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Ta rofloBOSIOMKa COCTOUT U3 WECTU YacTel,
3 KOTOPbIX HE0OX0AMMO COBpPaTh NPOCTPaH-
CTBEHHbIN «y3es». YacTn No oTAeNnbHOCTH 1
COBpaHHbIN 13 HUX y3e NoKa3aHbl Ha GpoTo-
rpaduax. LiBeta yactein cnyat He6onbLIO
NOACKA3KOMN.

[ONOBONOMKY NpuAyman ronfaHackuii n3obpetatens ®paHc ae Bporg (Frans de
Vreugd). OH 1cnonb3oBan KOMNbIOTEPHYIO NPOrPamMy, YTOObI HATK CamMyto TPYAHYIO
KOHOMIypauwmio 13 LWecTn yacTen Takoro Tuna. Hago ckasatb, uto emy 3TO yAanochb:
rofIOBOJ/IOMKA MOJSIHOCTbIO OMPaBAbIBAET CBOE Ha3BaHWeE, Befb ee pelleHne COCTOUT
13 69 pencteuin. Ecnm xe oHa nonaget K Bam B COGpaHHOM Buae, TO Npu pa3bopke
y3/1a BCE PaBHO MPUAETCA CUMSIbHO MOCTapaThCs.

Kak BUAHO, Kaxpaaa M3 yacTen «BKNafblBaeTCA» B NPAMOYTONIbHUK 5X7 KNeToK, a
TONWMHA YacTell AOMMKHA ObITb YyTb MeHbLUe pa3mepa KNeTkU. V3rotoButb ronoBo-
JIOMKY MOXHO nnbo u3 ¢aHepbl, 1mbo pacneyatas Ha 3D-npuHTepe. MOXHO Takxe
MOBTOPWUTL MyTb M306peTaTENA U HANMCaTb COOTBETCTBYHOLLYIO MPorpaMmy. Bo3amoxHo,

KOMY-TO 13 ynTaTenen yAacTcA HanTn ,qpyroﬁ Ha6op M3 WeCTN SN1EeMEHTOB, N3 KOTOPbIX
MOXHO CNOXUTb ,qpyroﬁ HeI'IpOCTOI7I y3en, I'IYCKaIZ N He ropanes.

B. Xypaenes
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CTPOHOMMS BEPHYNACh B LLUKOSY

B.CYPAUH

Xnmus

V3yyenne XuMUM HAYNHAETCST C JIEMOHCT-
parun Tabumipr MeneneeBa co cJaoBaMu:
«W3 atnx anemMenToB moctpoer Mup. /lasaii-
Te Y3HAET, KaKUMU CBOWCTBAMU OHU 00.J1a/1a-
I0T ¥ KaK B3aUMOJEHCTBYIOT MEKIY COOOIs .
Ho acrpodwusuka cmotput riay6ike u crapa-
€TCS BBISICHUTDH, KAaKOBO IIPOUCXO3K/IEHUE Ca-
MHUX XUMHUYECKUX 3JIEMEHTOB, KaK U KOIZa
OHU BO3HUKJW B TIpupoze. Y Ha 3TOM TIyTH
y3Ke MHOTO€ TTPOSICHUJIOCh. MBI 3HAEM, YTO B
TeyeHue TepBOi CeKyH/Ibl Ku3Hu Beenennoit
MpU OTPOMHOM TeMIleparype W IJIOTHOCTH
BelecTBa POXK/AJNCH TTPOTOHBI, HEHTPOHBI,
AHTUTIPOTOHBI U AaHTUHEHTPOHBI B TIOUTH PaB-
HOM KosmdectBe (3HaTh OBI emie, moyemy
«moutn» ). I1o Mepe pacmmpennsa Beenennoit
CHIDKAJAch TeMIlepaTypa BellecTBa W TIpe-
KPaTUJIOCh POXK/IEHUE YACTUIL U AaHTUYACTHII,
HO MPOJIoJIKAIAch uX aHHurusaus. 13 tex,
YTO OCTAJIUCh, TIOCTPOEH HAIl MUP.

[IepBble HECKOJIBKO MUHYT skU3HU Beesen-
HOIf, TIOKa CBOGOJIHbIE HEHTPOHBI ellle He
pacnajmch, a TeMmneparypa Oblia ele J0cTa-
TOYHO BBICOKOM, MPOUCXOANJIN TEPMOSIEP-
HbIe PEaKINH, 3aOJTHUBIITIE HECKOJIbKO TIep-
BbIX Kjertouek Tabsmibl MenjeneeBa. Kpo-
Me CBOGOJIHBIX MPOTOHOB — OYAYIIUX Sep
BOJIOPO/Ia — BO3HUK €T0 TSKEJBIH M30TOT
JleiTepuii, BO3HUKJN TaKXe TeJTuil 1 JUTHMH.
Brpouewm, neiitepusi u jauTtus ObLIO OYeHb
MaJio, a IOHBI MUP TIOUYTH T[ETUKOM COCTOSLI
u3 Bogoposa (na 3 /4 no macce) u renus (1a
1,/4). TpyaHo npeactaButh cebe HbIHEITHEe
pasHoo6pasue npupo/ibl, Oy/b OHA TOCTPOe-
Ha JIMIIb U3 BOJOpojia u resmsi. K cyacTbio,
110 TPOMNIECTBUU COTEH MUJIJIMOHOB JIeT 3a
JIeJI0 B3SLINCH 3Be3/ibl. VIMEHHO B X He/pax
B XO0/I€ CTIOKOWHO 3BOJIIOIUY U TIPU B3PbIBAX
chopMIpoOBaJIOCh BCce pa3zHOOOpasue XMMU-

Oxonuanne. Hauano — B «KBante» Nel12 3a
2017 ron.

YeCKUX 3JEMEHTOB, CTABIINX IJIAHETAaMU W
SKUBBIMH CYTIECTBAMN HA HUX.

CospemenHast acTpo¢u3nuKa He TOJbKO Te-
OpeTnYecKu OODbSICHSAET, HO W MPSMO JIeMOH-
CTPUPYET T€ KOCMUYECKHEe SBJIECHUS, B KOTO-
PBIX POXKIAIOTCS HOBbIE XUMUUYECKUE HIEMEH-
Tpl. C TIOMOIIBbIO HEHTPUHHDBIX TEJECKOIIOB
Mbl 3arJissHyJin B g1po CoJiHia, /e mporeKa-
10T TepMOg/IepHbIE PEAKINHN. A ONITUYECKHE U
PEHTIeHOBCKUE TeJIEeCKOIIbl /IeMOHCTPUPYIOT
HaM IIpolecchl HyKJIEOCUHTe3a, IPOUCXO/S-
IMye TP B3PBIBaxX 3Be3/. Tak XuMus o6pesia
BEepHOE IIPE/CTaBJICHUE O IIPOUCXOMKIACHUU
9JIEMEHTOB.

CoBceM HeIaBHO TTOSIBUJIOCH HOBOE HAIlpaB-
JleHne B HayKe — acTpPOXuMus. YcJoBUS B
KOCMOCE CTOJIb CBOEOOPA3HDI, YTO [OPOI CTa-
BAT 3eMHYIO XMMHUio B Tynuk. Harmpuwmep,
n3ydarb CBOGOJHDBIE PAJMKATIBI B 3EMHOI
J1a6OPaTOPHUH OYEHD CJIOXKHO, TOCKOJIbKY 3TI
COEJIMHEHNS OYeHb aKTUBHbI U MOMEHTAIbHO
mpeBparanTcs B 6oJee CTAGMIbHbBIE MOJICKY-
Jbl. A B MEX3Be3/JHOI cpejie OHU IIPE/ICTaB-

JIEHDI MIMPOKO, MOCKOJbBKY TaM UM ITOYTU HE

OCTarok B3pbiBa CBEPXHOBOM



ACTPOHOMHNUA BEPHYJACDHD B IMIKOJAY 3

C 4eM B3auMojieiicTBOBaTh. DBoJbiioil mHTe-
pec TPEJICTABJSIOT ¥ KaTaTUTUIECKUE Peak-
WU Ha MEK3BE3IHbIX IIbIJINHKAX, BE/b 9TO Te
JKe HAaHOYACTHIIbI, KOTOPbIE MOKHO OBLIO Obl
HCIIOIb30BATD /I8 XUMITYECKOTO KaTaan3a Ha
3emite. Kak BuumM, xumus Bce OOJIblle 3a1H-
TepecoBaHa B aCTPOHOMUH.

buonorusa

Actpobuoiorust, 60acTPOHOMUST, HIK3001-
0JIoTHs.... JlecsATKU JIeT CyIecTBYIOT 3TH JINC-
IIUTLTTHDBI, XOTSI 00bEKTa TPAKTHYECKOTO U3Y-
YeHUd y HUX KakK He ObLIo, Tak u HeT. Ku3Hb
3aTIpe/iesIoM 3eMJIH TToKa He oOHapy»keHa. Ee
nckaysu u Ha Jlyne, u Ha Mapce; B dopme
Pa3yMHOH JKU3HU ee MCKaJu Ha MIPOCTOpax
lFanmaxktnkn n gaxke 3a ee npegenamu. Ho
JKU3HM M padyMa B KocMoce He Hall/IeHO, U 9TO
3aCcTaBJIsIeT O MHOTOM 3aJiyMaTbcs. BipoueM,
MECCUMU3M  37IeCh HEYMECTEH. ACTPOHOMBI
PETYJISIPHO OTKPBIBAIOT B KOCMOCE GJ1aroIpi-
STHBIE JJISI SKN3HW MeCTa, CJIeI0BATETbHO,
PaHO WJIU MO3/THO OGHAPYKUTCA W camMa BHeE-
3eMHas JKU3HD.

Jlnga 6uosorun 310 03HAYaNO Obl KOJIOC-
CAJIbHDBIN MTPOPBIB B IOHUMAHUK caMoro ¢e-
HOMEHA JKU3HU U ee poucxoskaeHus. [loaro-
My OMOJIOTH KpaiiHe 3aMHTepecoBaHbI B Ha-
XO/IKaX acTpoHOMOB. Cpeau IJIaHET Y Jpy-
THX 3Be3[] aCTPOHOMBI Y3Ke 0OHAPYKIUIN Jie-
CATKU 3eMJIETIOZIOOHBIX, TIPUYEM Y HEKOTO-
PBIX U3 HUX, TO-BUJAUMOMY, KJAUMAT OJIU30K
K 3eMHOMY. B 6smmkaiitiiee BpeMsi 3aKOHUNTCS
COOpY’KeHNe HEeCKOJIbKUX THTAaHTCKUX TeJie-
CKOMNOB JaMeTpoM 25—4(0 MeTpoB, KOTOPbIE
MTO3BOJISAT TIOJYYUTD CHEKTPHI ITUX TIITAHET U
MOKMCKaTh B HUX cJjelpl ku3uu. Ho Bce xe
nu3ydaTb 4y:Kylo *KU3HDb M3/laJIeKa — 3aHATHE
He6arogapuoe. MHOTO OBl MBIl y3HAJIH O
crpoennn 6eskoB u [IHK, ecan 6b1 nusyvann
3eMHYIO JKU3Hb, TJIS/I4 Ha HAlly IJIaHeTy ¢
JlyHbl B Teseckorn?

[Toaromy ceituac camoe npucTaabHOE BHU-
MaHme obpameHo kK o6bektaM CosHeuHOoI
CHCTeMBI, TAe OOHApY)XEHBI YCIOBUS ST
kusnu. K coxxasenuo, Ha TTOBEPXHOCTH HI
OJIHOTO M3 HUX, KpoMe 3eMJH, OJarompusT-
nbIx ycaosuil ner. Ho mox nosepxHocrbio
OHM MOTYT ObITb. TyT cienyer HAallOMHUTD,
4TO 1 Ha 3eMJie OCHOBHAsI GUOMacca HaXOIUT-
€S TI0Jl TBEPAOH NOBEPXHOCTHIO. A IOUCKU

BHE3eMHOM KU3HU ceifyac coCpeloTOUUIINCh
Ha Tpex o6bekTax: 910 Mapc, Epomna (cmyT-
muk [Ommrepa) n dunenan (cnyrank Caryp-
Ha), T/Ie TIOJI TOBEPXHOCTBIO €CTh KHKAS
Bosia. BMecTe ¢ 6rosioraMn acTpOHOMBI U3Y-
YaloT 3TH TeJ1a, He 3a0bIBas TPU 3TOM MTPOCJTY-
muBaTh BcesleHHYyI0 B TOMCKAX CUTHAJIOB
BHE3eMHbBIX IuBUIM3aluil. Beap pasymuas
JKU3Hb — 3TO ellle UHTepecHee!

JKonorusa

CocrossHue OKpy»Kamoleil cpefbl MPsSMO
BJINSIET HA Hamry Xushb. OO6bruno 3a60TOl
9KOJIOTOB SIBJIIETCSI KAYeCTBO BO3/1yXa, BOJIBI,
e/lbl, YPOBEHDb IIyMa U IPOYUe JOKAJIbHbIE
napaMeTpel B Tpezenax 3emun. Ho mama
IJIaHeTa — 4acTuila 6OJIbIIOro KocMoca, KO-
TOPBIIl BpEMsSI OT BpPEMEHH HAIIOMUHAET O
cebe.

BmmkHee KocMUYecKoe MMPOCTPAHCTBO MBI
CaMW y3Ke 3aTIOJHUIN THICSTYaMH HCKYCCTBEH-
HBIX TeJ, KOTOpble WHOT/Ia CTAJKUBAIOTCS
JIPYT C JPYTOM, B3PBIBAIOTCS W TaKuM 0o0pa-
30M Pa3MHOKAIOTCS KaK KOCMHYECKUI My-
cop. Hemanass dactb acTpoHOMHYECKUX Ha-
6moaenuii (1 3apa6oTKa aCTPOHOMOB) CBsI3a-
HA C OTCJEKUBAHUEM KOCMHYECKOTO MyCOpa
JUTST TIPETyTIPEXKI€HIS 3eMJISTH U PAGOTHUKOB
Mesx1yHapOIHOI KOCMUYECKOI CTAHIINH. Y Ke
necatkn pa3 MKC yKJIOHSATACh OT OTACHBIX
06JI0MKOB, 6Jarofapsi TOUYHOMY aCTPOHOMH-
YeCKOMY NPOTHO3Y UX JBIKEHUS.

Ha nmpuBeieHHOM Ha cJietytotieil cTpaHuIie
rpaduKe TTOKa3aHo, Kak GbICTPO PacTeT KO-
JITYECTBO KOCMHUYECKOTO MyCOpa ¢ MOMEHTa
3aIlyCcKa MepPBOr0 UCKYCCTBEHHOTO CITYyTHUKA
3eMun. DTO BBITIEAITIE U3 CTPOST CITY THUKH,
[OCJIe/[HIE CTYTIEHN PAaKeT-HOCUTeJIell, iepe-
XO/IHbIE OTCEKHU, YaCTH B3OPBABIINXCSI PAKET
WM Pa3pPYyIIUBIINXCS TIPU B3AUMHBIX COYa-
PEHUSIX CIYTHUKOB. 3/I€Ch YUYTEHBI TOJBKO
KpYyITHbIe 00BEKTHI, pagMepoM Gosee 10 ¢,
KOTOpBIE YJAeTCsT OTCJEKUBATD METOJaMu
PAIMOJIOKAIIMY U KOTOPBIE MPEICTABJISIOT (ha-
TAJTBHYIO YI'PO3Y JIJIS <3KUBBIX» CITyTHUKOB U
KOCMHWUYECKUX KopabJieit u crannumii. Kpacuas
CILIONTHAST KPUBas — pPe3yJbTaT IPSIMOTrO
[0/ICYeTa, CUHIEe IMyHKTHPHbIE KPUBbIE — Te-
OpeTUYeCcKNuil IPOrHO3.

B niepBbie mecsaTusieTusi KOCMUYECKOI apbl
CITyTHUKH 3aITyCKAJU OUYeHb 4aCTO, MOCKOJb-
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Kom4ecrBo KOCMUYECKOro Mycopa Ha HU3KIX
OKOJI03EMHbIX OpbuTtax (200—2000 km)

Ky OBLIN OHU HEJIOJTOBeYHbI. HecKoJbKo
PE3KHX M0 BEMOB KOJNUECTBA MyCOpa CBsI3a-
HbI CO CTOJIKHOBEHUAMU CITYTHUKOB, B3pbIBa-
MU pakeT U [peJHaMePEHHbIM paspylleHueM
«MEPTBBIX» CIYTHUKOB IIPU UCIIBITAHUY TIPO-
TUBOCITYTHUKOBOT'O OPY KUSI.

[lBe TeopeTnyecKiie KPUBbIE PA3IUIAIOTCS
HavaJbHBIMU TIpefnoyoskeHusamMu. [Ipu pac-
yeTe BepXHEH M3 HUX TIPEATNOJAranoch, 4To
CHU3UBIIASCS K MEPBOMY JIECATHJIECTHIO dac-
TOTA 3aITyCKa CITyTHIKOB OCTAHETCST TAKOBO
HAO0JTO. DTO TPUBEAET, KaK MBI BUANM, K
6BICTPOMY HAKOILJIEHIIO KOCMUYIECKOTO MY CO-
pa. HwxHssg kpuBasg MOKas3biBaeT ITPOTHO3
[IPU COBEPIIEHHO (PAHTACTHYECKOM IIPEIIIO-
JIOJKEHHN: 4TO 6yaeT, €CJIN MbI ITOJTHOCTbIO
IPEKPATUM KOCMIYECKHe 3amycku. [lomsr-
HO, YTO Ha MPAKTHKE TOTO HE CJAYIHUTCS, HO
PaccMOTPETH TAKYIO TEOPETHUECKYIO BO3MOJK-
HOCTb MHTEPECHO, U PEe3yJIbTaT OKAa3bIBAETCS
COBepIIeHHO HEOKU/JAaHHBIM — JJayKe ITPH IT0JI-
HOM 3aIipeTe KOCMIYEeCKHX 3aITyCKOB KOJIIIe-
CTBO Mycopa Ha opOuTe GyaeT BO3pacTarb!
ITO MPOM3OUIET 3a CUET B3AaMMHDBIX CTOJKHO-
BEeHUI 1 JeJIE€HNA KPYITHDIX 00JIOMKOB Ha
60Jiee MeJsiKIe, HO TeM He MeHee — OIacHbIe.

