

ay a, dz dy ds dg dy 6”10 T|Z8
A=11134 48 111134489
VVVVVVVV
DMA)=00021041

Puc. 7
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D(A) — mocnenoBateibHOCTb 1 + 1 1esIbIX
HEOTPHUIATEIbHBIX YHCEN, CYyMMa KOTOPBIX
paBHa 9 — 1 = 8. MHOXeCTBO BceX TaKMX
nocJiefioBatessbHOCTeR 0603HaunM Y. M3 pa-
BeHCTB «@; =1+d; +d, +...+d; BUmHO, YTO
MO0 KayKIOW TOCTe0BATeTbHOCTH [ MHOKe-
cTBa Y OJHO3HAYHO BOCCTAHABJINBACTCS YNC-
10 A uz X, 1.e. conocrapaenune A — D(A)
B3aUMHO OJIHO3HAYHO.

PaceMoTpuM HEKOTOPYIO OCTIEI0BATETBHOCTD
D =(d;, d,, ..., d,) us mnoxectsa Y BMe-
CTe CO CBOUMU TUKJIMYECKUME C/IBUTAMU:

Dy = (dy, dy, ..., dyyy),
D2 =(dz,dg,...,dn_ﬂ,d1)y
D3 =(d3,...,dn+1,d1,d2),

.y Dn+1 = (dn+1, d1, dz, ooy dn)
(mpumep — Ha pucynke 2). Ilyctb A; — uncsio
u3 mMHOKecTBa X Takoe, uro D(A4;)=D;.

D, = 00021041 A, = 1113448
D, = 00210410 A, = 1134489
D, = 02104100 A, = 1344899
D, = 21041000 A, = 3448999
D. = 10410002 A5 = 2267777
D, = 04100021 A, = 1566668
D, = 41000210 A, = 5666689
Dy = 10002104 Ay = 2222455
Puc 2
g kaxgoro k=1, 2, ..., n HaiigeM cpe/Hee,

B3dTOe 110 uncaam Ay, A,, ..., A, , 3Hadenue
k-it caesa nudpot. Y uncen Ay, A,, ..., A,
k-s mudpa paBHA, COOTBETCTBEHHO,
1+di+dy+...+dpy 1+dy+ds + ...+ dpyy,...
v l+d,  +di+...+d,_; cymmasTux mudp
paBHa

(n+1)+k(dy+dy+...+d,y)=(n+1)+8k,

8
M03TOMY cpe/iHee 3HaueHue paBHo 1+ 1
n+

Mb! BUZMM, 4TO 9TO 3HAUEHUE HE 3aBUCHUT OT
B3SITOH HaMM BHauaJse I10CJe0BaTe]bHOCTU
D. Ha camoM jiesie cpeii UKJINUECKUX C/IBH-
roB Dy, D,,..., D, MoryT GbITb HOBTOpE-
HUS: eCJIU ¢ — MUHUMAJIbHBIN 11€PHOJL LUK/~
YeCKolt roc/ieioBarebHoCTH DD, TO B Habope
Dy, D,, ..., D, nMeeTCs ¢ pasJIndHbIX I10C-
JieloBaTesIbHOCTel, Kayk/1ast U3 KOTOPbIX UMeeT
(n+1)/t xonnii (Brmouas ee camy). Coot-
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BETCTBEHHO, B HaGope uncen Ay, Ay, ..., A,
MOTYT ObITb IOBTOPEHUA. Y JanB 13 Habopa
yncesa Ay, Ay, ..., A,4 KOIMH, HOJYYUM MHO-
skecTBO (U3 ¢ ncesr), KOTOpoe Ha30BeM OpOU-
moti. Ho TTOCKOJIBKY [T KasK/I0TO YHCJIa 13
OopOUTBHI KOJUYECTBO KOIUN OMHO U TO IKE,
cpejiHee 3HaveHue k-it nudpor 1S 9UCET 13
HaIei opOuTHI TTO-TIPEKHEMY paBHO 1+ —k .

n+1
MuoskectBo X pas6buBaeTcsl Ha HellepeceKa-

forgecst op6uthl (B cooTBeTcTBUM ¢ pasbue-
HHUEM MHOXKeCTBa Y), TI09TOMY Cpe/lHee 3Ha-
uenne (110 yncaam Muoxkectsa X) k-it ndpor

8k

n+1’

Ocraetcs 3aBepIIATh BBIYHCJICHNUS.
[TocunTaeM KOJIMYECTBO IMOCJIEI0OBATEIBHOC-
Teil B MHOKecTBe Y. 3aMeHWB B ITOCJIE/I0BA-
terproctn D = (dy, dy, ..., d,.) Kaxmoe He-
HyJieBoe d; Ha d; TOCJe0BATEIBHDBIX €/[U-
HUI[ U HOJIb, MbI TOJYYIUM TIOCJIET0BATE b
HOCTb U3 1 + 1 HyJe# u 8 eMHUIL, B KOTOPOW
ocJie/[Hee YICJ0 — HOJIb. TaKuX 1mocie10Ba-
teapHocTeli C8 8 - ITo xaxkg01 13 HUX OHO-

n
3HAaYHO BOCCTaHaBJIMBaE€TCA D, TIO9TOMY

X = Y] = Cls.-

paBuo s, =1+

Ternepb cBepHeM cyMMy:
510" 45, 10" 2+ 4+, 10+, =
8 8

=1+ — [ 10" [ 1+ —— 2 |-10"% + ...
n+1 n+1

ot 1+i-(n—1) 10+[1+ 20
n+1 n+1

= (10"—1+10"—2+...+1)+

8
n+1

+

-(10"-1 +2.10"2 +3-10"3 + ..

ot (n=1)-10+n)
‘ 10" -1
Cymma 10" +10"%2 + ...+ 1 paBaa ——— .

9
Hanee,

10" +2.10"% +
+3-10"7 +. 4+ (n-1)-10+n =
= (10" 410" 4+ 1)+
+ (10" 410" 4 1)+ + (104 1)+ 1=

2019/Ne5
10" =1 10" -1 10-1
= + +...+ =
9 9 9
10(10" -1)
T T s o
OKOHLIaTeJIbHO, NCKOMasd CyMMa paBHa
s 10" =1 8 10(10"—1) n
Cn+8' + -
9 n+1 81 9

Permenue 3akonueHo.
Takum ke 06pazoM MOXKHO HAHTH CyMMy
BCEX 1-3HAYHBIX YUCEJ, Y KOTOPBIX MOCJIE/0-
BaTeJIbHOCTD UMD B b-UIHOIT 3a1cu HeYObI-
BaloIasl WJIN CTPOTO BO3pACTAOMNIAs.
JlarHy10 3a71a4y MOXKHO WHTEPIPETHPOBATD
caenyiomum o6pazoM: Gepercst caydaiitHas
Heny.ieBas ndpa (1.e. ¢ paBHOIT BEPOATHO-
CTBIO 3TO JII0OOE UnCJI0 U3 MHOKecTBa {1, 2,
3, 4, 5, 6, 7, 8 9}) u Takoe ucCIBITAHNE
TIOBTOPSIETCsT 7 pa3. 3areM TI0JyUYeHHbIH Ha-
60p 1udp yHnopsiiouuBaeTCs MO BO3pacTa-
HUIO, T.e. COCTABJISIETCSI TaK HAa3bIBAEMbIi
BAPUAUUOHHBIUL SO ) < dy < ... < @, —3T0U
ecTb HeyObIBaomasi IOCJAe0BATEIbHOCTD
nuudp uucna A. B pemenun Ham yjaercs
HATH Mamemamuyeckoe oxuddanue st Kax-
JIOTO @; . DTOT BOIIPOC MOXKHO CUUTATD JIUCK-
PETHBIM BapMaHTOM KJIACCHYECKON 3a/1aun O
HaXOX/IEHUN MaTeMaTHYecKOTO OXKWIaHWS
YJIEHOB BapPHUAIMOHHOTO Psi/ia /IJIsT 7 He3aBN-
CUMBIX CJIyYallHBIX BEJWYUH, PABHOMEPHO
pacupeaeseHHbIx Ha orpeske (pu nepesojie
Ha TeOMETPUYECKUH SI3bIK 3Ta 33/1a4a CBO/UT-
¢ K HaXOXKJEHWIO IIeHTPa Macc n-MepHOro
CHMILIEKCA) .

11. Kosxeenuxoe

®2553. OcHosanuem mempasdpa u3 cxoo-
3K020 1b0d, CMOSAUE20 HA 20PUSOHINATOHOM
cmoJe, ABJAemcs PASHOCMOPOHHULL Mmpey-
eonvnux ¢ peépom a = 1 m. Ocmanvnvie
epanu mempaaopa npedcmasasiom coooi
pasnobedpennvie MpeyzoiLHUKU, NPUUEM
00UHAKOBYLE Y2ibl 6 IMUX MPEYZOJLHUKAX
pasuvt 75° . Ha mempasop nomecmuiu momu-
KY10 N€2KY10 HePACTAKUMYIO YenouKy O0u-
noti L =~2a, samxnymyio 6 xoavyo. Ile-
NOYKA 6 NOJIOKEHUU PASHOBECUs PACTOJI0-
KUNLACL 8 20PU3OHMANBHOU NAOCKOCIU U
obpasosaia npasuivivlii mpeyzoivHux. K
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cepedune 00HOU U3 CIMOPOH NOAYUUBUEZOCS
U3 UENOUKU MPEY20NbHUKA NPUTOKUIU CULY,
HANPABICHHYIO 6HU3 800J1b 2PAHU, HA KOMO-
PO HAXOOUNACH IMA CINOPOHA MPEY20TIbHU-
xa (6 nanpasienuu mauckopeuuezo cnyc-
Ka). Ilenouxa npuwiia ¥ HOBOMY NOJOXKe-
Huo pasnosecus. Ha xaxom paccmosnuu s
Om camoli GepxHell sepuunbl. mempas’aopa
Haxodumcsi menepv MOUKA NPULOKEHUS.
CUNBL?

YTJIbI TPEYTOJBHUKOB GOKOBBIX T'paHell TeT-
paszpa TIpHN BEPIIHHE, KOTOPask HAaXOANUTCS B
caMoM Bepxy, paBHbl 30°:
180°-2-75°=30°.

[TockoabKy 1O YCJOBHMIO 3aaudl IEMOYKa
Jierkas 1 urypa mso JibJla CKOJIb3Kas, TO 3TO
03HAYAET, YTO [0 PA3HbIE CTOPOHBI OT pebep,
KOTOPBIE TIEPECEKAIOTCS YIACTKAMH IETIOUKH,
YTJIbI, 06pPa30BaHHbBIE IIETIOUKOI 1 TIepIIeH/TH-
KYJISIPOM K pe6py TaKOBBI, UTO TTPO/IOJIbHBIE
(Bosb pebpa) COCTABJISIIONIME CUJI HATSIKE-
HUS yYaCTKOB TIETTOYKH OJIMHAKOBBI. B cumy
3TOTO U 6JIaroJjapst CHMMETPUH, Ha O/THOM W3
pebep 3T yTJIbI OJIKHBI ObITh paBHbIME (° .
Ha pucynke mokasana «pasBepTKay TeTpas/i-

pa ¢ 1IeTI0YKoif Ha HeM Ha IiockocTu. Bunno,
YTO YYACTKU IETOYKHU U y4acTOK pebpa, mo
KOTOPOMY TIOBE/IEH «pa3pe3» , 06pa3yioT KBa/I-
par. Paccrosinve S OT TOYKM HPUJIOKEHUS
CHUJIBI JIO BePXHEI BEPIINHBI TETPAd/[Pa PABHO
JUIMHE JMATOHAJIM 9TOTO KBaJpaTa, T.e.

s:ﬁéza.

C.Bapaamos

®2554. Heeecomuvlii Kecmruil cmepiKens
0aunotl 21 ¢ nomMowvI0 WapHUPa npuxpenien
K NOMOJKY MAK, 4MO MOXKEm CO8epudms

«KBAHTA »

KOe6anUs MOALKO 6 8ePMUKANLHOL NIOC-
xocmu (cm. pucynox). B cepedune cmepixns
U HA c60600HOM €20 KOHUE 3AKPENIeHbL ULd-
PUKU MACCOU M KAKOBLTL, PA3MEPDL KOTNOPBLY
mHoz0 menvwe . Cmepxens omeodsm u3
noaoxenus pasnosecus na yzon 90° (yzon
OMCUUMBIBACTNCS OM BEPMUKAIU) U AKKY-
pamuo omnyckaiom (6e3 HaUaAILHOU CKOPO-
cmu). Haiidume mowgnocms cuivl peaxyuu
cmepikns, Oeticmsylowel na cpeonull wd-
pux, 6 3asucumocmu om yeaa o. [uccuna-
UUU MEXAHUYECKOU IHeP2UU 8 CUCTNeMe Hem.

Mexanuueckasg sHeprus
CUCTEeMBbI IIaPUKOB U CTep-
JKHS B II0JIe TSDKECTH CO-
XpaHseTcs, T03TOMY B ITPO-
U3BOJIbHBIIT MOMEHT Bpe-
MEHH, KOTJa CTEepPKEHb C
BEPTHKAJIBIO coCTaBaseT yrosi o (910t yro
BCET/Ia CYUTACTCA TOJIOKUTEbHBIM U OTCYH-
TBIBAETCST OT BEPTUKAJIN), BBIIOJHSETCS CO-
OTHOIIIEHHE

O_:_O_N_
Q
3
3

gmwzl2 —3mglcoso =0,

re O — yrjioBas CKOPOCTb HAIIETO MAasSTHH-
Ka. /luddepennupys aTo paBeHCTBO MO Bpe-
MeHH, MOJyJIaeM

d_u) ==t § g sino .

dt 51
3/1ech yuTeHO, 4TO MOJYJIb YIJIOBOI CKOPOC-
TH  CBSI3aH CO CKOPOCTBIO U3MEHEHUS yTJIa
oL TIPY JIBVDKEHUU CTEPIKHSI BHU3 COOTHOTIIE-

o
HUEM _t =+0, a IIpu JABUXEHUU BBEPX —
COOTHONIIECHHUEM E =-. SJIeMeHTapHaH

paboTa TaHTEeHIINATBHOI COCTABJISIONIEN CUITBI
PEaKIy CTEep:KHS, AeficTByIOmel Ha cpef-
HUIl MTapuK, paBHA U3MEHEHUIO €r0 MeXaH!-
YeCcKOH aHepruu:

2.2
dA =d mlTw—mglcosoc =

= ml*wdw + mglsin o.- do. .

Torma MOIIHOCTD ATOH cuJIbI 6YIeT paBHA
dA

N=— :mlzw@+mglsinoc‘d—a
dt dt dt

niaun, € y4€ToM II0JIYy4€eHHOTO paHee BbIparKe-

)




28 KBAHT

do
HUST JJTST o (cobumoiast BHAKK «—» UJIH «+»
[PH JABMKEHUN BHU3 UJIU BBEPX),
8 .
N = igmglmsmoc .

Bbipaszus yrioByio CKOpPOCTb @ 4Y€pe3 yroJ
0. M3 CaMOTO TIEPBOTO COOTHOIIEHMS:

0= QQCOSOC

S ’

OKOHYATEJIbHO T1OJIy4Ya€EM

8 6
N =+—mg,/|—=glcosasina .
5759 '

3aMeTHM, YTO TIPH JIBIJKEHUU CTEPIKHS BHU3
CPeIHUH TAPUK TOPMO3UTCS CTEPIKHEM, a
HIDKHUI pasrousiercst. [Ipu ABUKeHUH CTep-
JKHS BBEPX — HA000OPOT.

H.Maxapos

®2555. Boda ¢ axeapuyme 0151 poiboK u3
10KHBLX CIMPAH UMEeT MeMnepamypy eviule,
uem KOMHAMHAA, U MOUHOCMb MENJ06blX
nomepv axeapuyMda npoOnoOPUUOHAILHA PaA3-
Huue meMnepamyp 600vl u 6030Yxd 6 KOMHA-
me, Komopuiti 060yeaem axeapuym, obecne-
yueas amu menaoevie nomepu. Koaghpuuu-
eHMm NPONOPUUOHATLHOCTRU O MENJ08bLX
nomepv pasen 5 Bm/°C . Bniomuyio x cepe-
June 00HOl U3 CMEHOK AKEAPUYMA YCMAHOE-
JAeHA MAJeH KA MO pa3mepam JAMNOUKA
HAKAIUBANUsL ¢ nompebasiemoi om cemu
moupocmvio 25 Bm, pabomaiowas nenpe-
poiero. Ceem om 1amnouKu, uOYu Uil pasHo-
MEPHO 80 6CE CINOPOHDBL, U OCBEU,AET AKEAPU-
yM u zpeem 600y 6 HeM. ITocKoAvKY 6uHbL U
PoLOKU U 6000POCU, MO CEEM OM JAMNOUKU,
noONAGWULL 6 AKEAPUYM, UACNUUHO BLIXOOUM
nHapyxy 6 eude usiyuenus. Imu nomepu
cocmasnsiiom écezo 1% om uznyuenus, nond-
darowezo om 1AMNOUKU 68 AKSAPUYM. 3UMOTL
X033UNH aAKEAPUYMA NOCMABUL NIOCKOE 3ep-
KAL0 NApAILelbHO CMeHKe aKedapuyma
BRAOMHYIO K AAMNOUKE, U JAMNOUKA OKA3A-
AACH «3AXKAMOT> MEHKOY CMEHKOU AKEaAPUy-
ma u 3epranom. Koagppuuyuenm ompasxenus
ceema 3epxarom paser 90%. B xomuame
3umotl memnepamypa 6030yxa pasra 18 °C .
Kaxoea sumoti memnepamypa 600l 6 axed-
puyme?

B axBapuyM OT JJaMIIOUKH U OT ee N300 paske-
HUSA ToNajaerT H3JydyeHue MOIIHOCTHIO

2019/Ne5

W =25 % B, mpuuem 99% storo us-
JIyUeHUsI OCTaeTcst B akBapuyme, a 1% ToKu-
JlaeT akBapuyM B Buje cseta. llpm mamnom
koadduimente reroorgaun > Br/°C pas-
HUIIA TEMIIEPATYP BO/IBI B aKBAPUyMe U BO3-
0,9W _ 47 °C.
5 Br/°C
[TockosbKy 3MMOII B KOMHATE TeMIIepaTypa
Bozayxa 18 °C, To Boja B akBapuyMe umeer
TEMIIEPATYPY
t=18°C+4,7°C=22,7°C.
3. Puibka

JlyXa B KOMHaT€ COCTaBUT

®2556. Ha pucynxe 1 cxemamuuno uzobpa-
JKEHO YCMPOoUCMeEo, HA3biBAeMOe KaAMYUKOU
Pymropgpa. Ha cepdeunux ¢ 601vui0tl maz-
HUMHOU NPOHUUACMOCTNHIO HAMOMANLL 06e
obMomKu: nepsuunas 06MOMKA U3 MOJICMO-
20 nPo6e0da u Nosepx Hee BMOPUUNHAsL 0O MOM-
Ka uz monxozo nposoda. Pasmvikamens (P)
npeodeapumesvio pezyaupyiom, 3aMKHYE
naxopomio xondencamop ( C), max, umo6o.
PasMulKamesb Cpadamoled.i 6 mom MOMEHM,
K020d MOK 8 Nepeudnoil 0o Mmomre docmuzd-
em 90 % om maxcumaiviiozo snawenus moxKd
npu 6vlbpannom ucmounuxe numarus. Ioc-
Je peeyauposxu xaou K, nepesodsm @
PASOMKHYMOE NOJOKEHUE U <3AKOPOMKY >
xondencamopa youpaiom. Tenepv ycmarnos-
Ka zomosa x pabome. B ucxoonom noaosxe-
HUU pasmuikamenv P 3amMkuym na Konmaxm
K. Iocne samvikanus xumoua K, mox uepes
nepeuUnYIo 0OMOMKY HAUUNACTN YEeSUUlU-
8aMbCS, U 6 KAKOU-TO MOMEHIN PA3MbIKA-

d

P K
1+Q
C

|_.

8 K,
|
| I

L, =107Tu, N, =30

L,=10Tu, N, =23000

C=0,1 Mmxd,d =3 cm, Ry~10m
Puc. 1
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menv cpabamoigaem. Mexdy 6vieodamu A u
B emopuunou 06 momxu 603nuxaem 60.1vuLoe
nanpskenue. Ecau cpednsis nanpsiskennocmo
noasa 6 npomexymxe AB npesvicum 3naue-
nue 30 kB/cm, 68 npomeKymre 603HUKHEM
uckposoll paspsid. Bue 3asucumocmu om
M020, GO3HUK UJU HeMm UCKPOGOU pA3psio,
Inepeus, 3ANAceHHas. 6 eude MAZHUMHOZO
nos, NOCAe PASMBIKAHUL UENU NOCINENEHHO
nepexooum 6 menJio u npu ee yMenvulenuu
noumu 00 HYJas pasMulKamesv nepecmaem
NPUMSAZUBAMNBCS K CEPOCUHUKY U CHOBA 3d-
moikaem uenv. CKOAbKO 00UHAKOBLIX AGMO-
MoburvHblX akkymyasmopos ¢ IJC
&0 =12 B u snympennum conpomueienuem
7 = 0,5 OM HYyxHO coedunums nociedosa-
menvio Opyez ¢ OpyzoM U UCNOABIOBAMND 6
Kauecmee UCMOUHUKA NUMAHUI 8 YCmpoli-
cmee, umobvl 6030YUHLI NPOMEKYMOK 2a-
PAUMUPOBANHO <«NPOOUANCI»? SHAUCHUS.
Opyeux napamempos YcmanosKu YKa3avl
Ha pucymnxe 1.

[Tocsie BO3HUKHOBEHUS UCKPBI TOK B TIEPBUY-
1Ol 06MOTKe GBICTPO YMEHDIITAETC, 1, KO
MarHUTHOE I10Jle KATYIIKH CTAHOBUTCS Ma-
JIBIM, Pa3MbIKATeJb BO3BPAIIAETCS B MCXO/I-
HOE TOJIOKeHne, a KoujeHcatop (ecim oH
GbLJI 3apsikeH ) paspsiskaercs. [lasee mporece
MIOBTOPSIETCS: TOK Yepe3 TIEPBUYHYI0 0OMOTKY
0,96

JIOCTHTAaeT 3HaueHus [, = = roe & —
cymMapHas J/1C akkyMyaTopHOl 6aTtapen,
R — cymMapHoOe compoTHBJIeHNE B TIETH TTEP-
BUYHOIT OOMOTKH, Pa3MbIKAaTEIb Pa3MbIKAET-
s, BO3HMKAET MCKpa M TaK Jajee.

Temepp mepetizeM K pacCMOTPEHHIO TIPOTIEC-
COB, TIPOUCXOJISTINX TTOCJIE PA3MBIKAHNIS Pa3-
mbikaress. [lepBudanas u BropuaHas o6MOT-
K1 06pazyior tpanchopmarop. [pn Hammann
TOKa B 06enX 06MOTKaX 06Cy K/eH1e PabOTbI
TpancdopMaropa IpecTaBisgeT co6oil Bech-
Ma HernpocTyio 3ajauy. OHAKO 10 MOMEHTA
BO3HUKHOBEHUS UCKPBI BO BTOPUYHOIT 06MOT-
Ke TOKa HeT, TI09TOMY /IJIsI OI[eHKH J[0CTaTo4-
HO PaccMOTpeTh TPaHC(OPMATOP B PEXIIME
XO0JIOCTOTO X0/1a. Hampsi:keHne MexX Iy BBIBO-
JIaMU CBSI3aHO C HATIPSKEHUEM Ha TTePBUYHOM
0OMOTKE M3BECTHBIM COOTHOIIEHUEM

Uap _ N,
U N

«KBAHTA »

Taxnm ob6pasom, Hanpskenne U,z Ha pas-
psnHoM ripoMeskyTke B 100 pas 6osbiire J/1C
CaMOWH/IYKIIUHU B TIepPBUYHON Karymike. J{ms
BO3HUKHOBEHS HCKPbI 9TO HATIPSKEHITE 10T~
SKHO OBITH OIIEHOYHO TAKUM:

Uy =Uy=Eyd=90xB.
CuenoBarenbro, Heobxognmag IJC camo-
WHAYKITAA paBHA

U, =900 B.
[Tocne pasmbikanus 1emb NePBUYHOI 0OMOT-

KU MTPeICTaBIsIeT cOO0H KOe6aTeTbHbII KOH-
TYp ¢ nctouHuKoM rocrosirHoii D J[C (puc.2).

L, C

Puc. 2

ConporuBienue R paBHO CyMMe CONPOTHB-
JeHnss R, ¥ BHYTPEHHETO COIPOTHUBJICHUS
AKKYMYJ/IATOPHOII 6aTtapen ny, , rje n — KOJu-
4ecTBO aKKyMyJisiTopoB B Gatapee. Ilo mo-
psaaky Beanunubl R <10 Om. Ouenum 1e-
PHUO/I BOBHUKAIOIUX KOJEOAHUN U BpeMs UX
3aTyXaHUs:

T~JLC =107 ¢, T~%=10_/‘c.

[lpyrumMn cjoBaMu, 3aTyxXaHue IPOUCXONT
MezieHHo. /s orlenku MakcumasbHou O /[C
CAMOUHIYKIIUUH B IIPOIIeCCe KOIeGAHII MOK-
HO CYMTATh, YTO 3aTyXaHusi BOOOIEe HeT,
uHaue rosops, cuutarth, uro R = 0. (Tem
6osiee, uto orenuTb Hazmo D/C camounayK-
1My B 11epBoM nuke.) [lasee, B ciydae BO3-
HUKHOBEHUSI UCKPBI TI0 BTOPUYHON OOMOTKE
rnmorevyer TOK, uto nosjausger Ha I/[C camo-
UAYKIIUW B TEPBUYHONW 0OMOTKe. Momennb
MIPOCTOTO KOJIe6ATESLHOTO KOHTYPA TIepecTa-
HeT paboTaTh, HO caMOe TJIaBHOe — GOJIbINAs
YacTb 9HEPTUH, 3allaCeHHON B KaTyIlKe, 13-
pacxo/iyeTcsi Ipn BO3HUKHOBEHNU NCKPOBOTO
paspsiza.

Hanpspxkenne U Ha KOHIeHCATOPE B KOHTYPe
¢ 6aTapeiikoil y/0BJETBOPsIeT HEPABEHCTBY

rae UO — aMIUINTyda HalIpSKEHUSA Ha KOH-
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Jencatope, pasHas amruryzae J/C camo-
uHAyKIuU. s Toro 4To6bl 3aKUraIach uc-
Kpa, HeoOXOIMMO BBITIOJHEHNE YCJIOBUS
U, >900 B. Ilompo6yem ompenemuts U,
HCTIOJBb3YST 3aKOH COXpaHeHust sHeprum. K
MOMEHTY JOCTIKEHUS MaKCUMaJIbHOTO Ha-
TpsDKEHNS Ha KoHzeHcaTtope & + U, Tok cTa-
HeT paBeH Hymo, a J/[C nepemecTut 3apsin
C (€ +Uy) ucosepuur paGory CE (€ +Uy),
KOTOpas paBHA CyMMapHOMY H3MeHeHUIO
9HEepPrun KaTyIIKM U KOHIEeHCATOpa. JTH CO-
06paKeHus KOJIUYECTBEHHO OTPA’KAET COOT-
HOIIIEH e )
2
C€(€+U0):M—ﬂ.
2 2
[Tocsre Tpeo6pazoBaHuil TTOTYINM

L 0,81L
U2=6*+Z12, uUy=61+—2=.
0=+ """ T RC
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HamomuuM, uto & =né,, rae n — Koaude-
CTBO akkymyJissTopos, &, — IJIC oxnoro
akKyMmyJasaTopa, R =nx + R, — o6iee co-
MPOTHBJIEHIE B 1T TIEPBUYHON O6MOTKH.
[IpuxknHeM Terepb, CKOJIBKO HYKHO aKKyMYy-
JISTOPOB, YTOOBI HCKPOBOW MPOMEKYTOK MPO-
6uBasncsa. Ecom n = 1, To aMIminTy/1a Harmpsi-
JKeHIs paBHA

B=720B.

Opnoro akkymyJsstopa majo. [lasas n = 2
aMIIIITYZa PaBHA

0,81-10%
4

U = 24,1+ B ~1080 B.

JIByX akKyMYJISTOPOB XBaTHUT.
11. Kprrxos

Psip, uncen, obpaTHbIX K NPOCTbIM
B.BPArviH

B Maremaruke 4acto B TOM WM MHOM BUJE
BCTpeyaercs moHsiTre 6eckoneunoctu. Harpu-
Mep, PacCMaTPUBAIOTCS CYMMBI C HEOTPaHU-
YeHHBbIM KOJIMYECTBOM cJaraeMbix (Ha caMoM
JIeJIe B CTaThe-TO TIOYTH BCE CYMMBI KOHEYHBI)
1 OECKOHEYHDbIE CyMMBbI, HAa3bIBAEMbIC YUCJI0-
svimu psdamu. B Bonpocax 0 6ECKOHEYHBIX
MHOJKECTBAX OTIBIT PAGOTHI ¢ KOHETHBIMH OGBEK-
TaMu UHOTIa aGCOJTIOTHO He TToMoraeT. [Ipero-
JIaBas y JieTeil B KPYsKKaX, BCEr/ia MHTEPECHO
HAGJII0/IaTh 32 TIEPBBIMU BCTPEYAMHU MITKOJIbHH-
KOB ¢ OeCKOHEYHbIMH cyMMamu. Bujno, Kak
TPY/IHO JIAeTCsl OCBOEHUE ATOTO HOBOTO MHPAa
CO CBOUMM 3aKOHAMM.

Haune™ co caemytommeit Kiaccuaeckoi Teo-
peMbl [IPO TaK Ha3bIBACMbIU 2apMOHUUECKULL
psi0, Wi psijt U3 06PATHBIX K HATYPAJIbHBIM

qucJaM.

TeopeMai.CyMMa1+1+1+1+...+i
2 3 4 N

Mooxxem Ovims 6o0vuLe 1106020 Haneped 3a-
0amnmnozo 4ucid.
JlokasareabcTBO. 3aMeTUM, 4YTO
1 1 1 1 1 1 1 1

—+=>=, —F+—+—+—>—,
3 4 2 5 6 7 8 2

DOI: https://doi.org/10.4213/kvant20190503

1a 1 BooO1Ie
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IIOCKOJIbKY B JIEBOI 4acTH 2k cmaraemprx u

BCE OHHU, KPOME OJHOTO, OGOJbIe a

k+1?
OCTaBIIeeCsa €My paBHO. HO3TOMy

T.€. CyMMa B JIEBOW YaCTH MOKET GbITh CKOJIb
YTO/IHO GOJIBINOI.

HeKoTopbIM I0HBIM KPYsKKOBI[AM 9TOT (PakT
KayKeTCs eCTECTBEHHBIM: MbI JKe MOKeM OpaTh
CKOJIBKO XOTUM CJIaraeMbIX, KOHEUYHO JKe,
CYMMYy MOKEM YBEJHYHBATh, KaKk XOTHM. U1
CJIEJIOM UJIET HEYTO YAWBUTEIBHOE: CKOJIBKO

ciaraemMbix B cymme 1+ 1 + 1 + 1 +... +i,
2 4 8 2"

Hu 6epu, pesyabrar Gyjer menbiie 2. Oka-
3BIBAETCS, 3aBUCHT OT TOTO, KAaKHe cJjarae-
Mble!

Koryia st b1 NIKOJIBHUKOM, MEHS y/IMBHUJIA
TaKas CloppeaJucTHYHas 33/ia4a.

3anava 1. Pesunxa daunoii odun memp
00HUM KOHUOM UEANACMCSL 3A 6OUMDBLLL 260300,
a dpyeoil xoney, depxum Anopeil. Ha npubu-
MOM KOHUYe CUOUTN KYK, KOMOPbLI HAYUHAEM
noazmu x Anopeto co ckopocmvio 1 cm/mum.
Kaxoywo munymy Andpetl pacmszusaem
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Pe3uHKy ewe na o0un memp. /lonoszem ju
Koz0a-mo xyx do Anopes?

Ha nepBblii B3I/ KaKETCsT, UYTO KasKIYIO
MUHYTY OCTaBIIASICS JKYKY JMCTAaHIUS yBe-
JuynBaercs Ha 99 CaHTUMETPOB, MO3TOMY
KakK ke oH 1omo3et? Ho Ha caMmoM fiesie sKyK
BeJlb OT/IAJISIETCST OT TBO3/ISI BMECTE C PACTsi-
JKeHueM peauHku. [10aToMy BaskHO, 4TO KYK

poToJ3aeT He 1o 1 cM KaxXaylo MUHYTY, a
1

1

cHavaa —— OT BCel JUIMHBI, TOTOM T—
100 ’ 200°

IIOTOM % u T.7. I3 pacxoamMocTu rapMo-

HUYECKOTO ps/la CJeAYeT, YTO KOrJa-TO 3Ta
cymMa craner 6osbire 1.

Memnee TPUBHATHHBIM OKA3BIBACTCS CJIEIY-
ot pakr.
1 1 1
Teopema 2. Cymmna —+—+...+— oepa-
49 n

nuuena (Yucaom, e 3acUCAUUM OMm 1),
Hoxa3zareabcTBo. ByeM /okaspiBarh, 4T0

1 1 1 3
—t—t..t—5<—. 1
49 n’ 4 0
IT1O HEPABEHCTBO CJIEAYET N3 TOrO, 4YTO
1 1 1 1 1 1
—+— +...+ =

=t .. <—+— —_—
3?4 Tt 2.3 344 (n—1)n
11 1

(1 1) (1 1)
=|l——=|4+|==—=|+
2 3 3 4
<
2 n 2

Hepasencrso (1) no3soJsier 10Ka3arh cie-
JIyIOIINe U3SIIHOE YTBEPIKIEHHE.,

Teopema 3. Cpedu uuces om 1 do
xoms 6vL N NPOCMBLY.

HMoxkasareabcrBo. [lpeamnonokum, cpean
ancest ot 1 10 2! poBHO k mpoCTHIX UIICElT.
HaszoseM 49mcio c60600ubimM om K6adpamos,
eCcJIM OHO He JIeJUTCS HW Ha KaKOW TOUHBIH
KBajpat, Gosabiunii 1.

O6o3HaunM yepe3 M KOJTMIeCTBO CBOGOI-
HBIX OT KBazpartoB umcex or 1 go 2",

Jdemma 1. M < 2F.

[oxkazarteabcTBO. 3aMeTUM, 4TO B Pa3Jio-
JKEHMM KasKJ[0r0 CBOGOJHOTO OT KBaJpaTOB
yncna, menbiero 2" BXoaaT ToabKO npo-
crbie, Menbime 2" [puueM B creneHn He
Bblie 1epBoii. IToaToMy Kaxkgoe cBOGOIHOE
OT KBaJ[PATOB YHCJIO OIPE/EISIETCS MOMHO-

2n+1
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JKECTBOM CBOMX MPOCTBIX Aesutesieii. Ilog-
MHOKECTB 13 k 2JIEMEHTOB, KaK Mbl 3HaeM, 2 .

Jlemma 2. M > 2"

Hoxa3zareabctBo. OI1eHUM CBEPXY KOJH-
YeCTBO YMCEs, HECBOOOTHBIX OT KBAJPATOB.
He Gosree ueTBEpTH BCEX UwCE ICTUTCS HA 4,
He 6oJiee JIEBSTON YacTh JeJUTCS HA 9 W T. 1.
TakuM 06pa3oM, KOJUYECTBO YHCEJ, HECBO-
6OMHBIX OT KBaJpaToB, He Oojee YeM

2n+1 2n+1 2n+1
22 + 32 +...+ T 7 YTO B CBOIO O4e-
peab paBHO (2 )
2n+1 i++;2 <2n+1.§:3.2n—1.
22 (2n+1) 4

A Torma cBOGOJHBIX OT KBAJpPaTOB YHCEJI
6ostbire 2"

HepasenctBo k > n — 1 jierko mosyvaercst
13 9TUX ABYX JIEMM, YTO U 3aBEPHIACT JOKa-
3aTEJBbCTBO TEOPEMBI 3.

OTt™MeTrnM, 4TO Teopema 3 cJeayeT U3 3Ha-
MEHHUTOTO TocTysiata bepTpana, HO HaM yia-
JIOCH JIaTh JOCTATOYHO MPOCTOE T0KA3ATesb-
CTBO.

Otzie/ibHbBIIl MHTEPEC BBHI3BIBAET CJIEYIO-
Iiee yTBEPIKIEHIE.

Teopema 4. Ecau p; — i-e no cuenfy
npPOCMOoe YUCA0, MO CYMMA — +— + ...+ —
I ) Pn

He ozpanuuend.

OT/IOKUB JIOKA3aTEJNbCTBO TEOPEMbI, pe-
UM C €€ TIOMOIIBIO CJEAYIONYI0 3a/auy —
3amauy M2348 «3apaunuka «KBanrar.

3agaua 2. Hamypaavroe 4ucio n Hasviea-
emcs U3OLIMOUHDIM, eCAU CYMMA BCeX €20
cobcmeennvix deaumeneti (m.e. namypaiv-
HulX Oesumenetl, OMAUUHBIX OM CAMOZO 1)
6oavwe n. Jloxaxume, umo 0aa 1106020
namypaivrozo N cywecmeyem N noopsio
UOYWUX UIOBINOUHDIX YUCEL.

Jlemma. Moskno nodobpamy k epynn no-
NAPHO PASTUUHBLE NPOCNBLY YUCET MAK, UINO
CYMMA OOPAMHOLY BEAUNUN K UUCLAM KAXK-
doti zpynnwvt Gove 1.

[okazarenbcTBO. Dy/ieM JI0Ka3bIBATh 3TO
yTBEPsKJAECHHE UHAYKIHE 10 R.

Basa: k= 0.

Hepexod: k — k+1. Tpeamoaoxxnm, Ha-
O6paJyi k TPYMI U BCe BBIGPAHHBIE TIPOCTHIE
qrcJia Merbiie Hatypasiapuoro M. Torma 3a-
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METUM, 4YTO CyMMa OOpATHBIX K IMPOCTBIM,
6osbiiuM M, HeorpaHmyeHa, Kak U cCyMMma
06paTHBIX KO BCceM MPOCTbIM  (MOCKOIBKY
cyMMa oO6paTHBIX K TIPOCTBIM, He TPEBOCXO-
M M, Koneunast ). [1109ToMy MOKHO BBIG-
paTh HECKOJIBKO TTPOCTHIX, GOIBITIX M, CyM-
Ma 06PATHBIX BEJIMYIH K KOTOPBIM OGoJbIire 1.
Takum o6Gpa3oMm, MbI HaGpaJau emie OIHY
rpyuny. Jlemma nokasaHa.

[lepeiimem K perrennio 3agaun. Boibepem
N TpyIm mpoCcTbIX YHCeJa, O KOTOPBIX TOBO-
putcst B iemMe. Terepb HaM HaZ0 JO6UTHCS
TOrO, 4TOOBI @, TIepBOe U3 TI0CJIEI0BATE b
HBIX YHCeJI, JIeJNJOCh Ha IIPOCTble MepBO
IPYIIIbI, BTOPOE — JEJUJIOCh Ha YHCJIa U3
BTOPOI IPYIIIBI, TPETbe — HA YMCJA U3 Tpe-
Thell IPYIILI U T./1. JTO OYJET BBLITOJTHEHO,

ecan a= O(Inod pu), a= —1(H10d Pz,i)r
a

. -N + 1(mod PN,i) , TAie p; ; ipoGera-
€T MPOCThIe YncJIa U3 rpymibl HoMep [. Kax-
Jloe n3 aTUX TpeGOBAaHUN — 3TO CpaBHEHUE
10 MOJIYJIIO TPOCTOr0 YHcJaa. A Kutaickas
TeopemMa 00 OCTaTKaxX rapaHTHPYeT, 4TO Ta-
Kasl cUCcTeMa MO MOJIYJSIM Pas3JuIHBIX MPO-
cThIX paspemnma. Ho ecian uucio genurcs
Ha BCE TPOCTbIe M3 KAKOH-TO TPYIIIbI, TO
OHO M30BITOUHOE. [/[efICTBUTEIBHO, €CJIN YNC-
JI0 b JIesIuTCst Ha MPOCTbIE M3 IPYIINbI HOMEP

l, Yy HETro yJiKe eCTb cO6CTBEHHBIE JEJINTEJIN

b b

)
Pii Pr2
6osbie b. TakuM o6pasoM, Kaskoe W3 Un-

., 4 CyMMa 3THUX JleJuTeseil yxe

y oo

cema, a+ 1, ..., a+ N — 1 usbpITouto.
3amaua pernieHa.

Teneps nasaiite fokaxkem Teopemy 4. Hau-
HEeM C HECKOJIbKIX BCIOMOTATEeIbHBIX YTBEP-
SKJICHMIA.

YrBep:xkaenue 1. Hmeem mecmo caedyio-
wee Hepasencmeo:

N 1 1 1
H 1+—+—2+...+—N >
i=1 pPi P Pi
> 1+1+1+...+i. 2)
2 3 N
HMoxkasareabcTBo. Eciu packpbITh CKOO-

KK, TO IIOJYYUTCSA MHOI'O CJjaraeMbIX BH/la

o @, o - SAMETHM, YTO KaK/0C YHC/IO

P1 Py PN

2019/Ne5

%, rae k< N, MOJY4YUTCSs, MMOTOMY 4UTO Y

JII060T0 TaKOro k B Pa3JIO’KEHHH HA TIPOCTbIE
MHOXKHUTETN BCTPEYAIOTCS TOJIBKO MPOCTBIE,
e 6oibiiine N u e 6oJiee ueM B N-ii cTerneHu.
Yreepxaeuune 2. /s 1106020 € > 0 cyuye-
cmeyem marxoe m, 4mo 6vlNOJHEHO HePaABeH-
cmeo
1—i 1—i 1—L <e. (3)
P 2] Pm
[loka3aTeabCTBO. Y Be1U4KM JIEBYIO 4acThb
opmy.tet (2), 3aMEHUB KaXK/YI0 CyMMY T€0-
MeTPHYECKOIl MPOrpeccuut Ha cymmy 6ecKo-
HEYHOH, U MOJIyYUM

N 11 1
11 Slt—t—+.. +—.
gL 23 N

Pi
[lepeBepHeM po6u B 06€MX YaCTSX CO CMe-
HOl 3HaKa:

N 1 1
[ 1-—]<—— 1

=\ Pi) ey —
2 3 N
Boi6epem Takoe N, Qa8 KOTOPOTO
11 1 1
I+=—+=—+—>-
5 T3ty ~ ¢ 1 TeM CaMbM 3aBepIIMM

JIOKA3aTeIbCTBO YTBEPIK/EHUS.
YrBepxkaenue 3. /s no6ozo C cyuwe-

cmeyem maxoe n, 4mo 8ulNOJIHEHO HePaABeH-

cmeo

1+i 1+i 1+i >C. (4

P1 P2 Pn

HoxkazareabctBo. [Ipenmnonoxum, 4To mist

JITO6OTO 7 BBITTOJTHEHO

1+i 1+i 1+i <C. (5
P1 P2 Pn
BbIéepeM TaKo€ n, [AJid KOTOPOTro
1—i 1—i 1—i <i. (6)
P1 P> p.) 2C

ITo yreepskaenuio (2) Takoe 7 CylecTByer.
[Tepemuosxum (6) u (5):

1—i2 1—12 1—12 PRLUNGS!
i 2 pn) 2

Ymenbmm JIEBYIO 4aCThb, [[OéaBI/IB MHOXUTE-



SAJAYHHUK

Jm (1 - k%j A1 coctaBHBIX k < p, . Ilocre

1
4ero mpeo6pasyeM KakIyio CKOOKY (1 - —)

2
(k=1)(k+1) k
KaK k—2 n HO.Hy‘{I/IM
32435 (prtp-1) !
22 32 42 p’zl 2

Ho HETPYAHO BUAETD, YTO Ji€Bad YaCTb MOC-

Pn +1 Ovye-
JIeJTHETO HEpaBEHCTBa paBHA ————. qe
BUJHO, 3TO HE MEHbIIEe — .

2

[Tofimem, kak 13 aTOTO CJIEAyeT TeopeMa 4.
IIpenmnonoxxum, 4To /IS BCeX 7 BBITIOJHEHO

i+i+...+i <C.
Pt P2 Pn
BosBegeM 4ncso e B crenenb 06enxX dacTeli:
1 1 1 1 1
—+.. - - —_
eP P = Pt P2 LePn < o€ (8)

Kak ussectno, e* > x +1 jana Bcex x>0 .
[Tpumenum 51o K aesoit yactu (8) 1 nmoayunm

1+i 1+i 1+i <.
P P2 Pn
Ho mno yrBepskaenuio 3 npoussejeHue
1 1
T+—||1+—|...| 1+ — | npu nexoropom
P1 P2 Pn

n cramer Gombure e . IIporuBopedne.
M3B6CTHO, UTO KOJMYECTBO HATYPaJIbHBIX
quceJr, MEHbIINX 77 1 B3aMMHO IIPOCTHIX C 71,
BbBIUUCJIAETCA KaK
o(n)=n L (PR I P ,
Pi P2 Pm
TIE Py, Poye--s Py, — BCE PABJIUUHbBIE IPOCTDIE
JCJINTEIN 1. YTBepH(lIeHI/Ie 2 O3HaydaeT, 4TO

o (n
OBIBAIOT 72, LTI KOTOPBIX —— < & (1pm aToM

BCE p; MOTYT GbITh JOCTATOYHO GOJIBITUMM).
ITO TOMOKET pa3obpaTh UHTEPECHYIO 3a/1a-
4y, IPUAYMaHHYIO 110 MOTHBaM OJHOI cTapoii
3a/iaun JIeHMHTpaJCKON OJUMIIA/IbI.
3agava 3. Jan npasunviolil n-y201bHUK.
JT1060e n0OMHOKECEO €20 GepuLUI HA06EM
wabaonom. Hazoeem wabaon maienvkum,

ECAU 6 HEM MeHbwe Yoo oM obwezo uucaa
eepuun. Mozno au npu KAKomM-mo n oxKda-

«KBAHTA »

samocs, umo aodvie 100 wabionos, noryua-
10UUXCS U3 HEKOOPOZO MATEHLKOZ0 UAOL0-
Ha NOGOPOMOM, UMEIOM OOULYIO GEPULUNHY?
Pemenne. [lon6epem n B Bu/ie IPOU3Be/Ie-
HUSI HECKOJIBKUX PAa3JIUIHBIX IPOCTHIX
PiP> --- P » KQKJ0€ 13 KOTOpBIX 6ostbiire 100,
¢ (n)
n
MBI 11a6JI0H — BCe BEPIINHBI, HOMePa KOTO-

PbIX B3aNMMHO IIPOCTHI C 7. Torpa B 1ma6JI0H

Tak , YTOObI

1
< —— . Boibepem Tpebye-
100 p peoy

n
BOIJyT MeHee m BepinH. JlokaxkeM, 4TO

so6pre 100 mra6I0HOB, MOJTyYEHHBIX U3 JaH-
HOTO TIOBOPOTaMM, TIEPECEKAIOTCS.

[lelicTBUTETbHO, TPEANOTIOKUM, YTO 3TO
HOBOPOTBI HA @y, dsy,..., A1 - ST KaKIOTO
IPOCTOTO p; MOAGEPEM OCTATOK 7;, HE CPaB-
HUMBIA C dy,dy,...,djp 110 Mopymo p;. Ta-
KOH OCTaTOK CYIIECTBYET, IIOCKOJbKY p; >
>100. A Teriepp moja6epeM OCTATOK @ TNpHU
JleJICHUN Ha 1, CPaBHUMBIH € #; 110 MOJYJIIO
p; g Beex i. Taxoil ocraTok a naiijercs 1o
KUTalicKoil TeopemMe 06 oCcTaTKax.

BepimHa ¢ HOMEPOM @ OKaKeTcsl BO BCEX
nrabonax. /leficTBuTeIbHO, /U1 TI000T0 J OT
1 ngo 100 BbImoJsiHEeHO a —a; =1 —aj‘:*O
(mod p;). 3Hauut, @ — @; B3AUMHO TPOCTO C 7.

}Keﬂa}OHII/IB TIOTIPAKTUKOBATbCA MOTYT IIOIIPO-
60BaTh CBOM CHJIBI B CJIeayomnx 3ajgadax. Hep—
BbI€C /IB€ N3 HUX CKOPpEC yIIpaKHECHUA, TTOCTICAHAA
JK€ 3a/lada IO-HaCTOAIEMY CJIOKHadA.

3anaqa 4. Ilersa yYTBEpPXKAA€T, YTO HadWHadA C
HEKOTOPOIro MOMEHTa KayX/J0€ CJeaAyloliee Imnpo-
croe 4Ynucyao OoJIbIne IIPEABIAYHIECTO XOTA Obl B
(1 + 10_10) pas. Jlokaskure, 4TO OH HE IIpaB.

3apmaua 5. O6osnaunm 6 (1) cymMMy jeuTesei
ycaa n. Jano yucnao x > 1. Jlokaxute, 4To
CYHIECTBYET TaKOe€ IeJI0€ 72, 4YTO

a(n)

r<—Z<x+107,
n

3amava 6. HarypasbHoe n Ha3oBeM MHTEpec-
o) 1
n 100

cryer 1000 moapsi uAymuX MHTEPECHDBIX YMCEJ.

HBIM, €CJIn . Jlokaxkute, uTO Cyle-

3amaya 7. MHOXKeCTBO BbIYETOB A 110 MOJLYJIIO
7 HA30BEM C60600HBLM OM NPOUIGEOCHUT, €CIN
xy #z(mod n) nsaBcex x,y,z € A (Heobsi3aresn-
HO pas3amyHbIX). Hambobliee KOMIMIECTBO dJe-
MEHTOB B MHOKECTBE, CBOGOJHOM OT IIPOU3BE/IC-
uuit, o6osuauum [ (n). CyliecTByIOT JII TaKHe 7,

JUI KOTOPBIX  f (n) > g ?
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aa4yl

1. M3 cnnyek cnoxeHo 4umcno 1828.
Kakoe HanMeHbLLee KOMMYecTBO Crmyek
Ha[0 NepenoXnTb, HTOObI MONYYNTb YNC-
110, KOTOpPOEe ABNSETCSA MOMHbIM KBapa-
TOM?

C.KocruvH

2. Y opHoknaccHuy, Mawm mn CeeTbl
OAMHAKOBOE KOIM4YeCTBO TeTpagen. OHu
Kynunv ofMHaKoBble Habopbl Hakneek C
KoTrkamu. Malla Haknewuna Ha 7 TeTpa-
Oen No 0HOMY KOTWKY, a Ha OCTalbHble

— no 7 koTukoB. CBeTa Haknewmna Ha 11
TeTpagen no OAHOMY KOTUKY, @ Ha OC-
TanbHble — no 11 kotmkoB. CKOMbKO
KOTMKOB ObIlo B Habope, ecnn Kaxaas
[leBOYKa M3pacxofoBana Becb Habop?
Qonbkiop

3agaun 2—4 npegnaranuce Ha XVII Mockosc-
KOW YCTHOW onumnuMage no MmaTematvke [ns
6—7 KNnaccos.

3. HapucyrTe Takylo YeTblpex3BeHHYIO
NOMaHy1o, 4TODbI ee BepLUMHbI He CoBMa-
[lanu C BepLUMHaMK OaHHOro Tpeyrosb-
HUKa 1 4YTODbI OHa Yepe3 Kaxayl W3
BEpPLWH TpeyrofbHWUKa npoxoauna
LBaX[pbl.

4. AHTOH, bopsa 1 Bosa y4acTtsoBanu B
Benonpobere no wocce Kapronosb-
Mepgexberopck. OHW cTaptoBanv B
pa3Hoe BpeMs, 1 KaXAbI eXan C NOCTo-
SIHHOW CKOPOCTblO: AHTOH — ObICTpee
Bopw, a bops — ObicTpee BoBbl. B Heko-

TOPbIX TOYKax Locce ObiNM yCTaHOBMe-
Hbl BUOeoKamepbl. Kaxzaasa 13 HUX puK-
CYpoOBasa nopanok NPOXoXAeHWs yvac-
THUKaMM 3Ton To4vkK. OKazanocb, 4TO
nobov nopsaokK, B KOTOPOM MO NPo-
exaTb AHTOH, bops 1 BoBa, Obin peanu-
30BaH B Kakom-TO M3 Toyek. /I3BecTHO,
YTO KTO-TO OAWMH U3 Tpoux nagan. Krto
MMEHHO?

M.XaqartypsaH, HMensesns

p ‘ N ! &
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Unmoctpauywm .1 puykoBov



MATEMATHUYECKUMN KPYJXOK

MaroHasnb
KNeT4aToro
NPAMOYTOSbHMKA

E.BAKAEB

STOW CTATHE MBI ITPUBE/[EM PA3HBIE
pernieHus Kjaaccuueckol 3azaun 1 mpo aua-
TOHAJTh KJIETYATOTO MPSIMOYTOJIbHUKA. A 3aTeM
MTOKaKeM, KaK JOBOJBHO HEOXKUIAHHBIM 06pa-
30M OHa BCTPeYaeTcs B 337a4aX, B KOTOPBIX HI
0 KaKOM KJIeT4aTOM MPSIMOYTOJIbHUKE PEUN HeT.
Haumnem, KoHeuHo, ¢ Hee caMmoii.
3agava 1. B xuemuamom npamoyzosvHuke
axb nposedena duazonan. a) Croavko na
netl aexum ysaoe cemxu? 6) Ha ckoavko
yacmeil ona 0eqUmcs JUHUSIMU CeMKU?
Hampumep, Ha amaroHaJn MpsSMOYTOJIbHIKA
3X4 Her y3/0B (BEPIIMHBI MPSAMOYTOTBHAKA
MBI HE CYMTAEM ), U OHA JACJUTCS JUHUAMU CETKI
Ha 6 vacreii (puc.1,a). A 11 IPAMOYTOIbHIKA
3x 6 orsersl: 2 u 6 coorserctBenno (puc.1,6).
a) IlepBoe pemenne. Beenem ocu Koopan-
HAT TakK, 4TOObI O/HA U3 BEPHINH HPSIMOYTOJIb-

a) 6)

6)
n (ba) 2
L
(n,m |
X
0) a JacTeii

CNY NN N NN

HO/ (a,b) dacreit

DOI: https://doi.org/10.4213/kvant20190504

HUKa pacloJiarajach B Hauaje KOOPJAMHAT 1 OH
IIEJIMKOM JIeKaJI B IIEPBOii YeTBEPTH, a CTOPOHA
onnoi kaerkn pasusaiaach 1 (puc.1,6). IIps-
Mast, coflepsKamas ANaroHasb, TTPOXOIUT YePe3
HaYa10 KOOP/JMHAT, 3HAYNT, €€ yPABHEHUE MMe-
er BUJ y = kX, a Tak KaK OHa COAEPKUT TOUKY

(b,a), o k =% 1 ypaBHEHUE NPSIMON i = %x )

Ecan ma gmaronanm JIeKHAT 1iesas TOYKa
(n,m), TO, BO-TIEPBBIX, pa3 TOYKAa Ha CaMOW
JWaroHaJu, a He Ha MPOJOJKEHUU, TO
0 < m < a , @ BO-BTOPBIX, TOUKA yIOBJETBOPSIET

YPABHEHWIO MPIMOii, T.e. m = L , OTKyJa
an = bm. b

[l mpoctoTbl pazbepeM cHayasa CJydvaii,
Korga ¢ u b B3auMHO mpocThie yncaa (Kak B
caydae Ha pucynke 1,a). Toraa us Toro, uro bm
JICJTUTCS Ha d, CJIEIyeT, 4To m jaesurcs Ha a. Ho
Takoro ObITh He MOXKeT, Tak Kak 0 < m < a.
3HauuT, KOrja JJIMHBI CTOPOH B3aWMHO IPO-
CTBI, TO Ha [IMATOHAJN HET Y3JIOB.

[lepeiinem x ob6memy caydao. IlycTp
HO/l(a,b)=d, a takke a=dd, b=0bd.
Torna HO/(d,b") =1. Togemnm oGe wactu
ypaBHeHHS an = bm Ha d, IOJy4UM ypaBHEHUE
a'n =b'm. Tenepb MOKHO CI€JaTh BBIBOJ, YTO
pas @ u b’ B3aMMHO IIPOCTBIE, TO M JEJUTCSA HA
d’, T.e. m MOKHO IIPEJCTaBUTh B BUjge m = d't,

/ /7
rae t — unenoe. Torma n= br/n = bai b't.
a
ITomenmm Bce wactn HepaBeHcTBa ) < m < @ Ha
a’ w noayuum, uro 0 < ¢ < d. Jlnsg Kaxaoro
1[eJIOTO ¢ B 9TOM J[HAlla30He YKCJa M U 1 TOXKe
Oy/LyT LEJIBIMU, 3HAYUT, OHU OY/IyT JaBaTh y3eJl
Ha JuaroHau. TakuM o6pasoM, Ha JAMaroHaJIi
HO/I(a,b) -1 y3noB. OHH pPaCIOJOXEHBI B
TouKax ¢ koopiuHatamu (b't,a’t), rne 0 <t <d.

Bropoe pemenue. Ilyctp iiHa quaroHamu
paBua ab (COOTBETCTBEHHO, yiKe He CuUnTaeM,
YTO CTOpPOHA KjaeTkn paHa 1). Beemem xoop-
JMIMHATBI Ha auaroHasn ot 0 B OJ{HOI BepIiHe
1o ab B npyroii. Ilo reopeme Maseca ropuson-
TaJbHbIE JIMHUU CETKU JIeJIAT AvaroHaib Ha d
paBHbIX oTpeskoB (puc.1,2), a 3HaumT, OHM
MEPeCEeKaloT [UAroHajb B TOYKaX C KOOPAWHA-
TaMi, KPaTHbIMU b. AHAJIOTHYHO, BEPTUKAJIb-
HbIE JIMHUY TIEPECEKAIOT AMarOHa/b B TOYKAX C
KOOpJMHATAMU, KPATHBIMU d. Y3€J — 3TO Tie-
peceveHne BEPTHKAJbHOW U TOPU3OHTAJIBHOI
JIMHUH CETKH, TI0ITOMY Ha /IMArOHATH y3JIbl —
9TO TOYKHU C KOOPAMHATAMHU, KPATHBIMU U d W
b, a snaunt, kpatubiMu HOK (@,b). ockoib-

— =
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Ky ab=HO/I(a,b)-HOK(a,b), 10 KO/IIYe-
crBo uncen ot 1 1o ab, kparupix HOK (a,b),
paio HO/[(a,b). Tax kax TOYKa C KO-
OPAIMHATOI ab 3TO KOHEIl JAUArOHAJM, TO, OT-
6pOCHB 3TY TOYKY, TMOJYYUM OTBET
HO/(a,b)-1.

Tperbe penienune. /[okaskeM, 4TO y3JIbl JIEJIST
JIMaroHaib Ha paBHble 4YacTH. BosbMeM jBa
yaga P uw Q Ha [QMaroHaJu W PacCMOTPUM
MapaJuIeIbHBIN MIEPEHOC TLIOCKOCTH, IEPEBO/Is-
il ofuH 13 HuX B Apyroi. Torga npsmas,
coJiepsKaniast JuaroHaslb, mepeiiier B cebst 1 Best
ceTKa rnepeiijier B ce6si. 3HAYUT, U CJIe/YIONHiT
y3eJ1 Ha JHaroHaJin mocJe P repeiijier B cey-
tomuii y3en nocse Q. Takum o6pasom, paccro-
STHUST MEIK/TY COCEJIHUMU Y3JIaMU Ha JINATOHAJIH
OJINHAKOBBIE.

TopusoHTaJIbHbIE JIUHIK CETKU JEJIST [UAr0-
HaJIb Ha d PaBHBIX OTPE3KOB. Y 3JIbI CETKH TOXKE
JIeJIAT JIHaroHajib Ha HEeCKOJIbKO PaBHBIX Yac-
Telt, o603HaunM 310 KosmuectBo k. Ilpu artom
KQXK/IbII y3eJ JIEKUT M Ha TOPU3OHTAJIbHOI
JIMHUKM CETKM. 3HAuYuT, KayKAbIH U3 Rk paBHBIX
OTPE3KOB, Ha KOTOPbBIE JAMaroHa/ b pa3éuBaeTCs
y3JIaMHU, JIeJINTCST HA PaBHbIE YACTH TOPU3OH-
TATBHBIMA JTMHUSIME U BCETO YacTell MoJTydaeT-
cst a. lloaromy a nesntcst Ha k. Ananoruuto, b
pemuress wa k. Caenosarenbno, HOJl(a,b)
jeautcs Ha k. IIpu aToM ecsin pa36uTh AHaro-
wamb #Ha HO/[(a,b) paBHbIX uacreil, T0 B
KayK/[yl0 4acTb IOMAJET 1eJI0e KOJHYECTBO OT-
PE3KOB, BBICEKAEMBIX TOPU30HTATBHBIMU JINHU-
AMH — BeJb MX KOJUYECTBO d JAEJUTCS Ha
HO/l(a,b) (puc.1,0). To ke BepHO U IPO
BEPTUKAJIbHBIC JIMHUM. 3HAYUT, Y3JIbI JIEJIST
puaronanb Ha k = HOJl(a,b) uacreii, a y3nos
Ha Hel HOﬂ(a,b)—1 .

6) Pemenue. /[MaroHasb JAeJUTCS HA d PaB-
HBIX OTPE3KOB @ — 1 TOPUBOHTAIBHBIMU JIMHH-
SIMH CeTKM ¥ Ha b paBHBIX OTPe3KoB b — 1
BEPTHKAJbHBIMU JINHUSIME CeTKU. Bceero xoJm-
YeCTBO JIMHUN CETKH, MepeceKaronux JrHaro-
HaJb, paBHO @ + b — 2. Ecain Gbl OHNI Bee 1iepe-
CEeKaJIH JIMarOHAJIb B PA3HBIX TOYKAX, TO TOUYEK
nepecedeHust 66110 6bI @ + b — 2, HO HEKOTOPbIE
TOYKH [IepeceueHns MOTYyT coBnajarh. Kosmye-
CTBO MMEHHO TaKMX TOYEK MBI U MMOCUNTAIN B
nynkte a) — ux HOJ/[(a,b)—1. 3uaunr, pas-
JINYHBIX TOYEK TEePECEeUCHUsT
(a+b-2)-(HOM(a,b)-1)=

=a+b-HO/(a,b)-1.