Ecan Mmb1 e xoTum IOTEPATb BO3SMOKHOCTD
UCIIOJIb30BATh OKOJIO3EMHOE IIPOCTPAHCTBO
(T. €. HO/Ib30BATHCS CIIYTHUKOBDIM TEJIEBH/IE-
HIeM, I106aJbHOI HaBHUTAIIMEH, TPOTHO30M
IIOTO/IbI U TIP. ), TO HEOOXOMMO BHUMATEIbHO
CTENTh 32 KOCMHIYECKIM MYCODOM, 4eM U

2018/Netl

3aHSThI ACTPOHOMBI, a TaKyKe pa3pabaTbIBaTh
METO/Ibl OYHMCTKH OJIMKHEro KocMoca. TyT y
aCTPOHOMOB TOKE€ €CTb WJIeH, BO3HUKIIINE
1pu HaOJIOJEHUH 3a JIBI)KEHUEM KOMET WU
acTepou/IoB.

Kcratn — o uux. Komersl u acrepoujibl —
3TO, B HEKOTOPOM CMbICJIE, TOKE KOCMHIUEC-
KHii MyCOP €CTECTBEHHOTO MPOUCXOK/IEHUSI.
U ecoiz MbI He XOTUM, YTOOBI OH HEOKITAHHO
najia Ha Hac, 3a HUM HaJ0 CJEeIUTh. ACTPO-
HOMBI CTapaloTCsl 3TO JIeJIaTh, €XKeIHEBHO
ob6HapyskuBasi B COJIHEUHOW cHCTEMe COTHU
HOBBIX OOBEKTOB, B OCHOBHOM — HEOOJIBIITNX
acteponioB. Beero ux yke 3adukcupoBaHo
Mopsi/Ika MUJIJIMOHA, U 3a BCEMH BeEJIETCS
CJIEJKKA U PACCUUTHIBAETCSI UX JBUIKEHUE B
OynaymieM. Ho ToTaapHOro KOHTPOJIS 33 BCeMn
OIIACHBIMU TeJIlaMU Mbl II0Ka HaJIaJUTh He
MoxkeM. [lJii 9TOro HY)KHBI CIEIUAJIbHbIE
TEJIECKOIIbI — Ha3eMHbIe U KOCMUYECKUe — ¢
6oJbiiuM TosieM 3pennsi. Cefiuac oHU B cTa-
JINU TIPOEKTUPOBAHMSI, & HEKOTOPbIE YK€ U B
craauu crpoutesnbeTBa. C UX TOMOIIBIO acT-
POHOMBI XOTSI U HE CMOTYT 3all[UTUTD 3EMJTIO,
HO CMOTYT TIPEIyTIPEUTh O TPO3sleil omac-
HOCTH.

Ente onHo BakHOe HalpaB/eHHe acTpo-
9KOJIOTUM 9TO MOHUTOPHHT 3Be3]] U 0COOEH-
Ho Osmkailmeir u3 Hux — Hamero CoJiHia.
MpblI 1OKa IJI0XO0 TIPeJICTAaBJIsIeM, KaK MeHs-
erca axktusHocTh CosHia Ha GOJbLHINX WH-
TepBajaxX BPEMEHM, a OT IIPOTHO3a 3TON aK-
TUBHOCTH 3aBUCUT Oy/Iylllee YeJOBeuecTBa.
BosMoskHOCTH COTHEYHON acTPOHOMUU ObIC-
Tpo pactyT. Ellle HelaBHO Mbl HaOJIOagN
TOJIbKO 0JiHO Tosrytnapue CoJiHIla, BUINMOE
B JaHHble MOMEHT ¢ 3eMJM, W He 3HaJH,
KaKWe CIOPIPHU3bI TOTOBUT HAM J[PYroe Io-
Jylapue, KOTOpoe 4Yepe3 JiBe Heesau I0-
BepHetcs B Hamry ctopony (CosHie Bpaima-
eTcs ¢ IIePHOJOM OKOJIO Mecsina). Ho te-
nepb KOCMUYECKIE TeJECKOIIbl KOHTPOIUPY-
ot CoJIHIIE CO BCeX CTOPOH, BKJIOYast 006-
paTHyio, ¥ BO BCeX JMAla30HaX 3JEeKTPO-
MArHUTHOTO CIEKTpa. Tak 4To BO3MOMKHOC-
TH KPaTKOBPEMEHHOTO TIPOTHO3a €r0 aKTHUB-
HOCTH pe3Ko Bozpocau. Ho 1o moBomy 1oJ1-
TFOBPEMEHHOTO TIPOTHO3a TOKa elle MHOTrO
npo6seM. Mbl 3HaeM, 4TO BpeMsl OT BpeMe-
Hu Ha CoJstHIle OBIBAIOT CYNEPBCIBIIIKH, HO
TTOJITOTOBUTHCS K HUM TOKa He MoskeM. He-
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CosiHeYHas KOPOHa BO BPeMSA 3aTMEHVA

06XO/IMMO TTOHSITH, YTO TIPOUCXOANT TI0/] BU-
numoit moBepxHocThio CoJHita, u actpodu-
3UKU ceityac paboOTAIOT HAJl ATUM.

Opnnako ne CosHieM enHbIM 60rata Hala
TamakTtuka: B Heil elle COTHU MUJLJINAPIOB
3B€3/l, MPUYEM HEKOTOpPblEe U3 HUX MOTYT
OBITH OTIACHBI /st 3eMyiu. Peub uer o B3pbI-
BaX MAaCCUBHBIX 3B€3/] B KOHIIE UX 9BOJIIOIIH,
T. €. O BCIIBIIIKAX CBEPXHOBBIX. ACTPOHOMBI
y4arcsi pacrio3HaBaTh 3Be3/lbl, TOTOBbIE B
6smkaiiiee BpeMmsi B3opBaTbest. OuH U3
KaHaumaToB — beresbrelize, spuaiinas 3Be3-
na B co3Besaun OpuoH. ACTPOHOMDBI CJIEIST
3a Hell, oxxuas B3pbiBa. Ho TOUHDBINM TPOTHO3
9TOT0 COOBITHS TTOKA HEBO3MOKEH. /{1 9TOTO
HY>KHBI YyBCTBHUTEJIbHbIE HEHTPUHHbIE TeJie-
CKOIIBI, KOTOPBIX TMoKa HeT. Ho oHm o6si3a-
TeJBHO OyayT!

k kK

Wrax, Bo3Bpamasch B IIKOJY MOCJE MHO-
rux JieT 3a6BeHusi, aCTPOHOMUS 3aMeTHO U3-
Menunsa cBoe juio. Cerogns «HebecHas Ha-
yKa» TECHO CBg3aHa C JAPYTUMU BETBIMU
ecrecTBo3HaHMs. KocMoc Temiepb BOCIIPUHIM-
MaeTcs KaKk HaydHast JJabopaTops C HeBepo-
SITHBIMH  BO3MOXKHOCTSIMU. Y JIOBJIETBOPSIST
CBOIO JIIO603HATEBHOCTD, YEJIOBEK MOGEXK-
nan B 60pbbe 3a cymiectBoBanue. CeroHs
[PEeIMETOM JTIOG03HATEIBHOCTH Y€T0BEKA CTa-
ga Bca Bceemennas. I B aToM rapaHTHS
Hanrero GyayIiero.

' B «Kpante» Ne12 3a 2017 roz Ha cTpaHwuiie 2
MOJIITMCH TI0/I PUCYHKOM JIOJDKHA OBITh TaKOIli:
Couie B yabTpaduosiere U peHTreHe.

AcTpOHOMUSI BEPHYJIACh B IIIKOJY HE
NI pasBJieyeHus, a JJid U3YYeHUs.
[IpocToe HaKoTLIEHVEe 3HAHUIT HE MOJKET
VIOBJIETBOPHTD JIO603HATEIBHOTO YeJI0-
BeKka. 3HaHWS [OJUKHBI padoTaTh, WX
HY>XHO yMeTb TpuMeHsiTh. CoBpeMeH-
HBIE CPEJICTBA CBSI3M 3aJMBAIOT HAC TTOTO-
KoM nH(pOPMAIINHU, Cpe/ld KOTOPOH eCTb
YPe3BbIYAIHO BAYKHAS W HHTEPECHAs, HO
HepeIKO BCTPEYAeTCs OMnGOUHAS U 1azKe
jexuBasi. Tonabko axmuenoe 3uanue mo-
MOraeT HaM (PUJIBTPOBATDH ATU MOTOKH U
MoJIy4yaTh U3 HUX Ty MHMOPMAIIO, KO-
TOpasl Pa3BUBAET HAIl WHTEJJIEKT, a He
3acopsieT MO3T.

He 6yny Bac y6exjaTh, HACKOJbKO
MOJIE3HBI TIPU M3YYEHWH JIO60TO TIpeMeTa
MHTEPECHDBIE 33/Ia4H € TIOAPOOGHBIMU PeTeHN-
amu. Benb «3HaTh» U «yMeTb» — HE OJHO U
To xke. VIMeHHO 3a/jaun yuar Hac ymems. Tak
JlaBaiiTe jKe UX penarhb!

3apaum

3anmaua 1. Acmponomvr 3emau oonapyxu-
salom npucymemeue nianem y opyaux 36e30
10 nepuoouneckomy 0ONAePOSCKOMY CMeUue-
HUI0 JUHULL 68 CReKMPAx IMux 36e30, 6bi3-
BAHHOMY 0BUNKEHUEM 36630l OTNHOCUTNETILHO
uenmpa macc naanemnou cucmemvl. A ecau
Hawu <Opamovst O pasymy» ¢ coCeOnell 36e3-
vt 6YyOym u3mMepsamv PAOUATLHYIO CKOPOCTL
Coanua ¢ mounocmoio 10 m/c, mo cmozym
AU OHU 3amemumb cywecmsosanue y Coan-
ua naanemnoi cucmemoi? ( Paduanvnas, uiu
AYUEBAst, CKOPOCMb — IMO NPOCKUUSL 6EKMO-
pa ckopocmu meada Ha iy 3penus Habood-
mens.)

Pemenne. bBombias gacte Macchl Hamreit
CosHeuHol cucTeMbl cocpeotoucHa B IOmu-
Tepe, M0ITOMY UMEHHO OH OKa3bIBAET OCHOB-
HOe TpaBuTainonHoe Biusnue ua CoJiHile,
koropoe B 1000 pas maccuBHee IOnurepa.
O6a oHr 06paIaioTcst BOKPYT OOIIETo TeHT-
pa macc, k xkotopomy Comnrie B 1000 pas
6mmxe, yeM OmmTep. IlockombKy o op6uTe
Omurep ABMIKETCS CO CKOPOCTBIO Uy =
=13 kM /c (3T0 3HAUEHNE MOKHO B3STh W3
CTIPABOYHWKA UJIN BBIYUCIUTH CAMOCTOSITETb-
HO, 3Hast paguyc opbutot IOmmTepa 5,2 a.e. =
=779 MJH KM U €ro OpOUTAJTbHBIN MTEPUO/]
11,9 ner), ckopoctp o6pamennsa CouHna



6 KBAHT

BOKPYT IIEHTPA MAcC COCTaBJISIET
_ %Mo
M
C takoii aMrnTy/10i Oy/1eT M3MEHSATBCS pa-
Juanbhast ckopoctb COJIHIA IS Y IaJIeHHOTO
nabJIo1aTelist, eCJii OH PACIIONIOMKEH B ILJIOC-
koctu op6utsl Onurepa. Eciu xxe arta mioc-
KOCTb HAKJIOHEHA K ero JIy4y 3peHusi Ha yroJl
B, To mpoekius JydeBoit ckopocti CoJHIa
Ha Jy4Y 3peHHs HaOJ0JaTesNss COCTaBUT
13 M/c x cosf. M3 ycaoBus 13 m/c x cosf >
>10 M/c HaxoIUM OTpaHUYeHHEe HA YTOJ:
B < 40°. IlocKOJBKY IJIOCKOCTD OpPOUTHI
[OmnuTepa npakTiyecky COBIIAJAET C IKJIUII-
THKOI (T.€. II0CKOCThIO OPGUTHI 3eMJIN ), TO
yTOJI 3 TIPAKTUYECKN PaBEH IKJIUNTHYECKOI
mmpore. CJieJoBaTebHO, €CIW 3Be3/a, Y
KOTOPO¥ JKUBYT «OpaThs 1O PagyMy», UMeeT
SKJIHNTHYCCKYIO mHpoTy |B| < 40°, T0 y HEX
€CTb IIAaHC 3aMEeTUTh MTEPUOINIECKOe JIBIKe-
nne CoJIHITA U C/IeJIaTh BBIBOJ O HAJUYUHU Y
HEro TIaHeTHON cucteMbl (M, 1o Kpaiineit
Mepe, oxnoro IOmurepa). Ilpasma, usmepe-
HIe panajbHOi ckopocTn CoJTHITa TPUIETCS
IIPOBOJIUTD JTOBOJIBHO JIOJITO — G0JIee OTHOTO
opbuTanbHoro Mepnoja lIOmnurepa, 1.e. 6o7ee
12 ner.

OTMeTHM, YTO KOT/Ia 3Ta 3a/1a4a BIEPBBIE
6bu1a copmymupoana B Havame 2000-x
TO/IOB, YKa3aHHAs B YCJIOBUU TOYHOCTD U3Me-
pennit 10 M/c BIOJHE COOTBETCTBOBAJIA
VPOBHIO Pa3BUTHS 3eMHOH aCTPOHOMHUU TeX
ser. Onnako wpiHenuii (2018 1.) yposeHb
CYIIECTBEHHO BO3POC, M YK€ MOXKHO OPHEH-
THPOBATbHCST HA TOYHOCTD M3MEPEHUST Ty 4eBOI
ckopoctu B 1 M/ c. Ecam ny nammx «6parb-
€B 110 pa3yMy» IPOUBOIIET TAKOU JKe IIPO-
rpecc, TO KakuM Oy/leT IIPU 9TOM KPUTUYEC-
Koe 3Hauenue yria f?

3anava 2. Ecau xxumeau naanemol i 36e3-
0wt o Kenmaspa cucmemamuuecku usmepsi-
1om nooxenue Coanua ¢ mounocmoio 0,017,
Mo CMOZYM AU OHU 3AMEMUMb KOIeOAHUS 6
deusxenuu Coanya, 6vi36ainvle 06pauLeHu-
em eoxpye nezo naanem Coaneunou cucme-
mot? Toduunvlii naparraxc 36e3dvt o Ken-
maspa cocmasasiem p = 0,751” .

Pemenne. Kax MbI y)ke 3HaeM, IIpaKTHIeC-
KU BCS Macca Hauleil IIJTaHeTHOW CHCTeMbl
3akmmoyena B lOnurepe, nmoatomy B 10700-

vc =13 m/c.

2018/Netl

HBIX 33jla4aX MOYKHO PacCMaTpHUBATh [[BO¥-
nyto cucremy Courniie — IOmnurep, o6pariaro-
HIyIocst BOKPYT o011ero 1enTpa Macc. Paccro-
gune CoJHIIA OT I[eHTpa Macc PaBHO 7 =
=1oMjo /M , e 1o — paccrosiHue IOmu-
Tepa OT IEHTPa Macc, MPaKTHYECKN COBITAIa-
jonee ¢ paguycom ero op6utsr (5,2 a.e. =
=779 wun km). Tora aMmnanuTy/1a yriaoBoro
nepemerntennst Cosniia mpu HAGIIOIEHUN CO
3Be3/bl O KeHTaBpa Mpu pacCTOSTHUN 10 Hee
D Gyner
5 = e _ o (MIO/MC) (pazman)
D D

(ITOCKOJIBKY yTOJI, OYEBHIHO, OYEHb MAJ,
3HAYEHUST AaDKCUHYCOB U aPKTAHTE€HCOB MOJK-
HO 3aMEHSTb 3HAYEHHSIMHU UX APTryMEHTOB,
€CJIM YTJIbl BBIPAsKEHBI B pajnanax). B yrio-
BBIX CeKyH/JaX 3TO Oyjer

5= 206265"7- _ 2062657 (Mo /M) .

D D

BcrmomMunM, 9TO TOAMYHBIM TAPALIAKCOM
00beKTa HA3BIBAIOT YTOJI, O] KOTOPBIM OT
Hero BujeH oTpe3ok B 1 a.e. (pammyc sem-
HOW OPOUTBHI): B YIJAOBBIX CEKYHIAX
p =206265" (1 a.e./D) . Tostomy B hopmy-
Jae 1ag § BMecto paccrosgHus (D) MOXKHO
MCTIOJB30BATh TAPAJIIAKC:

M,
d=p(rc/1ae)=p(ro/laec.) MIO :
c
[Monoxus M /My, = 1000, mosyanm
d= 0,751”£ =0,004" .
1000

ITO 3HAUEHUE B 2,5 pa3a MeHbllle YKa3aHHON
B YCJOBHM 3aJla4i IPEAEJbHON TOYHOCTH
nsmepennii (0,017 ). 3HaunT, MOJIL3YACH STUM
METOJIOM, aCTPOHOMbBI U3 CHCTeMbl 0. Ken-
TaBpa He CMOTYT y3HaTbh, uto y COJIHIIA ecTh
[JIAHETHI.

3agaua 3. Kapauxoeas naanema Ilaymon
naxodumces darexo om Coanuyd, no3Momy
NPUHSMO CUUMamv, 4mo oaxe OHeM MAM
ouenv memno. Cpasnume OnegHoe oceeuie-
Hue I[1iymona ¢ HounwviM Oceeuenuem 3emiu
6 noanoAYyHUe. Yumume, umo s Habaiodda-
meast na 3emae Coanue umeem GuUOUMYIO
36e301y10 6eauuuny —26,7" , a nornas JIyna
—eeauuuny —12,7" . Onpedeaume, 60 cxoav-
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Ko pas cuavnee CosHue oceewdaem nogepx-
nocmow Ilaiymona, wem noanas Jlyna oceewa-
em nogepxrocmov 3emau. Cpednee paccmosi-
Hue om Coanya do Iaymona npunsmo pas-
Hom 40 a.e.

Pemenue. Crauana ompe/iesnM, BO CKOJIb-
Ko pa3 CoJHIle OCBenaeT MOBEPXHOCTh 3eM-
Ju cusibHee, yeM rogqHas JlyHa. Boramcaus
Pa3HOCTh WX BU/UMbBIX 3BE3/IHBIX BEJUYNH
(26,7" —=12,7" =14 ), wnaiimeM 3TO OTHO-
menne: oo pasuo 2,512 = 400000. ¥V
IIaneThl, yaanennoit or Connna na R a.e.,
IOTOK COJTHEYHOTO CBeTa ocabien B R
pa3. CremoBaresnbno, CosHile 6yneT ocBe-
1aTh 3Ty TJIaHeTy B 400000/ R? pas sdpue,
yeMm noJsHag Jlyna ocsemaer 3emunio. [las
[TnyTona, y xoroporo R = 40 a.e., aro
coctasut 400000 /1600 = 250. MubmvMu cJo-
BaMH, TIOBEPXHOCTH IlayTOHAa Ha €ro cpei-
HeM paccrosHum ot COJHIIA THEM OCBeIeHa
TaK XK€ SIPKO, Kak ecJgu Obl HOYBIO Ha 3€M-
HOM HeGockJoHe cusao 250 moaubix JlyH.
ITO BecbMa SIpKOe OCBelleHne, TP KOTOPOM
MOJKHO He TOJIbKO TyJIsiTh 6e3 doHaps, HO U
YUTATh MEJKUH 1pudT.