KosnmuectBo OTPE3KOB, Ha KOTOPbIE AraroHaJjib
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6beTcs 3TUMU ToyKaMu, Ha 1 60JbIne Kosmde-
CcTBa ToUeK, moatoMy paso @ +b —HO/l(a,b).

Curenyrouryto 3amady Impoiie pemarh 6e3
NpUBJIEYEHUS IpsAMoyroibHuka (momymaiire,
kax). Ho umHTepecHo M HallTW B Hell CBA3b C
MepBoil 3a/1a4eil.

3amava 2. [oxaxume, umo cpedu uucen
E9.23.2 v.2% posno HO/I(a,b) ue-
2 b b b
JbLX quUce.

Pemenne. PaccMoTpuM Takoil ske mpsMOy-
roJbHUK a X b , Kak B 3agade 1. Ero nuaronasnb

. a a
JEeKUT Ha mpsimoil ¥ = —x . Toukum |1, —|,
b b
a a a
22.-=1,133-=1, ..., | b,b-— | asastorcs
b b b
TOYKaMU TI€PECEUEHUsT [UATOHAJIN 3TOTO MPSi-
MOYTOJIbHUKA C Bep-
Yy P~ yA (b,a)
TUKAJIbHBIMU JINHU- »

amu cetkn (puc.2).
3HAYUT, KOTUYECTBO
IEJIBIX YHCEJT CPe/n
[EepPEeYNCAEHHBIX B

YCJIOBUM PaBHO KO- e
JWYECTBY Y3JIOB Ha  Puc 2
nuaronanaun. Ilpu

a
9TOM IIOoCJe/JHAA TOUYKa b, b- Z COBIIQ/Ia€T C

BEpIIMHON TpsAMOyToJbHIKA. [loaToMy Ko-
JIMYECTBO ToJiyyaercss Ha 1 Gouibllie, 4eM B
safaue 1a, t.e. HO/(a,b).

YacrHblil cayyail caenyloneil 3ajaun HeJlaB-
Ho npejnarasnca Ha XLI Typuupe JIomonocosa
(nna M = 8).

3azxaua 3. B dome NM smaxet. B nodseszoe
dsa ugma, 6 KAK00M U3 KOMOPHIX KHONKU
pacnonoxenvl ¢ 6ude npsamoyzorvnuxa N x M
(N cmpox, M cmoa61y08), 1o nponymeposans.
nO-paA3HOMY: 6 0OHOM <CAe8d HANPABO, CHU3Y
86epx», a 6 OpYzoM <«CHU3Y BBEPX, Clesd
nanpasos (npumep oas N =7, M = 4 npuseden
na pucynxe 3,a). Jauws naxumaem xHonxy
€680€20 IMAXKA, He 2105 HA HYMepauuio, no-
momy wmo 3ma KHONKA 6 00oux augmax
pacnonoxena na 00HoM u mom e mecme. Ha
Kaxom amaxe on moxem xumv? (Hanpumep,
oras N =7, M =4 omsem: 1, 10, 19 u 28).
Tpebyemcs evipazumo 6ce 03MOKHbIE GAPU-
anmot omeema uepe3 N u M.

Pemenue. Bsenem cucreMmy KoopaMHAT, Kak
MoKa3aHo Ha pucynke 3,6. Torma meHTpbl KHO-
MoK OyJlyT MMETb IleJible KOOP/MHATBI, T.€.
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O6ynyT yanamu cetku. IlycTb IIeHTp KHONKH
pacniosioxken B Touke (¥,7). Bbipasum Homep
KHOTIKI Yepe3 KOOP/UHATHI ee TeHTpa (B KaskK-
JIoil U3 IByX HyMepaiii). B nepsoii Hymepa-
IIIH 9TAK YBEJIMUNBaeTCA Ha | IpM yBeTmIeHun
KoopanHatel X Ha 1 m Ha M — 1pn yBeJIMYeHNn
y Ha 1. 3Hauur, HOMEP KHOIKU B IEPBOM
nymeparmu 6yzaer 1 +x + My. Homep kHOTIKH,
PACIIOJIOKEHHOI B TOM JXe MecTe, BO BTOPOi
Hymepaiu Oyzer, ananoruyto, 1 + Nx + y.
[log sraxka Jlanm a1 HOMepa coBmagaor: 1 +
+x+ My=1+ Nx+y. Torna yzN—_1x,
) M1
a 3TO ypaBHEHHE TPSIMOH, COeANHSIONICH 1eHT-
Pbl JIeBOI HUZKHEH 1 TTpaBOil BepXHEH KHOIOK.
3HAYNT, OTBETAMU SIBJISTIOTCS BCE Y3JIbl, JIesKa-
TIHe Ha 9TOH AnaroHaan! A Kak OTBeT BbIpaxka-
ercst uepe3 CTOPOHbBI IPAMOYTOJibHUKA (B HaH-
HoM cayuae N — 1 u M — 1), yxke 06CysKAan0Ch
B penieHnn 3ajaun 1.

MHorne 3aa4n 1Ipo MPSIMOYTOJIbHbIE OUJTb-
SAPJABI CBOJATCS K 33jadaM IIPO KJETYaTyIo
TIJIOCKOCTD. JTO BU/IHO Ha TPHUMepe CIIeAyIomeit
3a/1a4M, KOTOpas Mo CyTH CBOANTCA K 3aj1a4e 1.

3agaua 4. B xeadpamuom Ounvsipoe co
cmoponotl 1, 6 yzaax KoOmopozo HAX00smcs
AY3bl, U3 J1e6020 HUKHE20 Y2]ld 6bINYCMUIU
wap (puc.4,a). Cuavaia on yoapuics o npa-
8Y10 CMENHKY, NYcmv OAUHA OMpe3Kd, omme-
uennozo na pucynxe, pasua r. Illap npodon-
JKaem Jemamv, Ompaxasco om cmenox, noxd
ne nonadem 6 ay3y (<yzon nadenus» pasen
<yeny ompaxenusi»). Ipu kaxux r wap nona-
dem 6 aysy, a npu xaxux Gydem Jjemamo
becxoneuno? Ecau wap nonadem 6 ay3y, mo
Kaxyio?

Pemenne. Kak u Bo MHOTMX 3aj[auax Ipo
GUIIBAP/IBI, 3/IECH TIOMOYKET <BBIIPSIMJICHUE>
TPAEKTOPHH IHapa.

Orpasum KBaJpar OTHOCUTETBHO CTOPOHBI, O
KOTOPYIO YAIAPHUJICS AP, BMECTE ¢ TPACKTOPHU-
eit mapa (puc.4,6). Torma aBa OTpe3Ka Tpaek-

a)
6)
—
Jr P
1
8) 4 D
yA (b,a)
+—o o
*— L
Auéc >
Puc. 4

TOPUM BBICTPOATCS B OJUH OTPE30K. 3aTeM
OTPa3NM TOTyUeHHBIH KBAJpPaT OTHOCHTEIHbHO
caeayIomell CTOPOHDBI, O KOTOPYIO YAApHUTCS
KBaJ[par, 1 T.J. BepummHbl KBagpaToB Gynem
OTMEYaTh YeTbIPbMsI PA3HBIMU I[BETAMU, YTOODI
ObLJIO SICHO, KAaK OHU JPYT JAPYTY COOTBETCTBY-
10T. Bce moJrydeHHbIe IpH OTPaKEHNsIX KBajipa-
TBl GyAyT 4YacTblo OECKOHEYHOI KBa/lpaTHOM
cetkd, (pparMeHT KOTOPOH M300PasKeH Ha pu-
CyHKe 4,8, TOTOMYy 4YTO B Hell Jio6ble [Ba
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cocesiHuX KBajpata (1 packpacka UX BEpIIWH)
CUMMETPUYHBI OTHOCUTEIBHO UX OOIIIEl CTOPO-
upr. (Packpacka nepuoinaHasi, u moBTOPSIETCST
B Hell oguH (pparment 2x2.)

Taxum 06pa3oM, MbI «BBITPSIMUJII> TPAEKTO-
pUI0O — OHA CTajla JIy4yoM, NPOXOJSAIIM IO
KJIeTYaTOl IJIOCKOCTH. BBeseM KOoOpAnHATBI
Tak, 4TOObI HAyaao Jyda pacloJaraaoch B
Havaje KOOPAWHAT M NCXOAHDIN KBaJpaT IeJIH-
KOM JieXKaJl B TIepBON 4eTBEepPTH. Y paBHEHUE
MIPsIMOIi, Ha KOTOPOIl JIEKUT 3TOT JIYY, ¥ = FX.
Ecmn ator siyu mpoitjier yepe3 Kakoi-To yseu

a
(b, @), To aTO O3Hawaer, uro ¥ =—, T.C. ¥

b ’
paronasbHO. BepHo n o6paTHOe: ec/in ¥ paru-

a
OHAJIbHO M PAaBHO /po6U T, TO JIy4 HPOMHJET

sepes ysen (b, @) . VTtak, uiap nomnajer B ysy

TOT/Ia U TOJIBKO TOT/Ia, KOTJa 7 PAIlIOHAJIbHO.
Ecim r mpeacraBigercss B BHU/E HECOKPATH-
o a o

MOt 1po6u Kak — , To (b, @) 310 NEpBbIii y3eu,

b

yepes KOTOprfI HpOﬁLIGT JIy4d, HOTOMY 4YTO IIO

satave 1 npu HO/[(a, b) =1 ma puaronanu
MPSIMOYTOJIbHUKA d X b y370B Her. UToObI OT-
BETUTD HA BOIIPOC, B KAKYIO JIy3y TIONAJIET 1ap,
HA/I0 TIOCMOTpeTh Ha 1BeT y3na (b, a) B pac-
Kpacke Ha pucyHke 4,6. Ilpn nedernoix a u b
map npujer B Jsysy C, Tpu YETHOM da WH
HeyeTHOM b — B Jiy3y D, 1IpU HEYETHOM d U
yetHoM b — B sy3y B. Koopaunarot @ u b ne
MOTYT ObITb YETHBIMH OJHOBPEMEHHO, MOTOMY

a
41O TOr/a Jpo6b T~ Oblaa Obl COKPATUMOIL,

b
TMO9TOMY CUTYaIlNs, KOT/Ia Tap TOMA/IET B Iy3Y
A, HEBO3MOJKHA.

Tlocsnenuue aBe 3amaum ATON cTaTbu HaAnMOO-
Jiee Tpyauble. Vles paccMOTpeTb PsIMOYTOJIb-
HUK B HUX HE JIE)KUT Ha MMOBEPXHOCTH, HO JAeT
CYTIECTBEHHYIO TIOMOIIb TP PEIICHIH.

3amgaya 5 (XIII Bcecorosnas oamMmnuaja,
1979 r.). Hamyparvuwvie wucia a u b esaummno
npocmot. Ompesox [0;1] paséum na a + b
odunaxosvlx ompesxos. Joxaxume, umo 6
KAXKO0M U3 IMUX OMPEIKO8, KPOMe 08YX KPail-
HUX, Jexum poerno o0Ho u3 a + b — 2 uucen

12 a-11 2 b-1

ST YT
Pemenne. O/Ha cepust TOUYEK JEJUT OTPE3OK
Ha @ PaBHBIX vacTeii, a Apyras Ha b — Tak e,

Kak B riepBoii 3asaue! Torma cHoBa paccMoTpum
MIPSIMOYTOJIbHUK @ X b . Ecjm Ha ero [uaronasm
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BBECTH KOOPJMHATHI C HYJIEM B OJHOM KOHIlE
JINATOHAJIN U C e/IMHUIIEN B IPYTOM, TO YNCJIA U3
ycJioBus Oy IyT KOOpAUHATAMHE TOYEK Iiepecede-
HUS INATOHAJIM C JIMHUSIMU CETKH.

[Toitmem, kax moJrydaercst pasbueHne anaro-
HaJM Ha @ + b OMHAKOBLIX OTpe3KoB. Cymma
a + b 3TO KOJIMYECTBO €[IMHUYHBIX OTPE3KOB
ceTku B croponax AB n BC Bmecre. IIpoamnm
cTopony AB Ha amm-

K ny BC po touku K
' (puc. 5,a). ITo Teope-
.y Me Daseca, ec/iu Ipsi-
@ e, napaJijiebHble
L
5KNC 6)
B
as
A
Puc. 5

CK, pensr cropony AK na a + b paBHBIX
yacTeil, To oHu nojeadar u cropony AC Ha
a + b pasubix uvacreit. Tpeyrosbuuk BCK
TIPSIMOYTOJIBHBIN M paBHOOEPEHHDIH, 3HAYNT,
JUAroOHAIN KJETOK TapaJienbpubl CK. Takum
06pa3oM, JAMArOHAJIN KJIETOK JeJIST AUaroHasb
AC Ha a + b paBHBIX yacreii.

Ocranoch 1oHATh, noyemy Ha AC Mexay
JIBYMsI COCETHIIMU JMArOHAISIMHI KJIETOK POBHO

OJINH y3ell.
Bcero mpsiMbix, Ha KOTOPBIX JIEKAT UATO-
HaJIU KJETOK, ¢ + b — 1, 3HauuT, MeXIy

HuMu @ +b — 2 nosioc. OTpe3Kku CeTKU BHYT-
pu TOJIOCH 06PA3yIOT <«JIECEHKY», KOTOpas
UAeT OT OJHOTO Kpas TPSIMOYTOJbHUKA 10
Apyroro u rnepecekaetr guaronanb AC
(puc.5,6). Takum 06pa3oM, B Kax/I0MH MoJoce
€CTb 110 OJIHON TOUKe IepeceueHus: JUHUM ceT-
KU ¢ AuaroHaJbio. Bcero takux touek ¢ + b —
— 2 — CTOJIbKO K€, CKOJIbKO II0JIOC. Y COCell-
HUX <JIECEHOK» €CTb OOI[1e TOYKH, HO TOJbKO
B y3JIaX CEeTKH, a 110 3ajaue 1 ecJu CTOPOHbI
MPSIMOYTOJIBHUKA B3aMMHO MPOCTBI, TO JHATO-
HaJb uYepe3 HUX He mpoxoaut. I[loatomy B
Ka’K/I0i T0JI0Ce POBHO TIO OJ[HOW TOYKE, YTO
MbI ¥ XOTEJHU J0Ka3aTh.

3amava 6. [anvt neuemmvie 63aumno npo-
cmole uucaa m u n. Ha ompesxe Odaunvt 1
OMMeMUIU MOUKU, Oeasuue ez0 Ha M PASHHIX
OMPe3K0s, a maxxe mouxu, deisujue ezo0 Ha
n pasnvix ompeskos. Yacmu, na xomopwie
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Imu mouKu pazdouu ompesox, NOKPAcuUIU 8
KPACHuIll U CUHULL Usema 6 WAXMAMHOM No-
padxe. Joxaxume, ¥mo paznocmv cymm Oaun
KPACHBIX OMPE3K08 U OJUH CUHUX OMPE3K08

pasua L

Ha pucynke 6,a moxasan nmpumep ajas m = 3,
n=>,.

Pemenune. PaccMoTpuM KyeTUaThIil KBapaT
co croponoii mn. Pazo6beM ero mpsMbIMH Ha
NPAMOYTOIBHUKU M X1 (B KOTOPBIX 1 CTPOK
u n cro1610B). TopusoHTaNbHbIE IIPSAMbBIE Pa3-
6WBATOT IMATOHAJb HA N PaBHBIX YacTei, a
BeprTukasbibie — Ha m (Ha pucynke 6,6 npu-
BefleH mpuMep aas m = 3, n = 5). Takum
o6pa3oM, [uaroHasb pa3bUBaeTCs HA YacTH
TaK JKe, KaK OTPe3oK 3 ycJjoBus. [lokpacum
YacTU [MArOHAJTM B IIAXMAaTHOM TIOPSIIKE B
KpacHblil 1 cuHuil usera. [lanee ompesxamu
6yZieM Ha3bIBaTh TOJIBKO M7 OTPE3KOB JHaro-
HAJIH, SBJISIONINECS ANATOHAISAMHI KJIETOK. [
pellieHns 33/[aui HAJ0 J0Ka3aTh, YTO KOJMYe-
CTBO KPACHBIX OTPE3KOB OTJIMYAECTCS OT KOJIHU-
YecTBa CHHUX OTPE3KOB Ha 1.

Boi6epem oiH 13 TPSAMOYTOJIBHUKOB M X N 1
TapaJsIes bHO CABIHEM Ha HETO OCTaJbHBIE TTPS-
MoyrosbHukn (cM. mpuMep Ha pucyHke 6,6).

Jlokaskem Tpu yrtBepskaenus. 1) Ilpu atom
repeHoce HUKAKON OTPe30K He HAJTOXKUJICS Ha
apyroit. 2) Kax/as KJaeTka 3aHATa OTPE3KOM.

a) 1/3 1/3 1/3

s 15 15 15 15
r———o — 06— —— 00— — 00—

1 2 t 1 1 2 1

5 1315 5 1315 5

1 o) (2 1 .2)_1

(5*1#*15*5) 1575 "15) 715
6)

6) 2)
) t+1
—
‘

Puc. 6

3) Ecun pacKkpacutb KJIETKH IPAMOYTOJbHU-
Ka mXn B IMaXMaTHOM TIOPSIZIKE, TO KPacHbIE
oTpe3Kn Oy/lyT JIeKaTh B KJIETKAaX OJ[HOTO IBe-
Ta, a cuHUe — B KJaeTKaxX Apyroro (cMm. mpu-
Mep Ha pucyHKe 6,2).

1) JlokaxkeM, 4TO IpPU INEPEHOCE HUKAKOM
OTPE30K He HaJoXuJcs Ha apyroii. [Iponyme-
pyeM Bce OTpE3KH B TOM TOPS/KE, B KaKOM
OHM TIJIN B INATOHAJIN KBAJ[PaTa CO CTOPOHOM
mn. PaccMOTpUM KaKoi-TO U3 3TUX OTPE3KOB
c HOMepoM t > 1 Tiocsie mepeHoca ero B Ipsi-
MOYTOJBHUK 7 X 7 . 3aMETHM, YTO TI0 €ro To-
JIO’KEHWTO OTHO3HAYHO BOCCTAHABJIMBACTCS TIO-
Joxxenne orpeska HoMep ¢ — 1. Ilpeamomoxmm,
YTO /Ba OTpe3ka ¢ HoMepamu t>1 m s>1
coBnasiu. Torpa coBmasu U TPEAbIAYIIHE OT-
pe3ku t —1 u s — 1. [Ipumenus ato paccy:x/e-
HUE HECKOJBKO pa3, YMEHBINUM OJWH U3 3TUX
HOMEPOB 10 1 W MoJyuynM, 4TO KaKoi-TO oTpe-
30K © COBMA/AET C OTpe3KoM 1. A aTo 3HAYmWT,
YTO Ha TpaHuile OTpe3koB v —1 W v amaro-
HaJIb KBaJ[paTa mn MPOXOIUT Yepe3 y3esa Ha-
PUCOBAaHHON HaMW CETKH W3 MPSMOYTOJbHU-
KOB M X n.

JlokaskeM, YTO Ha [UArOHAJN KBaJpara He
MOXXeT OBITh TaKWX y3J0B. Ecam c:xaTb KBaJ-
paT B 1 pa3 MO TOPU3OHTATIHN U 3aTeM B M pa3
[0 BEPTUKAJU, TO STYEHKH CETKU MPUMYT Pas-
Mep 1x1, a cam KBagpar craHeT MPSMOYTOJIb-
HukoM nxm . Ilo 3amaye 1, pas3 m u n B3a-
UMHO TPOCTBI, TO [AWArOHATb HE TPOXOIUT
yepe3 y3Jbl CeTKM, a 3HAUNT, OHA HE MPOXO-
JIIJIa Yepe3 Y3Jbl CeTKU U3 MPSAMOYTOJbHIKOB
mxXn wu po atux cxatuii. IIporuBopeune.
Wraxk, yrBepskaenHue 1 qokasaHo.

2) JlokaxkeM, 4TO Kaskiasd KJeETKa 3aHATa
oTpeskoM. Bcero oTpeskoB mmn, YTO PaBHO
KOJIMYECTBY KJIETOK MPSMOYTOJbHUKA M X7 ,
B KOTOPBII 3TH OTpe3Ku mepeHecyauchb. Ilpn
9TOM HUKAKHUe /[BA OTPe3Ka He TONaTl B OJHY
KJIETKY, KaK [OKa3aHO B TIEPBOM YTBeEp:Kie-
HUW. 3HAYUT, B KAK/JOU KJETKE TI0 OTPE3KY U
MyCTBIX KJIETOK HET.

3) ITokaskeM, 4TO €CJIM PACKPACUTDH KJETKH
[PSIMOYTOJIBHUKA M X 71 B MIAXMATHOM MOPSI/I-
ke (B Gesblil M 4epHbI 1[BETa), TO KpaCHbIE
OTpe3Kku GYAYT JeKaTh B KJIETKAX OIHOTO I[Be-
Ta, a CHHWE — B KJIETKaxX JApyroro. PaccMoT-
PHUM KaKOii-TO OTPE30K C HOMEPOM ¢, MyCTh OH
cuanii. Ecam oTpe3ok ¢ HOMepoM t + 1 TOTO
JKe IIBeTa, TO TIOCJe MepeHoca OHM OKaXKYTCS
B COCEJHUX II0 [UATOHAJU KJETKAX, KOTOPbIE
TaK)Ke OJHOTO I[BETA.
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Ecim ke oTpe3knm pasHOro IiBeTa, TO WX
paszesiseT JUHNS CEeTKH — JOMyCTHM, TOPH-
soHTanbHasg (cM. mpuMep Ha pucynke 6,0).
Torpa orpe3ok ¢ HOMEPOM t HEPEMECTHUJICS B
BEPXHIOI0 CTPOKY MPSMOYTOJbHUKA m X7, a
0Tpe3ok ¢ + 1 — B HUIXKHIOIO, HO B CJIEAYIONINIA
cros6err. CTOPOHDI IPSMOYTOJBHIKA 71 X 12 He-
YeTHDbIE, TI09TOMY BEPXHSS CTPOKA pacKparre-
Ha TaK ’Ke, KaK HIDKHISA. A 3HAYUT, OTPE3KNU C
HoMepamu t u t + 1 6yJyT pasHOro IBerta.

Wrak, cocemaHme OTPE3KU OJHOTO IIBETA
Mepexo/IT Ha KJIETKH OJHOTO IIBEeTa, a COCEe/l-
HU€e OTPE3KM Pa3HOro IBeTa — Ha KJETKU pas-
HBIX T[BETOB. 3HAUUT, BCe KpAaCHbIE OTPE3KH
JIe)KaT B KJIETKaxX OJHOTO IBeTa, a CUHHE — B
KJIETKaX JIPyroro.

Y npsMoyrosbHUKA X7 CTOPOHBI HEYeT-
HbIe, MO3TOMY KOJMYECTBO YEPHBIX U GEJBIX
KJIETOK B NIAXMaTHOH pacKpacKe OTJUYAeTCs
Ha 1. Torma u KOJIMYECTBO CMHUX W KPACHBIX
OTPEe3KOB oT/inyaercss Ha 1, 4uro u TpeboBa-
JIOCh JI0Ka3aTh.

3aaum AJI CAaMOCTOSITEJIbHOTO peuieHust

1. Kak BbI iymaere, 1ovYeMy BEPIIHHBI KBAJPATOB
CEeTKM HAa3bIBAIOT y3JaMu?

2. Ckoabko yuces ot 1 go 300 mendarcd va 5 uian
Ha 6?

3. CkoubKo u3 uucesn a, 2a, 3d, ..
Ha b?

4 (x 3amaue 4). CKOJIbKO pa3 map yaaputcst O
creHky AB 10 nonajianus B J1y3y?

., ba nenarca
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5 (x samaue 4). Ilomazer Jm mwap B Jy3y, €cam
BBIIIYCTUTD €r0 U3 BepHInHbl 1o/ yriaom 30° K cTopo-
He KBajpara?

6. /lan mpsAMOYTOJIBHBII 6GUIbSPA cO cTopoHamH 1
n x/f N3 ero yrma mox yriaom 45° K cropone
Boimmyien map. I[lomazer au oH Korma-HuOyab B
Jny3y?

7. B npsaMoyrosibHOM OUIIbSID/IE Pa3MEPOM p X 2 ,
rjle p U ¢ — HeYeTHbIe UNCJA, CJEJaHbl JTy3bl B
Kak/IOM YIJIy W B CepefinHe KaXX/I0W CTOPOHBI [IJIH-
Hbl 2¢g. V13 yryia BbIIyIIEH IApUK 07 yriaoMm 45°
K cropoHe. Jlokaxure, 4TO IMAPHUK O0OGS3aTETHHO
MOTIA/IET B OJHY M3 CPEIHUX JIY3.

8. IMapasuienenunes aXxbxc pasbur Ha eau-
Huunble KyOumku. CKOJBKO TOYEK Ha JuUaroHa-
JIN TapaJiiesienune/a SBJISIOTCS BEPITMHAMH KyOT-
KOB?

9 (J[.MomuH, mpuMep K YTBEPKAEHUIO 3aaun
M1232). Xosgiika ncneksa A rocreil mmpor. 3a
CTOJIOM MOJKET OKa3aThbCst JHOO p 4es0BeK, JH00 (.
[lokaskuTe, 4TO XO3sIiiKa MOKET 3apaHee pa3pesaTb
mpor Ha p+¢q—-HO/(p, ) KyckoB Tak, 4TOODLI
B JOOOM CJydae ero MOKHO ObLIO pasjgarh Mo-
pOBHY.

10 (A.Toumbiro, ycrupii Typ TypHupa ropoios,
2016 r.). IIpsaMoOyroJbHUK pXq, The p, g — HATy-
pasibHble B3aUMHO IIPOCTbIE 4HCIa, p < ¢, pasbut
Ha eJWHWYHBIC KBaJIpaTuku. VI3 seBoro HMKHETO
yrJIa IpsIMOYTOJIbHUKA B €TO TIPABbIil BEPXHUIN yTOJI
mpoBesieHa auaronanb. OHa OTCeKaeT TPeyroJbHIU-
KI OT HEKOTOPBbIX KBagparnkoB. Haiiaure cymmap-
HBIIl TEPUMETP BCEX ITHX TPEYTOJbHUKOB.

NTOMM KOHKYPCA MMEHU A.N.CABUHA 2018/19 YYEBHOIO rogA

NMOBEAUTENN
Jlyummx pe3yabTaToB JOGUINCH HIKOJBHUKU:

bupioaun Anexceir — Mocksa, KypuaroBckas
mKoJa, 6 K.,

Apenuesa Mapus — Bonrapus, Codust, Coduii-
CKag MareMaruyeckas rUMHasns, 7 KJI.

1 KOMaHja MaTeMaTmueckoil rpymmel lleHTpa

«Ycnex» 'aT4nHCKOro MyHUIUIIAIBHOTO paifoHa

Jlenunrpajckoii o6mactu (pykosojuresns Ilas-

nos Cepreii IlaBmosuy):

Mamouunckas Bapeapa — T'artunna, mueit 3,
7 K.,
Tiwoxoe /lanuun — Ilpuropognas mrkosa, 8 K.,
Eponun Banepuii — Cusepckas TuMHasus, 8 KJI.,
/3106a Cepeeii — Taruuna, jguneit 3, 8 ki.,
Kawenxo IOaus — Tarunna, munei 3, 9 ki,
Kyosaxos Maxap — Taruuna, auneii 3, 8 k.,
Epemeee Cemén — I'aruuna, suneit 3, 9 k1.

MPU3EPHI

JKiopn KOHKypca TakyKe OTMedyaeT XOpOIIue
paboThI CJAEIYIONNX IKOJIbHIKOB:

Kononnes Maxcum — Mocka, mkoaa 1329,
8 ki,

Kpeasuu Adpuan — Bemuxko6puranus, JlowHmoH,
YuMOIIOHCKUHA KOJLIEK, 8 KII.,

Junnux Enena — Yxpanna, Xappkos, XYBK 45
«Axajiemuyeckas rumuasus», 10 k.,

Canauee Hean — Mocksa, mkona 1583, 3 kur.

Mo3ppasnsem!

MobegntensMm 1 npusepam OyayT BbICNaHbI
ONNIOMbI XXypHana «KBaHT» 1 Mpuv3bl OT U3fa-
TenbctBa MUHMO.

Kpome Toro, npm3bl Takxe nonyyat Hanmbonee
aKTVIBHblE YYaCTHWKM KOHKYpCa.



IprHUMN
cynepno3numm B
3NeKTpocTaTmKe

C.KPIOKOB

PUHIINII CYIIEPITO3UINN SJJEKTPNYEC-
4eCKUX TOoJeld (DOPMYyJUPYETcss CIAeayio-
M 06pa3oM:

Duexmpuueckoe noae 08Yx Ul HECKOJb-
KUX moueunvlx 3aps0os 6 a000t mouke npo-
CMpancmed paeHo 2eoMempuueckoll cymme
noJetl, co30dAedemvix 6 Mol MouKe KdKObiMm
sapsidom ¢ omdeavnocmu (m.e. xK0zda ocmaniy-
Hvle 3apadol yempanenl).

ImaBHOE cojiepsKaHWe 9TOro IPHHIUIA CO-
CTOUT HE B TOM, YTO IIOJIS CKJIAbIBAIOTC, KaK
BEKTOPDI, & B TOM, UTO OHU He UCKAKANMCS
MPUCYTCTBUEM [PYTHX 3aps/OB, TPHUEM He
MCKAKAIOTCS TIOJIST 1MOJILKO MOUCUHDIY 3aAPSi-
dog. HeTpyiHO TIPUBECTH TIPUMEP, KOT/A TIOJIsI
PA3JINYHBIX HMCTOYHUKOB BEKTOPHO CYMMUPY-
10TCST, HO TIPUHIUIT CYTIEPTIO3UIIMU HE BBIOJI-
Hstercsi. Ecim B3siTh, CKaskeM, [Ba 3apsiia,
PACIIOJIOKEHHBIX Ha IPOBOJHUKAX, W HAWTH
nojse B J000H TOuke HMOOIM30CTU, TO OHO
6y/ZieT BEKTOPHOW CYMMOIl TIOJIell, CO3JaHHbBIX
Ka)K/[bIM 3aPsi/IOM, OJIHAKO MPUHIUIT CYepIo-
3UIMK 3/1eCh, KOHEYHO, He CripaBesinB. 13-3a
HETOYEYHOCTH MCTOYHUKOB 34 CUYET 3JIEKTPH3a-
[UH 4Yepe3 BJUSHUE PaCIpeieIeHIs 3aps/I0B
Ha MOBEPXHOCTU MPOBOIHUKOB U3MEHSTCS, W
OoHHU OYJIyT CO3/IaBaTh M0JisI, OTJHYHbIE OT TEX,
KOTOPbIe co3/aBaiu Gbl, Oy/y4u yeJnHeHHbI-
Mu. TakuM 00pasoM, CJIOKATCS UCKAKEHHbLE
MOJIsT, T.e. TpeGOBAHWS MPUHIINATIA CYTEPIIO3N-
1u Gy/IyT HApPYIIEHbI.

K cosxasenuio, yuaruecs: 1ajeko He Bcerja
MPABUJIBHO TIOHUMAIOT TY TJIABHYIO YacTh CO-
JlepsKaHus IpuHIUIa. Bojiee Toro, mopoi u B
yueGHOl suteparype npu o6cyskaenun (BIoJ-
He KOPPEKTHOM) MPOLEAYPbI CI0MKEHUST HJIEK-
TPUYECKUX TIOJIECil YIOP JlejlaeTcsi UMEHHO Ha
BEKTOPHBII XapaKkTep HTOTO CJOKEHUS U MPH
OKOHYATEJbHOI (DOPMYINPOBKE MPUHIIUIIA CY-

DOI: https://doi.org/10.4213/kvant20190505

HEpIIO3UINKE BOIIPOC O HE3aBUCUMOCTU CKJIa-
JIBIBACMBIX II0JICH JIpyT OT JIpyra IIPOCTO OC-
tapasgercss B cropone (cm., mampumep, [1],
c.51).

B a10ii cTatbe Ha psifie TTPUMEPOB UJLTIOCT-
pHUpYyeTcsl IpUMEHEHHE TPUHIIUIA CYIepIIO3u-
MK B aJeKTpocTaTuke. EcrectBenHo, mo6ast
9JIEKTPOCTATHYECKAS 3a/laya MOKET ObITh pe-
meHa OONIMMM METO/aMH, OCHOBAaHHDBIMH HA
CBOICTBAX KyJIOHOBCKUX TIOJIEl U cHCTEME OC-
HOBHBIX ypaBHeHHUil asmexTpocratuku. Ho 1mo-
pOil ATH PpelleHNsT OKA3bIBAIOTCS BECbMa TPO-
MozzakuMu. OJIHAKO ecjin 33JaHHYIO B 3ajadye
CHCTEMY 3aps/IOB yJAeTCs IPEJCTABUTD B BUJIC
HaJIOXKeHUs 6oJiee TIPOCTBIX IOJICHCTEM, He UC-
Kaxxarwux opyz opyzd, TO PeIeHne CI0KHON
3314l CBOJUTCS K HAJOKEHWIO PEIeHuii 60-
Jiee TIPOCTBIX, MHOT/IA JIa’Ke XOPOIIO H3BECT-
HBIX. OTO IO3BOJISIET HE TOJbBKO OBICTPO MU
kpacuBo (IIOPOii YCTHO) MOJYYUTH OTBET, HO U
ropasjio HarjsijiHee TPEJCTaBUTh CTPYKTYPY
BO306Y’K/[AeMbIX JIAHHON CHCTEMOIl 3apsi/IoB 10-
geii. Ilpm aTOM upe3BbIYAITHO Ba’KHO ObIThH
YBEPEHHDBIM B TOM, YTO Hail/leHHbIE MOJCHCTE-
MBI 3apsiJIOB JICHCTBUTEIBHO HE MCKA3AT J[PYT
Jpyra M pelleHns M0/3a/a4 MOKHO IIPOCTO
HaKJIaJbIBaTh. B 3TOM OCHOBHas TPYAHOCTDb
UCIIOJIb30BAHUS JJAHHOTO METO/Ia, KOTopast 1o-
pOI IPUBOJUT K OIMUGKAM.

PaccMoTpM Tenepb HEKOTOPbIE KOHKPETHDIE
3a/laui, TOJJIAIONINECS PEIICHNI0 YKA3aHHDBIM
METOJIOM.

3anava 1. [[enmp nposodswezo wapa padu-
ycom a, uecywezo 3apsd Q, Haxodumcs Ha
paccmosiuu R om moueunozo sapsoa q. Haii-
Jume nomenyuan ¢ wapa, ecau a u R cpasnu-
Mol Opye ¢ dpyzom (a < R).

Pemenne. [Tockosmbky o6beM Iapa aKBUTIO-
TeHIAJIEH, JI0CTATOYHO HAWTHU MOTEHIMA Ka-
KOU-n60 €ro TOYKHM, Harmpumep menrpa. s
9TOro pasobbeM 3apsii mapa Q Ha Majble
pJieMeHTbl (TOUYEUHbIE 3apsi/ibl) U MPUMEHUM
o6111y10 (hopMy.Ty /ISl TOTEHIAA, CO3AHHOTO
IIPOM3BOJIBHBIM paclipejieJieHneM 3apsijia B
JM060i Touke 1ot M:

w(M)=k§}%,

te k=——=9.10° ex. CH, Ag; — it
4me,

TOUEYHBIi 3apA/, a 7; — PACCTOAHUE OT Hero J10
uccsesyemMoil Touku nosd. B namem caydae
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q
O

Puc. 1

(puc.1) ams 3apsapoB Ag; Ha mape Bce paccTo-
SHUS OIMHAKOBBL: 7; = @ = const , Tak 4TO

=k i.{_ _
¢ R Z:‘ a

n
=k 1+12Aqi kL2 (%)
R aif R a

ITonbiTaeMcs Telepb MPEJCTABUTL pelleHie
JIaHHOH 3a/jaun B BUJE HAJOKEHUA peEIIeHHit
IBYX 6oJiee TPOCTBIX 3a/ad: He3APLHKCHHBLL
map B MOJIE TOYEYHOTO 3apSAfa U yeOuHeHHblil
3apSKEHHBIN TIap.

Boo61ie, eanHCTBEHHBIM YCI0BUEM, KOTOPO-
My HOJUHHSIETCsS paclipejie/ieHne 3apsoB Ha
MOBEPXHOCTH CHCTEMbI TIPOBOJHUKOB, ABJACT-
Csl PaBEHCTBO HYJIO HAMPSKEHHOCTH TOJSA B
KaKJIOl TOYKEe BHYTPU KasKIOTO TTPOBOJHMKA.
TeopeMa eIMHCTBEHHOCTH YTBEPKAACT, 4YTO
Takoe paclipe/ie/ieHie BCerjia CyecTBYeT U OHO
eMHCTBEHHO, T.e. JAPYIUX paclpejaeleHuii,
Y/IOBJIETBOPSIIONINX JaHHOMY yCJIOBHIO, HET.

3apsi g MHAYIPYeT Ha He3apsyKEHHOM Iape
HEKOe HepaBHOMEPHOE PacIIpeieIeHue 3aps/0B
¢ TOBEPXHOCTHOII TI0THOCTBIO G (M), TIpH-
4eM, OUEBU/IHO, CHCTEMA 3aPAI0B {q,G(M )} He
cosmaer moss BHyTpu Imapa (puc.2). B stom

cayvae, moJjaras B

s(M) 0=0 2
(%) ZA%’ =0, mosrygaem
nepBloé cJaraeMoe OTBeTa.
(Tounoe perenue — pac-
ver nonss E u o(M) —
MOJKeT OBbITh MOJYYeHO
METOJIOM HM300pakeHuil;
cM., Hampumep, [2],
¢.124-126.) Ecaiu Tenepb Ha yeMHEHHBIH ap
MOMECTUTD 3apsi/i Q, TO OH, pacrpe/eIMBIINCH
PABHOMEPHO TIO TOBEPXHOCTU IIapa, TOXKE He
JIACT TOJIST BHYTPH. JTOH CHTYaIlUH COOTBET-
CTBYeT BTOpoe cjaraemoe orBeTa. [lockoJbKy
06a pactpegenenus (1I0PO3Hb) HE JAAIOT T10JIS
BHYTpH, IIpocTas ux cyneprosuius (6e3 B3a-
UMHOTO UCKaKEHUS) €ro TaM TOKe He JacT U, B
CHJTY T€OPEMBI eJINHCTBEHHOCTH, HUKAKHX [[PY-

Puc. 2

2019/Ne5

X pacipe/eJeHnil 3/lecb BO3HHKHYTh He
MOJKET.

Baneuanue. V13 IpoBeEHHBIX PACCYK-
JIeHUil CJIe/lyer, YTo P BHECEHU Y He3apsi-
skennotl ipoBogaieil cdeppr (mapa) B
060e 3aaHnoe 1oJie Ha Hell HHIYIupy-
I0TCST 3apsifibl, M0JI€ KOTOPBIX HAKJIA/IbIBa-
ercst Ha BHelIHee. B pe3ysbrare moTeHIH-
AJIbI BCEX TOUEK I0JISI UBMEHSITCSL, KPOMe OOHOLL.
310 yenmp cgeput, riae NOTEHIMAT COXPAHUT
[pesKHee 3HAYEHUE.

3anmava 2. /[ee nposodsiuue chepol paduyca-
mu %y u R =3ry, pacnoroxennvie oona enym-
pu Opyeoil, Kax NOKA3AHO HA Pucynke 3,

o<

Puc. 3

sapsikenol 3apsdamu g u Q coOmeemcmeenHHo.
Haiidume nanpsixennocms E unomenyuan @
IneKmpuueckozo noas 6 mouke M, omcmos-
weti om uenmpa O boavwetl cghepvl Ha paccmo-
anue 2R, xomopoe omcuumano 6 manpas.ie-
HUl, NePREHOUKYAAPHOM JUHUU UEHMPOS.
Pemenue. Ha niepsbrii B3rJis1 3a/1aua KaskeT-
Cs1 TPY/IHON: 3apsiKeHHbIe cpepbl OY/IyT BJIUATD
JIPYT Ha IpyTa, paciipe/iesIeHns 3apsi/IoB Ha HUX
OKaXKyTCs HePAaBHOMEPHBIMH 1 HETTOHATHO, KaK
WCKATh II0JIe W IOoTeHIaa B Touke M. [lna
MIPOSICHEHUST CUTYyAIlK paccMoTpuM 6oJiee 06-
ILyT0 33/1auy: MPOBOJHUK ITPOM3BOJIBHON (op-
MBI 3aKJII0UYEH B 3aMKHYTYIO TIPOBO/IATILY IO 000-
JIOUKY TOK€ NPOM3BOJIbHON (hOpPMBI, IpUUeM
BCe 3TO HAXOAWUTCS B OKPY’KEHWN HEKUX 3apsi-
moB. Kakme ocobennoctu OyayT UMETDb TIOJIST
BHYTPH W CHAapy>k# 0GOJIOYKH, €CJ ee U Ipo-
BOJIHVK 3apsI/IUTh KaKMMHU-TO 3apsiiaMu?
[TomecTnM Ha TPOBOJHUK M OKPY>KAIOILYIO
€ro 060JIOUKY ITPOU3BOJIbHBIE 3apPs/Ibl G U Gy
(puc.4,a). Dru 3apsagbl Tak PasMeCTATCA Ha
TPeX NMEIOMUXCcs HoBepxXHocTax Sy, S, n Sy,
YTO TOJIe B KaXK/I0i TOYKE MPOBOJHMKA 1 060-
JIOUKHN o6paTuTcs B HoJb. Ilpn aToM 3apsn g,
000JIOUKH Pa3/IeINTCSI BIIOJIHE OTIpe/leIeHHbIM
006pasoM MeXX/ly BHYTPEHHEIl 1M BHEIIHel ee
TTOBEPXHOCTSIMI: Ha BHYTPEHHEH MOSBUTCS 3a-
psan —q, , a ocrapumiics sapsan +(q, + g,) yiizer
Ha BHelHo0. /lelicTBUTEebHO, BBIOUPAs 3aMK-
HYTYIO ITOBEPXHOCTD S, IEJMKOM HaXO/SIYI0-



Puc. 4

ca B Tomme o6onoukn (rme E = 0), u npume-
HSI K Heil Teopemy [aycca, Mbl OJTyunM, 4To
13 PABEHCTBA HYJIIO TIOTOKA Yepe3 3Ty MOBepX-
HOCTD CJIeIyeT PaBeHCTBO HYJIIO TIOJIHOTO 3apsi-
jna BHyTpu Hee. TakmMm o6pasoM, ecjan Ha
IIPOBO/THUKE HAXOUTCS 3aPsift ¢y , TO 3apsl, —(
JIOJDKEH TIOSIBUTBCS Ha BHYTPEHHEI IIOBEPXHO-
¢t 060JIOUKH.

[Torprtaemcst Terepb MPEACTaBUTh paccMar-
pUBaeMy0 KapTHHY pacripejiesierus 3apsija (u
CO3/IAaHHOTO WM TI0JIs1) B BHJIE CYNEPIO3UIIN
KapTUH ABYX 6oJiee IIPOCTBIX paclpesiesIeHHui,
u306paKeHHbIX Ha pucyHKax 4,6 u 6. IlepBas
KapTHHA I0JIy4aeTcsi, ecJii BCe TPOCTPAHCTBO
CHApY’KN 060JIOYKH 3aITOJHUTD TIPOBOTHIKOM.
[Ipu sToM ocraHyTCSl JMMIb /[BE MOBEPXHOCTH
S, u S, , 3apsoKkeHHble 3apajlaMu ¢y U —q; , 1
noJie Mexay HuMH. Bo BceM ocTalbHOM IIpo-
CTpaHCTBe, T. €. BHyTpu S; U CHapyxu S,
cucrema 3apsaaos {Gy,—qy} noas ne cosdaem.
[luig peasmsanuu BTOPOH KApTUHBI 3AMOJHUM
ITPOBOJIHUKOM BCIO 06JIaCTh BHYTPH 0GOJIOUYKH.
Torga ocranercst MOBEPXHOCTb Sz € 3apsiioM
gy + g, 1 Bce ocrasbHble (BHEINIHWE) 3apsiibl,
pasMelleHHble BHE OOOJIOYKY ITPOU3BOJIbHBIM
00pa3oM. ITa cUCTeMa 3aps/I0B JaeT OTIHYHOE
OT HyJIS [I0JIe TOJIKO CHApPY>KU IOBEPXHOCTH
S5, enympu Hee B Kaxpoil Touke E = 0.

Wrak, Mbl nMeeM JiBe CHCTEMbI 3apsjioB
{g1,-a} n{q, + q,, ocranbubie 3apsaapi}, mpu-
4yeM IepBasi CUCTeMa He CO3/IaeT I0JIs TaM, T/ie
HAXOJATCS 3apsi/ibl BTOPOIl CUCTEMBI, a BTOpast
He BO30YIKIAeT ero B MeCTaX PAaCIOJIOKCHUS
3apsIOB TepBOi. 3HAYUT, MPU HAJOKEHUH
9TUX pacIpe/ieseHuil OHU He IOYyBCTBYIOT IPYT
JIpyra, a NOTOMY HUKAK JIPYT IPyra He NCKa3sT.
[Ipu aTOM TOJIS UX CJOXKATCS B KQKJOH TOUKeE,
u TaM, re 06a pacipeieIeHus IOPO3Hb aBaIn
HyJIeBOe I10Jie, OHO HYyJIeBBIM U OCTaHeTCs.
CuleJoBaTesIbHO, TI0CTIE HAJIOKEHUSA OYIAyT /BE

006J1aCT! HYJIEBOTO TIOJIS: BHYTPH S; U MEXKIY
S, m S3. Ho ato kak pas obiacti, sanmMae-
Mble IPOBOIHUKOM H OKPY>KaIoIIeil ero 0007104~
koii. Takum o6pasomM, HailjleHHOe pacripe/jielie-
HUE 3aps/1a, /1aBas HyJIeBOe I10Jie BHYTPHU IPO-
BOJHUKA W OGOJIOUKH, SIBJSETCS PpelleHneM
MIOCTABJICHHON 33/[a4M 1, B CIJIy TEOPEMbI €/INH-
CTBEHHOCTH, PellleHneM e[MHCTBEHHDBIM.

[TpocrpancTBa BHYTpU 1 BHE 000JIOUKH OKa-
3bIBAIOTCS] COBEPIIEHHO HE CBSIBAHHBIMU JIPYT C
JIpyrom: Jo6ble TIepeMenieHns IMPOBO/IHIKA
BHYTPH 060JIOYKHN, TPUBO/ISI JIMIID K IIepepaci-
pe/lesIeHNIo 3aps/ia Ha ee BHyTPeHHeH oBepx-
HOCTHU, HUKAK He CKaXYyTCS Ha MOJISIX U PacIpe-
JeJICHUAX 3apsiia CHApY>KUu M Ha000POT.

Bepnemcs tenepn k nameil 3ajgaue. 13 cka-
3aHHOTO CJIEyeT, UTO TOJIOKEHHNEe Masoi cde-
PBI BHYTPH GOJIBIIION COBEPIIEHHO He BJINSET HA
noJie cHapy»ku. OHO Gy/IeT co3/1aBaThCs PAGHO-
MepHO PaCHpPeIeJIeHHbIM 110 BHEIIHeH MoBepX-
HocTh GoJibiiieil cdepbl 3apsiiom g + Q, T.e.
Gyzier cpepnuecky CUMMETPUYHBIM 1 OTIpe/ie-
JAThCs 3aKoHOM KyJloHA /1711 TOYeYHOTO 3apsi-
Jla YKa3aHHON BEJMYMHBI, PACIOJIOKEHHOTO B
nentpe 6oubiioil ceppr. Ctano GbiTh, MCKO-
Mble BEJIUIHbI HAIPSKEHHOCT! U TOTeHI[aIa
COOTBETCTBEHHO PaBHBI

E=kq+ZQ u (pzkw.
4R 2R

3agava 3. K yedunennomy nezapsixennomy
NAOCKOMY B030YUHOMY KOHOCHCAMOPY eMKOC-
moto C cnapyxu nodHocsm moueunoii 3apso
g, pacnoidazas ezo nd pAcCMOAHUU d, MHOZO
MeHvueM pazmepos 00KAA00K Kondencamopd,
u danexo om ux xpaes. Haiidume nanpsxenue
U na xondencamope.

Pemenue. Ilpu npuGmiKeHuH TOYEYHOIO
3aps/a ¢ K IpaBoil IIacTUHE KOH/eHcaTopa Ha
ee Hapy’KHOI MOBEPXHOCTU UHAYIMPYETCs 3a-
PS/ TPOTHBOIIOJIOKHOTO 3Haka (CM., Hampu-
mep, [2], ¢.122-124), pacupeaencunbiii (me-
PaBHOMEPHO) € KaKOii-TO MOBEPXHOCTHOM M10T-
roctbio 0 (M) (puc.5). Dta cucremMa 3apsaa0B

{+g,6(M)} ne cospaer mons murze sesee
HAPYKHOI TTOBEPXHOCTH MPaBoi o6Kknaku (T.e.
B Toame Tactud E = 0). Wcnoansys meron
oTpaxkeHuii u reopemy laycca, HETPYHO TTOKa-
3aTh, UTO MOJHBIN HABEJICHHBIIT 3apsi/], COOTBET-
crBytommit motHoetn 6 (M) | B TouHOCTH pa-
BeH —¢ . TTocKOJIbKY TIpaBast OOKJIa/Ka He 3a-
psKeHa, Ha Heil BBICBOGOKAAETCS 3apsi +(,
KOTOPBIH y>ke Gy/IeT co3maBaTh moJe BuyTpu (u
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o(M)

(IT(M)

|
1
kA

Puc. 5

BHE) KOHJIEHCATOPA U B CBOIO OYepe/ib HABEAET
Ha TIOBEPXHOCTSIX JIEBOI OOKJIAJKN HEKHE 3apsi-
bl (B cymMe paBHbIe HYJ0). ITH 3apsiibl
BMeCTe C BBICBOOOMBIIIMCS 3apsiioM +q Tak
pacrpesiesisaTcs Ha 4YETbIpeX WMMEIONNXCS T10-
BEPXHOCTSIX, YTOOBI TOKE HE CO3/IaBaTh MOJIS B
TOJITIIE KAKJ0U 13 OOKJIAJ0K. BemumHbl aTnx
3apS/I0B JIETKO yrajibiBaioTcst (XOTst MOTYT ObITh
HalJIeHbI C TIOMOIIBIO 3JIEMEHTAPHOTO pacye-

Ta). JTO, CJIM UIATH CJIEeBA HAIIPABO, +4 , —%,
+% u +% (puc.6). Tak Kak HM OJHA W3
AN AN

q _q9 49 q
+ 2< > ) + 2< >+ 2
Puc. 6

[IPUBEIEHHBIX MOJCUCTEM 3aps/I0B HE CO3/IaeT
MOJIS1 HY B OJ{HOM M3 IIPOBOIHUKOB, MIPOCTAst NX
(noacucrem) cynepnosuis (6e3 B3aUMHOIO
HCKQ)KEHUSI) €ro TaM TOyKe He [AacT U, CTAaJo
ObITb, Oy/IET UMETH MECTO B [IEHCTBUTEIbHOCTH.
Takum 06pasoM, 10Je BHYTPU KOHAEHCATOPA

q
BO36YK/IA€TCST TOJIBKO 3apsi/laMn iE Ha BHYT-

PEHHUX CTOPOHAX OéKJIaZ[OK, a 3HA4YUT,

v=1%_4a
c 2C
3agava 4. B mouke A, pacnoaoxennoi na
paccmosinuu v om yenmpa O He3apsiKennoll
npoeodaweii cghepvr paduycom R, naxodumcs
moueunvlii 3apsd q. Cehepy 3azemasiiom Oun-
noLm monkum npoeoonuxom (puc.7). Ha cxonv-

2019/Ne5

Ko usmenumest (noc-
Jie 3a3eMAeHUS) No-
menyuanl §© mouxu
B, saseastoweiics
8ePULUNOU  PABHO-
Cmoponnezo mpe-
yeoavnuka ABO?
Pemenne. /[lo 3a-
3eMJIEHUS 3aps]] ¢
nHAyIMpyer Ha ce-
pe HEKoe HepaBHO- J__
MepHoOe pacnpe/ene-  pyc 7 -
HUE 3apsijia ¢ IJI0T-
noctbio 6 (M), paioliee BMecTe ¢ ¢ HyJeBOe
nose B Jo6OH TOYKE BHYTPH IIPOBOJHUKA —
crerok cepbt (a crano GbITb, ¥ BHYTPU BCel
cdepnr). ITocae 3azemaenns Ha cdepe nosBIs-

R .
ercsi 3apsag Q = —— ¢ (3aHyJstonuii ee moTeH-
r

[Ma), KOTOPBIA, OYEBHHO, PACIPENEUTCS
pasHomMepHo 10 ee HMOBEPXHOCTU, MOCKOJbKY
TOJIbKO B 9TOM CJlydae OH He CO3JacT I0JIA
BuyTpu cdepnl. Takum o6pasom, IHogBJeHHEe
3apsaa Q He HapYIIUT paclpee/eHis Halps-
JKEHHOCTH U IIOTEHIMAIa B IPOCTPAHCTBE, CO-
3/laHHbIE CUCTEMOH 3aPS/10B {q, o (M )} , & JINTIb
HAJIOKUT Ha HUX COOCTBEHHDBIE CcepuiecKku

cuMMerpudHble pacnpegenerust E(M) u
@(M). 3nauurt, MoTEHIMAJ TOYKH B H3MEHHUT-
cs HA BEJIMYMHY

R
ap=k2 = B0
r r
Tak xe Jserko HaXO0JIUM HN3MEHEHUE BEKTOPa
HaIlPpAKEHHOCTHU TI0JIA B TOYKE B:

rjae é - e[[HHI/I‘IHbeI BeKTOp, HaHpaBJIeHHbeI oT
Ok B.

[IpuBeeHHBIE IPUMEPDI, KOHEYHO, HE UCYEP-
[IbIBAIOT BCE BO3MOKHOCTU IIPUMEHEHMS IIPUH-
1T HAJIOKEHUS TIPU PEIIEeHUN 9JIeKTPOCTATH-
YecKHX 3ajiad.

Jluteparypa

1. I4d.Maxuwes, A.3.Cunsxos, B.A.Cao600c-
xoe. Dusuka. Iaekrpoaunamuka. 10—11 xaccsl.
[TpocdumpHbit yposerb. — M.: [Ipoda, 2007.

2. P.@eunman, P.Jleumon, M.Candc. Delinma-
HOBCKHe Jiekiuy 1o ¢usuke. Boimyck 5. — M.: Mup,
1966.



XL TypHUMp roponos

3AO0AYN BECEHHEIO TYPA
ba3oBbIfl BapuaHT
8—9 knacce!

1. (3)! B psax BBIMMCAHBI HECKOJIBKO HATY-
pasbHBIX unces ¢ cymmoit 20. Hukakoe umncio
1 HUKaKasi CyMMa HECKOJIbKUX TOJPSi/L 3alu-
CaHHBIX 4Ynces He paBHbI 3. MorJyo Ju ObITh
BbImcano 6oubine 10 ymcen?

A.Illanoeanos

2. (4) Tlo kpyry Jexar 2n + 1 MOHET OpJIOM
BBEPX. JIBUTAsICh [0 YaCcOBOIl CTPEJIKE, JeJNal0T
2n + 1 11epPeBOPOTOB: MEPEBOPAYNBAIOT KAKYTO-
TO MOHETY, OJIHY MOHETY TPOIYCKAIOT 1 Iepe-
BOPAYMBAIOT CJICAYIONLYIO, IBE MOHETBI IIPOITYC-
KalOT U TePeBOPAuNBAIOT CJIEAYIONYI0, TPU
MOHETBI [POIYCKAIOT U [EPEBOPAUUBAIOT CJie-
JYIONYI0 ¥ T.J., HAKOHEI[, MPONYCKAT 27
MOHET U TIePEBOPAYMBAIOT cJieytontyto. [[oka-
JKUTE, YTO Terepb POBHO OJHA MOHETA JIEKHUT
PEIIKOI BBEPX.

B.Pacmopeyes

3. (4) Ilponssenenue HaTypaJbHBIX TUCE N

n n gennuTcs Ha ux cymmy. [lokaxute, 4TO
m+n<n’.

b. Dpenxun

4. (5) B mpsmoyrombank ABCD BimnchIBaioT
paBHOGe/IPEHHbIE TPEYTOJbHUKK C 3a/IaHHBIM
VyIJOM O TIPU BEpIIUHE, TPOTUBOJIEKAIIEI
OCHOBAaHMIO, TaK, 4TO ATa BEpIIMHA JIEJKUT HA
oTpe3ke BC, a KOHIIbI OCHOBaHHS — Ha OTpE3-
kax AB m CD. Jlokaxkure, 4YTO CepeIMHbBI
OCHOBaHMIl y BCEX TAaKUX TPEyroJbHUKOB CO-
BIIA/IAIOT.

. 2Kuxxurxkun

5. (5) MOKyCHUK ¢ MOMOIHUKOM TIOKA3bIBa-
10T oxyc. B pag croar 12 3axpbITBIX ITyCTBIX
mKaryJaok. (MOoKycHUK yXOJuT, a 3puTesb Ha
BU/ly y TIOMOIIHUKA TIIPSYET 10 MOHETKE B
Jo0ble JiBe MIKATYJKU II0 CBOEMY BBIGOPY.
3ateMm BosBpamaercs (GokycHUK. [lomMomrHIK

' B cko6rax mocJie moMepa 3a1aui yKasamo ducio
6aJL7T0B, TIPUCY>KAABIINXCS 32 €e MOJHOE PEIICHHe.
Wror moxsoauics mo TpeM 3ajadaM, IO KOTOPBIM
JNOCTUTHYTBI Hawmayymine pedyabratbl (6ajibl 3a
[YHKTBI O/IHOIl 3a/1aull CyMMUDYIOTCSL).

OTKPBIBAET OJIHYy IIKATYJKY, B KOTOPOil HET
mMonerku. [lanee QoKycHUK yKa3biBaeT Ha 4
MIKATYJIKH, U UX OJIHOBPEMEHHO OTKPBIBAIOT.
[lesnb okycHUKA — OTKPBITH 00€ MIKATYJIKH C
MoHeTKamu. [Ipestoxure crnoco6, Kak JOrOBO-
puUThCS POKYCHUKY € TOMOITHIUKOM, 4TOGBI 3TOT
(dokyc Bcerma ymaBacs.

K.Knon

10—11 knaccer

1. (4) Paccrosgums oT HEKOTOPOH TOYKM
BHYTPH IMPaBUJIBHOTO MECTUYTOJBHIKA /10 TPEX
€ro 1ocJe/I0BaTeTbHbIX BepiinH paBubl 1, 1 1 2
cooTBeTCTBEHHO. UeMy paBHA CTOPOHA 3TOrO
MIECTHYTOJTHHIKA?

M. Egdoxumos

2. (4) HarypasbHbie uncia @ 1 b TaKOBbI, 4TO
a™' + ™" penures ma a" + b" st Geckoneu-
HOTO MHOYKECTBA PA3JIUYHBIX HATYPAJIbHBIX 71.
Oo6s3arespHO Jt Torjga a = b?

b. Dpenxun

3. (4) Ioxaxkure, 4to JIOGOIT TPEYTrOJIbHUK
MOXXHO paspe3aTb Ha 2019 ueTbIpexyToIbHNU-
KOB, KaK/Iblil 13 KOTOPBIX OJHOBPEMEHHO BITH-
CAHHBIA ¥ OIUCAHHBIN.

H.Cedpaxsn

4. (5) Cm. samauy 5 1t 8—9 K1accoB, TOMBKO
Temlepb B PAA cToAT 13 3aKPBITBIX IYCTBIX
HIKATYJIOK.

5. (5) B psaa BbIIMCAHbI HECKOJIBKO HATY-
panbHbIX uwmcen ¢ cymmoit 2019. Huxakoe
YICJI0 W HUKaKasg CyMMa HECKOJbKUX IOPS/T
3amMcaHHbIX yncen He paBHbl 40. Kakoe mam-
6oJibliiee KOJMYECTBO YHUCEs MOTJIO ObITh BbIIH-
caHo?

A.Illlanosanoe

Cno>XHbIV BapuaHT

8—9 knaccob!

1. (5) Kopousp BbBI3BaT ABYX My/PEIOB 1
OODBSIBUJI VM 33JIaHUE: TIepPBblil 3a/[yMbIBaeT 7
Pa3JIMYHBbIX HATypasbHbIX unces ¢ cymmoii 100,
TaifHO coo0IaeT 1X KOPOJIO, a BTOPOMY MYy/I-
pelly Ha3bIBAeT JIUIIb YeTBEPTOE 110 BeJNYNHE
U3 3TUX YHCeJ, MOCJe 4Yero BTOPOU JIOJIKeH
oTrajiaTb 3aJyMaHHble 4Yucaa. Y My/JpPEIoB
HeT BO3MOKHOCTH CTOBOPUTBCSI. MoryT Jim My/1-
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pelbl TapaHTUPOBAHHO CIPaBUTbCA € 3aja-
HIEeM?
M. Eedoxumos

2. (7) Cm. 3aauy M2558 «3agaunuka « Ksan-
Tar.

3. (7) Cwm. zamauy M2559a <«3amaunuka
«KBanTas.

4. (8) Kax/pIil 0OTPE30K ¢ KOHIIAMU B BEPIIIN-
Hax npaBmabHoro 100-yroapHNKa TOKPACHIN —
B KPACHBIH I[BET, €CJM MEXAY €ro KOHIAMHI
YeTHOE YNCJIO BEPIINH, 1 B CAHUI B IPOTUBHOM
caydae (B wactnoctn, Bce croponbl 100-yrosb-
HUKa KPacHbie). B BepIIMHAX PacCTaBUIN YKC-
Jla, CyMMa KBaJ[paToB KOTOPBIX paBHa 1, a Ha
OTpe3KaxX — TPOW3BEICHUS YNceJT B KOHIAX.
3aTeM M3 CyMMBI Ymces Ha KPACHBIX OTpe3Kax
BBIUJIM CYyMMY umces Ha cuinX. Kaxkoe Han6oJipb-
11ee YUCJI0 MOTJIO HOJYYUTHCS ?