3apaua 4. [Tpedcmasvme, umo 3emis Heo-
JKUOAHHO OCMAHOBULACH HA CB0ET opdume u
nauaia nadamv na Coanye. CKOILKO Npo-
O0Umest IMo nadenue U ¢ KaKoi cKopocmvio
3emas yoapum Coanye?

Pemenue. [lockompKy paanyc 3eMHON op-
6UTBI HAMHOTO GoJiblie pagnyca CoJHIa, Mbl
MOKEM YIPOCTHTb TIOCTAHOBKY 3a/lauydl u
BBIYHCJUTD BpeMs NaJIeHnus 3eMJIH JI0 TIeHTPa
puTsKeHus, T.e. o rnenrpa Comnma. [asge-
HUe 10 paJinycy-BekTopy K CoJHILy ¢ paccTo-
AHUSA R MOXKHO TIPE/ICTaBUTb KaK JBUKEHHE
IO TIPe/IETbHO CXKATOMY JLIUTICY C GOJIBINON
HOJIyochblo @ = R/2 . Bpems najieHust ¢t paBHO
M0JIOBUHE OPOUTAJIbHOTO Teprosa T Ha 1ol
op6ute. 3HaueHwe T JI€TKO OMpPeesIeTcs 13
TpeTbero 3akoHa Kerepa myTeM cpaBHEHUS

C JBIDKEHNEM 3eMJIN:
2

T ) (O,SRJS
1 1o R ’

roja,

Orcroza

T=23T

at= 5 rofa = 635 cyToK.

2

3aMeruM, 4TO CKOPOCTh MAaJEHUsT M3/ajeKa
Ha TOBEPXHOCTb HEOECHOTO TeJa paBHA BTO-
POl KOCMUYECKON CKOPOCTH Ha 3TOM IMOBEpX-
nocru. dus Couanna o, =+2GMq/R: =
=618 xm/c .

3agaua 5. Croawko Ounetl 6 200y na IK6d-
mope 3emau coanye docmuzaem 3eHuma?

Pemenue. Bo Bcex Toukax 3eMHOTO 9KBa-
TOpa uYepe3 3eHUT BCerja MPOXOJUT Hebec-
HDBII 9KBATOP, TI09TOMY OTBET OYEBU/ICH: COJI-
HIlE HA 9KBATOPE JIOCTUTAET 3€HUTA TOJBKO B
Te JHU, KOT/la OHO B CBOEM JIBUKEHUU TIO
IKJIMTITHKE TIepeceKaeT HeOeCHbIH 5KBATOP,
T.e. JBXK/bBI B TOJY — B JIHU BECEHHETO U
oceHHero paBHojieHcTBHiA. Ho 6oJiee TOUHbBII
OTBET JIOJKEH YUYUTBIBAaThb TOT (PaKT, UTO
IIEHTP COJTHEYHOTO JIMCKa TiepecekaeT Hebec-
HBIl HKBATOpP MTHOBEHHO, MOITOMY HE BCe
TOYKH 3E€MHOTO 9KBAaTOpPa Y/IOBJETBOPSIOT
YCJIOBUIO 3314, a JIWIIb J[BE: OJIHA — BeC-
HOIl, a BTOpasi — OCEHbIO. ITO Te TOUYKH, B
KOTOPBIX MOMEHTBI PABHOJIEHCTBUII COBIIA-
JIAI0OT ¢ MOMEHTaMU UCTUHHOTO COJTHEYHOTO
TOJI/THS.

3agaua 6. Hemnozo usmenum yciosue
npedvidywei 3adauu: Croavko pd3 & 200y
Ha 3emne coinue Gvieaem 6 senume?

Pemenue. Ha 3emHOM Tmape Bcerpa cy-
MIECTBYET TOYKA MOBEPXHOCTH, HAJl KOTOPOI
COJTHIIE B JIAaHHbBI MOMEHT HAXOIWUTCS B 3e-
nurte. Ecan cmorperh Ha 3eMJI0 CO CTOPO-
bl CoJiHIla, TO 3TO IEHTP 3€MHOrO JIUCKA.
B xaxxaprit MOMEHT BpeMeHHU 3Ta TOYKa Jie-
JKUT Ha TIOJYIEHHOM Mepuanane 3eMau U
nepeMernaeTcss Mo HeMy B Te4yeHue rojia ot
OJIHOTO TpOIHUKA K Apyromy u obparno. C
Y4eTOM CYTOYHOTO BpalleHus 3eMJH CTaHO-
BUTCSI SICHO, YTO Ha rJ06yce COBOKYITHOCTb
9TUX TOYEK HAMOMUHAET TYTO 3aKPYUYEHHYIO
B/IOJIb 9KBATOPA CIUPAJDb, 3aTOJHSIONIYIO
IMOSIC MEXKJY TPONMUKaMHU — OT 23,4° C.II.
0 23,4° 10.1II.
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B.[NPOTACOB

Konnaku v wapbl

TeopeMy 0O Tpex IEHTPaX TOMOTETUH, HJIH
<O TpeX KOJIMaKaxX», MPUIHCHIBAIOT 3HAME-
HutoMy (hpaHiry3cKOMy MaTeMaTHKy lacra-
py Momky (Gaspard Monge, 1746-1818).
Mgl copmysnpyeM ee B BUJE 3a/1aUM.

3apgaua 4 (o Tpex kommakax). Ha naocko-
cmu 0anvl Mpu Kpyed pa3JudHbLY PAoUycos,
Hu odun xpye ne codepxum Opyeoiu. K
Ka:x001l nape Kpyz06 nposeau 0ee sHeuHue
KACAmeavuvle 1 OMMemuiy ux mouKu nepe-
ceuenus. Jloxaxume, 4mo mpu ommeueHnvle
MOYKU JexKam Had 00HOU NPSMOU.

CrangaprHoe peleHne 3TOH 3a/[a4 TPH-
BJiekaeT TeopeMy Menesas. Ho ectb y Hee n
addeKTHOE TEOMETPUUYECKOE PEIIEHUE C TI0-
MOII[BIO BBIXO/Ia B IpocTpancTBo. IIpaBia,
KaK MBI YBUJIUM ceifyac, ¢ 3TUM pelieHneM He
BCE TaK MPOCTO.

Mp1 6yeM Ha3bIBaTh 6epuitiHOlU TTAPDI KPY-
TOB Pa3HbIX Pa/INYyCOB TOUYKY NEpEeCCUCHUA NX
BHETITHUX KacaTeIbHbIX. TaknM 06pa3oM, Hao
JIOKa3aTh, 4TO [IJIsI
J060I TPOUKM KPY-
rOB TPH BEPIIUHbBI
BCer/a Jexar Ha oJi-
HO npsaMoi
(puc.8). Bepmuna
ecTh W y TIapbl Iia-
POB: 3TO TOYKA, ye-
pe3 KOTOpyio IIpo-
XOJ4AT BCE BHEHIIHNE
KacaTeJbHbIE ILJI0C-
Puc 8 KOCTH K 3THUM IIa-

pam. Ecam mposec-
TH JTI0GYI0 TIOCKOCTD Yepes3 MEHTPDI apoB,
TO B cedennu o6pasyiorcst jBa Kpyra. Vx
BepiHa Gy/IeT COBIAATh C BEPIINHON Ta-
poB. MOXKHO TIpEJCTaBUTh, YTO HA Mapy
mapoB Hajean KoHyc (<«KoJmak»), Torga

[Iponomxkenue. Hauamo — B «KBante» Ne12 3a
2017 ro.

BEPIIMHA 3TOTO KOHYCA SBJSETCS BEPIINHON
[Iapbl IAPOB. 3aMeTuM, YTO €CJM JI0Ka3aTb
TEOpeMy O TpeX KoJlllakax JJIs 1apoB, TO U3
Hee GyIET CJIe/IOBATDh YTBEPIKACHUE [T KPY-
roB. B camom nienie, OCTPOUM Ha KaXK/OM
KpyTe TI0 Tapy € TeM Ke MEHTPOM U PaJiny-
COM, TOT/Ia BEPIIUHBI KPYTOB CTAHYT BEPIITH-
Hamu mapos. Hy a g niapos 3ajiava pernra-
eTcs MPOCTO M HATJISA/HO.

Pemenue. [lonoxxum Ha Tpu mapa Iioc-
kocth (puc.9). Ona Gyzmer KacaTbcsi BCex

Puc. 9

TPEX MapoB. 3HAYUT, OHA GYJET COMEePKATh
BCE TPU BEPIINHDI, TOCKOJIBKY KasK/1ast TJI0C-
KOCTb, Kacarollasicsl BHEITHUM 06pas3oM JIio-
6071 Tapbl MIapoB, COAEPIKUT MX BEPIINHBI.
Ha e ke mapbl MOXKHO IOJIOKUTH BTOPYIO
MJIOCKOCTH, CUMMETPUYHYIO TIEPBOI OTHOCH-
TEeJIbHO TIJTOCKOCTH, TIPOBEJICHHON uepe3 T1eH-
TphI 1mapoB. [losaToMy Tpu BepHIMHBI Jexar
Ha OJIHOH TPsIMOii, IO KOTOPOH 3TH TJIOCKO-
CTU TIEPECeKAIOTCS.

3azava pemena? He coBcem. Bol He 3ame-
TN 110/{B0XA? [les10 BTOM, 4TO He Ha KX Ible
TPU IIAPa MOKHO TIOJIO3KUTD ILTIOCKOCTD. [1ycTb,
HaIpuUMep, ecTb /[Ba GOJIBIINX 1IaPa, & TPETUi
— OYeHb MaJIeHbKWIl M PACIIOJOKEH MEeXIy
IByMs 6oabimuMu. Torga aro6ast III0CKOCTD,
KacapIascs BHEITHUM 06pa3oM GOJbIINX
TapoB, He IMeeT OOTITIX TOYEK C MAJCHBKIM.
YToO6BI cIIacTy HAIIIE J0Ka3aTeIbCTBO, TIOCTY-
MM TakK. BO-HepBbIX, CUUTaeM, 4TO IEHTPbI
MapoB He Jexar Ha ofHoi npsmoit (ecam



BbIXOA B NPOCTPAHCTBO-2

JIeXKAT, TO YTBEP K/IeHne 04eBU/HO). Bo BTO-
PBIX, €CJIH O/[HOBPEMEHHO YMEHBIIUTD Pa/Iii-
ycbl mapoB B N pas, OCTaBUB Ha MecTe MX
IIEHTPBI, TOJOKEHNE BEPIIIH He M3MEHUTCSI.
B camom neate, ecain Oy, O, — LEHTPBI LIAPOB,
a 7, 1, — UX paJinychl, TO BepuuHa V — 310
eJuHCTBeHHas Touka Ha npamoit 0,0, , a1
koropoit MO /MO, =r/r, (kax u panbie,
oTpe3ku — HanpasJieHHbie). [Toatomy, pa3s
toukn O;, O, U OTHOILIEHUE PAIILYCOB 7 /7,
He U3MEHIJINCH, TO U Bepiiuia V ocranzach Ha
npexxiemMecte.! Tora yMeHbIIUM BCe pajiu-
ycbl B N pas, 4To6bl OHU CTAJU HACTOJDBKO
MaJIEHbKUMH, YTO KaK/bIIl KOJIaK He OyeT
mepeceKaTb OcTaBIerocs mapa. B atom ciry-
Yae Ha [Iapbl MOYKHO ITOJIOKUTD IIJIOCKOCTD, 1,
cJe0BaTeTbHO, TPM BEPUIMHBI JIEsKaT Ha
TIPSIMOT.

U3 teopeMbl 0 Tpex KoJmakax (Temepp ee
MOXKHO Ha3BaTb TEOPEMOH, BeJb MBI €€ JIOKa-
3aJ11) MPOUCTEKAET MHOKECTBO CJIE/ICTBUIT O
KacaHuy KPyroB M IIapoB. Mbl BbIIeIUM
JIUIIb TP U3 HUX, ellle HECKOJIbKO chopMy-
JUPYEM B YIPOKHEHHIX 5—9.

Haunem c Toro, 4to ecJiut 71 ABYX U3 TPEX
map KpyroB BHEIIHUE KacaTeJTbHbIE 3aMEHUTD
Ha BHYTPEHHIWE, TO TeOpeMa OCTAaHeTCsl Bep-
Ha. B mokazaresbcTBe HITUETO HE M3MEHUTCSI.
ToabKO TTOCKOCTD Temephb OyAeT KacaTbCs
JIBYX IIapOB C OJHOH CTOPOHBI, & TPETHETO —
¢ apyroii. CooTBETCTBYIOIINE TOUKN HA30BEM
BHYTPEHHNUMHU BepimrnHaMu. UTax, enewnss
u 0se suymMpenHue epuunvl mpex Kpyzo6
(unu mpex wapos) sexam na o0no npsi-
moii. Ecau Ba 1mapa Kacaiorcsi, TO BHyTPeH-
HSIS BEPIITMHA [TPEBPATUTCS B TOUKY KACAHUS.
ITOT Ipe/leIbHbIN CaIydail JjaeT Takoe cJe/l-
CTBUE.

CaencrBue 1. /[sa wapa xacaiomcs éneul-
num ob6pasom mpemvezo. Tozda eepuuna
08YX Wapoe JeKum Hd NPsiMotl, cOeOUHso-
wetl dse MouKu Kacanusi.

To >xe BepHO, KOHEUHO, W [IJIT KPYTOB HA
mockocTu. M3 aroro caegyer rakoil 3aMeda-
TEJbHBIN (DAKT, KOTOPBIH MBI JJIs1 TTPOCTOTHI
cchopMyupyeM [ Kpyra Ha ILIOCKOCTH

o CyTH, 3/1eChb MBI TTIOJIb3yeMcsT TeM, 9T0 V —
3TO IEHTP TOMOTETUH, TIEPEBOASIICH OJWH ap B
JIPYTOIi; 3TUM U OOBSICHSIETCS €ellle O/IHO Ha3BaHUE
TEOPEMBbL: «TeopeMa O TPeX LEHTPaX FOMOTETUM .

(XOoTs1 OH BepeH W I 1apa B IIPOCTPaH-
cTBe).

Caencreue 2. Ha ompesxe AB danvl mou-
ku C u D. Yepes C u D nposedera npous-
BONbHAS OKPYIKHOCMY, K KOMOpou u3 A u B
nposedenvl Kacameivhvie, NPU IMOM MOUKU
KaAcanus Jexam no 00Hy CMOPOHY om npsi-
moti AB. Tozda npsmasi, coedunsowasi moy-
KU KAcanust, npoxooum uepes huxcuposan-
HY10 mouxy npamou AB, ne 3asucauyio om
nPOBEOeHNOU OKPYHKHOCTIIU.

JlokazareabcTBo. O603HAUNM TOUKK Kaca-
nus yepes A" u B’, a TouKy nepeceueHust
KacaTeJbHbIX yepe3 M. 3aMeTuM, 4TO KBajl-
par kacareapnoii AA" pasen AD-AC, a
3HAUUT, HE 3aBUCUT OT OKpYy>kHOCTH. To e ¢
KacarespHoil BB'. IIpoBeseM OKPYKHOCTH €
nentpamu A mw B m pammycamu, paBHBIMU
aTUM KacarejabHbiM. OO6o3nauum uepe3 V
BEPIIUHY JIAHHBIX OKPY’KHOCTEH. JTa TOUKA
nocrosuHa. Tenepb MpoBeieM OKPY>KHOCTD €
nenrpoMm M u pagnycom MA = MB’. Ona
KacaeTcsl Halllell mapbl OKPYXKHOCTEH B TOY-
kax A" u B’. 3HauuT, COrIIACHO CJIEICTBUIO
1, npsamas A’B’ npoxoaut yepes V. 3uauur,
V — uckomas Touka.

Kak Mbl ynoMuHa M, y cJAeJICTBUS 2 €CTb
«IIPOCTPAHCTBEHHAs» BepCUsl, KOrjla depes
toukn C m D TpoOBOAAT TMap W HA HETO W3
Touek A m B oIycKaioT KacareJbHbIE, Jie-
JKarmue B OJTHON TiocKocTu. Torma mpsmas,
COEIMHSAIONIAs TOYKM KacaHWs, MPOXOJIUT
yepe3 (PUKCUPOBAHHYIO TOYKY NpsaMoit AB.
[lokaszaTesbCcTBO OCTaeTCs MPEXKHUM!

A BOT elile oiuH JIOGOTBITHDIH (aKT, TPO-
HCTEKAIOINI U3 TeopeMbl O TpeX KoJIaKax.
Ero ecrecTBenHO 6y/IeT HA3BaTh «TEOPEMOIL O
KJTIOBE» .

Caexncreue 3 (reopema o kmiose). Ecau
CIMOPOHBL NPOCMPAHCINEEHHO20 UETNbIPEX -
Y20JbHUKA KACAIOMCS Wapd, mo uemipe
MOYKU KACAHUSL JleKaAM HA 00HOU OKPYIKHO-
cmau.

JlokasareapcTBo. OG6GO3HAYUM JAHHBI
YeTblpexyTroabHuk uepes ABCD, a Touykn
kacanua — uepes K, L, M, N (puc.10).
Kacarenbuple AK u AN paBHBI, HO3TOMY
MBI MOJKEM IpoBecTu cdepy ¢ MeHTpoM A,
npoxozdangyio yepes Toukn N u K. Taxxke
MBI MOKeM mpoBectu cdepy ¢ menrpom C
yepe3 Touku L u M. ITtux AByXx cdep Kaca-
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v A

Puc. 10
eTcd TPeTbsi — ¢ IEHTPOM B, mpoBeJieHHAs
yepe3 Toukn K m L. 3HAUUT, MOXHO BOC-
[10JIb30BATbCS CJAEACTBUEM 1 M 3aKJIOYUTD,
yTo npgamas KL mpoxXoauT yepes3 BeplIMHy
V nByx cdep (¢ uenrpamu A u C). Taxxe
aToil mapel cep kacaercs u cepa ¢ IEHT-
pom D, npoBejieHHas yepe3 Touku M u N.
3uaunt, npsmas MN TPOXOAWT yepe3 Ty
ske BepmmHy. Wrak, mpsmeie KL uw MN
[IepeceKaloTcs, 3HaYUT, JIesKaT B OHOI I1710C-
KOCTH, CJIe/IOBATEJbHO, BCE 4YeTbIpe TOUYKH
Kacauus JIesKaT Ha OKPY'KHOCTH — CedeHuu
cepbl 3TOI TIJIOCKOCTDIO.