H.Bozdanos

5. (9) B kierkax KBaJpaTHOI TaGIuUIbI
nxn, raen > 1, TpebyeTcst pacCTaBUTDh Pa3JIy-
Hble Ilesible Yncgaa oT 1 go n° Tak, 4To6bl
KasK/bIe /[Ba MIOCJIE/IOBATEIBHBIX YMCJIa OKa3a-
JIICh B COCCJHUX IO CTOPOHE KJIETKAX, a KaxK-
JIble JIBA YUCJIA, JIAIOTIIEe O/IMHAKOBbIE OCTATKH
[IPH JIeJIEHUH HA 7, OKA3aJINCh B Pa3HbIX CTPO-
KaxX W B pasubix crosonax. [Ipm kakux n ato
BO3MOXKHO?

A.Tpubanxo

6. (9) BuyTtpu paBHOGEJIPEHHOTO TPEYTOJIb-
Huka ABC otmeueHa Touka K Tak, uro CK =
=AB = BC u yroan KAC pasen 30° . Haiigure
yromx AKB.

E.baxaes

7. (12) Ecrb 100 kyuek 1o 400 xamueii B
Kakgoil. 3a xon Ilers BbiGupaer 1Be KyukHy,
VIAQISIET U3 HUX [0 OJHOMY KaMHIO U [OJTy9aeT
3a 9TO CTOJIBKO OYKOB, KAKOB Telepb MOJyJb
Pa3HOCTH YKMCJIa KaMHEl B 3THX [IBYX KYYKax.
[Tetst mosken yaamuth Bee Kamuu. Kakoe Hawu-
GoJiblilee CyMMapHOe KOJIMYECTBO OYKOB OH
MOJKET IIPU TOM TIOJIYYUTH?

M. Tuoun

10—11 knaccer

1. (5) Ha skpaHne KOMIbIOTEPA HATIEYATAHO
HEKOTOPOE HATYPaJIbHOE YHCJIO, JIeJIsIeecs Ha
7, U OTMEYEH KYPCOPOM MPOMEXYTOK MEK/IY
KaKUMU-TO JIByMsI €ro coceaHumu Iudpamu.

2019/Ne5

[lokaxuTe, 4TO CyIIECTBYeT Takas 1udpa, 4To
€CJIN ee BIIEYATATh B OTMEYEHHDBIH TPOMESKYTOK
J060€e YUCIIO pas, TO MOJYIUTCS YUCTO, [1eIs-
meecst Ha 7.

A.Tarouxun

2. (6) Cm. sagauy M2558 «3azaunnka « Kpan-
Ta».

3. (7) Cwm. zamauy M25596 «3amaunuka
«KBanra».

4. (8) Cm. 3az1auy 5 CJIOKHOTO BapUAHTA [11s1
8—9 xJaccos.

5. OproroHaybHOI POEKIHEN TeTpasipa Ha
MJIOCKOCTh OJHON W3 €ro TpaHeil sBJSETCS
Tpamnerus mromaan 1.

a) (4) MosKer /i1 OPTOroHaIbHOI IPOEKIHei
9TOTO TETpas/ipa Ha ILIOCKOCTb JIPYToil ero
rpanu ObITh KBaapatT rrormaan 17

6) (4) A xBagpar mrontaan 1/2019 ?

M. Egdoxumos

6. (8) Ilers m Baca urpaior B urpy. las
Ka’K/[bIX IIATH PA3JINYHBIX NIEPEMEHHbBIX 13 Ha-
6opa Xy, ..., Xjy IMeETCS eJUHCTBEHHAS KAPTOY-
Ka, Ha KOTOPOMW 3amiCaHO WX INPOU3Be/CHUE.
ITerst u Bacst o oyepenu 6epyT 10 KapTouKe,
nHaunnaet [lers. ITo nmpaBuiam urpser, korja Bee
KapTouKy pa3o6panbl, Bacs mpucBansaert nepe-
MEHHBIM 3HAU€HMsS KaK XO4YeT, HO TakK, 4YTO
0<ux <...<xy. Moxer s Bacs rapantupo-
BaHHO JJOOUTBHCS TOTO, YTOOBI CyMMa IIPOU3Be/Ie-
HUIl Ha ero Kaproykax Obiaa 6GoJiblie, yeM y
Iletn?

H.Bozdanos

7. (12) Cwm. samauy M2561 «3amaunuka
«KBanras.

YCTHbIA TYP ANS1 11 KNACCA

1. B Tabsmiie nXn CTOAT BCe IeJIbIe YHCIA
or 1 g0 n*, 1o OIHOMY B KJeTKe. B kaskmoit
CTPOKE YHCJIA BO3PACTAIOT CJIEBA HAIPABO, B
KaK/IoM cToJsiOne — cuusdy BBepx. Jlokasure,
YTO HAMMEHDIIIAasT BO3MOKHAST CyMMa YuCeJ Ha
IJIABHOW JIMArOHAJM, HUYyIeld CBepXy cJeBa
BHU3 HaIpaBO, paBHA 2422+ +n%.

b. @penxun

2. JIyHOXO/l €3/IUT 10 TOBEPXHOCTH ILJIaHe-
ThI, UMeIolell hopMy Iapa ¢ JJIUHOI 9KBATO-
pa 400 xkm. Ilnamera cumTaeTcss TOJHOCTHIO
MCCJIeIOBAHHOI, €ecJil JIyHOXO/ MoObIBaT Ha



PACCTOSHUM IO TOBEPXHOCTH He Gosee 50 KM
OT KayK/JIOW TOUKH TIOBEPXHOCTH M BEPHYJICS Ha
6azy (B MCXOMHYIO TOUKY). MOXKeT Jm JIyHO-
X0/l TIOJIHOCTBIO HCCJIEI0BATh TLIAHETY, Mpe-
ozosieB He 60see 600 km?

M.Egdoxumos

3. MOJKHO Ji 3aMOCTHUTD TLJIOCKOCTD Mapabo-
JIaMH, cpe KOTopbix HeT pasubix? (Tpebyer-
cs1, uTOGBI KasK/1ast TOUKa MJI0CKOCTH IPHHA/LIe-
JKaJla POBHO OZIHOM mapaboJie 1 4TOObI HU O/THA
napaboJsia He MepeBOJMJIACH HUI B KaKylo JIPy-
Tyio mapaGosy ABUKEHUEM. )

A.Jlonamnurxoe

4. Tlpo marypasibHble Unciaa X, y U z M3Be-
cruo, uto HO/(x,y,z)=1 u 2yt t=

=2(xy + yz + zx) . Jlokaxure, 4T0 X, Yy U z —
KBa/[PATbl HATYPAJIbHbBIX YUCEI.
0. Mapxenos

3. Cm. 3agmauy M2560 «3amaunuka «KBan-
Tar.

6. Buyrpu tpeyrompuuka ABC Ha GHCCEKT-
puce yria A Bbi6paHa IIPOU3BOJIbHAS TOUKA J.
Jlyun BJ u CJ nepecekaior ctopoubl AC u AB
B Toukax K u L cooTBeTcTBeHHO. KacaTtenbHas
K OMMCAHHOW OKPY>KHOCTH TpeyroabHmKa AKL
B Touke A mepecekaet mpsamyio BC B Touke P.
Hoxaxxure, yto PA = PJ.

11. Koxxesnuxos, A.Kysueyos

ITy6uxauuio nodzomosuiu
C.lopuuenxo, JI. Mednukos

L XXX MockoBckas
MaTemMaTu4yeckas onmmMmnmana

6 Kks1acc

1[4]', 2[5], 31[6], 4[6]. C™m. 3amaun 1, 2,
3, 4 paznena «KBaHT» 71 MJIAIINX NTKOJIbHY-
KoB» B «KBante» Ne3.

5 [8]. Bokpyr Kpyryioro o3epa yepe3 paBHbIe
npomMeskyTkH pactyT 2019 nepesbes: 1009 co-
cen n 1010 esnok. JJokaskure, 4T0 0053aTEJIBHO
HaliJIeTcsl JIepeBO, PSJAOM C KOTOPBIM pacTeT
COCHA W C JPYTOH CTOPOHBI OT KOTOPOTO Yepe3
OJTHO JIEPEBO TOXKE PACTET COCHA.

E.Baxkaes

6 [8]. Kaxkpas rpanb kyGa 6x6x6 pasbura
nakyetkn 1x 1. Ky6 oksensin kBajparamn 2 X 2
TaK, YTO KaK/bIH KBaJPaT HAKPHIBAET POBHO
4yeTbipe KJIETKH, HUKaKHe KBa/[PaThl He COBIIA-
JIAIOT U KaK/1ast KJIETKa HAKPbITA OJMHAKOBBIM
4rcJaoM KBajipaToB. Kakoe nanGosibiiiee 3Have-
HUe MOKET IIPUHUMATD 9TO OJIMHAKOBOE YUCJIO?
(KBaapar MOHO Tieperntarhb uepes peépo.)

A.Illanoganos

7 Knacc
1[4],2[5],3[6]. Cm. 3amaun 1, 3, 2 pazzmena

«KBanT» 11 Mitaiinx MIKOJbHUKOB» B « KBan-
Te» Ne4.

;] KBaJIPaTHBIX CKOOKAX yKa3aHO 4ncyo Ga-
JTOB, TIPUCYSK/ABIIEECS 3a TOJIHOE PEIeHne 3a/1a-
yy. Baibl craBuanch ToJbKO B 6 M 7 Kjaccax.

4 [6]. Umetorcst Tpu kyuku 110 40 KamHeil.
Ilerss m Bacsi xomar mo odvepean, HAYMHAET
[lersi. 3a xo4 HAZO OGBEJAMHHUTH [BE KYUKH,
HOCJIe Yero pas/eJIuTh 3TH KaMHM Ha 4eTbIpe
Kyuku. KTo He MOXKeT cie1aTh X0/ — IIPOUrpall.
Kro us wurpaommx (Ilets mmm Bacst) moxer
BBIUTPATh, KaK Obl HU UTPAJ COMEPHUK ?

A.Illanoganoe

3 [9]. Cm. 3amauy 4 pasmena «Ksants ams
MJAJIINX IIKOJBHUKOB» B «KBante» Ne4.

6[9]. B psix mesxat 100 moneT, acTb — BBEPX
OPJIOM, a OCTAJIbHBIE — BBEPX PEIIKON. 3a O/1Hy
OTIePAINIo PA3PEIaeTcst BBIOPaTh CeMb MOHET,
JIeKalUX 4epe3 paBHble HPoMeskyTKu (T.e.
ceMb MOHET, JIEKAIUX TIO/PS/], U CEMb MO-
HET, JISKALIUX Yepes OJHY, U T./.), U BCE CEMb
MOHeT TiepeBepHyTh. [loKaskuTe, 4TO PN MOMO-
M TAKKX OTePaInii MOXKHO BCe MOHETbI 11010~
JKUTH BBEPX OPJIOM.

C.Tokapes, A.Illanosanos

8 knacc

1. Bce TaBepHBI B IapCTBe TPHUHAIIEKAT
tpeM dupmam. B 1iessix 6GopbGbl ¢ MOHOMOJHUS-
MU T1apb [0pox m3mas caepyonil yras: Kax-
JIbIi JIeHb, €Il y HeKOTOPOil (pupMbl OKa3biBa-
eTcst 6oJiee TOJIOBUHDBI BCEX TABEPH U YUCJIO €€
TaBEPH JICJUTCS HA 5, TO y 3TOH (PUPMBI OCTa-




48 KBAHT

€TCSI TOJIBKO IIATasl 4acTh ee TaBePH, a OCTaJlb-
HbIe 3aKPBIBAIOTCSA. MOTJIO JIN TaK CIYIUTHCS,
YTO Yepe3 TPH JIHA Y BceX (PUPM CTATI0 MEHbBIIE
tasepu? (HoBble TaBepHbBI B 5TO BPEMS OTKPbI-
BaTbhCsl HE MOTYT.)

U.Awenxo, A.lllanosaros

2. Haiinyre HanMeHbllee HATy PaJIbHOE YHCJI0
n, UL KOTOPOTrO n> +20n+19 IeJIATCA Ha
2019.

Jl. I THonw

3. Ilpo rpanenuio ABCD c ocnoBanusimu AD

u BC usBectHo, 4t0 AB = BD. IlycTb TOuka M

— cepeqHa 60koBoit croporbl CD, a O — TouKa

nepeceuenust orpe3koB AC m BM. [lokaxure,
4to Tpeyrobiuk BOC paBHOGePEHHDIIL.

Jl.IIonos

4. CMm. zamauy M2558 «3amaunmka «Kpan-
Tay.

5. CMm. 3aj1auy 6 CJIOKHOTO BapuaHTa /st 8—
9 knacco XL Typuupa ropoaos (BeceHHuit

TYP).

6. CM. 3amauy 5 CJI0KHOTO BapHaHTa I 8 —
9 kmaccoB XL Typuupa ropojios.

9 knacc

1. Cum. 3agauy 1 CJI0KHOTO BapuaHra st 8—
9 knaccos XL Typuupa ropojios.

2. Cm. 3agauy 2 mus 8 KJacca.

3. B ocrpoyroapHOoM TpeyroabHuke ABC
nposenenbl Boicotbl AA” u BB'. Touka O —
IIEHTP OKPY’KHOCTH, OIMCAHHOH OKOJIO Tpey-
rosbHuka ABC. Jlokaxkure, 4TO pacCTOSTHUE OT
toukn A’ 10 npsmoii BO paBHO pacCTOSHUIO OT
touku B’ o npsamoit AO.

E.Bbaxaes

4. Cm. 3a1auy 4 CJI0KHOTO BapuaHTa s 8—
9 kuaccoB XL TypHupa ropo/ios.

5. Buccexrpuca yriia ABC niepecekaer oru-
CaHHYyI0 OKPY’KHOCTb  TpeyrosabHuka ABC B
toukax B u L. Touka M — cepeanHa oTpe3ka
AC. Ha nyre ABC oKpy:XHOCTH ) Bbl6paHa
touyka E tak, uto EM || BL . lIpsambie AB u BC
nmepecekaioT mpaMmyio EL B Toukax P um Q
coorBercTBerHo. [lokaxkure, uro PE = EQ.

E.bakaes

6. Cm. 3amauy 7 cI0’KHOTO BapuaHTa AJd 8—
9 kmaccoB XL Typuupa ropojos.

2019/Ne5

10 knacc

1. IIpuBeauTe TpUMEp AEBATHZHAYHOTO Ha-
TYPAIBHOTO YMCIA, KOTOPOE JETUTCS Ha 2, €CJIN
3auepkuyTh Bropylo (ciesa) tmdpy, Ha 3 —
€CJIN 3aYePKHYTh B HCXOJHOM YHCJE TPETHIO
wmdpy, ..., AeauTcs Ha 9, €cau B UCXOJHOM
qUCJIe 3aUEPKHYTH JAEBATYIO 1HDDY .

M. Egdoxumos

2. Cm. 3amauy 3 ang 9 xuacca.
3. Cm. 3amauy M2558 «3amaunnka «KBanras.

4. Kaxkiast ToUKa MJIOCKOCTU PacKpalieHa B
o/t 13 Tpex 1BetoB. O6s13aTeIbHO JIN Hali/eT-
cs1 TPeyroJIbHUK ILIoN@au 1, BCce BePIIMHbBI
KOTOPOTO MMEIOT OJINHAKOBBII 1[BET?

O.Kocyxun

3. CwM. 3astauy 6 coskHoro BapuanTa jist 10—
11 knaccoB XL TypHupa roposios.

6. Cwm.3amauy M2561 «3anaunuka « Kpanras.

11 knacc
Hepswiii denw
1. Tlyers f(x) = 2% +3x + 2. Boruncamre
S22 ) a2
10} BNE ) R SIEID)
M. Egdoxumos

2. Cwm. 3agauy 1 cioskaoro Bapuanra st 10—
11 kaaccoB XL TypHupa roposios.

3. Cm. 3amauy 3 mms 9 wiacca.

4. I[OKB.)KI/ITG, 4TOo AJIA JIIOGBIX Pa3IMYHbIX
HaTypaJIbHbIX YUCEJ ™ 1 1 CIIPDABEAJINBO HEPA-

Y ] > .
mn

BEHCTBO

A.T'opawun

5. CM. 3ajauy Sa CJOXKHOTO BapuaHTa JJist
10—11 xmaccoB XL Typuupa roposos.

6. Cm. 3amauy M2561 «3amaunnka «KBanTas.
Bmopoti denw

1. TTosb3ysich paBenctBom 1g11=1,0413...,

HallnTe HauMeHbllee Yucao 7 > 1, 71 KoTo-

POro cpeu n-3HAYHBIX YMCEJT HET HU OJHOTO,

PaBHOTO HEKOTOPOU HATYPAJIbHOIT CTENeHN YHC-
ga 11.

A. T'opawun

2. CymecTByeT i Takas runepboa, 3aaBa-

a o
€Mad ypaBHEHUEM BH/la Y = — , YTO B IIEPBOU
X



KOOP,Z[I/IHEITHOI‘/)I qerT-

septu (x > 0, y > 0)
110/] Hell JIesKaT POBHO
82 TOUKM C IIeJIoYnC-
JIEHHBIMU KOOP/IHHA-
TaMn?

SN

A.Bezyny

3. ¥V muororpanuu-

Ka, 13060Pa’KEHHOr0 Ha PUCYHKE, TPAHU — YEThI-

pe MPaBUJIbHBIX IISTUYTOJbHIKA, YETBIPE TPEY-

roJIbHUKa W JiBa KBajapara. Bo cKoJbKO pas

CTOpPOHA BEPXHETo KBajpara GOJIbIle CTOPOHBI
HIKHETo?

A.Ilonos

4. JTokazkure, 4To JIJ1s1 TIOOOTO HATYPAJIBHOTO
ypega n =2 1 Ui JI00bIX JIeCTBUTETbHBIX
qmcens a,dy,...,d,, YAOBICTBOPSIONNX YyCJIO-

BUIO & +dy +...+a, # 0, ypaBHemnue

aj(x —ay)(x —az)...(x —a,)+

+oay(x—a))(x—az)...(x—a,)+...
ot a(x-a)(r-a)...(x—a,)=0
nuMeeT XOTsI ObI OINH JAeHCTBUTETHHBIN KOPEHD.
O.Kocyxun

d>. Ha gocke Hammcanbl HECKOJIBKO YUCEJL.
Pasperaercs creperb JiIo6ble [[Ba Yncaa @ u b,
a 3aTeM BMECTO OJTHOTO M3 HUX HAIICATh YNCJIO
a+b

4
Tarbcs Ha Jocke nocse 2018 Takux ornepanuit,
ecJIi M3HaYaJ bHO Ha Hell Hamucano 2019 exu-
HUIL?

. Kakoe HamMeHblllee 4UCIO MOJKET OC-

U.Illeinax

ITy6.uxauuio nodzomosuiu
C.JAopuuenxo, E.Enuganos

Bcepoccumckas onmmnmana
no msrke meHn Ixx.K.Makcsenna

Maxwell

PhO

3aKkniouunTenbHbIA 3Tan

TeopeTnuyecknn Typ
7 Kacc

3agava 1. Kpom u Bapam

Boritng n3 noma, Kpom n Bapamr nycrumcs
HaIleperoHKN 110 TPOIMHKe K 03epy. bapai Bce
BpeMst 6exkaJl ¢ MOCTOSTHHOH CKOPOCTBIO ¥, a
Kpomr BHauase pemun garb ¢gopy bapamry n
HepBYIO YeTBePTD MYTH JABUTAJICSI CO CKOPOCTHIO
0,8v, 3arem yBesmuni ee 10 1,50, HO B KOHIlE
oyt ycraa u no6exxkas co ckopocrtbio 0,9v,
mpourpas B pesysbrate bapamty. Kakoit moria

ObITb JIIMHA BTOPOTO y4YacTKa, IIPONIEHHOTO
Kpormem, ecsm on oraan bapara uepes Bpemst
T IOcJe CTapTa, W Ha KaKOe MaKCHMaJsbHOe
BpeMs ¢, Bapam mor omepennth Kpomra ma
punnmnre?

A.3asy,

3agaya 2. Ilena

B ropusoHTaJbHbIN MUJIMH/ID C TTOABUKHBIM
nopreM (puc.1,a) yepes mryuep I mocryna-
eT TeHa C TOCTOSIHHBIM MAaCCOBBIM PACXOJIOM
w=0,1xkr/c. Tpabuk saBucuMocTH cpesrmeii
IJIOTHOCTH P, COAEPKIMOTO IUINHJIPA OT
BpeMenu ¢ npusesed Ha pucynke 1,6. C kakoit
MaKCUMAJIbHON U ¢ KAKOH MUHUMAJBbHOI CKOPO-

6) Peps ‘f/CMS
0,4
0,3
a2
0,1

0 5 10 15 20 25
Puc 1 t,c




50 KBAHT

CTBIO JIBUTAJICS TIOPIIEHb B TIPOIIECCE 3aTI0JIHe-
Hust, ecam ero momaap S =1 am>? 3a kaxoe
BpeMsi T 00BbEM HEHbI B [IUJINH/IPE YBETMINIICS
no V=7 m2?

M. 3amamuun

3agaya 3. HopmHu

[umHapryecKue YacT 3aKPEIIEHHOTO MeK-
1y IBYMsI CTEHKAMU COCY 1, M300PaskeHHOr0 Ha
PHCYHKe 2, UMEIOT IJIUHY [ U TIOIIA 1 CEYeHUST

Hacoc
_—

k A | 0 |y
ANV AVWAMAVMANY
S 28

g~
< S >
[ [

Puc. 2

S m 25. B cocyne HaxonATcs [Ba TIOPITHS
TOJIIMHOM [/4 KasK/ibIil, COeIIHEHHbIE CO CTEeH-
KaMH OJUHAKOBBIMU IIPYXKHHAMU XKECTKOCTBIO
k. JlmHa Kasko0ii Py KUHBL B HeaedhopMupo-
BaHHOM cocTOsTHUM [. B 3a30p Mesk/y MopIHs-
MU Yepe3 MaJIeHbKYI0 TPYOGOUKY MOXKET 3aKaun-
BaTbCs JIETKAsl >KUJKOCTD, JlaBJIeHne KOTOPOH
nu3MepsieTcsl ¢ MOMOIIbIO MaHoMmeTpa. TpeHns
MEK/y IOPIIHAMH U CTEHKaMH COCy/Ja Her.
Cunpl faBieHus Tasa B CHCTEME MOXKHO He
yunTbiBaTh. CollpuKacaIinecs MOBEPXHOCTH
TOPIITHEH IIepoXoBaTble, MO3TOMY >KHUIKOCTD
cBOGO/IHO TIPOHUKAET MeXK/Iy HUMH. Kakoe /1aB-
Jenne Gy/eT IOKa3bIBaTh MAaHOMETP B MOMEHT,
KOrja IOPIIHKU OTAEJATCST APYr OT Apyra?
Kakoii 06beM )KIAKOCTH HeOOXOANMO 3aKa4aTh
yepe3 TPyOOUKY B COCY[, 4TOObI MaHOMETP
noKasaJ JiaBieHne: a) p = py/10;6) p = py/3?
3mecy py = kIS .

A.Anoaonckuil

3anmava 4. Yupyruii mux

K npyskute IpUKIabIBAETCS HATTPABIEHHAS
B/IOJIb ee OCH pacrsruBatomas cuia F. Ha
rpadure (puc.3) u306paskeH HUKIMICCKUN
nporecc 1—2—3—4—1, TOKa3bIBAIOMNI, Kak
[IOCJIe/IOBATE/IBHO M3MEHSJIACh BEJIMUMHA DTOM
CHUJIbI B 3aBUCHMOCTU OT KOOPJUHATBI X KOHIA
MIPY’KUHBI, K KOTOPOMY OHa Ipuioskena. V13Be-
CTHO, 4TO a06COIOTHOE yinHeHrne Al 1pysku-
HBI 3a IUKJI JOCTUTAJIO MAKCUMaJIbHOTO 3Hade-

nuga Al =12 cm, a padota cuibl F 3a UK

2019/ Ne5
FIF,
4
3 2 _
N~
) 3
1 \
1 ]

0 1 2 3 4 5
X,CM
Puc. 3

OKazaJjiach TIOJIOKUTEJIbHON W paBHOH A =
=0,5 /Ixx. Omnpenenute MUHUMaJbHOE a6CO-
JIOTHOE yjutnHenune Al TIPY)KUHBI 32 [UKJI.
Haiinure »xecTKOCTb R TIPYKUHBI U TIOCTPOUTE
KauecTBEHHbIN rpaduK 3aBUCHMOCTH KOOP/IHU-
HaTbl X, IEeHTpa MPYXXUHBI OT KOOPJAMHATHI X
KOHI[a, K KOTOPOMY TpuJyIoskeHa cuia F. [limHa
MPYKUHBI B HEACHOPMUPOBAHHOM COCTOSTHUM
ly=20cMm.

M. 3amsmuun

8 knacc

3azaua 1. UnCl

OKcrepuMenTatop [JIIOK pemma  ucceno-
BaTh PaCTBOPUMOCTH HOBOTO BeIECTBA — XJIO-
puza yuno6ranusa (UnCl). [lia atoro o cran
06ABJISATD € TIOCTOSIHHBIM MAacCOBBIM PacXo-
qoMm W mopomok UnCl B MepHbIil cocy ¢
Vo = 100 M1 BOABI, IIOCTOSTHHO ITOMEIINBAs
pactBop. Ha pucynke 4 usobpaxen rpaduk
3aBuCHMOCTH TIoTHOCTH pactBopa UnCl ot
KoHIeHTpanuu (Macchl PacTBOPEHHOrO Bele-
CTBA B JIUTPE BOJbI), TIOJYYEHHbIA GPUTAHCKU-
Mu KoJssteramu [moka. [lpw KoHIEeHTpamuu
ny =750 v/ XJ0puI yHOOTAHHSI TE€PECcTaer
pacTBOPATHCS B Bojzie. [1JIOTHOCTD KpUCTAJIIH-

3
YECKOr0 HOBOT'O BElecTsa P = 2,5 r/ cM”, TIIOT-
HOCTb BOABI Py = 1,0 F/CMj .

p,r/CM3
A

1,5

1,4 ==

1,3

1,2 -

1,1

)

0 100 200 300 400 500 600 700

Puc. 4 U



1) Onpejennre Maccy HACBITAHHOTO MOPOLI-
ka UnCl, korma o0beM coepKUMOTO MEPHOTO
cocyza cran paser: a) 110 mr; 6) 150 mor.

2) Omnpegennre MaccoBbiil pacxon U (BbI-
pasuB ero BT,/ c), eC/IN B HAYa/le SKCIIePUMEHTa
00'bEM COJIEPIKUMOTO MEPHOTO COCY 1A YBEJINYNU-
BaJsica co ckopoctbio 0,10 M /c.

A.3asy,

3anmaua 2. Bropas crynens
Ha pucynke 5 npuBejieHa cXemMa O4eHb JIJINH-
HOU IIOJ{BECHON JIECTHHUIIBI. Macchl KayK/I0i 13

m/2

m/2

m/4

Puc. 5

JIBYX IIePBBIX CTYyIICHEH PABHBL 72, a B IOCJICLY-
IOIIUX I1apaX MAacchl CTyIeHell yMeHbIaloTcs B
[IBa pasa [0 OTHOLICHUIO K IPEbLAYIIUM
(m/2,m/4,m/8,...). Oupenenure CUIbl HATSI-
skenus tpocos Ty, T, u Ty, peficTBylomux Ha
BTOPYIO CTYIICHD, CUUTAsI BCE CTYIEHH OJHOPO/-
HBIMH, a TPOChI Jerkumu. Ha pucynke 5 xax-
Jlasi CTYIleHb pas/iesieHa Ha YeTbIPe OlNHAKOBBIC
4aCcTu.

M. 3amammnun

3agaua 3. Jlex

Ha crose ctout BbICOKUI MUIUHPUYECKUIT
COCY/[I C BOJIOH, B KOTOPOM C ITOMOTITBIO 3aKperl-
JICHHOII Ha JTHE HUTH Y/IeP>KUBACTCS MTOJTHOCTDHIO
TOTPY>KEHHAs B BOAY JbINHKA, & Ha TOBEPXHO-
CTH BOJIBI TJIaBaeT HEGOJIBIION IJIOTUK C BCTPO-
ennbiM tepMoMeTpoM (puc.6,a). Cucrema Haxo-
JIUTCS B TEILIOBOM paBHOBecuu. B cocyn Havm-
HAIOT J106aBJISATH TOPSUYYIO BOMLY TIPU TEMIIepa-

°C
10

|

a) 6)

o
=

[\

—_—

IIIIII|IIII|IIII|

|

Type ¢ =99°C ¢ MaccoBbIM pacXxojoM
w=2,0r/c. Cunuras mpoiecchl TeraooOMeHa
OBICTPBIMHU, MOCTPOITE KauecTBEHHbIN rpaduk
3aBUCHMOCTH CKOPOCTHU TIObeMa BepxXHel rpa-
HUIIBI CTOJIOMKA TEPMOMETPA OTHOCUTEIBHO CTO-
Jla OT BpEMEHU, YKa3aB HAa HEM XapaKTepHbIE
Touku. Bona u3 cocyna ue BoumBaetcs. Ilore-
pPSAMHU TeTlsIa, TEIJIOeMKOCTBIO TepMOMEeTpa M
MJIOTHKA MOKHO ITpeHe6pedn. [1nomans ara co-
cyna S =20 cM?. Brauasie B cocy/ie 6bLT0 m =
=400 T BOBI, a CUJTa HATSKEHUS HUTU PaBHS-
gace T = 0,07 H. Bo Bpems TasgHus Jiesi He
BeruibiBasl. Ha pucyHke 6,6 puBeieH yKPYyI-
HEHHBIH (hparMeHT ITKaJIbI TEPMOMETPA, K KOTO-
POl IpuJIoKeHa JUHEHKa. Y e/ bHas TerIoeM-
KoCTb Bozibl ¢y = 4200 [Isk/(xr - °C), yaeapHast
Teriota maaBmenus gbga A = 330 k/k/Kr,
IJIOTHOCTD Jibza P = 0,9 r/ eM®, ILI0THOCTD BOJIBI
po =10 r/ o’ , YCKOpeHue cBOOOIHOTO Tajie-
st g =10 H/xr .

M. 3amammnun

3azava 4. Moct

B anextpuueckoii meru, cogeprkaiieiit uCTou-
HUK TOCTOsSIHHOTO Toka [, (puc.7) Ha AByX
OIMHAKOBBIX PE3NCTOPAX BbBIJESETCS MOII-

Puc. 7

HOCTH P 0,5 Br, a Ha aBYyX Apyrux -
momuoct 2P u P, . IIpu atom depe3 upeasn-
HBIIT aMIepMeTp MpoTeKaeT TOK cuiaoi [, =
=25 MA. Ompenenure 3HAYEHUE MOITHOCTH
P, , conpotusieHnsa BceX pesucTopoB U HAIps-
skenua Ha nux. Hailpure snauenne I, ucrou-
HUKA.

I pumeuanue. VIcTOUHUKOM HOCTOSTHHOTO TOKA
Ha3bIBAIOT aKTUBHBIM 3JI€MEHT 3JIeKTPUUECKON
L[elH, Yepe3 KOTOPbI IIpoTeKaeT TOK CUIoi [,
[IPU [OJIKJIIOYEHUN K HEMY Pe3UCTOPOB C pas-
JIMIHBIMU B MUPOKOM JHATTa30He COTPOTHBJIE-

HUSAMU.
B.Caob6o0amnumn

Hy6auxayuio nodzomosun B.Crobodsnun




OTBETbHbI, YKA3AHUA, PEIIEHUA

«KBAHT» A4 MJIAALLNX LUKOJIbBHUKOB
3AOAYN
(cm. «Ksanms No4)

1. B nepBblil YeMo/aH HA/I0 MTOCA/UTH TBAPEIl BECOM
10, 4, 3 d¢ynra; Bo BTOPOIt — 9, 7, 2 dyHTA; B
tpetuil — 8, 6, 5 GyHTOB.

Kommenmapuii. Haiitun otBer (n m0Kasatp, 410 OH
€[IMHCTBEHEH) MOXKHO cJefytonmm obpasom. Tea-
peit ¢ Becamu 10, 9 u 8 pyHTOB HEO6XOAUMO TTOME-
CTUTD B pasHble 4yeMojanbl (MHAYE ONMH YeMOJaH
GyzieT CIMIIKOM TsiKeabiM). [lasee, 4To6bI HUKTO
He TOJpaJicsi, TBapb BecoM 2 (yHTa HEOOGXOANMO
MMOMECTHTh BO BTOPOH M3 9THX YEMOJAHOB, & TOTJA
TBapb BecoM 4 ¢yHTa — B mepsbiii. [locae atoro
HETPY/IHO PaCIpeeUTh U OCTABIIUXCS TBapeil.

2. 120°, 45°,15°.

3ameTnM, 4TO TpeyroJabHuk MAD TOXKe paBeH Tpe-
yroiabuuky MAB — 10 TpeM CTOpOHaM: CTOPOHA
MA y unx obmas, AD = AB Kax CTOpPOHBI KBa/[pa-
Ta, MD = MB mo ycaosmio (Je)kaT HampoTHB
COOTBETCTBEHHBIX YIJIOB B PABHBIX TPEYTOJbHUKAX).
3naunt, £ZBAM = ZMAD =90°/2 = 45°. B Touke
M cxonaaTcs TPH COOTBETCTBEHHBIX YIJIa DPaBHBIX
TPeyroJbHIKOB, moatomy ZAMB = 360°/3 =120°,
CyMma yri0B TpeyroJbHHKa paBHa 180°, moatomy,
ZABM =180°—-120°—-45°=15°.

3. CuoHBI €T TOJIBKO KpyTJble apOys3bl.
BbIsiCHUM CHavasa, CKOJIbKO apOy30B €cT Ha 3aBT-
paK Kax/i0e 13 >KHBOTHBIX. Ilo ycs10BUIO 5 CIOHOB 1
7 GeremoroB cbenaior 31 ap6ys, a 8 caoHOB u 4
Geremota — 28 apO6y3oB. Mbl BHIUM, YTO €CJIH
3aMEHHUTDb TpeX 6ereMOTOB Ha TpeX CJIOHOB, TO Tpe-
Oyercst Ha Tpu apOy3a Menbine. 3uauut, 12 cJI0HOB
cvenn 6o 31 — 7 = 24 ap6ysa (T.e. KaxabIii 110 2),
a 12 Geremotos cpesu 61 31 + 5 = 36 apGysos (1.c.
KaK/IbIH 110 3).

B mepBoii rpytre Geremotsl chesin 7 -3 =21 aplys.
Crospko ap6y30B ofHOIT (OPMBI He OBLIO, 3HAYMT,
6ereMoTbl eiAT apOy3bl 060l GhopMbI, a TpuBe-
pe/UTNBBI CJIOHBI. BO BTOPOIl TPYyIIIE CJIOHBI CheJIH
8-2=16 ap6ysoB. Cronpko Ky6muecknx apOy3oB
He ObLTO, 3HAYHUT, CJIOHBI IPEANOYNTAIOT MMEHHO
KpyrJibie apOy3bl.

4. TIpumepsl puBe/ieHbI Ha pPHUCYHKe 1.

Puc. 7

Kommenmapuu. 1. CI0XKHOCTD TYT B TOM, 4TO IIPE-
JIATAETCS CJIOKUTD (DUTYPY [OBOJBHO MaJIEHBKOTO
MepuMeTpa: Jaske €ecjim CKJAJbIBATh MHOTOYTOJIb-
HUK TOJIBKO M3 KBQJ[PATOB, TO MOJIYYUTCS HEPHMETD
He MeHbIne 12 c¢M, a Hajo elle 106aBUTH IeJabIX 19
TPEYTOJbHIKOB.

W3 Bcex ¢uryp, uMeomux AaHHyO IJIOMA/b, Han-
MeHbIInil mepumerp umeer Kpyr. Iloatomy ecomn
TaKOW MHOTOYTOJIbHUK CYIIECTBYET, TO, BUAUMO, OH
JI0JKeH ObITb GJIM30K K KPYTY.

KcraTtu, MOKHO TIO/ICUUTATh, YTO TEPUMETP KPYTa,
PABHOBEJIMKOTO HAIleMy MHOTOYTOJIbHUKY, COCTaB-
aseT npuMepHo 14,7 cM. Tak 4To MOMTyYnTH MHOTO-
YTOJIHUK eIl[e MEHBIIETO MePUMETPa HEBO3MOKHO.
2. YroJa mpu BeplinHe KBaJpara — MOJOBUHA pa3-
BEPHYTOTO, a NPH BEPIINHE MTPABUIBHOTO TPEYTOJIb-
HUKa — TpeTb pa3BepHyToro. Iloatomy Bo BHyTpeH-
Hell BepIIuHe MOTYT CXOJUTBCS J60 6 TPeyroabHI-
KOB, Jm60o 3 TpeyrospHUKa U 2 KBajpara, Ju6o 4
kBazipata (5TO IOMOraeT IPOBEPUTH, BO3MOKHA JIH
B JIEHCTBUTEIBHOCTH HAPUCOBAHHAs OT PYKH Kap-
THHKA).

KOHKYPC UMEHU A.N.CABUHA

(cm. <Keanms No3)
25. MoxHo.
Paccrasum uncaa Tak: 2, 4, 6, ..., 100, 99, 97, ...
..., 1 (cHavasa Bce veTHbIE YNC/Ia B IOPSAIKE BO3Pa-
CTaHMsl, a TMOTOM HEYETHbIE B MOPS/KE yObIBAHUA).
Ha camom zieqe takas paccTaHoBKa efunHcTBeHHa (€
TOYHOCTBIO JI0 MOBOPOTA M HampaBjeHus 06xoaa).
26. Bepmo.
Ormerum Touku K u M na croponax AC u BC Taxk,
uto KM || AB (puc.2). Ilyctb cepeamHHbIH mep-
nenpukyasap k KM nepecekaer cropony AB B Tou-
ke P. Tenepp BbiGepeM Ha cropone AB Touxu L u
N, cumMerpuunble oTHocuTebHO P. Toria orpesku
KM n LN 6ynyT OCHOBaHUSMU UCKOMOU TpaIein.
[Tapa MoMeHTOB B pemieHun TpeGyIOT JONOJIHUTEID-
HOTO BHMMaHWS. Bo-TIepBbIX, 4TOOBI 3Ta PAaBHOGO-
Kas Tpamelys He OKa3ajachb MNPSIMOYTOJbHUKOM,

C

Puc. 2



OTBETbl, YKA3AHUA, PEINIEHUNUI 53

Ha/10 BbIOpath LN # KM . DTOr0 MOKHO JOOUTHCS
6saroziapst cBo6ojie Bbi6opa Touek L u N.
Bo-Bropbix, ecan oaun u3 yriaos A u B Tynoit, To
He J060i orpe3ok KM 1OJXOUT: cepejinHHbII
neprenuKkyaap k KM Moxxer He nepecekarb CTO-
pony AB. IlokaxeMm, 4To CylecTByeT MOIXO/SNINI
orpe3ok KM. Ecau B kauectBe KM BbIGpaTh OTpE-
30K AB, to P Gyner cepenunoit AB. 3nauur, eciu
BBIOpaTh 0Tpe3ok KM pocratouno 6JM3Ko K AB, To
1 ToyKa P OyieT HaXOAUTHCS JOCTATOUYHO OJIM3KO K
cepenute otpe3ka AB, T.e. OyjeT JeKarthb HA HEM.
27. Bynem 00X0oauTb TaOJETKH IO YaCOBOH CTPE-
Ke, Torfa 06s13aTeIbHO HAyTCs /[Be XOpolnue Tad-
JIETKU PSIZIOM, CPa3y 3a KOTOPBIMU JIEKHUT TLIOXAs.
[lepsorit Myzapert 6epet mepByIo TabJeTKy, BTOPOil —
BTOPYIO, a TpeTbs (M10Xas) 3alOMHHAETCS M MbIC-
JieHHo BoiOpachiBaercsi. [lociie vero 3amaua cBOIUT-
¢S K TakKoil ske ¢ MEHBIINM YUCJIOM TaOJeTOK, MpH-
4YeM OTHOIIIEHUE XOPOIINX TabJIeTOK K MJIOXUM Hen3-
MeHHO 2 K 1, 1 aJrOpUTM IIOBTOPSIETCS.

28. n(n+1).

Ipumep. llponymepyeM Bce CTOJIOIBI JOCKH IIO
mopsiiKy. Kask/piil HeyeTHBIN CTOJIOEI IeTUKOM
3afimeM omgHUM KopabueMm. Taxmm o6pasom OyzeT
3aHATA MOJOBIHHA KJIETOK. JTO KOJIUYECTBO HETPY/I-
HO TIOCYUTATD.

Ouenxa. [IBe coceHne MO IWArOHAIN KJIETKH HE
MOryT ObITb HU B PasHbIX KOpaGJsX, HU B OHOM.
ITokaskem, 4TO BCe KJIETKH IOCKH MOYKHO HOJEJUTDH
Ha Mapbl COCEHNX IO IHArOHAIN KJeToK. V3 atoro
Oy/IET CJIeIoBaTh, YTO 3aHATO He GOJIbIIE TTOJOBIHDI
KJIETOK.

JlaHHy10 B YCJIOBHH JOCKY HA30BEM OPULIUAHINOM
nopsiaka n. (Aymexcruil 6puiiuanm — UPUHATOE B
KOMOMHATOPUKE HasBaHHWe TakKo# (purypbr.)
[lokaskeM IO MHAYKINH, 9TO OPUJLTHAHT TIOPS/IKa 72
JIeJTUTCS Ha [IMaroHaibHble TTapbl KiaeTok. [Ipu n =1
yTBepsKIeHne oueBuano. Ilycth GpuIHanT mopsi-
ka k — 1 gesmurcs Ha Takue TMapbl KJIETOK. Boipeskem
ero u3 Gpuiimanta nopsjaka k (Ha pucynke 3
nokaszan npumep s k = 4). Ocranercss 06JacTb,
KOTOPYIO MOKHO NTPE/JICTAaBUTD B BUJIE ABYX IETIOYEK
KJIETOK, T/le COCETHIE KJETKU COCEICTBYIOT TI0 J[1a-
ronamn (KpacHass W KesiTas IENOYKM Ha PUCYHKE

Puc. 3

3). B kaxaoii m3 HUX 1O 2k KJIETOK — YETHOEe
KOJITYECTBO, & 3HAYUT, UX MOKHO Pa3OUTh HA Mapbl
COCEIHUX TI0 JMaroHaju KJeToK. Takum o6pasom,
nepexoj uHAyKImu ot k — 1 x k jokaszam.

ONATOHAIJb KNIETYATOIO
NMPAMOYTOJIbBHUKA

1. Buanmo, motomy uto B cetke (He MareMarmuec-
KO, a pBIGOIOBHOI, HanmpuMep) HUTH CBSI3aHbI
y3J1aMHU.
2. 100.

300
Ha 5 pmemurca —— =60 wuuncesn, na 6 geaurcs
300 3
6
JIBaK/IBI YUUTBIBAIOTCS YUCJA, KOTOPOE JAEJSITCS W

Ha 5, 1 Ha 6 OJIHOBPEMEHHO; TAKIX YHCE]T % =10 .

Wroro mosyyaercs 60 + 50 — 10 = 100 ymceur.
3. HOZ(a,b).
Ecun noziesnts Bee Ha b, MOJTydnTcs 3aja4a 2.

=50 umces. Ilpn ciokeHnn 3TUX KOJUYECTB

4. [u} , €CJIH ¥ TIPE/ICTABJISETCS B BH/IE HECOKPa-
2

a
THMOIT Apo6u Kak b
ITO KOJIMYECTBO PABHO KOJHMYECTBY IepeceyeHuit
<BBINPSIMJICHHOI» TPAEKTOPUU € KaxJO0H BTOPOI
BEPTUKAJIbHOI JMHUEH CEeTKH.
5. Her.

1

B srom ciyuae r =1g30°=—, a aro uppamuo-
HAJIBHOE YHCJIO. V3
6. Her.
«PacnpssMuM» TpaekTOpHIO aHAJIOTMYHO TOMY, Kak
aTo ObLTO cresano B 3agave 4. Torma map Oyzer
JIBUTATHCSI 110 TPSIMOIL ¥ = X, a y3JIbI NOJIyqnBIIeHCS
peretkn Gy/yT UMeTb B/ (\/Em,n) ,TIe mun —
nesble. OiHA KOOpAMHATA TAKUX Y3JIOB HPPaINo-
HaJIbHA, a JIpyras palfioOHaJbHA, ITO3TOMY Ha IIps-
MOii y = x y3J10B He Oy/ieT.
7. CHOBa «pacHpsMIM» TPACKTOPHIO, KaK B 3ajade
4. Jly3pl GUIbsIp/Ia, MHOTOKPATHO OTPAasKEHHbBIE OT-
HOCHTEJIBHO CTOPOH, 6YyT 06pa3oBbIBATH IIPSIMOY-
TOJIbHYIO PEIIeTKYy C IIaroM ¢ 10 TOPH30HTAIN U P
no Beprukasu. lllap Gyzmer aBuraThes 1O TPSAMOI
y = x, r.e. uepes touku Buga (m,m). Touka (m,m)
SIBJISIETCST Y3JIOM, €CJIM /M JIeJIUTCSL U Ha p, U Ha ¢,
3HAYUT, TII€PBBIM TaKUM y3JaoM OyaeT
m =HOK(p,q), a 910 HeYeTHOE YHCJIO, HOITOMY
aTa TOYKA COOTBETCTBYET CpejHeil sy3e.
8. HO/L (a,b,c) —1 y3J0B, HE cunMTas KOHIIOB [IHa-
TOHAJIH.
MoskHO /1efiCTBOBATh TaK ke, KaKk B TPETbEeM pellle-
HUM 3a7aun 1. Y3JIbl IeIIT AnaroHaJb Ha paBHbBIC
yactu. [lmockocTy IepBOro HarpaBJIeHUs JAEIAT [Ha-
rOHAJTb HA @ PaBHBIX 4acreil, Broporo — Ha b,
Tperbero — Ha ¢. Torga ysibl AeJAT AUaroHajb Ha

HO/(a,b,c) uacreii.
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9. /lnaroHa/ib IPAMOYTOJIBHIUKA P X ¢ JICTUTCS JI-
uusimu cetku na p+q— HOJ(p,q) wacreit. Ioge-
JUM THPOT Ha YacTH TaK, YTOObI MAacChl KyCKOB
GBLIN IIPONIOPIMOHAJBHDI JIIMHAM OTPE3KOB HA J(Ha-
TOHAJIIL.

10. p—“(\/pz +q° +p+q) .
q

HepeIIeCI/ITe BC€ OTPE3KU /[haroHajan B OJAUH KBa/l-
PaTHK, KaK B pPEHICHUN 3a/lavuun 6.

BCEPOCCUNCKAS ONTIMMIMUALA
NO ®U3NKE UMEHU A)K.K.MAKCBENA

7 Kknacc
1. /lnmna BTOpOro yvactka Oy/eT MaKCHMAJbHOIL,
korga bapam o6ronunt Kpoma npakrtuyecku Ha
0T
camoM unuIIe; Sy . = v Jmina BTOporo yua-
CTKa MHHHMaJsbHAa, Korza Kpolml 3aKOHYNT ABHKe-
HUEe co ckopocTbio 1,50 B MoMeHT oOroHa bBaparia
0T
(B MOMEHT BpEMEHU T ); Symin = - OrtcraBanue
Kpoma or Bapama Oyser MakCHMaJbHBIM; KOTZA

sy OyJleT MUHUMAJbHBIM; f) = 7
2. Ha nepBom yuacTke rpaduka IJIOTHOCTb IEHBI
2

nocrosinia u pasua Pq = 0,1 r/CM . O6bem neHb! B
et

5TOM cIydyae maMeHserca mo sakomy Vi(t)="-.
Pi

Tax xak 06beM M3MEHSIETCS] PABHOMEPHO, CKOPOCTD

aBia o = +— =10

JIBUKEHUsT TIOpImHs paBHa v = — =10 cM/c .

Ha BTOpOM yuacTKe MJIOTHOCTH TIEHBI M3MEHSETCS
et
s P2 ()
=5000 cm” . Tak kak Ha aTOM yyacTKe OOBEM TIO-

mmneiino. Jns storo caywas V()=

CTOSIHEH, CKOPOCTD /IBIKEHUS HOPIIHS PABHA HYJIIO:
1)2 = 0 .
Ha Tperbem yuacTke IJIOTHOCTb HEHBI ITIOCTOSTHHA U
3
paBua p3 =0,3 1‘/ CM”, CKOPOCTb ABIIKEHHS IIOPII-
HS COCTABJISIET U3 = L= 3,3 cM/c .
P3S

Takum 06pa3oM, MHUHUMAJIbHAS CKOPOCTb MOPIITHS
paBHa HyJIO, a MaKcnMaJsbHas coctasasger 10 cm/c.
O6bem nenpr V =7 /:[M3 npesbiaer o6oeM V, Ha
BTOPOM yYacTKe, T0ITOMY B MOMEHT BpeMEHH T
TJIOTHOCTH TIeHbI paBHa P53 = 0,3 r/ eM® . Orcrona
w0V e
u u

3. B ucxomHoM tmosiokeHun O0e3 SKUAKOCTH 00e
NPYKUHBI CKaTbl Ha [/4 W mopimu ynmpaiorcs
Apyr B apyra. Ilpm sakauuBanuy mepBbIX HMOPIUI
SKUAKOCTH 00a TIOPIIHS IBIXKYTCS BIIPABO, MO-TIpe-
JKHEMYy coxpansisi KoHTtakt. Ilyctb x — cmere-
HHUe [OpIIHell. 3alulleM YCIOBUE PAaBHOBECUS CHC-

2019 /Ne5

TEMbI:

k(é—x]+p(25—5):k(é+xj,

S Vo
KoHTakT Mesk/y HOpPIIHSIMU HCYe3aeT, ecau CuJa
JIaBJICHUS SKUIKOCTH Ha IIOPILIHU PaBHA CUJIE YIIPY-
TOCTU COOTBETCTBYIONUX NMPYsKUH. IIponcxoant aro
[IPU CMEIIEHUH TOPIIHEeH BIPaBO Ha HEKOTOPOE pac-
CTOSIHME Xy IIpU JaBjenun py. llpu stom

p1S=k[é—x1J, n p1~25=k(é+x1),

OTKy /12
/?71:ﬂ:&vff1=ivl/I Vi=Sy=—=—.
6S 6 12 12 12
Ha caemyioniemM sTare MOPIIHE HAYMHAIOT PA3bes-
JKaTbCsl B pasHble CTOPOHBI. Ilycth ¥y u Yy —
CMEIIEHHUST IEBOTO U MIPABOTO MOPIIHS COOTBETCTBEH-

HO. 3ammuiiemMm yCJi0BUA paBHOBECUA HOpH.IHeﬁZ

I I
7)S=k(z+y1J, p-2S=k(Z+yz),

oTKyzia p = ,rae Vy =1S .

Sl _Vy

ki
OTKyZIa 2y, — U» =1
O6beM 3aauToil BOABI IPU ITOM PaBEH
V =S8y, + 2S5y, , nosromy
B A R G
5V, 10)7 72751, 20

Tenepb HaXo/luM [JaBJieHue KUJAKOCTU B COCY/e:

Y (L TR U A 1
p S|z Y |=Po 5V, 20
P

ﬂaBJICHI/IC % < Py COOTBETCTBYET CJIy4yaro a), 110~

ITOMY
Po _ 2pVa
0 v,

[laBienne Lo, Py COOTBETCTBYET cJiyuato 6), Torga

Po _ &+i 7

3 sy 20" T T
4. MakcumasibHas 1 MUHUMAJIbHAS CUJIBI YIIPYTOC-
TH TIPY>KUHBI OTJMYAIOTCS B 3 pasa, CJIe0BATEIbHO,
MHUHUMaJIbHAsT JedpopManusi B 3 pa3a MEHbIIE MaK-
cuMasibHoil u cocrasister Al = 4 cm. IIpu atom
Ha ydacTke /—2 KOHEI[ Py KIHDBI, K KOTOPOMY IIpH-
Joxena cusa F, cMemnaercst Ha 2 €M, a IIPOTUBOIIO-
JIOXKHBII KOHeIl IIPY>KUHDBI cMelnaeTcs Ha 6 cM.
Pa6ora A cunbl F 3a TMKJ TPOMOPIIHOHATBHA TLIO-
M BHYTPU IUKJA U B YCJIOBHBIX €JAMHUIIAX CO-
crapisier [y-5cM. IT0 MO3BOJISIET HAfTH CHITY
Fy: Fy = 10 H u >KecTKOCTb TPYKUHBI: k=
= Fy /ALy, =250 H/wm .
Koopaunatsl 1ientpa HpysKUHbI MOXKHO HAWTH 110
dopmymne x, =x-0,5(I+Al), rne Al = F/k . Tpa-
uk 3aBuCcMMOCTH X, OT X IIPUBE/ICH Ha PUCYHKeE 4.

o _ IS

A0 20
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i
_6 4
z -8
S0y /
-12
-14 2 >
0 1 2 3 4 5
Puc. 4 M
8 knacc

1. 1) Haiigem o6bem Hachiennoro pactsopa (75 r
UnCl B 100 MJt BOJbL):

1751
1,4 r/ oM’
B mnepsom caywae V <V.. Ilyctb m — wmacca
3aceimannoro B Bogy mopomka UnCl. 3ammmem
BBIPAKEHNE /IS TVIOTHOCTH PacTBOPA:
soun T M _ 100 r+m _ 100r+0,10-n

4 110 e’ 110 e’

MIOCTPOUM TPAMYIO, 3a/1aBaeMyI0 3THM ypaBHEHUEM,
I HaiiieM TOUKY ee IepecedeHus ¢ rpadbuxom p ().
Sra Touka coorsercTByer n = (460 £10) /1, coot-
BerctBenno, m = (46 £1)r.
Bo Bropom cayuae V > V.., npuyeM 125 cm® co-
CTaBJISIET HACBIIEHHBIH PacTBOP, a OCTAJbHbIE
Vocan = 25 em® - HEPACTBOPUBIINECS KPHUCTAJLIbI
UnCl maccoii Meay = PrpuerVocay = 62,9 1. Mtoro-
Bast Mmacca UnCl, HachlmanHoro B COCy/l, paBHA

m=75r+62,5r=137,5T.

2) Ilyctb © — CKOPOCTD YBEJINYCHNUsI 0GbEMa PacTBO-
pa. Macca nopomka UnCl B MoOMeHT BpemeHu ¢ OT
HayaJla SKCIePIMEHTA PaBHA M = ut O6beM pacTBo-
paV =V, +ot,rne V, =100 em®. Haitgem PasHoCTb
IJIOTHOCTEN PACTBOPA B MOMEHT BPEMEHN { M YUCTOi
BOJIbL:

=125cm°

Hac

m

)

_poVotm _ =m_DO(V_VO)=Mt—poUt

% 0 % v
ITpu MasoM ¢ o6beM B 3HAMEHATEJIE HEOTJIUYHM OT
Vo , moatomy

P=Po

(=pp)t
Vo ’
B To ke BpeMsi mpH Majoii Macce 3achIIAaHHOTO
MOPOMIKA TIOTHOCTH PACTBOPA M3MEHSIETCS TOUTH
Jaumeino, u P —pPy = kn = kut/Vy . Koadpdpuunent
HaKJIOHA R OMpelesnM Mo gaHuomy rpaduky. s
5TOTO TOCTPONM KaCATETbHYIO K KpHBOil p(n) mpu
n =0 u HaiizeM Tanrenc yria ee Hakiona. [Tosyda-
erca k=35/6 (B Gespasmepnbix eaunuiax). B pe-
3yJIbTATE, TIPUXOANM K CJAETYIONEMY COOTHOIIEHHIO:
5ut _ (m-poo)t
)
6V, Vs

P =Py =

YKA3AHUA,
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OTKyJla HaxXOJuM
u=6pyo=0,6r/c.
2. Paccmorpum
CUJIBI, JIeHCTBYIOIINE TZ‘ *mg Ts' *mg
na mnepsyio (Bepx-

HIOIO) U BTOPYIO CTy- pac. 5

nenn gectHuipbl (puc.5), W 3amuMIeM B KakaIoM
cjlydae HPaBUJIO MOMEHTOB OTHOCHTEJBHO JIEBOTO
Kpas CTyTeHHU:

Ll+mg-21=T,-3l, Tyl +mg-21=T, -3,
rae | — puimna ofHOTO Jesienus cTynenn. Tak Kak
OCTABIIASICS YACTb JIECTHUIbI SKBUBAJECHTHA MCXOJI-
HOU KOHCTPYKIIMU, HO HMMeeT B 2 pasa MEHbBIIYIO
maccy, o Ty =273 . B pesysbrare nmeem

Ty +2mg = 613, T3+ 2mg = 31, ,

T AT, AT, AT,

OTKYy/la I0JIydyaeM

14 8
Ty=—mg, Ty=—mg.
17 17
Benuuuny cusipl 1] HaiijeM U3 yCJIOBHUS PaBHOBe-
CHsI BTOPOIi CTYIEeHH:
1
L =T3+mg-T, =—mg
17
3. OmnpenennM HavaslbHyIO Maccy Jbjaa M. [lis
3TOTO 3alUIIeM YCJIOBHE PABHOBECHSI:

T +myg =pyVg, tne V=my/p,
U Oy YnM
Tp

(Po—P)g
Bhauaje Bce TeIL1o, OTBOJAUMOE OT TopsYeil BOJbI,
WAET Ha IJIaBJeHHe JbJa, TeMIlepaTypa COJAepsKu-
MOTO COCy/a OCTAeTCsl IIOCTOSHHON M CTONOMK Tep-
MOMETPa HEIO/BMKEH OTHOCUTEJIbHO IIOBEPXHOCTH
Bojbl. Ilyctb T — Bpems, Hpouie/iiee ¢ Hayajaa
SKCIepUMeHTa. 3aluiieM ypaBHeHHe TeNIoBoro Ga-
namca: cut(t; —0°C)=AAm,, rae Am, — macca
PacIIaBUBIIErOCs Jb/Ia. Hocxonmcy MJIOTHOCTD BOJIbI
GoJIbllle TJIOTHOCTH JIbJa, OOGBEM HPEBPATUBIIETOCS
B BOJY JIbJIa CTAHET MEHbIIE HA BEJHYUHY

AV = am, [ Lo L) atti(Po=p)
AP

C mpyroii cTOpoHBI, 00BEM BOJIBI, 100aBJICHHON B
cocy/ 3a BpeMsi T, paBen UT/p, . Taxum o6pasom,
o61iiee n3Merene 00beMa COAEPIKIMOro COCy/a PaB-

HO
t —
AV = 2L — AV =E[1_Mj.
P

=63r1.

my =

Po Po A

CKOpOCTB, € KOTOPOIl JBIDKETCS BEPXHSS I'DAHUIIA
CTOJIOMKA TEPMOMETPA, PaBHA B ATOM CJIy4ae CKOPO-
CTH TI0/IbeMa YPOBHS BOJIbL:

L 1_M :0,8MM/C.
PoS Ap

01 =
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ITOT IIpornecc 3aBepuiuTcs, KorJa BecCb Jie/l pacTa-

eT, T.e. 4epe3 BpeMs T, = er? =25c. O6mas
cu

MaccCa BO/Ibl B COCY/IE€ K 3TOMY MOMEHTY 6y}1(:‘T paBHa
=513r.

ITocae TOr'0, KaK BECb Jie/[ paCTaeT, YpOBEHb BO/Ibl B
cocyae 6y/1eT pacT TOJIbKO 3a CHeT HOéaBHeHMﬂ B

Hero ropsdeit Boibl. CKOPOCTDh TogbeMa YPOBHS B
ATOM CJIydae PaBHA

Myg =M + My + VT

vy = Moy MM/c |
PoS

Kpome ToOro, m3-sza IMOBBIIIEHUST TEMIIEPATYPbI CO-
JIEPIKUMOT0  COCyJla CTOJIOUK TEPMOMETPa CTaHeT
MMOTHIMATBCST  OTHOCUTEJNHHO TMOBEPXHOCTH BOJIBI.
CKOpOCTDb €T0 JBMKEHUST 3aBUCHUT OT PasHOCTH TEM-
neparyp ropsideil BoAbl M BOabl B cocyge. Oma
Oy/leT MaKCHMAJbHOI B HavaJe 3TOr0 IMpolecca i
PaBHOU HYJIIO TIPU HATPEBE COJEPIKUMOTO JI0 TeMIIe-
parypst £ =99 °C .

HaiizieM cKOpOCTD ABMKEHUST CTOJOGNKA TEPMOMETPA
OTHOCHTEJIBHO BOJBI B CaMOM Havajle ee Harpesa.
IIycrb tye; — TeMIeparTypa BOABI, YCTAHOBHBIIASICS
yepe3 Masioe BpeMsi AT . 3anuiieM ypaBHEHHe Terl-
JIOBOTO OaJjiaHca:

CUAT (t1 - ty(.,r) = CMygyy (tym, -0 °C) .

Tax kax tye; Mamo, 10 ¢ ~tyer

=t n
_ bt

yer m

o011
s puUCyHKa B yCJOBUU CJEAYET, YTO yBeJUNYCHNE
temneparypbl Ha 1°C TIpUBOAMT K TIOBBIMICHUIO
crosibuka Ha 3 MM. HOSTOMy CKOPOCTb 1O/I/beMa
CTOJIONMKA OTHOCUTEJIHHO TIOBEPXHOCTU BOJbI COCTAB-
JIdeT

(3 mm/°C)uty

= 116 Mu/c
m

CT
00111

CKOpOCTh TOJbEMa BEPXHEH TIPAHUIbI CTOIOHKA
OTHOCHTEJIbHO CTOJIA B HAayaje Harpesa paBHa
U3 =0y + 0 = 2,16 MM/C , a B KOHIIE HarpeBa pab-
Ha v, =1,00 mm/c.

Ipaduk 3aBUCUMOCTH CKOPOCTH TIOJbEMa CTOJIGHKA
TEPMOMETPA OT BPEMEHH NIPHUBE/IEH Ha PUCYHKeE 6.