Y mpocTpaHCTBEHHOTO YeThIPEXYTOJbHIKA
TOT XK€ KPUTEPUil JIJI CYIECTBOBAHUS BIIH-
CaHHOTO IMIapa, 4YTO W Yy IJIOCKOTO: IIap
MOXKHO BITUCATD TOT/Ia ¥ TOJbKO TOT/a, KOTJa
CYMMbl IIPOTHBOIIOJIOXKHBIX CTOPOH PaBHbI.
Ecmu durcuposars Toukn A u C, TO Tpey-
rospHIKN ABC 1 ADC MOKHO pa3BOJUTD U
CBOJINTDH, «TITUIa» OY/IET PACKPBIBATH U C3KU-
MaTh «KJIOB», TIPU 3TOM BCe BPEMS JiepsKa B
KJoBe mapuk (Mapuk mpu 9ToM GyIeT CKOJIb-
3uTh 10 KJoBy). CorsiacHo ciaejcTBuio 3,
npsimple KL u MN, coepuHsionye TOYKN
KacaHusi 9TOTr0 IIAPUKA C KJIOBOM, OYIyT
BCer/la POXO/IUTD Yepe3 OJHY U TY JKe TOUKY
— Touky V.

W ato — nasnexo He Bce, YTO 110JIy4YaeTcs U3
TEoOpeMbl O TpeX KOJIIaKaX, KOTOPYIO Mbl
JIoKa3aal BBIXOJIOM B IpocTpaHcTBo. Erme
HECKOJIbKO CJIe/ICTBUI onmpobyiiTe J0Ka3aTh
caMi.

Ynpaxuenust

5. Yerplpe mapa KacaioTcsl JPYr Apyra <Io
L[eTI0YKe» . TepPBbIil — BTOPOTO, ..., YeTBEPTHIl —
nepBoro. Jlokasknute, 4TO 4eTbIpe TOUYKHM KacaHus
JIeXKAT Ha OJTHOW OKPY’KHOCTH.

6. [lokaskure, 4TO B OIMCAHHOM Y€THIPEXYTOJIb-
HUKE [IBE J/IMAroHajM, a TakyKe J[Ba OTpe3Ka,
COEZIMHSAIONINE TOYKHU KacaHus BIIMCAHHON OKPYXK-
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HOCTH C HPOTHBOIOJIOKHBIMU CTOPOHAMH, Iiepe-
CEeKaIOTCA B O/IHON TOUKe.

7. B npoctpanctse ganbl cdepa u ase Toukn K
u L BHe Hee, mpuueM npsamas KL nepecekaer
cepy. M3 Toukn K mpoBOAUTCS TMPOU3BOIHHAS
kacareabHas KP k cepe (P — Touka Kacanus),
a npsmass LP mnostopHO Tiepecekaetr cdepy B
touke Q. JlokaxKuTe, 4YTO BCEBO3MOKHbBIE TOUKH
PO6ETranT OKPYKHOCTD.

8. lokaskure, 4ro Ay 060N TOUKK L, Jexa-
meil BHe 3ajanHoil cdepsl, Ha cdepe HaligyTCsa
JIBE OKPY’KHOCTH, PAaCIOJIOKEHHbIE B HeIapaJ-
JIETBHBIX TIJIOCKOCTSIX, KOTOPBIE TEPEXOAAT APYT
B Ipyra IpH IEHTPAIbHOH MTPOEKITHI OTHOCUTE -
no Touku L (T.e. mpsaMble, NpoBeAeHHble yepes L
B TOYKM TI€PBOH OKPY>KHOCTH, IMPOXO/AT depes
TOYKH BTOPOH OKPYIKHOCTH).

Vxasanue. Bocrionpaylitech yrpaskneHneMm 7.
PaccmoTpuTe OKpysKHOCTH, TTpoGeraeMbie TOUKa-
vu P u Q.

9. JlokaxkuTe, 4TO LEHTP OKPYXKHOCTHU HEJIb3s
HAWTU TIPU TIOMOINU OJHOU JuHelKu, 6e3 up-
KyJIsl.

Vkaszanue. Ecau Takoe HocTpoeHne BO3MOXKHO,
IIPUMEHHUTE €r0 K OJHOHM M3 OKPY’KHOCTEH U3
yIpaxkHeHHsI 8 B ee MJIOCKOCTH. Tak Kak IIeHT-
paJibHasl MPOEKINS OTHOCUTEIbHO TOYKK L Tiepe-
BOJIUT TIpPSAMble B IIPSAMble, OHA MEepPeBe/leT 3TO
MIOCTPOEHHUE B TAKOE K€ TOCTPOEHHE ISl BTOPOi
OKPY>KHOCTH.

B careyroriiem yripaskHEeHUH TTOJTYINUTE APY-
roe JI0Ka3aTe/JbCTBO TeOPeMbl O TpeX KOJIIla-
Kax, TaK’Ke C [IOMOIbIO BbIXO/a B IIPOCTPal-
ctBO. Ero mozckasan asropy B.H./ly6poBc-
k. OHO XOpOIIO TeM, 4TO MPOXOJAUT IS
JI060I TPOUKY KPYTOB, B HEM HET «ILIOXUX»
CJIy4aes.

Yupaxuenue 10. B xaxkoM u3 11eHTpoB Tpex
3a/laHHBbIX KPYTOB BOCCTABUM IEPIICHANKYJISAD K
IJIOCKOCTH. [lJIMHA TIepIeHJnKyIapa paBHa pa-
JIMYCy Kpyra, BCe IEPIEeHAMKYJSAPDI JeXaT I10
O/IHY CTOPOHY OT IJoCcKOCcTH. J[lokaxkure, 4TO
npsiMasi, COCAMHAIONIAs KOHIIbI /[BYX HEPIICH/U-
KYJISIPOB, TIPOXO/IUT Yepe3 BEepUINHY COOTBETCTBY-
omeil mapbl kpyros. IIposesem Terepb 1oc-
KOCTb 4epe3 KOHIIbI TpeX MepreH/ Ky aapos. Ona
IepecekaeT MCXOHYIO ILIOCKOCTb 110 HPSIMOIL.
Jlokaxure, 4TO BCce TPHU BEPHIMHBI JEKaT Ha
aTOil npsaMoii. Kak wu3MeHUTCS 3TO paccyskie-
HUE, eCJH JIJIs JIBYX 11ap KPYroB B3SITb BHYTPEH-
HUE BEPIITUHBI?
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Teopema BpuaHLLOHa

Teopema, xoropyio B 1810 romy mokaszasn
dpanmysckuit matematuk [llapap Kionben
Bpuanmon (1783-1864), renepb 1o 1paBy
CUUTAETCS OJJHUM U3 CTOJIIOB IPOEKTUBHOI
reoMeTpui.

Teopema (C.J.Brianchon, 1810 r.). Tpu
QUAZOHAIU  WECTNUYZOTOHUKA, ONUCAHHOZO
0KOJI0  OKPYKHOCTIU,
nepecexaiomcs 6 00-
noti mouxe (puc.11).

JlokaszaTeabCTBO
3TOI TeOPEeMbI — OJIUH
u3 GJIeCTANIUX TPUMe-
POB BBIXOJa B IIPO-
crpanctBo. Ero mpu-
Boaua u M.D . Ilapwbi-
TUH B YIOMSHYTOU
Hamu ctaThe. OHO BOIILIO BO MHOTHE 33/1a4-
HUKH TI0 TEOMETPHH, U eT0 MOKHO GBLITO 6bI
CYNTATh CaMBIM IPOCTBIM U KOPOTKHUM JIOKa-
3aTeJIbCTBOM TeopeMbl BpuaHinona, ecim Obl
B 1957 rogy Anexcannp CrenanoBmu Cmo-
ropskeBckuii (1896—1969) He Harmes erne
607Iee JIETAHTHOTO PACCYKJCHUS, C IMPHUMe-
HEHMEM paJMKaJbHBIX oceil (cM. KHUTY
A.C.CmoropskeBckoro «JImHelika B TeoMeT-
puYecKux IocTpoeHusx», locrexuspaar,
1957 1.). A MbI He OTKaxeM ce6e B yI0BOJIb-
CTBUH IIOBTOPUTD JIOKA3aTENbCTBO C BBIXO/[OM
B IIPOCTPAHCTBO, HECKOJDBKO €r0 M3MEHHB.
CHavaJsia — /IBa POCTBIX BCITIOMOTATETbHBIX
dakra.

@axr 1. /se npamvie, cummempuunvie
Opyz Opyzy oMHOCUENLHO HEKOMOPOTL NAOC-
KOCU, Jexam 6 00HOU NIOCKOCTU.

Daxr 2. Janvt mpu npamvie. Ecau xax-
Ovle 06e U3 HUX JleKdam 6 00HOU NIAOCKOCU,
mo aubo ece mpu Jexam 6 00HOU NAOCKO-
cmu, aubo ece mpu umerm ooy MouKy,
JUb0 6ce mpu NaparIesbHoL.

Tereppb MOKeM TIPUCTYTIUTD K JOKA3ATEb-
CTBY.

[oxa3areabctBo Teopembl bpuanmona.
OG6o03HAUNM HAIl TIECTHYTOJbHUK 4Yepe3
A,... A, a TOUKY KacaHUs CTOPOHBI AjA; co
BIMCAHHON OKPYKHOCTBIO —uepes M (puc.12).
B Bepumune A; BoccraBUM IepreHAUKYJIAD
AyB; K ILIOCKOCTH, B KOTOPOI JIESKUT 1LIECTU-
YTOJIbHUK, PaBHBINA 110 JIJINHE KacaTeJIbHOMU

Puc. 17

Puc. 12

AM . Tenepp B Bepimmne A, BOCCTaBUM
neprneHiuKyaap A, B, K Toii e IJI0CKOCTH,
HO JIesKalllil 110 Jpyryio CTOPOHY OT Hee,
JJIMHa KOTOPOTo paBHa KacaTeJbHO#l AyM .
[lanee BoccTaBUM Takue ke I1€pIeH/IUKY IS
PBbI B OCTQJIbHBIX BepHINHAX: JJUHA KaXK10T0
nepneHanKyapa A;B; paBHa JinHe Kaca-
TeJIbHOI K BIIMCAaHHOW OKPY KHOCTH U3 BEPII-
HBI A;, a HaIpaBJIeHUA STUX NePIIEHANKY JIsI-
POB uYepeayloTca. 3aMeTUM, YTO KasK/Iblil 13
oTpe3KkoB B;B;., cocraisier yroi B 45° co
cTopouoii mecruyroabuuka A;A; ; unepece-
KaeT ee B Touke KacaHus. O6G03HAUUM uepe3
N Touky KacaHud, JeXallylo Ha CTOPOHe
A4 A5, 1 IpoBesieM yepes cepelly OTpe3Ka
MN 110CKOCTD, IIEPIeHJUKYJSAPHYIO eMy

~ NS
Puc 13 M

(puc.13). Paguycsr okpyskHoctu OM u ON
CUMMETPUYHBI OTHOCUTEJIbHO ITOU IJIOCKO-
CTH, [109TOMY CUMMETPHUYHDI U 11psAMble BB,
u B, Bs, IOCKOJIbKY OHU HepPIIeH/UKY ISIPHbI
9TUM Pa/INyCaM U COCTABJIAIOT PaBHbIE YIJIbl
C IJIOCKOCTBIO TIIECTHYTOTbHIKA . 3HAUUT ((hakT
1), npsimbie BB, u B;Bs JiexaT B OIHOI
mnockocth. CreoBaresbHo, oTpesk BB, u
B,Bs Takke Jeskar B OJHOH IIJIOCKOCTH.
[ToBTOPUB TO K€ paccyskieHue ¢ IByMs JApy-
YMU [TapaMy CTOPOH HaIero NIeCTHyIO/IbHY-
Ka, Mbl BUJIUM, YTO U3 TpeX OTPe3KoB BBy,
B,Bs, DB;3Bg xaxkible [BaJieXkaT B OJHON
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miaockocT. llpnmensem daxrt 2. 3t Tpm
OTpEe3Ka He MOTYT JIesKaTb B OJ{HOH ILJI0CKOCTH,
MHaUe B 9TOH JKe IMIIOCKOCTH OKa3aJINCh ObI Bce
IIIeCTb TOYEK KaCaHWs, a 3HAYNT, OHA COBIAJIA
6BI C TIJIOCKOCTBIO TMECTHYTOMbHNKA, UTO HC-
KJIIOYeHO, II0TOMY 4TO BCe TOUKU B; B Hell He
aeskat. CinegosaresbHo, npsamblie BB, , ByBs |
B;Bg nm6o 1epecekaloTcs B OJHON TOUKe,
b0 TMapaJiie/lbHbl. 3HAYUT, TEM Ke CBOM-
CTBOM 006J13/1a10T 1 NX TIPOEKIIH Ha [LJTIOCKOCTD
HIecTUyroJabHuKa — auaronanun AjA,, A,As
n AzAg. Tax kak guaronaju He mapasiesb-
HbI, TO OHU IIePECEeKaIOTCsl B OJIHOW TOUKe.

BoiBoa. Yem 3jech 110MOr BBIXOJ B IIPO-
cTpaHcTBo? lloueMy Heb3sT GBLTO MTPOBECTH
TO K€ JIOKA3aTeJbCTBA, HE TIOKNUIAs MJI0CKO-
ctu? [leso B TOM, 9TO €CJU TPHU TIPSIMbIE, He
JexKawue 6 00HOU NJ0CKOCMU, TIOTIAPHO T1e-
pecekaiTcsi, TO BCe TPU IIEPeceKaloTcsl B
oaHol Touke (pakT 2). A ecsiu OHU JIesKAT B
OJTHOM TLJIOCKOCTH, TO 3TO HeBepHOo! [Ipumep:
IIpAMBIE, COJIEPIKAIIIIE CTOPOHBI JTI060TO Tpe-
yrosbHuKa. [ToaToMy 13 Toro, uto Auaronanmn
HIECTUYTOJbHIKA IIePECceKaAI0TCs TIOTIapHO, He
cnenoBaso Obl, YTO OHM IIEPECEKAIOTCS B
o/iHO#l Touke. B aToMm cMbicse, B mpocTpaH-
CTBe MEHbIIIe BO3MOKHOCTEH, UeM B IIJIOCKO-
cTr. MBI BBINLIN B IPOCTPAHCTBO M <«IIO/THS-
Juy» puaroHamn AjA;, A,As m AzAg 1o
orpeskos BB, , B,Bs, BBy . [loka3as, 4To
3TH OTPE3KU MOMApHO IEPeCeKaloTCs, MBI,
TeM CaMbIM, /[OKa3blBaeM UX IlepecedeHue B
OJTHOI TOYKe.

KoHdurypaumm To4ek n npsiMmbix

[TpoexTiBHAS reOMETPIST N3ydaeT (PaKThI U
cBoHicTBa (DUTYpP, He MEHSIOMNECs MPH IeH-
TPAJbHBIX TPOEKIUAX, T.€. HMPOEKIMIX W3
(pukcupoBanHOil TOUKH. MHOTHE TTPOEKTUB-
HbIe 31241 PEIIAoTCs ¢ IIOMOIIBIO BbIX0/1a B
pocTpancTBo. ToMy ecTb IIPUYMHBI, KOTO-
pole MBI He OyZeM 3/7ech OOCY:KAaTb, 3TO
yBeJIo GBI HAC CJMIITKOM /1aJIeKO B OCHOBAHMS
IpoeKTUBHON reomerpun. CraxeM TOJbKO,
YTO BecbMa TPY/IHBIE MJIAHNMETPHUYECKHE 3a-
Jaui 0 KOH(UTYPAIMSAX TOYeK W IPSIMBIX
MIPEeBPAIIAOTCS TO4ac B COBCEM IIPOCTBIE
«TIPOCTPAHCTBEHHDBIE» YTBEPKICHIUS.

3amavya 5 (nosspa OTHOCHTENBHO yTJia).
Han yzon u mouxa A, omauunas om ezo
sepuunvt (puc.14). Uepes A nposodsmcsi

2018/ Nel
A
o Ny N,
Puc. 14

06€e NPOU3BOLLHBIE NPAMLE, NEPECEKAIOUUEe
cmoponwl yeaa 6 mouxax M, M, u N{,N,
coomeemcmeenno. /oka;ume, umo mouxa
nepecevenus npamvix M{N, u M,N; ze-
Kum Ha hurcupoeannoll npsamMoil, npoxoos-
wetl uepes eepuiuny yed.

Ecsin BMecTO yriia B34Tb OKPY>KHOCTb, TO
YTBEPXK/IEHHE OCTAETCS BEPHBIM, B 3TOM CJIy-
yae sTa (PUKCHPOBaHHAS [TPSMast Ha3bIBACTCS
noAApol TOUKN A OTHOCUTEIBHO OKPY>KHOC-
TH. Y TOJIAPBI Macca WHTEPECHBIX CBOIICTB,
Ha KOTOPBIX OCHOBAHO BasKHEIIIIIee TeoMeTpH-
weckoe ToHsITHE dsoticmeennocmu (eM., Ha-
npumep, kuHury [.C.M.Kokcerepa n
C.II.Tpetitiiepa «HoBble BcTpeun ¢ reomeT-
pueii» ). TeopeMa 0 I0Jpe UMEET HECKOJIBKO
JIOKa3aTesIbCTB, B TOM YHCJIE BIIOJIHE F€OMeT-
PUYECKUX M UBANIHBIX. 3aja4a 5 yTBepKia-
eT, 4To moJisipa GbIBA€T HE TOJBKO OTHOCH-
TEJBHO OKPY’KHOCTH, HO W OTHOCHTEJBHO
yraa (T.e. OTHOCHTENBHO Hapbl NPSAMBIX). !
Y iuBUTENBbHO, YTO 3TOT (DAKT COBCEM HETIPO-
CTO JloKa3aTh. XOTH, 110 ujee, ¢ IMapoil nps-
MBIX BC€ JIOJDKHO OBITH MPOTIE, YeM C OKPYIK-
HOCTBI0. 11 HaM cHOBa MOMOXKET BBIXOJ B
MPOCTPAHCTBO.

Cravasa MBI TIepeiiieM kK Gosee o6uiemMy,
TPEXMEPHOMY YTBEP3K/CHUIO.

3agaua 5 (osgpa OTHOCHTENBHO [BY-
rpaHHoro yria). B mpocmpancmee Oamvi
d8yepannviil yzoa u mouka A, He aexxauds
na ezo pebpe. Uepes A npogodumcs dge
nPOU3BOIbHBIE NPAMbLE, NepeceKkaruue 2pd-
Hu yeaa 6 moukax M, M, u Ny, N, coom-
semcmeenno. /oxaxume, umo mouka nepe-
ceuenus npamvix M{N, u M,yN, nexum na

1 ﬂJIS{ 3HATOKOB 3TOT (1)'(1}{'1' HE BbI3OBET y/INUBJIE-
HUA: TIOJIApA €CTb HE TOJIbKO OTHOCUTEJIbHO OK-
PYKHOCTHU, HO 1 OTHOCUTEJIbHO 0601t KOHUKH, a
Iapa IpAMbIX — TOKE KOHUKa, TOJbKO BbIPOK/IE€H~
Hasd.
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urcuposannoll naocKkocmu, nNPoxodsuel
uepes pebpo yeid.

SIcHO, UTO M3 3TOr0 yTBEPIKJECHHS CPa3y
caeyer 3ajada 5: J0CTaTOYHO IIPECTABUTD
HaIll yTOJ KaK CedeHre HEKOTOPOTO ABYTPaH-
HOTO yTJ1a. A JOKasKeTcst OHO TPOIIE, 9TO HaC
yske He yausser. («/lokazarh 60JbIIe HHOT-
Ja mpoe» )

HMoxaszateabcrso (puc.15). Hamo moka-
3aTh, uTO Touka K IepecevyeHus IIPsSIMbIX

Puc. 15

M N, n M,N; nexxut Ha (GUKCHPOBaHHON
maockocti. IIposesem uepes Touky A ermie u
TPETDHIO MIPSIMYIO, IIePeCeKaIOIIYI0 T'PaHy yTJIa
B Toukax M3 m N5, ob6o3HaumM uepe3 L
TOUKY niepecedeHus npsAMbIix MoNg n M3N, .
3adurcnupyeM MoJoKeHNE TPSIMBIX AM, 1
AM; (tem campiM, 1 Toukn N, , Ny u L),
a Touky M, GymeM BBIOMPATh HA TPAHU yTJIa
Ipon3BOIbHO. Torga mepecedeHme IJIOCKO-
creit M{N,M3; u N;M,N; 6yzner conepsxaTb
Toukn K, L m P — TOuKy nepeceyeHus
nnockoctu AM My ¢ pe6poM yra. 3HAYUT,
9TU TPU TOUKM JIesKaT Ha OJHON IPAMOIi.
CuaefioBatesibHO, MpH JI060M BbIGOPE TOYKH
M, touka K Bcerza 6yzeT nexarb B (pUKCH-
POBAaHHOH ILTOCKOCTH, IIPOBEJEHHON 4Yepes
pebpo yria u 4epes3 Touky L. 3HAUuT, U Ipu
Jo60oM BeIOOpe Toukn M, oHa 6yAeT JeKaTh
Ha TOil »Ke ILIOCKOCTH.

Y 3azmaun 5 ecTb elie oJHO penieHne — 6Ge3
BBIX0/Ia B IPOCTPAHCTBO, HO C IPUMEHEHIIEM
OJTHOTO MOIIHOTO Cpe/icTBa — TeopeMbl /[le-
sapra. Opnako m cama TeopeMa /lesapra
TOXKE JIOKa3bIBAeTCsl € IOMOIIbIO BBIXOJA B
npoctpanctso! Ho — Bce o nopsaky. B 1636
roay ¢dpanitysckuit reomerp sKepap esapr
(1591 —1661) B cBOeM <«TpakraTe O TEpC-
HeKTHUBe» BIepBble CPOPMYINUPOBAT U TIPH-

BeJI JI0Ka3aTesbCTBO TEOPEMbI O JBYX TPEY-
roJbHuKax. Bor oHa.

Teopema (G.Desargues, 1636 r.) Ha nioc-
Kocmu danvl dsa mpeyeoavnuxka ABC, u
AyByCy. Ecau npamve AjA,, BB,, CC,
nepecexawomcs 6 00HOU mouke, Mo Mpu
MouKU nepeceuenus coomeemcmeyouuUx
cmopon mpeyzonvtuxos (uiu ux npooosie-
nuil) nexam na oonoil npsamott (puc.16).

O

Puc. 16 ¢

ITOT 3aMevaTeqbHbIN (HaKT, BUANMO, OBLIT
usBected u o Jesapra. sKusornucipl amo-
xu Bospoxkaenust Ao/mkHBI GBI OBITH C
HUM 3HAKOMbI, IIOCKOJIbKY 3HAaJU OCHOBbI
IIepCIIeKTUBbI U puMensin ux. [lesapr, ox-
HAaKo, BIEpPBbIE ero c(hOPMyJINPOBAT B BU/IE
TeopeMbl ¥, UYTO BaskKHEE BCEro, TOKa3aJl.
[Ipudem wmest ero moKa3aTebCTBA MPaKTH-
YeCKW B HEM3MEHHOM BUJIE MCIIOJIb3YETCS /10
cux nop!

[Tocmorpute Ha pucynok 16. A Ternepb
Mpe/ICTaBbTe, YTO 3TO HE IJIOCKWI, a TIpo-
CTPAHCTBEHHDIN YepTeXX U 3alTPUXOBAHHbIE
TPEYTOJIbHUKHU JIeXKaT Ha caMOM /[ieJie B pa3-
HBIX IJIOCKOCTAX. Torja yTBepsK/JeHue Teo-
peMbl OYEeBU/IHO: IIJIOCKOCTH 3alITPUXOBAH-
HBIX TPEYTOJBHUKOB IIepeceKaloTcs 10 IMps-
Moii, mpwdeM Touku K, L, M mpunaazexar
00erM 3TUM TLJIOCKOCTSIM, a 3HAYWT, JIEKAT
Ha TIpsIMOIl Tiepeceuenusi. Bce, mokasaTesnb-
CTBO TIO CYyTIECTBY 3akoH4YeHO0. OcTaeTrcst ak-
KypaTHO TIEPEHTH OT IIPOCTPAHCTBA K TLIOC-
KOCTH. IJTO MOKHO CJeJiaTb € TOMOIIbBIO
MTPOEKITNH, & MOXHO C MOMOIIBIO TIPE/esTh-
HOTO IIepexo/ia.

[Tofigem mo BTOpOMYy TyTH. 3aKperLisieM
touku Ay, Ay, By, B,, a touky C; HEeMHO-
ro <«IIOJHMMEM» HaJl IJIOCKOCTbIO. Terepb
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BbiGepeM Ha npsamoii OC; HOBYIO TOUYKY
C,, PSJIOM € ee TIepBOHAYAJIBHBIM I10JIOXKe-
nueM. Ilosyuaem, uto Tpeyroapuuku A BC,
n A,B,C, BbLIE3JU U3 IJIOCKOCTU, 3HAYUT,
K HUM MOKHO TPUMEHWTH [OKAa3aHHOEe YT-
BepskAeHue: toukn K, L, M jexar Ha ofi-
noit npsamoit. Teneps ycrpemum touky Cp K
ee I1epBOHAYaIbHOMY I10JI0KEHUIO, 4 BMecTe
c ueil u touky C,. B npepese mosyuum,
yto Touku K, L, M nexaT Ha OIHOU Tps-
Moii. Tax npuemomM, HasbIBaeMbIM npedesiv-
Hblil nepexod, Mbl 3aBEPINAEM J[OKA3aTeJb-
CTBO.

Yupaxxuenust

11. Pemmte 3ama4y 5 ¢ HOMOIIBIO TEOPEMbI
[lesapra.

12. Bepua su Teopema /lesapra /st 4eTbIpex-
YTOJIBHUKOB: €CJIU JIJIS JIBYX YETbIPEXYTOJbHUKOB
Ay...A; n B...B;, Ha IJIOCKOCTH YeTbIpE TPsi-
mbie A;By,..., A;B; niepecekaioTcst B O/IHON TOYKE,
TO YETbIPE TOYKH TI€PECCUCHIS COOTBETCTBYIONIX
cTopoH (MM UX TIPOJOJKEHNH) JIe)KAT Ha OJHO#
TIPSMOIt ?

13 (reopema 0 6aGouke s yruaa). Ha croponax
yria B3aTel Touku A u B. Yepes cepenuny M
orpeska AB TPOXOAAT JBe HpsMble, OJHA W3
KOTOPBIX IT€peceKaeT CTOPOHBI yTJIa B TOUKaX Aj ,
By, a npyrast — B Toukax A,, B, . IIpsmbie 4B,
un A,B; nepecexaior npsimyio AB B Toukax P u Q.
Jokaxxkure, yto MP = MQ.

YeTbipexmepHoe MpocTpaHCTBO

Ecau 3ajaun Ha IJIOCKOCTH MOXKHO pe-
aTh BBIXOZOM B TpPeXMEpPHOEe IPOCTPaH-
CTBO, 3HAYUT, HEKOTOPBIE 33J[a4l CTEpeo-
METPpUU MOXKHO pelllaTb BbIXOJOM B YeTbl-
pexmepHoe? [la, koneuno. Mbl JaJiiM Takue
3a/lauyl B BUJie yIIPA)KHEHUN B KOHIIE CTaTbH,
HO cHavyasja pasbepeMcsi, UTO TaKOe YeTbI-
pexMepHoe npoctpancTso. Ha nomoutb npu-
XOJUT JieKapToBa cucreMa koopaunart. Ilioc-
KOCTb — 9TO MHO’KeCTBO Itap uuces. Kaxpas
rapa uuceJ — TOYKa; MHOXKECTBO TOUEK,
YIOBJIETBOPSIONINX JTUHEHHOMY YPaBHEHUIO,
— npsiMasd. PaccTosiHus BBIYHMCJASIOTCS € TO-
Motbio TeopeMbl [ludaropa, yriabl — ¢ 1o-
MOIIBIO CKaJIPHOTO TpousBeneHus. IIpo-
CTPAHCTBO — 3TO MHOKECTBO TPOEK YHCEJ.
3HAuUT, YeTbIPeXMEepHOE IIPOCTPAHCTBO —
MHOXKeCTBO 4eTBepok umces. O6o3HaAYaeTCs

2018/Netl

ono cumBosiom R, Kaskzast Touka & numeer
qeTbipe KOOPAMHATBL: X = (4525 X3;4)
(JloroBOPUMCS TOUKH, B OTJIWYHE OT YHUCEJ,
0603HaYaTh KUPHBIM TPHQTOM). TII0CKOCTH
(TpexmepHas!) — 9TO MHOXKECTBO TOYEK,
YZIOBJIETBOPSIONIMX JIMHEHHOMY ypPaBHEHUIO
axy +...+ax, +b=0. B R ecrp n sBy-
MEpHBIE MJIOCKOCTH, KOTOPbIE SABJSIOTCS Tie-
peceYeHUIMHU JIBYX TPEXMEPHDBIX, T.€. pele-
HUSIMU CHCTEM U3 JBYX JUHEHHBIX ypaBHe-
uuit. I xoneuno, npsimbie. VX MOKHO onpe-
JeuTh 60 KaK MHOKECTBO PeIleHuil cuc-
TeMbl U3 TpeX ypaBHeHuii (rpoMO3IKO Kak-
10), 6O TTAPaMETPUYECKH: TPSAMas — 9TO
MHOKECTBO TOUEK X = X, + th , rjie t npobe-
raeT Bce JIeHCTBUTEJNbHBIE YNCaa. 37eCh X,
— NMPOU3BOJIbHAST TOYKA TPsMOii, a b — Jo-
60ii BeKTOp, NapaJsjieJbHbIil TPIMOI.
Jlmuna Bextopa b = (by;by;bsiby) — ar0

bl +b5 +b5 +b; , a paccrosuue MeKLy

JIBYMSI TOYKAMH — 9TO JUIMHA BEKTOPA-OTPe3-
Ka, UX COEAMHSIONEr0. YTOJM MEX/y BEKTO-
paMu ONpPEEsSIeTCs ¢ TOMOIIBIO CKAISIPHO-
ro NPOU3BEJEHNUsI, KOTOPOE, KOHEYHO IXKe,
paBuo (x;yY)=xy +...+yx5. Tenepn
MOKHO OIIPE/IENIsATh YeTbipexMepHbie (ury-
pbl. Hanpumep, cdepa ¢ neHTpom @ u paju-
YCOM 7 — 3TO MHOXKECTBO TOYEK X, JUIs
2 2 2

KOTOPBIX (X —ay) +...+ (x4 —ay) =7r".

Co6eTBenHo, 1 Bee. YeTblpexMepHoe Mpo-
CTPAHCTBO CYIIECTBYET, HUYEr0 MUCTHYCC-
Koro B HeM Her. He odenb MmoHsITHO, mpu-
CYTCTBYET JIl OHO (DUBMYECKU B HAIIIEM MUDE,
HO B KayecTBe MATeMaTHYECKOr0 OOBEKTa
MbI MOJKEM UM [0.J1b30BaThcsi. MHOTHE CBOi-
CTBA YETBIPEXMEPHBIX (DUIYD MOKHO BbIBe-
CTH TI0 aHaJorHu ¢ TpexmepHbiMu. Hanpu-
Mep, Jo6ble TATh Touek B R* apmisiorcs
BEPIIMHAME YeThIPEXMEPHOI TTHpaMU/bI —
cumnexca.

(Ipognosnxerue creqyer)
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JIET yIIIeJ U3 *KU3HN BEeJUKHI poccuiic-
Kuii imareuct, akagemuk PAH Annpeit Anaro-
abesuy 3amusuax (1935-2017). Ha ero cuery
— MHOXECTBO BBIAIONUXCS OTKpbITHi. OH
U3yvas IPEBHEHOBrOPOJICKIE GEPeCcTsiHbIe IPa-
MOTBI U OMUCAJ TPAMMATHUKY JIPEBHEHOBTOPO/I-
CKOT'O JINAJIEKTa; OH yOeAUTEIbHO JOKA3AJ, YTO
«CnoBo o mnosaky Wropese» [eficTBUTENbHO
ObL10 Hamucano okoso 1200 roza, a He ABJIgET-
cs nogzenkoin XVIII Beka, Kak MHOTHE CUMTA-
JII paHbllle; OH CO3/1aJ CJIOBAPb PYCCKOIO CJIO-
BOM3MEHEHUS, KOTOPbIN U TI0 Cell JICHD JIC)KUT B
OCHOBE KOMIIBIOTEPHBIX IMPOTPaMM, paboTaio-
IIUX C PYCCKUM S3BIKOM; OH Pa3BUJI U 10pabo-
TaJ onpejenenue majaexa, gannoe A.H.Kon-
MOTOPOBBIM, — 1 MHOTOE /pyroe. CTporocts n
JTIOKA3aTeJbHOCTD PA6oT AH/Ipest AHATOJIbEBIYA
ObLJIA 1 OCTAETCST UEAJIOM JIJIsl BCEX ero yueHuU-
KOB — a TaKOBBIMHU CUMTAOT ceGsl MOYTH BCe
JIMHTBUCTBI MOCKBBI U HE TOJIBKO.

Fvvra

>

BA YcrieHckmi (cnesa) v A.A3anmsHAaK Ha JletHeu wkosne « Co-

BPEMEHHAs Matematika» (LybHa, 2009 r.)

OrynmunTesbHAS YepTa HAYYHON [IeATeTbHOC-
TH 3ann3HgKka — WHTepeC K MaTeMaThKe W
TOYHBIM MeTojaM B s3biko3Hanuu. B 1950-e
TO/IBI OH YYMJICS Ha (PPAHITY3CKOM OT/CTICHUN
¢unosormyeckoro dakyabrera MOCKOBCKOTO
YHUBEPCUTETA — KA3aJ10Ch ObI, YTO MOKET ObITH
6ojiee TYMAHUTAPHBIM ¥ JIAJIEKMM OT TOYHbIX
Hayk? OHaKo OH cTajd XoauTh K B.A.¥Ycnen-
CKOMY Ha 3aHSATH [0 MaTeMaTHKe A1 PUI0JI0-
TOB M OKa3aJjics B YHCJE JYYIIUX CTYIEHTOB.
«On mens a6comotHo moTpsic. OH 3amaBat
KaKue-TO BOIIPOCHI, YPe3BbIYAIHO I1yOOK1e, HO
COBEPINEHHO TEPIEHANKYIIPHBIE K BOIPOCAM
BCEX OCTATBHBIX M K TOMY, YeTO 51 MOT OXKU/ATh.
Kaxoii-to Taxkoit 6blJ1 TOBOPOT B €r0 BOIIPOCAX,
CJIOBHO OH C JIPYTOIl CTOPOHBI HA BCE CMOTPEJL.
Cpasy crajo gcHO, 9TO 9TO TeHuils, — BCIIOMU-
HaeT YcreHckuii. ! Bckope 3anususax cras ofi-
HUM U3 PYKOBOJAUTENEHl ceMUHApa M0 MaTeMa-
THYECKOIl JIMHTBUCTUKE HA MEXaHWMKO-MareMa-
taeckoM akyaprere MIY. O HEKOTOPBIX
JOCTIDKEHUAX 3aJN3HIKA, CBI3aHHBIX ¢ Gop-
MaJr3areil JIMHTBUCTUYECKOTO 3HAHWS, MHE
6bI U XOTEJIOCh PaccKasaTh MOMoApoGHee.

PyCCKoe cJloBOU3MEeHeHune

B 1957-1958 romax 3aysusHgK ObLIT Ha CTa-
»xupoBke B [lapmske. Tam on mpernogaBast ppan-
I[y3CKUM CTYy/IEHTAM PYCCKHUil sI3bIK U OGHAPY-
JKUJT, 9TO CYIIECTBYIONUX OMHCAHUNA PYCCKOTO
CKJIOHEHUS W CIPSDKEHUS I WHOCTPAHIIEB
HEJIOCTATOYHO: OHU CJIMIIKOM PACIJIbIBYATHIE.
Yxe B 1961 rony 3ammsnak nspan «Kparkmii
pyccko-bpaHity3cKuil yueOHblii ¢Jio-
Bapb», IPUJIOKUB K HEMY a0COJIIOT-
Ho dopmasbhblii 150-cTpaHuYHbIH
OYEepK PYCCKOTO CJIOBOU3MEHEHUS.
B 1965 romy n3 aToro ouepka BbIpoc-
Jla KaHAUJATCKAs IUCCEePTAIUs; pa-
60Ta OKasaJach HACTOJIbBKO HOBa-
TOPCKOIT, YTO ee Cpa3y 3acUnuTaIH 32
noktopekyo. B 1967 rogy 3amms-
HSK u3/ad KHury «Pycckoe mMen-
HOe CcJoBoM3MeHeHme», a B 1977
roay — «['paMmarndeckuit cjoBapb
PYCCKOTO SI3BIKa».