U4
Vg f==——————1

Puc. 6

2019 /Ne5

4. Taxk kxak ammepMerp H/CAJbHBII U MOIIHOCTH,
BBIJIEJISIIONIIECST HA JIBYX OJMHAKOBBIX PE3NCTOPAX,
PaBHBI, TO Yepe3 HUX TEKYT OJMHAKOBbIC TOKH | U
MaJieHIe HANPSKEHUST HA HUX PaBHO IOJIOBUHE pa3-
HOCTH TIOTeHIMaJ0B Ha ucrounnke. Ho rtorxa pas-
HBI MOIIHOCTH M Ha JIBYX OCTABIINXCSl PE3NCTOPax,
TaKk KaK 4Yepe3 HHUX TEKYT TOXE OJMHAKOBbIC
toku I — I; . Tak Kak 10 yCJOBUIO MOIHOCTH OTJIH-
YaroTcs B 2 pasa, TO TOKH W COTPOTHBJICHUS PE3UC-
TOPOB OTJHYaoTCs ToXe B 2 pasa. Orcroona
Iy =1, =1,/3, u I,=0,75MA . Hanpsikenus na
pesucropax oauHakosbl n pasuer U = P /1, =20 B,
a  CONPOTUBJEHHS  PE3UCTOPOB  PaABHBI
R =P /U =8000M u R, =4000m.

MOCKOBCKAS ®PUINYECKAA ONIMMIMUNALA
LLKOJIbHNKOB 2019 TOA

(cm. «Keanm» Nod)

7 Knacc

1. ITockosbky Macca Huubca ymenbimiaacs B 1000
pas, T.e. 10 30 T, a MIONUA/Ab MOMEPEYHOTO CEUCHUS
MBI yMeHbImaach Bcero B 100 pas, To e aByx
PYK yMeHblieHHOTO Huuibca XBaTuT, 4TOOBI MOATS-
HYTBCSI C JIOMOJHUTEJbHBIM TPY30M TaKOW MAacchbl,
qro cymmapnas macca cocrautr 10-301=300r .
3Hauut, Macca JJOHOJHUTEbHOrO I'py3a paBHa 270 r.
2. O6beM, 3aHUMaeMblil KaMHSIMU TaJIbKU, MEHbIIe
MOJTHOTO 00beMa, 3aHUMAeMOro TaJbKOH B COCY/Ie,
BO CTOJIbKO K€ pa3, BO CKOJbKO HACBITHAS ILJIOT-
HOCTb MeHbIIle IIOTHOCTH Kamueil. OTcioja mouty-
yaeM TIPOMOPIIHIO & =Pl 0,58 . CuaemoBaresib-
‘/11 Po

HO, Tyctotbl 3aHmMaioT 0,42 or o6beMa TasbKH.
ITockoJIbKY BBICOTA €10 Tatbku Oblia pasna 1 M,
TO B 3Ty TaJIbKy MOXKeT BOITH cJI0i 1ecka, KOTOPbIi
uMeJsl TOJNMUHY 42 cM. 3HAuuT, CBEPXY OCTAHETCs
cJ0ii Trecka BbIcoToi 18 cM, Torga obuwmit yposeHb
HacbImKu Oyaer paBeH 118 cm.

3. 1) Paccunraem nieny 6erona mapku M200. ITycrb
oO6beM 1emenTa B Getore cocrasisier V. Torzma

1M =V +32V+4,9V ,u V=109,9 m>.

CrenoBaresibHO, 1eHa 6eToHA ITON MapKu

180 py6. 102 py6.
C = 23,2V +
200 50 kr " 50 kr Pu
b 1B0BY0: 9y < 5298 py6/’ .

40 xr

Ananornyno Haiijem

Cy50 = 2311 pyé./M3 u Czg = 9327 py6./M3 .
[lns1 pacuera oTHOIIEHNST 00BHEMOB TIEMEHTA, IECKa
u mebust B 6etore mapku M400 sammuieM ypaBHe-
HUe IS [IeHbI 32 KyOoMeTp aToif Mapku GeToHa, a

TaKKe ypaBHeHue /s o0beMa 3Toi HopLun GeToHa.
Orciopa naiigem V0 V0V, =1,0:1,4:2,8.
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2) 3mas 1enpl GeToHa 3a KyGOMETP, 3aMETHM, UTO
9,4 m* Geroma mapknm M250 6ymyT cronth Bacu-
mo 49924 py6., a mapku M300 Oyayr croutb
50070 py6., M0o3TOMY HAWJIyuIlas BO3MOKHAS Map-
xa 6erona M250.

4. 1) Tlponyckuas cioco6HocTh N aBTOZOPOTH paB-
Ha KOJIMYECTBY aBTOMOGUIIEH, KOTOpBIE HepeceKaioT
JIMHUIO, TepHeH/INKYJIIPHYIO HAIIPABJICHUIO JBIKE-
HUS, 3a euHuIy Bpemenn. Ecan [ — cpejuss aumHa
OJTHOTO aBTOMOOWJISL, a X — CpeJHee pacCTOSHUE
MeX/ly aBTOMOOMJISIMU HAa MAaruCTPasn, TO HPOIYCK-

Y
Has CocOOHOCTh MarucTpamd N, = 41 , a Tpo-
+x

IyCKHAas cIoco6HOCTD Joporn BOsm3n mecta JITII
N, = 2li_zy , TJle y — Cpe/iHee PACCTOSHUE MEXLy
mamuHamu npu asuskennn psjom ¢ [ATII. [Lng toro
yTOOBI TPOOKA HE POCJIA CO BpeMeHeM, HeoOXOIUMO,
4TOOBI BBITIOJIHAJIOCH HepaBeHcTBo Ny > Ny . B mpe-
netbHoM caydae y = () 9T0 HepaBEHCTBO 9KBUBAJIEH-

v
THO HEPABEHCTBY X > 251, OTKy/Ia TOJIy4aeM
Uy

x> 76 M.

2) K orBery Ha BTOPOH BOMPOC MOKHO TIPU/TH
pasHbIMU CIIOCO6aMU, TPUYEM BCE OHU UMEIOT Xa-
paktep OIleHOK. MOKHO, Hampumep, yHoaoOuTh
Y4acTOK MarucTpaJsu or mnepekpectka jgo mecra JTII
COCY/y, B KOTOPDBIl TOCTYMAET KUIKOCTb C OHUM
MacCCOBBIM PacXO/IOM, a BbITEKaeT ¢ ApyruM (MeHb-
MUM), W HAWTH BPEMs 3AMOJHEHUs HTOTO COCY/A.
3a eMHUIy BPEMEHU YYacTOK OT IEPEKPEeCTKa 0
mecta /JITII moxkupgaeT KOJAMYECTBO MAaIIWH

vy, 5
ny = 27 = R 3a To e BpeMsl Ha 3TOT y4yaCTOK
2 10
BbE3KACT 1y :41 =— wMamuH. Ha MomeHT
+Xx

06pa303aH1/1$1 Hp06KH KOJIMYECTBO MalllMH Ha y4acCT-
Ke oT mpo6KI a0 IepeKpecTKa PaBHO
150

0= 4m =300 . Korma Bech yuacrox ot [TII

JI0 TIlepeKpecTka Oy/IeT 3al0JHeH MallHHAMU, KOJIH-
YyecTBO MalllMH Ha HeM craHeT N = 4% =1500.
Bpewms, 3a koTopoe 3TO NPOU30IiJET, paBHO
=u2w02480028MHH.
n —n )

3. Paccrosinme meskay Tenoit 1 YeGypaiikoil ymMeHb-
HIaeTcs HepaBHOMEPHO, CJIe0BATEIbHO, OHH CTap-
TOBAJIN U3 CBOHMX JIOMOB He OJHOBpeMeHHO. [306pa-
3UM rpauK 3aBUCHMOCTH PACCTOSTHUS S MEXY
Tenoit 1 Yebyparkoii or BpeMeHu ¢, OCTaBIIErOCs
no serpeun (puc.7). paduk npencrasiser co6oit
JIOMaHyI0 JIMHHIO, IPOXO/SIYI0 depe3 Havaao KO-
opaunatr. CaMblil KpyToif y4acTok rpaduka coot-
BercTByeT ABmxennio n lensr n YeGypamniku, Gosee
MOJIOTHH — JIBIDKEHUIO OJJHOTO M3 J[py3eil W ropu-

t

s,M 1

2655
2475

2025

1200

0

0
Puc. 7
30HTAJbHAST JIMHUS — HAXOXKIEHHIO 060UX [0MA.
Herpyano coo6pasutb, uto touku (0; 0) wu
(5; 1200) nexar Ha KPYTOM ydacTKe, TOYKH
(10; 2025) u (15; 2475) — Ha HOJOrOM U TOYKA
(20; 2655) — Ha TOPU3OHTANBHOM, T.e. JOMaHas
BOCCTAQHABJIMBACTCS €JMHCTBEHHBIM 06pa3oM. 3Ha-
YUT, paccTostnue Meskay jgomamu enbr u YeGypar-
KU paBHO 2635 M.
Haiinem ckopoctb ojHOro u3 Jpyseil 110 TOYKaM
(10; 2025) u (15; 2475):
_2475M-2025 M
~ (15-10)-60 ¢
Crkopoctp cOompkenust [ennt u Yebypaiikun Haxo-

mqurest o Toukam (0; 0) u (5; 1200):

1200M:4M/C.
c

10 20 ¢,Mun

9 =1,5m/c.

o +0y =
[ToaToMy CKOPOCTB BTOPOTO Apyra 0, = 2,3 M/C.
8 Kknacc

1. 1) Hanmenbuiee sHadenne cpeneil CKOpOCTH Ha
OJTHOM 13 OTPE3KOB BPEMEHHU JOCTHTAETCS B TOM
cJIydae, KOTr/la Ha BCeX OCTAJbHBIX OTPe3Kax 3Haue-
HUE CpeJHEHl CKOPOCTH MaKCHMaJbHO. Ecim mmpu-
Ha BpeMeHHOro mHTepBata At = 10 MuH, TO cnpa-
Be/nBo paBenctso S = (170, + Oy ) At. Otciosa
HaxomnM Oy, =9 kM/4. C aApyroii CTOpOHbI, Hau-

MeHbIllee U3 3HAYCHUI CpeaHeﬁ CKOPOCTU HE MOXKET

0 &M

6bITh GOJIbITIE =60 km/4. Taxum o6pasom,

9 kM/4 < D, < 60 KM/U

min

2) U3 paBeHcTBa AT S TOJTYYUM Opy, = —8 KM/T .
ITO O3HAYAET, YTO HAUMEHbIIIEE M3 3HAUCHUN Ccpefl-
Hell CKOPOCTH Ha OJ{HOM M3 MHTEPBAJIOB MOTJIO OBITH
paBHo 0. M Tak ke, Kak B TEpPBOM cJydyae, Ham-
MeHbIllee U3 3HAYEHUil CPeJHUX CKOPOCTeil He MO-
ket mpespimarh 60 xkM/4a . Tloatomy

0 < oy < 60 xM/u

2. Cuavasa BBejeM GykBenHble o0o3Hauyenus: E —
cosineunas nocrosinnas, L — paccrosuue ot CoJn-
na jgo 3emuu, R — paauyc CouHua, r — pajauyc
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o6sacti, B KoTopoii BOmM3N nenrpa CosHia HAyT
TepMosiJiepHbIe PeakIuu U e MIOTHOCTD BellecTBa
pasna 160 1‘/CM3 =160 T/M3 . CnepoBatesbno, B
KoM Ky6oMerpe obbeMa HPOU3BOJIUTCS TeILio-

Basgd MOIIHOCTD % =i =160 BT/ M Pacmipenesne-

Hiue Temreparyp B CoJiHIle JaBHBIM-IaBHO YCTaHO-
BUJIOCH, TO3TOMY CKOJIBKO IPOHM3BO/JNTCSI 9HEPIUU
3a KaKOI-TO TIPOMEKYTOK BPEMEHHU, POBHO CTOJBKO
JKe DHEPruM 3a Takoe jKe BpeMst ussyudaercss CosrH-
1leM 110 BCeM HallpaBJICHUSM PAaBHOMEDHO. Y paBHe-
HHUe 6ajlaHca dHEPTUH TAKOBO:

3
AV - dm? . E
OTKy/a
5 N3
re| 3EET 833108 km w L= 0,127 .
A R
4mAh 3 4m
3.1) Ap=——=5%r/m"; 2) =—-=
TS / Po = h,

=1000 kr/>® ; 3) N=p2A;p°+1:1O.
P

4. 1) Bojia HauMHAET NOSABJATHCS HA JIHE MEH3YPKU
I0CJle TOTO, KaK OHA 3AIOJIHUT BCE IICTOTHI B CHETe
3a cyeT KammIApHBIX addexToB. Taknum o6pasom,
i 06beMa, 3aHMMaeMOro CHEroM H BOJIOH B MO-
MEHT HOSIBJIEHHsT BO/(bl HA J[HE COCY/Ia, MOXKHO 3aIli-
cartb

V, =V, +V,

HEpacT.CH. BOJBI »
OTKylla HO]Iy‘-II/IM
d3hy — d?
Pn( oho = dj ll)
o = 3 5 = 0,78 .
(pu - pu)dl h’l + p.ud() h()

AHaJIOTUYHO HaxoauM
o (o —2h)
(pu - p.ﬂ)dth + pjldghﬂ

2) IIpeAnonosxKuM, 4TO BECh CBEKUH CHEr pacTasi,
U PACCUNTAeM OTHOIIEHWE MOJYYUBIIETocs o0beMa
BOJIBI 1 OGBEMA MYCTOT B CJIO€ CJIESKABIIETOCST CHe-
ra:

) 0,52 .

‘/Ii()j[bl — (p'l/pB)(1 - 0,1)H1S — 0,76 .
Vv o, H,S

1yCcToT
HonyqaeTca 3Ha4YeHnue MeHbIIe 1, CJe/10BaTeJibHO, K
MOMEHTY IOsABJIEHNA BO/Ibl PaCTa€T HE TOJIbKO BECb
CJIOIl CBEKEBBINIABIIETO CcHera, HO M 4YacCTb CJIOA
CJIEJKABIIETOCS CHEra BBICOTOW X. 3HAYEHUe X MOJK-
HO HaliTu u3 YpaBHEeHUA

&(1 —011)H15+&(1 _az)xs =0, (H2 _x)S ’
Py Pg

orkyma x = 1,3 cm . Torma

H, =H,-x=87cMm,

HepacT.CH.
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9 knacc

1. 1) Ilentp Macc ue/lOBEKa CMEINAETCS OTHOCH-
TEJIbHO JIOCKM W OTHOCHUTEJIBHO 3eMJan Ha Ly —L,.
2) Touka A cMemaerest Ha 2 (L — L) .
2. YpoBenb Bojibl B cocyjie Oy/leT TakuM ke, Kak B
HAYaJbHbBIII MOMEHT BPEMEHH.
3. Paccrosune L mexay 3emueit u IOnurepom
U3MEHSIETCS] B T€UeHMe KaK10r0 nukiaa Mo, npuiem
6bICTpee BCETO, KOTJA CKOPOCTb 3eMJIN HallpaBJeHa
B/IOJIb JIMHUM, coequHsioniein 3emuo u IOnumrep.
WNuave roBopsi, KOT/ia aTa JUHUS KACAETCST OPOUTDHI
3emsm. 3a oauH UK Mo B aTOM ciydae paccTosi-
Hue L M3MeHUTCs Ha

AL=27-1,5-10% . 25
36524
910 paccrosinue cser npoxoauT 3a 16 c¢. Otcioga
JIUISL CKOPOCTH CBeTa MOJIy4aeM

4,57-10°% kM
¢ 16¢

4. TlpencraBum cebe, uto HUKaKoro kumenus (re-
HOYHOTO WJIM TY3BIPHKOBOTO) B IIPOIECCE TEIn006-
Mena He mpoucxoaut. Torpa temmeparypa T B KO-
HEYHOM COCTOSTHHHM OIIpe/Ie/IIeTCsS YpaBHEHUEM TeTl-
nosoro Gananca mc (T, —T) =mycy (T - Ty) , orky-
na naxoaum T = 35,2 °C . B nauem ciayudae Heo0Xo-
JIIMO YYeCTb, YTO HEKOTOpas YacTb 3TOI TEIIOTHI,
OT/IaBaeMoil MIapUKOM, UJET Ha 00pa3oBaHUeE TLICH-
kn (Q;) m Ha o6pasoBanme mapa B IIPOIECCE Iy-
spippkoBoro kumenns ( Q, ). Iloatomy ypasHenue
TemJaoBoro O6ajaHca Tenepb IMPUHUMAET BUJ
me (T, =T) =mycy (T —Ty) + O, + O, . Ilpu atom
Macca mapa, o6pasyiomierocs B 000HX Ipoleccax,
CYIIECTBEHHO MEHbBIIEe MAcChl BOAbI (9TO MOKHO
MOJATBEPANTD OLEHKAMI), TaK 4TO MOCJAEAHIOI0 MOK-
HO CYMTATh HEM3MEHHOW B TeYEeHHe BCETo IpoIiecca.
HamomuuM, uTo He Bech 06pas3oBaBIIMIICS Map IO-
KHU/JIAeT KUIKOCTD B TPOIIECCE TTy3bIPHKOBOTO KHUIIe-
HUS, a TOJDbKO JBe TpeTu. HYacTb mapa KOHICHCHPY-
eTcs1, OT/IAaBast TEIJIO BOJIE. YUTeM 9TO MPH TOICUeTe
KOJIM4ecTBa Terioter Q. :

0, = %mc(TZ -T,)=15500 I .

KM = 4,57 -10°% xv

=2,86-10° m/c .

OtnennM 3HaueHne BeqnauHbl Q) :
Oy =mL=22]Tx.

[Tockoabky Q, na Tpu nopsyjka Gospuie Qy, 1oc-
JieHell BEJMYIHONW MOXKHO IpeHe6pedb. B pesy.b-
TaTe U3 YPABHEHUS TEIJIOBOTO GasaHca JIErKO HaXo-
JUTCS KOHeuHasl TeMmIlepaTypa:

T =321°C.

MoskHO CcpaBHUTH €O 3HaueHueM 1, MOJyYeHHBIM
6e3 yuera 1oTepu sHepruu Ha ucrnapenue. Otiamdne
cocrasJisier 3 rpajyca. MHoro aro uin mMano? Ecin
Obl MBI CUUTAJIN, YTO BCE BPEMS B TEUEHUE MIPOIECcca
OXJIQXK/ICHUS IapuKa [0 Temreparypel T, mponc-
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XOJIUT My3bIPHKOBOE KHUIEHHE U HPU ITOM TPETb
nmapa KOH/JEHCUPYETCsI TIPU BCILIBITUN TTy3bIPHKOB,
TO B COCy/Ie yCTaHOBUIAch ObI TeMmeparypa (KTo He
Beput, myctb nposeput) 26,8 °C . Boo6mie rosops,
3 rpajyca 3To He TaK MAJo M0 CPABHEHUIO C PA3HO-
crpio 35,2 °C—-26,8 °C = 8,4°C .

10 knacc

1. B BepxHeil TouKe Jyru Ha HEHTP Macc YeJI0BEKa
JIEHCTBYIOT J[Be CHJIBI: CHJIA TSDKECTH M CHJIa peak-
1M ONopbl. BekTopHas cyMMa 3THX CHJI COOOIIAeT
LEHTPY Macc IEHTPOCTPEMUTENbHOE YCKOpEHHE.
MaxcnMaIbHO BO3MOKHAsT CKOPOCTD I[eHTpa Macc B
BepXHell TOUKe JYTH JOCTUTaeTcs B CJydae, KOTja
cuja peaknuu obpaiaercss B HOJb, U paBHA

v =,/gH . IlockombKy TpaeKTOpHM IIEHTpPAa Macc

OJMHAKOBbI Ha 3emJje U Ha Mapce, OTHOlIeHUE
MaKCHMaJIbHBIX CKOPOCTEil X0/bObI PABHO

Ha xaskgoM Imare 4esoBeK coBepiraeT paboTy IO
MOIbeMY IIEHTpPa Macc Ha BBICOTY A/, paBHYIO
PACCTOSTHUIO TI0 BEPTUKAIN MeKTy BepXHell M HIK-
Helf Toukamm TpaekTopun. COOTBETCTBEHHO, MOII-
HOCTb, 3aTpaunBaeMas IpH X0AbOe ¢ MaKCUMAJIbHO
BO3MOXKHOI CKOPOCTBIO, PaBHA

A mgAh

At Lo

rae L — pnuna mara. [Tockosnbky na Mapcee npuxo-
JIUTCS XOANTD B cKadaHgpe, KOTOPHIH J06aBIsIeT K

Macce 4YeJiOBEKa ellle TPEeTh, MCKOMOE OTHOIIEHUE
MorHocTel Gyer

3/2
P; 3
3 _2| 93 ~
3o 9| 23y,
Py 4\ 9u
2. Jlng Havana BBIACHUM, CyOJIUMUDPYET JIH JIejl
HOJTHOCTBIO. KoJIm4yecTBO BO3/yXa B TepMoce B

_ PV _
HAavYaJbHOM COCTOSHHUU paBHO V(= RT.~
0

=~ 4-107% Moab . Ecim Bech aToT BO3/yX OCTbIHET
0 TeMneparypbl cyb6mumaiuu T, , TO OH OTZACT
xommaectBo Ternotel Qy = voCy (Ty = T,) = 88 [Tk .
KosmmyectBo TemaoTsl, HEO6XOAMMOE A Cy6ImMa-
UM BCero KyO6uMKa W3 CYXOro JibJa, PaBHO
Q; = gpV; =920 /Ix . 3nauur, sej He MOXeT cy6-
JIMMIPOBATh TOJTHOCTHIO, MO3TOMY YCTaHOBUBIIIASICS
temiieparypa B repmoce pasua T, = 194 K. U3 ypas-
menns terosoro Ganamca voCy (Ty —T,) = vMyq
HalileM KOJIM4eCTBO CyGJMMHIPOBABIIETO CYXOTO
voCy (T - T¢
Mq
BaTeJbHO, B TEPMOCE YCTAHOBUTCS JaBJIECHIE

v +v,)RT,
7’2:—( V(')) -

0

JbAa; V= =34 1073 momb . Caeno-

~7-10" Ila .

3. Ha marymky geficTBYIOT TPH CHJIBI: CHJIA TsKec-
TH Mg, HAIpPaBJIeHHAS BEPTUKAJbHO BHH3, CHJIA
«IIpUANHaHus» F, HampaBJieHHas 10 HOPMAIH K
CTEHKe, U BEKTOPHAsI CyMMa CHJI TPEHHUs 1 HOPMaJlb-
HOII peaxkinuu R, KOTOpas MOXeT OTKJOHSITbCS OT
HODMaJlN K TOBEPXHOCTH CTeHbl Ha YroJa O, He
GOJIbIINIT YeM yroJi TpeHus o = arctgu . Tak kak
JISITYIIKA HAXOJMTCS. B PABHOBECHH, BEKTOPbLI ATHX
Tpex cuJa 06pa3yioT TPeyroabHuK. /I 3ajaHHOTO
yIJa HaKJIOHA CTEHbI HaWMeHblmas cuiaa I 6ymer
COOTBETCTBOBATH HAMOOJIBIIEMY 3HAYEHUIO yrja o,
PaBHOTO O . TPEyroJbHUKI CUJI, HOJYYEHHbIE ISt
PA3HbBIX YIVIOB HAKJIOHA CTEHDI, B CJIy4ae o = Ol J10JI-
JKHBI ObITb BIIHCAHBI B OJ{HY OKPY’KHOCTb, TI0CKOJIb-
Ky y BCEX 3THUX Tpey-
TOJbHUKOB CTOPOHA
(mg) u mnporusoJe-
JKaluit - yroJ (o)
omnHakosble. Ha pn-
cyHKe 8 u306pakeHbl
JBa TPEYTOJbHUKA
CHLI JIJIST IBYX PasHbIX
YIJIOB HaKJOHA CTe-
Hbl. Jlerko BHUAETD,
YTO TIpejleIbHOMY
3HAYEHNIO  CHUJIbI
«IpUANHaHus» [y COOTBETCTBYeT MPSIMOYTOJIBHBIIN
TPEYTOJIbHUK, B KOTOPOM 3Ta CHJIA COBIAJAeT C
JIIaMeTPOM OKPY’KHOCTH U PaBHA

2
Fy=9 g ¥ gt
sin o u

4. 1) Tlpu paGote cxXeMbl B KaueCTBe cTaGuIn3aropa
TOK 4epe3 HeJMHEHHDIH 3JeMeHT JIEKUT Ha y4acTKe
BAX ¢ orpunarenpabiM b @epeHinaabHbIM CO-
nporusienuem (ot 20 go 110 MA). Comporusie-
HIE 7 PaBHO MOJYJIO 3TOTO CONPOTHBJICHUS: 7 =
=25 Om. Ilpu atoM HampsiKeHHe Ha MOCJe/0Ba-
TeJIbHOM COeAMHEeHuu 7 u Z cocrtasiger 3 B. 9to u
eCTb IOCTOSHHOE HAINpsDKeHNe Ha Harpyske.

2) Makcumanbhoe sHadenue AU ocTHraercs, Kor-
Jla Ha HIDKHell U BepxXHell IpaHuIax /AuarasoHa
BXO/IHBIX HanpsDKeHuil Tok yepes Z cocrasiser 20
n 110 MA coorBercTBeHHO. IlocKoJbKY TOK uepes

Harpysky paBeH =10 MA , MUHUMAaJIbHDII

300 Om
TOK vepe3 R, mosmken Obith He Mernee 30 MA, a
MakcuMasbHblil — He 6osee 120 MA. Hampsikenue
Ha Harpyske paBHo 3 B, a cepeamna amamasona
BXOJIHBIX Halpsikenuii cocrasaser U; = 6 B, cue-
JIOBAaTeJIbHO, HANpsDKeHHe Ha pesucrope Ry 1o/ok-
HO y/I0BJeTBOPsTh Hepasenctsy 3 B—-AU <U,; <
<3B+AU, us xoroporo cuaeayer 3B-AU
=R -30MA u 3B+AU =R;-120 MA . Otciona
norydaem R; =40 Om .

5. 1) /lajaenne B UMJIMHAPaX OJAMHAKOBOE, I10-
CKOJIBKY OHM coejinHenbl TpyOkoil. Korzpa orHocn-
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TeJIbHDBI 06beM ra3a B BbITECHUTEJIBHOM IUJINH/PE
paBeH HYJIIO, MOKHO CYMTATbh, YTO BeChb a3 HaXo-
autcs B pabodyeMm musmHApe. O6beM rasa B 3TOM
LUJIMHIPE MOXKHO y3Hath 1o rpaduky (cm. puc.11
B ycaosun). [[Jist 9TOr0 cJeAyer npoBecTn u306apy
M HafiTM TOYKM, B KOTOPBIX OHA IEPECEKACTCS C
rpaduKOM IHKJIA /I pabovero muanHapa. Takux
touek Oyaer jse. Touka, coorBercTByIOmast 6OJIb-
eMy 3Ha4eHII0 06beMa, — HCKOMast. AHAJIOTHYHBIE
JICHCTBUS CJIe/lyeT HPOJENATh U [l BbITECHUTEb-
HOTO IJIMHApPA. B uTore MOXKHO HOJTy4HTb Takue
YHUCJIOBbIC 3HAYEHUS: [JIsi paGovyero IMJINHIPA
P =235py, V;=0,53Vy; 414 BBITECHUTEJIBHOIO
HUIUHADPA Py =Py, Vo =0,33Vy, =1,25-0,33V .
OTHollleHHE TEeMIIEPaTyp PABHO

Ir_p»h_,
Ty pVs
2) OTHOIIEHNnE KOJMYECTB BEIeCTBA MPU JABJICHUE
3 vi WV T, 0,36 1 24
Py PaBHO — =~ —— =" — =" [09TO-
v, Vo, T 0,03-1,252 5
My B pa6oueM LUJHHAPE HaXOAUTCS
24

29 = 0,83 =83% o6meii macch BO3/yXa.

3) TlopuieHb B paGouyeM HUJIMH/IPE 33 LUK COBEP-
IAeT TOJIOXKUTEIbHYI0 PaboTy, MPOIIOPIIHOHATBHYIO
mrontaun Sy . Tlopiiens BbITECHUTETBHOTO TININH/I-
pa coBeplIaeT OTPUIATENbHYI0 PaboTy, IPOIOPINO-
HaJbHYIO Tomaan Sy, npu 3ToM Koa(pduimenTt
nporopuuonanbuoctu B 1,25 pa3 GoJibliie, yeM B
nepBoM caydyae. CymmapHas pa6ora rasa 3a IUKIT
paBHa A =k(S;-1,25S,), rae k — pasmepHblii
K03 GUIMEHT MTPONOPINOHAIBHOCTH. VcKoMoe OT-
HolleHne paGoT PaBHO

n=A 112532205,
A S

1 1
11 knacc

1. [luig toro 4toGblI TOHATH, Kak paboTaeT cxema,
PACCMOTPUM TIOITAITHO, YTO MPOUCXOAUT TTOCE TOJI-
KJIIOYEHNS] K ceTH. BepxXHWil KOHAEHCATOp MmoMeda-
eMm nH/lekcoM 1, HkHMIT — wHAekcoM 2. Ha nepsoii
YeTBEPTH TIEPHO/A JIEBBI THO OTKPBIT, BEPXHUI
KOHJEHCATOp 3apsvkaercst, mpu atom Uy = -U (¢).
B momenT Bpemenn t = n HaTIPsDKEHIe Ha BEPXHEM

kongencarope Uy = U, . Cpasy 1ocJe 9Toro nore-
npan Touku A, Koropsif pasen ¢, =U(t)+U,,
CTaHOBUTCS MOJOKUTEIbHBIM, OTKPBIBACTCS MPaBbIii
JIMOJI, @ JIEBbIii 3aKPBIBAETCS, HAUMHAET 3aPSIKATHCS
HIKHMIT KOH/IEHCATOP, a BEPXHUH paspsiKacTCs.
IIpu aTOM B mpouecce 3apsaaku GyeT CrpaBeiInBo
coornomenne U, —U; =U (t). Kpome Toro, cym-
MapHBI 3apsA/l MPaBbIX OOKJIAJ0K KOHEHCATOPOB
JIOJIKEH OCTaBaThecsl MOCTOAHHbIM 1 pasubiM CUj
TOKa JINOJ], BKJIIOYEHHBIH Mexxay A u B, 3aKkpbIT,
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HHaye rOBOPS, JOKHO ObITb CIIPABELINBO PABEH-
ctBo U, +U; =U, . Takum o6pa3om, 1OKa MO/
3aKPBIT, HAIPSDKEHHS Ha KOHAEHCATOpaX yJOBJIET-
BOPSIIOT COOTHOIICHUSIM
U1:UO_U(t), 2:U(,+U(t)_

2 2
IIpomecc 3apsaKu HIMKHETO KOHJEHCATOpa Oyaer
IPOJIOJIKATBCS JI0 TeX T0p, MOKa MOTeHINAT TOUKH
A Gyner nonoxxurepHpiM. OTcCIOa CJIELYeT, YTO
Uy +U (t)

5 .