! Bopn6a 3a mmrsuctiky. Becena ¢
MareMaTuKoM Biagumupom Ycrenc-
knMm. Yacts 1. http:/ /polit.ru/
article /2009 /07 /09 /linguist /
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B artom cioBape mpm KajKIOM CJIOBE CTOSIT
HeINpUBbIYHbBIE TTOMeThI: Oy6 M 1c, mopoe M 3a,
goHapb M 2b. fcHo, urto «M» o6o3Hauaer
MY’KCKOW poji, a 3a4eM Bce octajbHoe? Bemb
MBI CO IIKOJIBHBIX JIET W TakK 3HaeM, 4To OYO,
nopoe u ¢hoHapb — 310 1l ckiIoHeHue.

O/HaKO [T TOJIHOTO OTIMCAHUSI PYCCKOTO
SI3bIKA TAKOTO 3HAHUS HEeI0CTATOYHO. UTOODBI
y6emuTbesi B 9ToM, 06pazyeM POUTEIbHbII
MaJIeK eMHCTBEHHOTO YKCJIA U UMEHUTEIbHDII
MaJie’k MHOXKECTBEHHOTO YUCJIA:

Hem Oyba — ecmb Oybbl,

Hem riopbea — ecmb nopoeu,

Hem ¢hoHaps — ecmb ¢hoHapU.

BumHO, 4TO B OKOHYAHUSAX 3TUX CJIOB TOSBJIS-
1orcst pasuble OykBbl (B OHOM — @ U bl, B
JAPYroM — @ W U, B TpeTbeM — S U U), a U ¢
yaapeHmeM Bce HempocTo: y cioBa Oy6 oHO
majiaeT To Ha OKOHYaHWe, TO Ha OCHOBY, Y CJIOBA
nopoz oHo B oGenx (opMax Ha OCHOBE, a y
coBa (hoHapb — Ha OoKoHYaHuu. VmMeHnno ary
uHdoOpMaImio 1 HeCyT B cehe TIOMETDI.

Hudpsl o603HavaoT, HA YTO OKAHYMBAETCS
OCHOBA M KaK OY/YT BBITJISIIETD OKOHYAHUS:

1 — ocHoBa Ha TBep/blil cornacubiii (Kpome
3a/IHESI3BIYHBIX K, & W X, NIMUIANMX W 1 X 1
CBUCTAIIETO Y);

2 — OCHOBa Ha MATKHMH corsiacHbiii (kpome Y
u 0);

3 — ocHOBa Ha K, 2 1 X

n T.1.

Takux TUIIOB y CYIIECTBUTEIHHDBIX HACUUTHIBA-
ercst 1eBaTh: () — HeCKJIoHsIeMbIe ¢oBa (Harmpnu-

2018/Netl

Mep, KeHaypy), 1—7 — BapuaHTBl TpaJUIINOH-
woix I u II ckaonenuit (manpumep, akyna,
noesd, eedpo) n 8 — tpaguumonnoe 111 cko-
nenne (HanpuMep, KPErnocms).

BykBa o6o3navdaer cxemy y/apeHusi:

a — Bcerja Ha OCHOBE;

b — Bcerma Ha oxkoHYAHUU;

C — TIOJIBIDKHOE ylapeHue: B eJMHCTBEHHOM
YicJae Ha OCHOBE, a BO MHOKECTBEHHOM — Ha
OKOHYAHUUI

H T.J.

Bcero y cylecTBUTENbHBIX HACYUTHIBAETCS
BOCEMb CXeM, BKJIIOUAIONINX B ce0sT 110 KpaitHeit
Mepe 10 ciioB. Bosbiite 90% cyiecTBUTEIbHBIX
B «I'paMMaTHUeCKOM cyioBape» 3aU3HIKa OT-
HOCATCI K CXEMe a — HO 9TO He 3HA4YuT, 4TO
OCTAJIbHBIMI CXEMaMH MOJKHO ITpeHe6peun. /leio
B TOM, YTO DPEIKHUE CXEMbBI BKJIOUAIOT B ceOst
OuYeHb YACTOTHBIE CJIOBA: HAIIPUMeEp, MHOTHE
HazBaHusg dacTteil Tesa. Ilockionsiite cJ/I0BO
pyKa ¥ TIOCMOTpUTE, KOr/a yjapenue Oy/er Ha
OCHOBe, a KOT/[a HA OKOHYAHUU: PacIipe/ie/ieHue
TaM OYeHb NMPUXOTANBOE. U BOT ec/ CUuTaTh
He I10 CJIOBAPIO, a M0 TEKCTaM, TO Ha BCE CXEMBI,
KpoMe a, mpueTcs 60Jiee 4eTBEePTU BCeX Cylile-
cTBUTEabHBIX (Taba.1).

Kcratu, B aT0i1 TabsnIIEe TApPbI CJIOB B KAXK/I0
sgYeiike yIMOPSIIOYEHDI TaK ’Ke, KaK U B CaMOM
«I'pamMarnyeckoM cioBape», — B WHBEPCUOH-
HoM (o6paTHOM) HOpsAKe, T.e. 10 aadaBuTy
TIpU YTEHUN CIIpaBa HAJTeBO, a He cjieBa Hampa-
Bo. Eciu o6benunuth st 16 €JIOB B OJUH
CIHCOK U YIOPSIIOYUTD €ro TakuM 00pasoM,

Tabmiya 1
Yucmo
yﬂ%’;ﬁ%ﬂ [Ipumepnt CYMECZig;gJ;IéHbIX b en £3g§ s 1 K/:(E(T’g; )
a Kapma, nopoe 44933 91,62 73,40
b ¢hoHapb, cMynHs 3117 6,36 6,85
C dy6, mope 408 0,83 8,75
d u36a, 6UHO 336 0,69 3,30
e yxo, donisi 185 0,38 5,04
f 2y6a, Yepeb 35 0,07 0,38
d’ cnuHa, dywa 1 0,02 0,91
£ pyka, zopa 15 0,03 1,37
Beero 49040 100,00 100,00
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nmosyunm: U3ba, ayba, pyka, criuHa, 2opa, Kkap-
ma, dywa, Oy6, mopoe, Mope, 8UHO, yX0, Yepab,
¢hoHapb, donsi, cmynHsa (kak n npu 0OBIMHON
ashaBUTHOI COPTIPOBKE, €CJIN TTOCTeTHTE OYK-
BBI OJIMTHAKOBBI, CMOTPUM Ha MPETIOCIeTHIE 1
T.IL.).

3a/M3HSAK He 3psT BBIOpAJ TaKOH TOPS/IOK.
Baaromaps aToMy B cioBape OKa3bIBAIOTCS
PAIOM CJIOBa € OJIMHAKOBOMW TIPaBOil YaCTHIO,
T.€. Te, KOTOPbIe U3MEHSIOTCS MOXO0KE: IJIaro-
JIBI HA -HYyMb, CyNIECTBUTENbHDbIE HA -8 W T.II.
B wnamem npumepe BUIAHO: MOJAPS PACIIOJIO-
JKUJIUCH 7 CJIOB TpaauimoHHoro | ckioHeHus,
rnotom 7 caoB Il ckioHenuss u norom ere 2
cyoBa I ckionenus. Ceftyac 1esb TaKol cop-
TUPOBKHM Ka’KETCST HAJAYMaHHOH: MOXKHO 3Ke
B3ATh OIM(POBAHHYIO BEPCHIO CJIOBApS M 3a
JIOJIM CEKYH/IbI BBIOPATb BCE CJIOBA HA -HYMb,
— #o B 1977 Tomy Takoi#l BO3MOXHOCTH He
6b110. OHAKO € PacHpOCTPAHEHUEM KOMITbIO-
TepOB OGHAPYIKUJIOCH HOBOE IPUMEHEHUE
«I'paMMaTHuecKoro cioBapsi»: UMEHHO HA HeM
OCHOBAHbI MPOIPAMMbI, KOTOPbIE PaGOTAIOT C
pycckoit Mmopdosorueii. bes cioBaps ropasmo
Xyxe (QYHKIIMOHUPOBaJU Obl COBPEMEHHbIE
MTOUCKOBbIE CHUCTEMbBI U TOJOCOBBIE MOMOIIHU-
xu. Hampumep, BBeas B mouck [TywKuH cmu-
XU, BBI TIOJy4aeTe CTPAHUIBI, Ha KOTOPBIX
Hanmcano 8 cmuxax NywkuHa. JTo e TpoCcTo
CJI0Ba, KOTOpble OT/mYaiorcsi Ha 1—2 GyKBbI
(nnave maxoamamch ObI M CTPAHMIBI CO CJIO-
BaMU MYyWKU W CMUXUS, a TaKOTO He TIPOUC-
XOAUT), a UMEHHO (DOPMBI CJIOB, MOCTPOEH-
HbIe II0 MOJeaIM 3au3HsIKa. A TOJ0COBOI
MOMOIIHUK Ge3 CcJoBaps He IMOCTPOuJ Obl
POIUTENbHBII Tajie’X OT cJjoBa (hOHapb, a
ecau Gbl OH TPOCTO O3BYUYMBAJ TEKCT, TO HE
y3Hat Obl, 4TO HAJ0 YuUTaTh (POHAPs, a He
oHaps.

Jlerko TOHSTH, KaK Ha OCHOBe cjoBaps 3a-
JU3HIKa paboraeT MOPQOJOTHUECKUI CHHTE3.
Ecmn mpr ctponM ¢opMmbl OT cioBa ¢hoHapsb,
Hajgo B3gaTb ero nomery (2b), BeiGparb u3
OKOHYAHWI THMa 2 TO, KOTOPOE BBIpA)KAeT
HY>KHYI0 KOMOWHAIINIO TTa/IesKa U Ynca; Halpu-
Mep -f id POJl. ell., — U Y3HAThb BO BBO/HOI
YACTH CJIOBaps, YTO OCHOBA CJIOB THIA 2 TIOJY-
gyaercst 0TOpachIBAaHUEM KOHEUHOTO b. B pe3yib-
TaTe BBIXOJWUT: ¢hOHap- + -9 = ¢poHaps. UyTb
CJIOJKHEE CO CJIOBAMU, y KOTODPBIX HECKOJBKO
OCHOB: TakK, CJOBO Ozypey, uMeet 1momery 5*b,

rae * o6osHavaer Haanume OErJiol TrJIacHON
(1.e. ocHoB Oyner ase: o2ypeu- m o2ypy-).
OngaTh-Taky U3 BBOJHON YacTh CJIOBapsl y3Ha-
€M, 4YTO OKOHYAHWE POJI. €/I. B TUTIE 5 UMeeT BUJI
-a; ecJy ecTb 3HAK *, TO Gepercsi ocHoBa Ge3
TJTaCHOM B cJIydae, ecJii OKOHYaHWe He BXOIUT
B MHOKeCTBO { -¢ (1ycras ctpoka); -U; -b; -b0}.
[Tosywaem oeypy- + -a = ogypua.

IIpotuBoTIONOXKHAS 3a/a4a — ONUpasch HA
«I'pammarnyeckuti cyioBapby, MOHATD IO CTPO-
Ke CHMBOJIOB, SIBJISIETCSI i OHA (POPMOIi KaKo-
ro-im6o PycCKOTo CJOBA, W €CJU /14, TO KaKue
3TO MOTYT OBbITb (POPMBI U OT KAKHX CJOB — C
BBIYUCJIUTETbHON TOUKU 3PEHUST PEIIACTCS CJI0K-
Hee. Tpebyercs He TOTBKO XPaHUTHb BCE BO3-
MOXHBIEe HAa6OPBI OKOHUYAHWII ¥ TIOMETY [IJIs
Ka)X/IOTO CJI0Ba, HO W 3apaHee MOCTPOUTH BCe
BO3MO>KHDBIE OCHOBBI M 3aITiCaTh, B Kakoii ¢op-
Me Kakasg W3 OCHOB HcCHoJb3yeTcd. /lambiie
MOJKHO TIPE/JIOKUTDH TAKOI aJrOput™M: pasdu-
BaeM CJIOBO Ha /[BE€ YACTH BCEMU BO3MOKHBIMU
crioco6aMu U CMOTPHM, SIBJISIETCSI JI TI€PBast
4acTb OCHOBOHI Kaxkux-smn6o cjaoB. Eciu na,
mpoBepsieM, OBIBAET JIM BTOpPAs YacTb OKOHYA-
HUEM y 9TUX CJIOB [IPU TAKOIT OCHOBE, U €CJIH /12,
TO BBIIHCHIBAEM T€ CJIOBA U (DOPMBI, B KOTOPBIX
3TO BO3MOXHO. IIpoaHanmmsmpyem B KadyecTBe
IpUMepa CJI0BO M1apOoM, [IJIT KOTOPOTO TMOJTyda-
ercs Tpu pasGopa (ta6a.2).

Apxammit Bosox, pykoBoauTenan <«SAHmex-
ca», BcmomMmHaer, 4to B Haudame 1990-x ero
npyry u kosere Uape CerasoBudy Ha OCHOBE
cJoBapsl 3alu3HAKA YAAI0Ch CO3/1aTh MOPdO-
JIOTHYECKUN aHAJU3aToOp, KOTOPbIA paboTas
HACTOJIbKO 3 (HEKTUBHO, UYTO YMENIAICs B OIe-
PATHBHYIO TAMSTDH TOT/IAIIIHETO TIEPCOHATHHOTO
KoMmIibiotepa — 640 KuIoGaiiT.

Mo3KHO, KOHEYHO, CKa3aTb: 3a4eM BCE 3TU
CJIOKHDBIE 0603HAYCHNUS, CXEMBI y/IapeHUs, de-
pe/oBanus OcHOB u T./.7 [laBaiite npocTo /st
KaK/IOTO CJIOBA BBITIUTIIEM Bce (DOPMBI C yaape-
HHUeM, 1 ToToBO. Ho 3T0 oueHb HeaKOHOMHO: Ha
KasK/10€ CyIIecTBUTEIbHOE TIpHieTcs 1o 12 opm,
a Ha HEKOTOpble raarosbel — Gosbme 100 (cun-
Tas YeThIpe MPUUYACTHIS BO BCEX PO/IaX, YUCTIaX
u nageskax). A «'paMMaTHUECKUil CI0Baph» —
He Takas y)K W TOJCTas KHUTA, XOTS U UMEeT
60b101 (bopMaT: B 4-M U3IAHUU OIMCAHUE
pycckoro cjaoBoudMernenus 3anumaet 118 crpa-
HUI[, a 3a HUMH cjeayioT 586 crpanuil cob-
CTBEHHO CJIOBaps.
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Tabnuya 2
q 1l g 9 Bosmoxnasa | Ectp y atoro
acTb )¢ actThb HAYATBHAL | CJIOBA HY’KHOE Pesyubratr
ocHoBa) |(okoHYaHHE dopra OROHUAHTIE?
napom- - I7APO’M na, M. efl. i I7APOZM, M. €.
BUH. €]I. MTAPOM,BUH. €.
napo- -u -
nap- -om H/L,\PI/’ITb - AP, TBOD. €n.
I7A,PI/ITb -
MAPA -
AP 14, TBOP. €[l.
na- -pom A -
n- -apom —
g- -napom —

CrpeMsich ONMUCaThb S3bIK ONMTUMATBHBIM 006-
pas3oM, 3aTM3HAK CTABUJI U PEIas B TOM YHCJIe
U MaTeMaTWyecKuWe 3afadn. K omHO#l W3 HUX
TTOIBOINT TPHWMEpP, C KOTOPOTO MBI HAYaJH.
HamomumnM, 9TO cT0BO (hOHaPhb MMeEeT CXeMy
yaapenusi b, T.e. yjapenue Bcerja Ha OKoH4Ya-
unn. [Ipeskse ueM 4nTaTh Jasbine, HogyMaiTe:
HeT JIN 3/IeCh HEKOTOPOTO TPOTHBOPEYHS, KOTO-
poe HAJ0 Pa3pemnTb?

3a1aIuMcst CTPAHHBIM BOIIPOCOM: KY/Ia Majia-
eT yaapenue B popme hoHapb — Ha OCHOBY UJIH
Ha okoH4yaHume? Ha aroT Bompoc ectb Tpu
BapuaHTa OTBETa:

1) Ha OCHOBY: Beb SCHO, YTO IJIACHBIA &
BXO/IUT B OCHOBY, & OKOHYAHUE 3/IeCh HYJIEBOE;

2) Mbl He 3HaeM Ky/la: OCHOBA U OKOHYaHHUE
3/1eCh HE COPEBHYIOTCS 3a yAapeHue, MOCKOJIb-
Ky OKOHYaHWe HYJICBOE;

3) Ha OKOHYaHME, HO BBEIEM JOIOJHUTEb-
HOE TIPABUJIO: €CJIN yAapeHye Momaao Ha HyJTe-
Boe okoHvaHue (U MoJydyaercst, 4To eMy Herje
[IPO3BYYATh), OHO IEPEHOCUTCS HA OCHOBY.

OG6o3HaunuM yjpapeHrie Ha OCHOBe uepe3 +,
yJapeHne Ha OKOHUAHUN Yepe3 —, a «He 3HAeM»
yepe3 0. IIpumem Bapuant 1 — camblif, kak
KayKeTCsI, eCTECTBEHHDIN — U M306pa3iM CXeMy

yAapeHusa BO BCEX YHUCIaX U Haae>1<ax2 y

2 3a UCKJIIYEeHNeM BUHUTEJIbHOTO Imazie’xa MHO-
JKECTBEHHOT'O YUCJa, IIOCKOJIbKY OH BCer/ia CoBIla/jla-
er 6o ¢ pPOoAUTEJIbHBIM, 60 ¢ UMEHUTEJbHBIM B
3aBUCUMOCTHU OT O/IyHIEBJIEHHOCTI (BI/IH. SU)Ky cmo-
JIbl KaK UM. CIMOSM CMOJbl, BUH. 8UXKY KOWEK Kak
POJI. 2nasa Kowek).

HECKOJBbKUX PYCCKUX CYHIECTBUTEIbHBIX
(1a6s1.3). Hyseil B nosyvenHoii tabauie He
GyJeT, MOCKOJIbKY 9TOT BAPHAHT HE MPEIoJia-
raeT OTBETA «HEe 3HAEM».

Bupno, 4ro Bapuant 1 He OdyeHb HKOHOM-
HBII: HAM IPUXOJUTCS BBOJUTH PasHble CXe-
Mbl y/IapeHusi IS HEO/yIIEBJIEHHOTO CJI0Ba
¢oHapb ¥ OIYUICBICHHOTO CJIOBa 68pamapb
(y HMX pasiuyaercsa BUH. el.: 8UXY (POHAPb,
HO 8LXKY 8pamapsi), He TOBOPS YKe PO OUEHb
MOXO0’Kee CJIOBO caroe, /st KOTOPOro MOHA/I0-
6utcsi cxema V U3-3a TOTO, YTO y HETO PO[I.
MH. MMeeT HyJieBoe OKOHYaHue: Hem camoe.
Bceero Takmx cxeM, Kak MOCYUTAJ 3an3HSK,
OoKaxkeTcs 22.

Eme Menee sKoHOMEH BapwWaHT 2, KOTODPBIH
npaer Ham tabmuiy ¢ HyJsmu (ta6a.4). Eciau
UCTIOJIb30BATh €ro, CXeM BbIHeT 1eabix 39.
CrnoBa Kapma, muep u fopoe ToJydat He Ty
xKe cxeMmy, uto toHowa (crpoka II He msme-
nuted, a B crpokax III-V Bmecro mmocos
GyayT Hy/m).

A caMbIM 9KOHOMHBIM OKA3bIBAETCSI BAPHAHT
3 (tabn.5): ecau WUCHOMB3OBATH €ro, BbISIC-
HUTCSI, YTO tOHOWA, Kapma, muep u fopoe —
3TO OJIHA CXEMa; CMYIHA, (hOHapb, 8pamapb
u caroe — eme ojHa cxema (M Ja, Kak 3TO
HU CTPaHHO, B CJIOBE [1OPO2 yJapeHue Ha
OCHOBE, a B CJIOBe (hOHapPb — HA OKOHYAHUN).
Bcero amsa pycckoro saspika morpebyetcs 11
TaKUX cXeM. Bplie Gbliin 11poieMOHCTPUPOBA-
HBI TOJIBKO 8 13 HUX, 0003HAYEHHBIE KaK a, b,
¢, d, e, f, &’ u f’, mockosbKy ocrajbHbIe
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Tabmiya 5

eln.

MH.

[Ipmmepnr

IoHoWa, Kapma,
muep, nopoe

CMYIrHs, QpOHapb,
gpamapsb, carnoa

MPE/ICTABJEHbI COBCEM HEOGOJBITNM YHUCJIOM
CJIOB.

3anM3HAK He MPOCTO TOJIYYNJI 3TO pelleHwe
WHTYUTHBHO, HO W JIOKA3aJ CTPOTO MaTeMaTHh-
YeCKM, YTO OHO OINTHMAJIbHO, €CJU MBI XOTHM
MUHUMHU3UPOBATD YUCJIO CTPOK B Tabmie. Bor
KaK BBITJISIIUT 3ajJa4a, KOTOPYIO OH Tepej
00011 TIOCTaBUJL:

Hneemes mampuua us m cmpox u n cmoab-
406, dJeMEeNMaMu KOmopol A6AA10MCsl 3HLaAKU
+, — u 0. Tpebyemcs 3amenumo Kaxoviil u3
UMEIOUUXCSL 8 MAMpUYe HYLel NAI0COM ULU
MUNHYCOM MAK, 4mobvlL 6 NOLYUCHHOU MAPUYe
6e3 nyaeil (nasoeen ee pesyrvmupyroweti 0is

OanHOT MAMPUUDL) YUCLO S PAITUUHDLX CIRPOK
ObLIO MUHUMATLHBIM.

Uwurareseli, 3anHTEPECOBABIINXCS TIOTHBIM
perienneM, oTchlylaeM K KHnTe A.A.3anmn3asaKa
«Pycckoe umennoe caoBousmenennes (M.:
Hayxka, 1967; nepensmganue: M.: A3biku cia-
BSAHCKO# Ky1bTyphl, 2002) 1 3aMeTuM, UTO 151
peleHus aToi 3a1aum aBTOP cHOPMYIUPOBAJ U
JIOKA3aJ1 TPH TEOPEMBbI; 9TO HEYACTO BCTPEYAET-
Cs1 B JIMHTBUCTHYECKUX PAb0OTax — HO, OKa3blBa-
ercst, Bcrpevaercs!

(IpogonxexHme creqyer)



SAAAYHUK

«KBAHTA>»

3a0a4uu
Mo MaTeMaTVKe 1 (PU3KKe

Jror pasfen Begercs y Hac U3 HOMePa B HOMEP ¢ MOMEHTa OCHOBaHUS XypHana. [lybnvkyemsie B
HeM 33jaqyn HeCTaHAAapTHbl, HO A1 WX PelieHus He TpebyeTcs 3HaHui, BbIXOAAMX 3a PamMKu
wKo/IbHOY Mporpammel. Hanborsee TpyaHble 3aaa4u oTmMeyaroTcs 38e3404kou. [Tocre gpopmynupoBiu
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YcanoBus Kaxgovi opurnHanbHou 3agayqu, npesaaraeMoni 4s nybnavikaumy, Bmecre ¢ Bawumm
peLueHnemM 3Tov 3aAaYu NPUCbIIANATe 110 TeM XKe aapecam.

3apaun M2494-M2497, ®2501-d2504

M2494. Jlocka 20 x 20 mnoxpaiieHa B JiBa
1BeTa: HeYEeTHbIE CTOJONBI TOKPAIIEHbI B
YepHbIil 11BET, yeTHbie — B Oedblii. Ha Bcex
YEePHbBIX KJIETKAaX CTOUT [0 OJHOMY IIaxXMaT-
HOMY KopoJito. KaxJbIM XO0J0M OJWH W3
KOpOJIEll CBUTAETCS Ha CBOOOJHYIO COCE]I-
HIOIO 110 CTOPOHE WJIN JIMaTrOHAJN KJIeTKy. 3a
KaKoe HauMeHbIIee YICJI0 X0/I0B BCe KOPOJIH
MOTYT CHOBA BCTATh Ha YEPHBIE KJIETKHU, TIPH-
YeM TakK, YTO HU OJINH KOPOJb HE OKAKETCS B
KJIeTKE, B KOTOPOU CTOST M3HAYATBHO?
P.Egppenos

M2495. a) Haiigure ocTtatok OT jesieHus
uncna (2n — 1)(2"71) +(2n + 1)(2"+1) Ha (271)3 .
6) Haﬁ,am(e §)CTaT0K oT /Z[?JIG)HI/IH qucJa
2n-1 2n+1
n =) 20+ )* T wa 20)° n
Ha (2n)3.
B.Pacmopeyes

M2496. Ha nsiockoctu pacrioJsio;KeHo Hever-
HOE KOJITYECTBO TOPOIOB TaK, UTO BCE MOTap-
HbIe PACCTOSIHUS MEKIY HUMH Pa3JNYHBI.
Hekotopbie mapbl TOPO/I0B coeiuHeHbl (BY-
cTopoHHIMN) aBuapeiicaMu. OKa3anoch, 9TO
U3 KaXKIOTO TOpPO/ia BBIXOJAST POBHO [Ba
aBuapeiica, Mpu4eM 3TO peiichl B 1Ba HanbO-
Jlee yJaJeHHbIx Topoxaa. [lokaxkwure, dTO,
HCTOJIb3YsT aBUapeichl, M3 JI000r0 Topoja
MOJKHO 106paThCsi 10 JII0O0r0 PYroro.
A.Tatipynnun

M2497. IIyctb ABCD — BbIILYKJIbII UeTbIpeX-
YIOJIbHUK. BHYTpPH 4eTbIpexyroJbHUKA Bbl-

6uparoTcs mapel Touek P, Q, yI0BJIETBOPSIO-
1iMe yCJI0BHIO

Z/APB = /CPD = ZAQB = ZCOD

(puc.1). [TokaxuTe, 4TO BCEBO3MOKHDBIE TIPS~
Mbie PQ Tpoxogsar depe3 (PUKCHPOBAHHYIO

C

Puc. 1

TOYKY 6o Bce OHHU TapaJJjiejbHbl APYyT

APYTY.
C.Bepaos

®2501. Mexanmdyeckasi MOJEJIb MOJIEKYJIbI
COCTOUT U3 [JBYX IIMAPUKOB, CKPEIJIEHHBIX
HEBECOMOHN TPYKMHKON. Takas MOJeab-Mo-
JIEKyJ1a IBIDKETCST K JKeCTKOM CTeHKe TaK, Kak
nokaszano Ha pucynke 2 (npsmas sunus,

Puc. 2

MIPOXOIAMAsT Yepe3 IMeHTPHI MaphuKoB, Tep-
MEHUKYJISIPHA TI0CKOCTH cTerkn). [lapu-
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KU JIBUJKYTCSI C OJMHAKOBBIMU CKOPOCTSIMH,
npyXKuHKa He gedopmupoBana. Ilpu kakom
COOTHOIIIEHWH MacC aTOMOB-NIAPUKOB yJap
MOJIEKYJIBI O CTEHKY Oy/JIeT Pe30HaHCHBIM?
[Tpu TakoMm yaape sHeprust KoJeGanuii MoJe-
KyJbl TOCJE <«YX0/la» OT CTEHKH JOJIKHA
ObITh MAaKCHUMAaJIbHOI. Y ap Hapuka o CTeH-
Ky cumuTaiite aGCOTIOTHO YIPYTHUM.
A.Baacoe

@®2502. C ogHuM MOJIEM OJJHOATOMHOTO rasa
[IPOBEJIN IIPOIIECC, COCTOSIIUN M3 YeTbIpex
yuacTkoB. Ha yuacTke 7/—2 ras coBepmmmi
pa6oty A, mpm 3TOM TemIieparypa Oblia
MIPOMIOPIIMOHATBHON 00BbEMY B CTENEHH 7.
Temneparypel 7} u 7T, u3BecTHbI, IIpUuuyeM
T, < T, . Ha yuacTke 2-3 ras u30TepMU4eCcKu
pacmupsicsd, Ha y4actke 3—4 oH aanalbaTu-
YeCKM pacHupsicsd, a Ha ydacTke 4—1 —
uszorepMuvecku cxxumasicsi. Kakosa pa6ora,
cOBepIlleHHast Ta30M Ha ydacTke 3—4?
K.Iapgénos

®2503. OxHOKPATHO MOHU30BAHHBIA aTOM
resins (MOH) epeceKaeT 0Ch CUMMETPHH JIIHH-
noro, L =100 ™M, uJINHAPUYECKOTO, C ILIO-
majabio rnonepeunoro ceuennsd S = 100 CM2,
Maruuta Ha paccrostnun [ = 100 cM oT ero
1o5kHOr0 mooca (BHe Marumta). B aTor
MOMEHT CKOPOCTb MOHa ObITa HampaBJeHa
MePIIeHNKYISIPHO OCH CHMMETPUHT MarHUTA,
a yckopenue coctapsio yros 100° ¢ Bexto-
POM MHAYKIMKM MarHuTHOro mnoJs. Kakoit
OblJIa CKOPOCTb HOHA B 9TOT MOMeHT? KakoBa
JUIMHA BOJIHBI /ie Bpoiiis, coorBercTByIoNas
3TOI cKOpocTH noHa? Moysib 3apsijia aJek-
TpOHa paBeH e = 1,6+ 107" Ku. Maruurabrii
JIUTIOJIBHBINT MOMEHT 9JIEKTPOHA, CBSI3aHHDBII
¢ HAJIW4YWeM Y Hero COOCTBEHHOTO MOMEHTa
KOJTYeCTBA ABIDKeHns (CIMHA), paBeH W, =
=928-107% JIk/Ta.

C.Bapaamos

®2504. KosebaTeabHbIi KOHTYP COCTOUT 13
konyencaropa emkoctbio C = 100 H® u
KaTymku uHaykrusHoctoio L = 100 mMx[lH.
EMKoCTb KOH/IeHCATOPA NepPHO/INYeCKH N3Me-
HstoT ¢ ammutyoir AC = C/100 u ¢ nepu-
0/IOM B/[BOE MEHBIIINM, YeM MePUOJ; COOCTBEH-
HBIX KoslebaHnii KoHTypa. OIleHuTe MaKCH-
MaJbHOE BpeMs, 3a KOTOPOe aMILINTy/Ia KO-
JebaHNil HANIPSDKEHNWST Ha KOH/EHcAaTope Ha

«KBAHTA»

cob6erBennoit vacrore gocturuer 100 mB.
CuwuraiiTe, 4TO TENJIOBbIE KOJIE6AHUS B KOH-
Type MMEIOT XapaKTEePHYIO TEIJIOBYIO HEp-
ruio RT. Temmepartypa paBua 100 K. Omu-
YeCcKoe COMPOTUBJICHWE MPOBOOB KATYITKU
PaBHO HYJTIO.

Doavkaop

PeweHus 3apauy M2482-M2485,
®2489-D2492

M2482. /[lan naparnenozpamm ABCD c
mynom yeaom B, 6 xomopom AD > AB
(puc.1). Ha duazonanu AC evi6panvt maxue

F

Puc. 7

mouxu Ku L, umo LABK = ZADL (mouxu
A, K, L, C pasnuunvl, npuuen K nexum
mexdy A u L). Ipsamas BK nepecexaem
OKPYHKHOCMD O, ORUCAHHYIO OKOJO Mmpey-
eonvnuxa ABC, 6 mouxax B u E, a npamas
EL nepecexaem o ¢ mouxax E u F. /loxa-
sKume, umo BF || AC.

Paccmorpum Touky Fi, cummerpuunyio D

oTtHOCUTenbHO TpaMoit AC (puc.2).

3ameruM, uyto I € . [lelicTBUTENbHO: 110

CBOWCTBY mapaJaenorpamMmma ZABC =

= ZADC ; LZADC = ZAFC u3 cuMMeTpuu.
Iy

B C

Puc. 2 E
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Torpa LZABC = ZAFC , a 3Ha4uT, YeTblpeX-
yroabHuk ABFC BIucaH B OKPYXXHOCTb ( .
Otpesku AB u CD paBHBI TI0 CBOWCTBY
napaJuiesorpamma, orpesku CD u CF, pas-
nbl u3 cummerpuu. [lomnyuaem, uto AB = CF .
Ho torna ABF,C — paBHOGOKas Tparerms,
u BF || AC.
B cuny cummerpun LAFRL = ZADL; no
ycaosuio LADL = ZABK ; yrabl ABK n
AFE paBHbl, Tak Kak OMUPAIOTCS HA OJHY
ayry AE oxpysknoctu o. Umeem LAFL =
= ZAFKE . Tlomyuyennoe paBeHCTBO O3Haya-
eT, 4ro Toukun F;, L u E jexar Ha ofHON
npamoit, T.e. Toukn F u F; cosnagaior. Ho
panee jiokasano, uyto BF || AC, orkyja cie-
JIyeT yTBEp:KIAcHUE 3a/[a4M.

b.O6yxo06

M2483. B cmpane mexdy nexomopvimu
napamu 20p0o0doe oCyYuecmeasiomest 08Ycmo-
ponnue 6ecnocadounvie aguapeticot. Hazeec-
muo, umo u3 1106020 z2opoda 6 11060t ApY20ii
MOXKHO doslememn, cosepuiue ne 6oaee 100
nepenemos. Kpome mozo, u3 1106020 zopooa
6 1110601 OpYy20tl MOKHO Q0AEMEMb, COGEP-
wus uemnoe wucao nepesemos. Ilpu xaxom
naumenvwem namyparvrom d uz 1106020
20p00a MOKHO 2apaAHMUpPOsaAnHo 0o1ememo
6 11060t Opy20ll, COGEPULUE UeMHOE UUCTO
nepesiemos, ne npegocxoosuee d?
(Paspewaemcs nocewamo 00un u mom xe
20p00 uau cogepulamv 00UH U MOM Ke
nepenem 6oee 00H0zo pasa.)

Ortser: 200.

I pumep, npu KOTOPOM MOKET NOHAOOUTLCS
200 nepesieroB: 201 ropoj, coe/luHEHHBIE TIO
LUKy aBUAJUHUSMU, U T1apa COCEITHIX TOPO-
JIOB 3TOrO IMKJA. SICHO, 4YTO OT J1I060T0
ropo/ia MOXKHO JJ0OPaThes /10 JTI0O0TO JIPYTo-
ro ue 6osee ueM 3a 100 nepesteros (o Goee
«KOPOTKOI» ayre mmkaa). C apyroii ctopo-
HBI, KpaTYalImil YeTHbI MapiIpyT, COeIu-
HAIONUI 3TH /1Ba TOopoja, morpebyer 200
nepeseros. (OTMeTMM, 4TO TPHUBEAEHHDIH
npuMep — He eJIMHCTBEHHDI. )

Ouenxa. PaccmorpuM /1Ba TTPOU3BOJIbHBIX
ropoja A u B u gokaxem, uro ot A no B
MOKHO JIOOPaThCs 32 YETHOE YUCJIO TepeJie-
ToB, He mpeBocxozsiiee 200. Pacemorpum
MUHUMAJbHOE YeTHOE KOJTMYECTBO MIEPEIETOB
2k u3 ropojia A B TOpoJi B W TIPEIIONIOKIM,

2018/Netl
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urto k > 100 (cm. pucynok). Iycrs C —
TOPOJI, TTOCEIIEHHBIH R-M TIoce A. 3aMeTnM,
yt0 13 A B C MOXHO H0OPAThCS, COBEPINNB
m <100 mepeneroB. Ecau m Toif ke 4eTHO-
CTH, YTO R, 3TO MO3BOJISIET COKPATUTD MapII-
pyr u3 A B B (cnavanma 3a m mepesieroB
nobupaemcst us3 A B C, a 3areM — 3a k
nepesieros u3 C B B). Ho 510 npotuBopeynt
MUHUMaJIbHOCTH PACCMATPUBAEMOTO YeTHOIO
nyti u3 A B B. 3uauntr, m u k pasHoi
YETHOCTU. AHQJIOTUYHO, MMEETCS MapUIpyT
n3 C B B, conepxamuit n <100 mepeseros,
u n 1 k pa3Hoi Y4eTHOCTH. JTH 1Ba MaPIIPyTa
1o3BoJisioT Ao06pathest U3 A B B uepes C,
COBEPINIUB 4yeTHOe KoJsimyectBo m +n < 200
nepenetoB. [IpotuBopeune.

H.Bbozdanos

M2484. Hamypaivhvle wucia x u y maxo-
8bl, UMO

[x+2, y+2]-[x+1,y+1]=

=[x+1,y+1]-[x y].
Joxasxume, 4mo 00HO U3 uuces x u y oesum-
csi Ha dpyeoe.
(30ecv uepes [a, b] obosnauaemcs nau-
Menvuee obwee kpammuoe uuces a u b.)

IMomoxxkum a =x + 1, b=y + 1.

Ecim a = b, 10 ycJ0Bue 3aa4il BHIIIOJHEHO.
Tenepp 6e3 orpaHrdeHust OOIHOCTH MOYKEM
cunurarh, 4To d < b.