9o, =U(t)+U, =

3T
K Momenty Bpemenn ¢ = T, KOT/Ia TMOTEHInaI Ha

Bxojie paBeH +U( , HANpsiKEHUs HA KOHJIEHCATOPaX
crauytr Uy =0 u U, =U, . Ilorennuan toukn A Ha
BTOPOIl U TpeTbeil YeTBepTsIX Teprojia OyaeT T0J0-
skutesibubIiM. Ha mocsieneii yerBepTy mepuoja Hul-
Yero MpONCXOANTD He Oy/eT, TTOCKOJIbKY MOTEHITHA
Toukr A OyZeT MOJOKUTETbHBIM, HO MeHbiuM Uy ,
Tak 4rto o6a amoma OyAyT 3akpbiThl. B mepBoil
YEeTBEPTH BTOPOTO MEPUO/IA JIEBBIN MO/ OTKPOETCH,
BEPXHUIT KOHJEHCATOP 3aPSIIUTCS [0 HATPSLKEHUS.
U, . Ha Bropoii ueTBepTH HUYErO MPOUCXOJUTH HE
OyZIeT, TIOCKOJIbKY IUOABI OYAyT 3aKkpbIThl. Ha Tpe-
Thbell YeTBEPTH OTKPOETCS MPaBblil A0, K KOHILY
TpeTbeil YeTBePTH HUKHUI KOHJIEHCATOD 3apsAUTCS
110 TO , @ BEPXHUIl PaspsiuTcs /10 70 . Tak uro,
C Yy4YeTOM TIOJISPHOCTH, CyMMapHOE HalpsbKeHHe Ha
KOH/ICHCATOPaX K KOHILy TpeTbeil yeTBepTH OyaeT
pasuo U, . B mocienneii 4eTBepTH BTOPOTO MEPUO-
Jla HUYero mpomcxojuTb He Oyaer. B mepsoii wet-
BEPTH TPETHEro TMepHoja BEPXHUN KOHIAEHCATOP
omsATh 3apsiauTes 10 HanpsokeHus Ujy, a B TpeTbeit
YETBEPTH HAYHET 3apsuKaThbCsl HIDKHUN KOHJeHCa-
top. K KoHIy Tperbeit quBepg/[I] HaIpspKeHne Ha

0
BEPXHEM KOH/IEHCATOPE PaBHO T , 4 Ha HUKHEM

TO' Tak >xe, Kak B IpeAbLAyILIEM Iepuoje, K
KOHIly TpeTbell ueTBepTH CyMMapHOe HallpsiKeHue
na xomjencaropax Oyner pasino U, . B mociemmeit
YeTBEePTH HUUETro TIPONCXONTh He OyaeT. B kaxmom
caeayloleM epuojie Ha HIKHHUN KOHJEHCAaTOp Iie-
PEXOJUT C BEPXHETO B/[BOE MEHDIINI 3apsij, 4eM B
npegbiayueM. Jlerko Buzerb, 4ro yepes Bpema nl
HaIpsDKEHNEe Ha HIDKHEM KoHJeHcartope OyJer
20U, —U, -2 . ¥Yske uepes cexynmy (50 mepmo-
JI0B) TIOCJIE TOJKJIIOYEHHS] K CETU HA HUKHEM KOH-
JleHcaTope YCTAHOBUTCA IPaKTHYECKU HeU3MEeHHOE
nanpspkenne 2U, . Vtak, oTBETHI HA MEPBBIH BOII-
poc: Uo, 7%, 2U0 .

[l oTBeTa Ha BTOPOW BOINPOC HaieM XapaKTep-
HOe BpeMs pa3psAKHU OAHOrO KOHJEHCATOpa depes
narpysky: ty =RC =1c. Bpems f, 3sHauntespHO
6ouibllle IIepHoJia TEPEMEHHOr0 HampsikeHus I =
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=0,02 c. D10 O03HayaeT, YTO TPHU MOJKJIOYEHUN
HATPY3KU HAINPSKEHUST HA KOHIEHCATOPAX 34 TepH-
0/1 U3MEHSIOTCS Ha MaJyl0 BEJMYNHY 10 CPAaBHEHUIO
¢ Uy . Cpennee nanpsikenune U, Ha Harpyske Oyzer
npumepno pasuo 2U; . Ilo mnopsiaiky BeJnYUHBI
OTKJIOHEHWE HAINPSKCHUS Ha HArpysKe OT CPeHEro

sHavenns papo dU = IT — = —=LT —  Taxum 06-
C R C

pa3oM, OTHOCUTEJbHOE OTKJIOHEHHE OT CpeAaHEero

U T
SHAYEHMS PABHO = === 2% .
H 0
2. 1) Ecau Gyep ABUIKETCS ¢ TOCTOSHHOI CKOPOC-

TBIO, TO cmHja F HampaJjieHa TepIeHINKYIIPHO
ckopoctn, a cuiaa D — BIOJb CKOPOCTH BeTpa
oTHOCUTENIbHO Gyepa w. V3 TpeyrojbHUKa CKOPOC-
Tell HaXO/IUM

v =u(cos®+ksinB).

OTCIOIIa, HNCIIOJNIb3YS «METO/] BCIIOMOI'aTE€JIbHOTO yTJIa»
13 TPUIOHOMETPUM, MOKHO IOJYYUTb BbIpaKE€HUE
JIJIST MAKCUMAaJIbHO BO3MOKHOM CKOpOCTHU 6yepa:

Opax = UNK2 +1 .

OG6patute BHUMaHHE HA yJUBUTEJIbHBIN pe3yJbTar:
Onax > U . Ha mepsbrii B3rsig kaskercest, 4to Gyep He
MO>KET ABUTATHCS GbICTpee CKOpocTH BeTpa. OaHaKo
B paMKax JIaHHOIl MOJIesIN TaKoe /IBIJKEHNE BO3MOXK-
no. Ecom kakum-un6Gyap o6pasoM yganoch pasor-
HaTh Oyep C MapycoM B BHJE KPBLIA J0 CKOPOCTH
OUnax » TO B CJIydae ITIPeHeOPEKUMO MAJIoil CHJIBI
TPEHNUST OH TIPOIOJIKUT JABUTATHCS C ATON CKOPOCTDHIO.
2) MakcuMalbHOE YCKOPEHHE [OCTUTAETCSI, KOIa
MaKCHMaJbHO BO3MOXKHAsI CHJIA JIeHiCTBYeT B Ha-
pasJjeHun ckopoctu Gyepa. MakcHMasbHOI ciuiie
D cootBeTcTByeT TouKa B Ha pucyHke 9, 111 KOTO-

Cp / T

0,6

04l 1f
L
I

0,2
/

0 0,2 0,4 0,6 0,8 1,0
Puc. 9 Cp

poii Cp =1,1. IlmoTHOCTD BO3AyXa, HEOOXOAMMAS
JUUISL pacyeTa CUJIbl, HAXOUTCS 3 YPABHEHUST COCTO-
STHIST UIeaJIBHOTO Tas3a u mosydaercst p = 1,3 Kr/M3 .
CKOpOCTb BeTpa @ OTHOCHUTEJBHO Oyepa B MOMEHT
cTapTa paBHa CKOPOCTH BETPA OTHOCUTEJIHHO 3€MJII

u. Torma

1,1puS
Amax =T:5M/Cz .

3) Ilpu ABMIKEHMU C HOCTOSHHOH CKOPOCTBIO BbI-
HOJHAETCS PaBeHcTBO Cctg@ =k, mpu atom k Mo-
JKeT MPUHUMAaTh 3HadeHust ot 0 1o Ry, = 3,1, coor-
BeTCTBYyIOIEero Touke A Ha rpaduxe. Yroa @ Mo-
KET IPUHUMATD 3HAYEHUS OT  Qpy, =18°
(ct8Omin = Runax = 31) nmo 90°. [lna 3amamnoro
3Havyenus yriaa 0 1npu ycaosun 0<0<90° u 3a-
JIAHHOII CKOPOCTH BeTpa # BCEr/ia MOXKHO 110J00paTh
Takoe 3Ha4yeHHe CKopocTH Oyepa v, YTO Yroa @
6y/leT yIOBJIETBOPSTh HepaBeHCTBY 18° < @ < 90°.
Dusnueck 9TO O3HAYAET, YTO IPH JIBIDKEHUH ITI0]
OCTPBIM YTJIOM O K CKOPOCTH BETPa BCET/Ia MOXKHO
OPUEHTHPOBATDH MApyC TaK, 4TO Gy/eT BO3MOKHBIM
JIBIDKEHHE ¢ MOCTOSIHHOW CKOpocTblo. Pacemorpum
3HayeHns yraa 0> 90°. OxasbiBaeTcs aspoauHa-
Miudeckas (opMa mapyca JleJlaeT TaKoe JBUXKEHUE
BO3MOXKHBIM, O/JIHAKO CYIIECTBYET IIpe/leJIbHbIN Yol
0 ax » KOTOPBIIT MOXKET COCTABJSATD CKOPOCTb Gyepa
v co ckopoctblo Berpa u. ITockonbky @+ 6 < 180°,
JUIST TIPE/IeIbHOTO 3HAYEHUsT CIIPABE/INBO PaBeH-
ctBO 0, =180° =@, = 162° . TIpemenpubrii ciy-
Yail COOTBETCTBYET MBIDKEHHIO € GJU3KOH K HYJIO
ckopoctpio ©. Taxum o6pasom, yroa O mosker
NpuHUMaTh 3Havenns or 0° go 162°.

3. M3 pasencrBa mnorennuasoB touek E u F B
060 MOMEHT BPEMEHU IIPH IOJKJIIOYEHHOM HC-
TOYHUKE CJEAYIOT COOTHOIICHUS

iCR:Lﬁ, iziLR, a TaKxKe lﬁ:RdL
dt  C C dt
Orciona mosyqaem CR? = L. Tlycth morentman
TOUKM B paBeH HyJIIO, a UCTOYHUK NOJK/IIOUEH Tak,
yTo noreniuas Touku A pasen ¢ . Torma norenu-
an toukn E paBeH @p =6 —icR, a morenmmasn
touku F paBen @y =1; R . VI3 paBencrsa morexiua-
JIOB 9THX TOYEK CJeJyeT ic +1i; = é WNnaue roso-
psi, TOK vepe3 MCTOYHUK (KOr/@a OH MOJKJIOYEH K
IETI) OCTAETCsI MOCTOSHHBIM, MOITOMY 3apsijl, MPO-
TEeKaloNii Yepes NCTOYHUK 32 BPeMs fy , paBeH
=R
Jlerko mokasarth, 4TO SHEPTHH KOHJEHCATOpa ! Ka-
TYIIKA B J11060If MOMEHT BPEMEHU OJ[HAKOBBI:
¢ _(iL,RCY L}
W)= fm =t = 5L
2C 2C 2

M3 3axoHa COXpaHEHUs] SHEPTHU CJIEJYET YTO SHep-
TUI KATYIIKUA U KOHJEHCcATOpa Ha MOMEHT OTKJIIoue-
HHSI NCTOYHWUKA PaBHBI

=W, ().

2
A -Q & Q
2 2R 2
HOCIIB OTKJIOYEHUA OT NCTOYHHNKA Ha KaXXI0M pe3I/I-
CTOpC BBIICJIUTCA KOJNYECTBO TEIIJIOTHI

2
&,
O :WL(tO):WC(tO):%_%~

Wi (t)=Wc(b) =
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4. O6o3HaunM pajauyc mapuka R, . ¥Ymo6Ho BBecTn
B PacCMOTpPEHUE I1apaMeTp, PABHBIH yCTaHOBUBIIEl-
CsS CKOPOCTH [IBIDKEHHS IIapuKa TMPH HaJeHUN C
6OJIBIIOI BBICOTDI:

vy = dmg _ /@gRo = 22,3 Mm/c,
PoS 3po

M )
rae P = f%_T =1,28 KF/ M®  — mrotHOCTD BO3/YXa

MPY HOPMAJIbHBIX YCJIOBUSX.
Ilyctp mrapuk ABWIKETCS MO KPYTOBOH TPaeKTOPUHI
paauycoM R, a TOYKa, B KOTOPOIl YeJOBEK AEPIKUT
HUTKY, JIBIDKETCS IO KOHIEH-
TPUUECKOH KPYTroBOil Tpaek-
topuu paaumycom r. Ha pu-
cyake 10 moKasaHbI CHJIBI,
JeficTByone Ha mapuk: 1
— TAHTEHIMAJbHAS COCTABJISI-
I011asi CUJIBI HATSKEHUST HUT-
ku, Tr — pasnajgbHAs COCTaB-
JISTIOTIAst CUJTbI HATSKeHus, I,
— CcuJla COTIPOTUBJIEHUS] BO3-
nyxa. JleiictBueM cuibl TH-
JKecTu TpeHebperaem, I0-
CKOJIBKY © >> \/g_L . 3armrreM
BTOPOIi 3akoH HbloTOHA B TIpO-
EKIUSIX HA PAJMAJIbHYIO U TAHTEHITMAIbHYIO OCH:

_ mo® 4 RS

Puc. 10

mgv2 pOnR(fv2

T, = M9 - 00 Zon0 2
T 0(2) 1 » IR R 30 R
IIpu atom
T. ¢gR
T_T:J_Z:tg(p_
R

Jlerko mokasarb, 4TO YroJa @ MOYKHO CUUTATH Ma-
JIBIM, TI03TOMY t€ @ = sin@ = @ . [lns pagnyca 6oJib-
MIOH OKPY’KHOCTU CIIPABEINBO PUGIMKEHHOE Pa-
BeHCTBO R =Lcos@+rcosPp=L+rcosf, Torma
gL grcosP
o=+
2 2
% %
00pa3oBaHHOrO OTpe3Kamu 7, R u L, TeopeMy cumy-

3anuirem JUIS TPpeyroJIbHUKa,

COB:

LA L , W 7 sinB—gL;QosB :L%A

¢ sinp 0 0
MuHnMaibHOE 3HAYEHUE paauyca r JAOCTUTAETCA,
Kor/la BbIpakeHue B CKOOKaxX MaKCHUMaJIbHO. JIerko
BU/AETb, 4TO 3TO HpOI/ICXOI.II/IT HpI/I HaI/IGOJH)]_HeM n3
BO3MOJKHbBIX 3HAUYCHUI yriuaa B , PaBHbIM

T
Bmax = 5—((), T.€. KOrJla HUTKa H/IeT B/10JIb KacCa-

TeJIbHOH K OKPY)KHOCTH. B aToM ciydae yrosa mesx-
ny L ur — npamoii. B utore nosyyaem
gL gL

03 CoS @

vésin 8
:L%:LLM:2OMM‘
o 16pR, RT

max

2019 /Ne5

5. 1) Tlonykpyraas niactiia BOJM3H BEPTHKAJIb-
HOW IIJIOCKOCTH CHUMMETPUH, IEPIeHIUKYISPHOI
IJIACTHHE, TMPEICTABIgeT cOO0H KOMOMHAIINIO TJI0C-
KOIlapaJliesIbHOM IJIACTUHKU TOJIIUHON R U TOH-
KOH IIJIOCKOBBIITYKJIOH JIMH3bI C PAJIyCOM BbIILYK-
soit mosepxnoctn R (puc.11). Ilmactunka (opmu-

S
O
xl| §,S

Puc 11

pyer u3obpakenne S; UCTOUYHUKA S, HA PACCTOSI-
n—

Huu X = R—— or nero (B mapakcuagbHOM MpH-
n

6amkennn). V3o6pakenne sBJASETCA MPEMETOM

JIJIA JIMH3bI U paclioJiaraercad Ha PaCCTOAHUU d =
=R — x ot /mu3bI. Onruyeckas CUJa JIMH3bI paBHa

D=n—1

, [MO3TOMY paccTrosaHue a’ OT JMH3bBI J10

UTOTOBOTO M306paskenust S, MOXKHO JIETKO HAWTH,

3anucaB (HOPMyJIy JIMH3BL:
n—1 1 1 n-1_n 1 ,

R —R_x‘*'?, R —R+a,,a—R.
3HaK «—» YyKasblBaeT Ha TO, 4TO H306pakeHne
KJIETOK «MHJUIMMUTPOBKIS> OKA3bIBACTCSI MHHMbIM.
Co6CcTBEHHO, TaKk 1 JO/DKHO ObITh. [lomynmmmuzap B
JAaHHOM cJTydae paboTaeT Kak JIyTia.

[TockobKy u3006pakeHHe IpeAMeTa B ILJIOCKOIIA-
paJlJIeJIbHON IIJIACTUHKE HAXOAUTCSI HA PACCTOSHUM

R .
R —x =— or mu3bl, IuHeliHOe yBeJMYeHUe PaB-
n

1 _

- X

no I'= n. Orciona n u3 ¢ororpadpun B

yciaoBumn caeayer OTBET. HOCTaTO‘{HO Xopomo Bui-

HO, 4TO 29(i0,5) MM Ha MUJJIUMETPOBOI ceTKe
coorBercTByeT 20 MM Ha CeTKe-U300PasKeHUU BHYT-
pu mactuiel BOau3W ee cepeauibl. [loaromy
n=147+0,03.

2) HaGumogaresnb, pacroJjaraiomuiics B Touke B
(puc.12), MOXKeT BHAETH TOJBKO T€ JUHUM CETKH,
Koropble Jexkar JeBee Touku L. JIyu LA najnaer Ha
chepruecKyio rpaHuily pasjiesa mo/i yrjaoM TMoJHOTO

1
BHyTpeHHero orpaskenust ¢ = arcsin— . ITo ¢ororpa-
n

dun moxno omnpenenuTs 3navenue 2R =150 MM .

3ajiaHHOE B YCJIOBHHU PACCTOSTHIE OT HAGII0aTest /10

cepepunbl I1actunbl OB = 2R, 0TKy/1a CJIeLyeT, 4To

o = 30° . 3ammmem s tpeyroabHuka OAL Teope-
R [

My CHHYCOB: ————— = ——
Y 4 sin(o+¢) sing

, OTKyJZla HaiijgeMm
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B
o
A
R~
Ol <a | |L
Puc. 12
sing___p_ 2 ~0,69R = 51,9 .

sin (o + @) - 1++/3ctgo

PasnesnB sHauenue 2/ Ha 1 MM, TOJyYNUM MaKCH-
MaJIbHOE KOJUYECTBO JIMHWN CETKU, KOTOPbIE CMO-
skeT BuzeTh nabuomarean: N =103 .

3) Ucnoabays dororpaduio, MOXKHO CIeJaTh OleH-
Ky CHHU3Y PACcCTOSIHUS [I0 TJIABHOI TIIIOCKOCTH 00BEK-
tiBa npn cvemke. [lo ¢ororpadun Mpl mombITaeM-
€Sl MAKCUMAJIBHO TOYHO OTIPE/IETUTh [ 1, UCIOJIb3YsT
dopmyny ans [, maitnem cmavama sin(o+ @), a
sarem sino . ITomoxum 2] = 120 mm. Toraa

sin(o+ @)= ?sin(p = 1,25l =0,85,
n

o+@ =58, a=155°.
Wckomoe paccTosinne paBHO
R
sin o

H = =28 c™m .

6. 1) IlpoananusupyeM, Ha OCHOBaHNM 3a/laHHBIX B
YCJIOBUU 3aBUCUMOCTEH, IIUKJI C TepMOAMHAMUYEC-
Kol Toukn 3peHus. Ilockoubky 3HaueHme K03 du-
IUeHTa p OTpHlaTenbHoe, u3 Q(OPMYJIBI

Al
7Q = cAT + pTAE , nanHoOil B ycJOBUU, CJEIYET,

uto ysesuuenue E (9KBUBAJEHTHOE 3apsjiKe KOH-
JIEHCATOPA € CETHETO3JIEKTPUKOM) IIPU MOCTOSIHHOM
TeMIiepaType COOTBETCTBYET OTPHI[ATEIbHBIM 3HAUe-
nusaM AQ, a yBesmdeHHE TeMIepaTypbl IIPH IOCTO-
sauaHoM nosie E coorBetctBYeT AQ >0 . Takum 06-
pas3oM, Ha yyacTkax 2—3 U 3—4 TeIIo M0/BOIUTC,
a Ha ywactkax 4—1 u 1-2 orBogurcs. Ha yuacrtke
2—3 HampsKeHHOCTh Mo E TOCTOSHHA, TO3TOMY
KOJIMYECTBO TETJIOTHI OMPE/eISIeTCsT TOIbKO yBEJN-
YCHHUEM TeMIepatypol u paBHo Qy =cV (T —T;).
AHAJIOTUYHO PACCYUTBIBACTCS KOJIUYECTBO TEILIOTDI
Ha yuactke 4—1: Q =cV (T, —Ty). Ha yuactke
3—4 noxBoz Teria 06yCJIOBIEH TOJBKO U3MEHEHIEM
3JIEKTpHUCCKOro 1o, moatomy Qs = pTy (Ep -

- Ey)V . Anamormuno, Oy, =pT; (Ey -E;)V .

Tenepp moxxHOo onpenemmts KIT/[ mukoma:

n =1+ Ou+0Qrp _ P (Tu —T)(Ey —Ey)
O3 +Q3  c(Ty =T)-pTy (Ey —Er)-
E; - E
OT™MeTum, 4TO TIpU % — oo KII/I nukaa

crpemutcss kK KII/l mmkma wmaeaabHOI  TemnJoBoi
T
Mammubel My =1- L
Ty
2) Ipu aguaGaTHYeCKOM yBEJTMYEHUN TEMIIEPATYPbI
Ha Mauylo BesmunHy AT W3 COOTHOIIEHWS JIJISt
A
7Q cnenyer, uto cAT = —pTAE | Boipasum orcio-

ga AT m moAcTaBUM B JJaHHOE B YCJOBUN BBIpasKe-
nue s AD :

2
AD = eyeAE - P L AE
c
IT10 ypaBHeHHe omnpesesser rpaduk aanmabatol B
MaJIOll OKPeCcTHOCTHM TOYKM Ha amarpamme D—FE.
[Ipn stoM rpacduk M30TEPMbI OIPE/IEISETCS] COOTHO-
menueM AD = geAE. Ortciona cieayer, 4Tto Kaca-
TeJbHas K rpaduky aguabarbl B J11000i TOUKe CO-
CTaBJigeT MEHbIIMI yroJ ¢ FOPU3OHTAJNbHOI OCbIO,
yeMm nsotepma. IIpu aTom ¢ yBemmuenunem Temmepa-
TYPBI yTOJT HaKJIOHA KacaTeIbHOI K afnabare yMeHb-
maercs. VICKOMBIN IUKJI CXEMAaTHYHO M300pakeH

Ha pucyHke 13 KpacHBIM 1IBETOM.

DA 2
T
 — 2!
4' » 3
T,
4
EL EH E
Puc. 13

3) Onpegenum cHavata TEMIEPATypbl B TOYKax 2
n 4

AE AE
Ty :TL(1_pTJ’ Ty :TH( -pTJ.

[Tockombky B tmkse 12'34" mopsoa m oTBOA Temaa
ocymecTasioress B nponeccax 2=3 u 4—1, KII/J[
9TOrO IUKJA PaBeH
nz =1+ % =1+ u .
Oy I -Ty
[Toacrasus ciofa snavenusa 7, =7, n T3 =Ty, a
Takke 3Hauenus Ttemneparyp Iy u T, u BBeas

PAE (r>0),
C

obosHavenns AT =T —-T, n r=-
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MIPUXO/IVIM K PABEHCTBY
_ TAT

AT —T;

B rex ke oboznauenuax assa KIT/] muxaa ¢ nsorep-
MHIYECKUMU 3aPSIIKON 1 Pa3psIKOil MosydnM

_ 7AT

T AT +1Ty

Buzno, uto M, >m;, uHaue roBops, axmabaTuvec-
Kasl 3apsj/iKa BBITOJIHEE U30TEPMUYECKOI.

b

Ny

EBPOMEACKASl MATEMATUYECKAS
OJIMMIMUAAA ANAa AEBYLLEK

. (0,41), (1,0,1), (1,1,0), (0,-1,—1), (~1,0,-1),

m10), [k ) ()
Yxasanue. 3ajada cTaHOBUTCS TIPOIIE TIOCTE CBEIe-
HUS JIaHHBIX PABEHCTB K OJHOPO/IHBIM PaBEHCTBAM
yrem samensl ¢ Ha ¢ (ab+bc +ca) u t.4.
5 (n+1)

. 5
Vxasanue. Kaxast JOMIHOIIKA «3aKPBIBAET> CBOIO
oxpecmHocmy n3 8 KIETOK. DTH OKPECTHOCTH He
JIOJKHBI TIePeKPhIBAThCA, TO/DKHBI TIOKPBIBATH J0C-
Ky 2nX2n ¥ He JOJ/DKHBI BBIXOJUTD 3a IIPeJIeJIbl
pockn (2n+2)x (2n +2) , momyuaomeiicss u3 gau-
HOIHl JJOCKW J06aBIeHNEM <«BHENIHEel PaMKH».
3. Vxasanue. 1lyctp Guccexrpucol yrioB DAB u
CXB mnepecekaior BC B toukax S m T coorBert-
CTBeHHO. VI3 mojicuera yrjoB MOKHO BBIBECTH, UTO
okpyxkuoctb (ABI) npoxoaut uepes S.
[anee, npamas XT, xak u Al, npoxoaut uepes
cepeauny N ayru BC. Tloacuer yraos (u3 ycmosus
kacanust okpyxkuoctu (AXI) ¢ npamoit AC) paer
/ZIXN = ZABC . Hecnoxno nokasatrb mnomoOue
ANTI ~ ANIX, u3 xortoporo ZLTIN = ZIXN =

= ZABC , suauut, okpyxnocts (ABI) 1poxoaut
uyepe3 T, orkyna T = S.
4. Yxasanue. VI3 KacaHuili MOJKeM BBIBECTHU

ZPIQ = 900—% .

TPY/JHO JI0Ka3aTh KacaHue orpe3ka PQ u BrumcaH-
HO# OkpyskHOCTH (HanpuMep, MPOBOAS KacaTeb-
Hyio PQ’ Tak, 4TO BIMCAHHAsI OKPYKHOCTH SIBJISI-
eTCst BHEBITMCAHHOM /1151 TpeyrosbHika APQ” | MO3K-
HO JI0Ka3ath, 40 Q = Q’).

5. Vkasanue. VI3 paccMOTpeHUs] TO MOIYJIO 7
MOJIyYaeTCsl, YTO ¢ YYETOM BTOPOTO YCJIOBUSI TPEThE
yCJA0OBUE MOJKHO 3aMEHUTh Ha CJAEAYIOlee:
n(n-1)

W3 mocnennero ycjaoBuAa He-

(b +-+b,) = (ay +-+a,) <
IT0r0 MOKHO A06UTHCS, BbIGUpasa by,b,,... mocJe-
JIOBaTeJIbHO Tak, utoObl by —a; =0, 0< b, —a, <1,

0<b;-a3<2,.. 0<b,-a,<n-1.

2019 /Ne5

6. Yxazanue. TlpennonoxuM 1mpoTUBHOE.

B xaxo0ii oTMedeHHOIT TOuKe moctaBuM MeTky 0, 1,
2 B COOTBETCTBUU C OCTATKOM MPU JeJI€HUU HA 3
CONOCTaBJIeHHOTO Yncya. Torga us ycaoBus Ha CH-
HHUe 4YHhcJa CJIeyeT, 4To y JI000ro OTpe3Ka aBa
KOHIIa UMEIOT Pa3Hble METKH, T.€. UMEIOTCS OTPE3KH
Tpex THNoB: ¢ KoHmamu 12, 01 u 02.

W3 ycsoBus Ha XeJaTble YNCIa CJICAYeT, YTO KO-

N+3
YECTBO OTPE3KOB THUIlA 12 paBHO T , THUIla

01 — [M} , tuna 02 — {N+1} .
3 3

[lasee, U3 ycJaoBus Cje[yer, 4To CyMMapHOe KO-
YEeCTBO OTPE3KOB, Y KOTOPBIX OJUH 13 KOHIIOB IMe-
er MeTky 0 (T.e. cyMMapHOe KOJMYECTBO OTPE3KOB
ama 01 u 02), weverno. To ke crpaBeINBO s
CYMMapHOTO KoJimdecTBa OoTpe3koB Tuma 12 m 01.
Ortcio/la MOJKHO MOJIYYUTh MPOTUBOPEUNE C U3BECT-
HBIMI HaM KOJIMYECTBAMU OTPE3KOB KayK/IOTO THIIA.
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IMMAXMATHAA CTPAHUUKA

ypomaﬁublm
MAPT

Mapt 2019 roga ctar mo-HacTo-
AlleMy YPOXKAIHBIM MecdlleM JI1s
MOJOIOTO POCCHICKOTO TPpoceMeii-
crepa u3 Omeka Baaguncnasa Ap-
TeMbeBa. CHavaja OH B COCTaBe
c6oproil Poccun 3aHsn nepsoe
MecTO Ha KOMAH;THOM 4eMITHOHATE
MHpa B ACTaHe, a 3aTCM OJICpiKal
nofey Ha JUYHOM HYEMITHOHATE
Espoubt B Ckoiibe.

B cerogmanmHeM BBRIMTyCKe MBI
paséepeM ABC MapTHH MoOCIUTC-
JIsI eBPOIEHCKOTO TeMIIHOHATA.

B.AptembeB — [.MapaBsH
Ckonbe, 2019
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[Tocuertie 1MecKOIbKO MACCUB-
HBIX XOJIOB YEPHBIX [MO3BOJISIOT
OCIBIM CO3/IATH CPAsY TPU IIPO-
XOJHBIX [IEIIKU IIYTEM 3KEPTBbI
kauectBa: 37. EHd5! EdS 38.
Af6 £e5339. Qe8+ Ee840.g5
2 d6 41. {6 b5 42. h4 b4 43. a4?
IToTeps BaxKHOIrO TEMIIA, KOTOPast
MOTJIa CTOUTD GeNBIM ITOJ-0YKa
(43. ab ab 44. h5!). 43...b3?
(43... B b8! 44. h5 26, u ucp-
HBIE KOPOJb yeresaeT 3a6/10Ku-
POBaTh Geble Mellkn ) 44. g6 ¥ e6
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B.ApTembeB — 3. Xpauyek
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15... % d6. CaumkoM 1accuBHO.
UepHble MOTJIW MOJTOTOBUTH BbI-
maz dgepss Ha b6, mpeasapuTesb-
Ho cjenae doprouky: 15...h6. 16.
h3 & d817. Be3 2 f818. Hcel
Wwh4 19. ¥f5 2aB8 20. Edi
ac8 21. L4 Af6 22. Hgl
2h8 23. BEdd3 £ e8 24. a3
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JIOJKEH GBI MOCIENUTh Ha T10-
MOIIb CBOCMY KOPOJTIo: 24... W h6
c uneeil W eb.
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Benbie urypbl MaKCHMAJIBHO
CKOHIIEHTPWPOBAIICH Ha KOPO.TER-
CKOM (PJIaHTC, M TCHCPb CICAYCT
HAKA3aHMe 33 MACCHBHYI) HUTPY:
25. Bg7! ®g7 26. 8 g3+ (tu-
mugaoe 26. & h6+ me pabortaer B
HTON MO3UITUK U3-3a 26.. . @h6 27.
B g3 Wcl+!128. 2 h2 X g8)26...
@ hg 27. 2ad>! ads 28. L hé
L6 (28... 2g829 Bg8+ ®g8
30. ¥g4+) 29, ¥ F6+! Cumma-
THYHAA (HUHATBHAS JKEPTBA, BBI-
HYKAQIOMAS YeDHBIX CJOXKUTE
OpYIKIEe BBU/TY HEN30EIKHOTO MaTa
(29... Af6 30. & g7+ @8 31.
L{6X). Bpurpbim GeJbrx.
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