3ameTuM, 4TO s JIIOGBIX JIBYX HATypaJib-

HBIX YHCEJ X U ¥ BbITIOJIHEHO [x, y]=zy, rne
X

z — HATYPAJbHBIM [AeanTenb X, z =

X, Y
(3mech m mamee wepes (x,y) o6osHAUAECM
HO/I HaTypa/bHBIX YMCea X U ¥).
Takum 06pasoM, U3 JaHHOTO B YCJIOBUU Pa-
gerctBa [a — 1, b — 1] +[a+ 1, b+ 1] =
=2 [a, b] nonyuaem

k(b-1)+m(b+1)=2Ib, (1)
rie
_ a-1 /= a
_(a—1,b—1)’ a,b)’
a+1
= .2
" (a+1,b+1) )
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B uwacrHoCTH,
(a=1)ik, ail, (3)
1<k<a-1<b,1<m<a+1<b. (4)

Jlanee uz (1) nomayuaem m—k=(20—k-
—m)b, orkyna (m—k)ib. Us (4): |m — k| <
< b, noatomy m — k =0, k = m. [loncraBum
m =k B (1) u nonyunm [ = k. Ho u3 (3)
caenyer (a—1)ik u aik, noaromy k = 1.
IMoacraBus k = 1 B (2), moaydum
a-1=(a-1b-1),nosromy (b-1)i(a—-1),
4TO U TPeGOBANOCH.
Kommenmapuii. Moxno naiitu Bce napbl a u
b, YIOBIETBOPSAIONINE HAYAIBHOMY paBEeH-
CTBY.
[Moacrasus k = [ = m = 1 B (2), noayunm
(a-1,b-1)=a-1,(a,b)=a, (a+1,b+1) =
=a+1, mosromy

(b-1)i(a—-1), bia, (b+1)i(a+1). (5)
3amernm, uto (5) PaBHOCHJIBHO YCJIOBUIO
(b-a)i(a-1), (b-a)ia, (b-a)i(a+1),
wi (b—a)ila—1,a a+1].
Jlng wernvix a umeem (a—1,a,a+1)=
=(a-1)a(a+1),re. b=a+k(a—1)a(a+
+1), keN.
Jlns nedernbix @ umeeM (a—1,a,a+1)=
= —(a—i)a(a+1)’ T.e. b :a+—k(a—1)a(a+1) ,
keN. ’
JIerko mpoBepuUTH, YTO BCe Mapbl HATypasib-
HBIX 4HCeJ, /I KOTOPbIX BepHO (5), y10B-
JIETBOPSIOT U yCJIOBUIO 3a/1a4l.

. /okyxuu

M2485. a) 3agurcupyem namypanvioe
n 2 2. Hazogem n-cumom Kiemuamolii K6ao-
pam nXmn, u3 Komopozo Yoauiu n KAemox
Max, 4mo u3 Kax002o cmoibud u u3 Kax001l
cmpoKu yoarena posno o0na kiemxa. Haszo-
6eM NOJIOCKAMU KACMUAMbLE NPAMOY2ZOTOHU-
ku 1xXk u kx1 ora ecex namyparonoix k.
/s mo60z0 n-cuma A 0603nauum uepes
m(A) naumenvwee KoiUUECNEO NOLOCOK,
na Komopoe ezo MoKHo paspesamy. Haiiou-
me ece oamosxnvle snavenus m(A) no ecem
n-cumam A.

6*) Jlokaxume, 4mo Koauuecmeo cnoco6os
paspe3amo n-Cumo Ha HAUMEHbLULEE BOIMO K-
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HOE KoJluuecmeo noJIoCOK He npeeocxoaum
100™.

a) OtBet: 2n — 2.

Pas6uenne Ha 2n — 2 MOJOCOK MOKHO MOJTY-
YUTh, HANPUMEP, pa3pesaB CHUTO IO BCEM
TOPU30HTAJBHBIM JUHUAM ceTKu. [lanee pac-
CMOTPHM IPOU3BOJIbHOE pa3bueHne HeKOTO-
poro curta Ha 2n — 2 WU MeHblllee KoJiude-
CTBO MOJIOCOK.

Ynaneunyio kjieTky curta OyjeM Ha3bIBATb
Oduproti. Kpecmom nplpkn a HazoBeM 06be-
JITHEHWE CTPOKHU ¥ CTOJIOIA, B KOTOPBIX CO-
AepKuTes Kietka @ (O4eBHIHO, B KayKIOM
KPEeCTe POBHO 27 — 2 KJIETKH, He CUUTAasI caMy
JIBIPKY ).

HasoBeM moJIOCKY 2opu3onmanvnoi, WA
h-TI0JTOCKOI, €CJTi OHA COJIEPIKUTCS B HEKOTO-
poii cTpoke (T.e. B rOPU30HTAIBHOM DSy ), U
8EePMUKANLHOU, WU D-TIOJOCKOH, eCJU OHa
COJEPIKUTCS B HEKOTOPOM cToJi611e (TT0J10CKY
1x 1 cunrtaeM [/ ONIpeeI€HHOCTU TOPU30H-
TabHoM ). TakKe MOMETHM KaXKAyIO KJIETKY
curta A GyKBoOil 7 WM © B 3aBUCHUMOCTH OT
TOTO, COIEPKUTCS OHA B /i- WM 0-TI0JIOCKE.
L1151 KasK1011 KJIETKY OTIPEe/Ie/INM ee «KOOP/IU-
Hatel» (X,y), Tae x — HoMep croabua, B
KOTOPOM PaciiosioxkeHa Kiaerka (pu Hymepa-
MU CJIeBa HANPaBO), a ¥y — HOMEDP CTPOKU
(pu HyMeparuu CHU3Yy BBEpX).

Kaskmoii  h-miojiocke MOCTaBUM B COOTBET-
CTBHE JIBIPKY, KOTOPAst HAXOINTCS B €€ CTPO-
Ke. AHAQJIOTMYHO, KaXK/JON 0-TI0JIOCKE MOCTa-
BIUM B COOTBETCTBHE JBIPKY, KOTOpas HAaXO-
JIITCST B ee CTOJIOIE.

Tak kax mmeercst He 6oJiee 21 — 2 TIOJIOCOK 1
POBHO 7 IBIPOK, TO MO0 HalieTcs AbIPKa d,
KOTOpast He COOTBETCTBYET HU OJHOM MOJIOC-
Ke, 00 HaliyTcs XOTs ObI /IB€ IBIPKU d 1
b, Kax/iasi N3 KOTOPbIX COOTBETCTBYET POB-
HO O/HON ToJiocke. PaccmoTrpum aTtu JBa
cJydas.

Cayuaii 1. TlycTb IBIPKA @ HE COOTBETCTBYET
HU O/iHOH moJiocke. Torga B KpecTe JBIPKH @
BCe KJIETKH Ha/J[ ¥ TIO/T IBIPKOIT @ TOMEYeHbI /2,
a BCe KJIETKU CJIeBa W CIIPaBa OT ¢ TIOMEYEHbI
o (puc.1). 1o 03HAYAET, YTO HU OJ[HA TTOJIOC-
Ka He COAepXXUT 6ojee ONHON KJETKH pac-
CMaTpUBAEMOTO KpecTa M, CJIe0BaTeJbHO,
YTO TIOJIOCOK He MeHee 21 — 2.
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Puc. 1

S =

= = =8|

Puc. 2

Cayuaii 2. Tlycrs a = (x,, y,) b = (2, yy)
— JIBIPKHU, KasK/asi 13 KOTOPBIX COOTBETCTBYET
POBHO OJHOII ToJocKe. De3 orpanmvemust
OOIIHOCTU CUUTAEM, 4TO X, < X, Y, <Yy
(puc.2).

Iosocke, copepsxkanteii kaeTky (X,,;), co-
OTBETCTBYET JIBIPKA ¢ WK JbIPKa b, MyCTb,
JUISL OTIPE/IEJIEHHOCTH, 9TO AbIPKA d, T.€. aTa
0JIOCKa BepTHKaabHas. Torga moJjaocke, co-
fepkaieii kaetky (Xy,,%,), COOTBETCTBYyeT
Jbipka b. Tak Kak JbIPKa @ COOTBETCTBYET
POBHO OJIHOH TIOJIOCKE, TO BCE KJETKH IO/
JIBIPKOIT @ — ¢ MeTKOi1 /2, a Bce KJIETKHU CJIeBa
u crpaBa OT @ — ¢ MeTkoi v. Paccykmas
AHAJIOTUYHO, TIOJIYYIaeM, UTO BCE KJIETKU Ha[l
b — ¢ MeTKO# /1, a caeBa 1 cmpaBa oT b — ¢
METKOH v.

PaccmoTpum Bce CTPOKEM MEXKIY CTPOKAMU
kyetok @ u b, T.e. crpoxu y, +1, y, +2, ...
oy yp —1. Kaxkasg U3 HUX COJEPKUT AbIP-
Ky. CroJsiGerr Kask/I0l 13 3TUX JIBIPOK COJEP-
JKUT XOTsI ObI JIBE 0-TI0JIOCKU. Bee ocTasnbHble
CTOJIOIBI CoziepsKaT XOTst Obl OHY V-TI0JIOC-
Ky. Kpome Toro, Bce CTpOKH HUIKE ABIPKU d
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U BBIIIIE ABIPKU b coztep:Kat XOTs1 Gbl 110 OJTHOIT
h-nonocke. Bcero mosydaercst He MeHbIe
aeM 2(y, —y, -+ (n—y, +y, +1)+ (n—
-y) +(y, —1) = 2n -2 nonocoxK.

Wrak, B KaK/I0M u3 caaydaeB 1 1 2 MbI HAIILIN
2n — 2 1OJIOCOK.

6) Tenepb HaM Hy KHO JIOKA3aTh, 4TO KOJHYE-
CTBO pas3OWeHuit cuta Ha 2n — 2 TMOJOCKU He
npesbiraer 100" . TIpu 7 = 2 9T0 OYEBUIHO.
Janee cuurtaeMm, yto 7 = 3. JloKaskeMm JieM-
My, KOTOPYIO NMPUMEHUM K pa3OueHusiM Ha
2n — 2 MOJIOCKU B YKA3aHHBIX BBIIIE CIydasx
1u?2.

Jlemma. PaccMoTpuM KJeTYaTBIil IPSIMOY-
TOJIBHUK B ¢ m cTon6IaMu u 7 CTPOKAMH.
[Tyctp B B uMeeTcss HECKOJIBKO JIBIPOK, HO B
Ka)K/I0ll CTPOKE M B KaXXJOM CTOJOIE — He
6os1ee omHOM ApIpKu. IlycTh omHA U3 ABIPOK
— 3TO JeBBIM HWXKHUN yroua. PaceMoTpum
Takue pa3bueHus B Ha m — 1 BepTUKATBHBIX
n n — 1 TOPU3OHTAJLHBIX IOJOCOK, YTO
KakJasi BEPTUKAJbHAS TOJIOCKA COMEPIKUT
KJIETKY B HIDKHEM Py, a KaK/1asd TOPU30H-
TaJIbHAS MMOJIOCKA COMIEPIKUT KJIETKY B CAMOM
JeBoM psify. KosmuecTBo Taknx pasOueHnit
He npesocxogur 2"

[doka3areabcTBO JeMMbl. [lycTh AbIpKH Ha-
xoaares B kaetkax (xy, y;), (%, 42),

. (xS, ys), Xy <Xy...<xg. Eemn x, <x,
U y, >y, A HEKOTOPBIX p 1 ¢, TO HH O/(HA
OJOCKA HE MOKeT COAepkKaTb KJETKY
(xq, yp) 7 HY>KHBIX pa3OMeHnil He CYIIecTBY-

er (puc.3).

Puc. 3

B nporusnom cayvae y; < y,... < y, . Toraa
U3 JIEBOIO HUKHETO yTJia B IIPaBblil BepXHUil
MOKHO [0 JIMHUSAM CETKH IPOBECTH JIOMa-
HYIO, OT/IeJIAI0NyI0 06beIMHEHNE TOPH30H-
TATBHBIX TTOJOCOK OT OOBEINHEHUS BEepPTH-
KaJbHBIX MOJI0COK (puc.4).
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Puc. 4

Kaxkpag Takas jomanas orpe/ensier ne 60-
Jiee OiHOTO pas3Ouenust. JlomaHast cocTaBJeHa
u3 m + n eJINHUYHBIX OTPE3KOB, U3 KOTOPBIX
POBHO 7 TOPU30HTAJIBHBIX, TO3TOMY KOJIMYE-
CTBO TAKNX JIOMaHbIX paBHo C,;, , 4TO MEHb-
me wem 2”7 . 3HAYNT, KOJMIECTBO BO3MOIK-
HBIX paz6uenuii He npesocxoaut 2" . Jlem-
Ma JIoKa3aHa.

BosBpataeMcs K 3ajaue.

Cayuaii 1. 1lycThb IBIPKA @ HE COOTBETCTBYET
nu oaunoil nosocke. Torga kaxaas 10JI0CKa
uMeeT POBHO OJIHY KJeTKy B Kpecre a. O6-
PEsKeM UCXO/HBII KBAJPAT 1 X 1 JI0 MPSIMO-
yrompuuka B,, pasmepa (n-x,+1)x
X (n—y, +1), y KOTOPOro JiBe yIIOBbIE KJIET-
kn (n,n) u a=(x,y,). dr0r UpAMOY-
TOJIBHUK Y/IOBJIETBOPSIET YCJIOBUSIM JIEMMBI,
MO9TOMY KOJMYECTBO K, BO3MOKHBIX «Kap-
THHOK», BOSHUKAIONIUX B HEM, HE ITPEBOCXO-
aur 22" Ya*2  Agaornumo, o6pesaeM Tc-
XOJIHBIH KBaJ[paT 7 X 1 elle TpeMst crocoba-
MU JI0 IPSAMOYTOIBHUKOB By, B, By, , npu-
MBIKAIOIIX K YIJIaM HCXOIHOTO KBajJparta,
OI[EHUBAEM KOJMYECTBO BO3MOKHBIX KaPTH-
HOK B HUX: Ky, < 2" datl < 9"t
kyy < 2% Takum 06pasoM, KOJMYECTBO

pasbuenuil He mnpesblaeT R k,k,k,, <
<24n+4

Tak Kak ecTb 7 BO3MOKHOCTEI /17151 BbIOOpA
apIpku @ (He COOTBETCTBYIONEH HU OHOI
nosiocke), B caydae 1 umeeM He GoJee

)

S, =n- 2" pas6uennii.

Cayuaii 2. Mycrs a = (x,, y,) u b =(x,, y,)
— JIBIPKH, KaX/1as U3 KOTOPbIX COOTBETCTBYET
POBHO 0/1HOi1 TTo10cKe. TaK Kak KOJIIMYeCTBO
1I0JIOCOK PaBHO 21 — 2, B OllEHKe, KOTOPYIO
MbI HOJTYUYIIN B IIyHKTE a), MbI TIePeurCIIIII
BCE TOJIOCKH.

«KBAHTA»

3uauur, ecan o6pesaTh UCXOAHBIH KBajpar,
OCTaBHB TOJIbKO FOPUBOHTAIBHYIO 0JI0CY U3
CTPOK Yy Yy + 1, -o0, Yy , MBI O/IHOBHAUHO YBHU-
MM paséueHue Ha MOJOCKU 10 BePTHKAIDb-
HbIM JIMHUAM CETKHU. 06p6>K6M I/ICXO[[HI)HL/,I
KBapaT 7 X7 UeThIPbMs CHOCOGAMHU: /10
IPSIMOYTOTbHIKA, Y KOTOPOTO /IBe YTIJIOBbIE
kaetku (n,n) u b, 10 UPAMOYTOJIbHUKA, ¥
KoTOpOro /iBe yraosbie kiaerku (1, 7) u b, 1o
MIpAMOYTOJIbHUKaA, Y KOTOPOIro /IBE YIJIOBbIE
kaerku (1,1) u @, 1o npsmoyrosbhuka, y
KOTOPOTO /iBe yraosbie kaetku (7, 1) ua. K
ITUM HPAMOYTOJIbHUKAM NPpUMEHUMA JIEMMA.
OTciofia, aHAJIOTHYHO PACCYIKIACHUSAM B CITy-
yae 1, 110JIydaeM, 4T0 KOJIMYECTBO paséuenuil
(11pu pukcupopannoii nape a, b) e npesoc-

xomaut 22 Tak kak wuMeercs
1

C,% = E(n2 - n) BO3MOXKHOCTEHN /1711 BbIGOpa
JIIPOK @ W b U JJIsT KaK/10i BO3MOKHOCTU
€CTb JIBa CII0cO6a COMIOCTABUTD TIOJOCKH 3TUM
JIBIPKaM, TO B cJaydae 2 umeeM He 6oJjiee
S, = (n2 - n)~24”+2 pas6uennii. Takum 06-
pazoM, ofIiee KOJUYECTBO pa3OHeHUidl He
npesocxoaur Sy +S, = (4112 + 12n) 16" .
IIpu n > 3 3TO KOJIUYECTBO HE MTPEBOCXOIUAT
100". 3amaua 6) pemnrena.

O/1HO U3 aTbTEePHATUBHBIX PelleHni MyHKTa
a) onmpaercs Ha Jtemmy XoJuta. Maes atoro
pelenust COCTOUT B cJaeyiomem. Paccmarpu-
BaeTcst pa3bueHne TOPU30HTAJbHBIMU CETKA-
MU Ha 21 — 2 MAKCUMAIOHBIX TOPU3OHTAIb-
HBIX TOJIOCOK. AHAJOTUYHO OIPEIETSAIOTCS
MaKCHUMaJbHbIe BEPTUKAJIbHbBIE TOJOCKHU.
[Toctpoum AByZO/BHBIN Tpad, BepUIUHBI
KOTOPOTO COOTBETCTBYIOT MaKCUMAJbHBIM
MOJIOCKaM, TIPH 9TOM BEPITHHBI COEMHSIIOTCS
pe6poM, ecJm COOTBETCTBYIOIIUE TOJOCKU
nepecekaroTest mo Kiaetke. MOXKHO 0Ka3aTh,
YTO 3TOT Tpad YAOBJIETBOPSET YCIOBUSM
JIeMMbI XO0JIJ1a, a 3HAYUT, UMEETCS Tapocove-
tanue (paséueHue BCeX BEpIIMH Ha Iapbl
COeIMHEHHBIX PEOPOM). ITOMY TTapocoyeTa-
HUIO COOTBETCTBYIOT 21 — 2 KJIETKHU Ha Tepe-
CEYEHHSX MAKCUMAJbHBIX TOPU30HTATHHBIX
1 BEPTUKAJIBHBIX TOJI0COK. [1pn atom Hu iist
KaKOTo pa3OMeHus CUTa Ha TI0JIOCKU HUKAK1e
JIBE U3 YKA3AHHBIX 272 — 2 KJIETOK He IPUHA/-
JiesKat ofiHoi 1oJiocke. Takum o6pa3oM, 1o-
JIOCOK He MOKET ObITh MEHbIIe 4eM 21 — 2.
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EcTb 1 ipyrue moaxoabl K PENeHnio 3a1aun
6), IO3BOJIAIONIIE CHU3UTh BEPXHIOKO OLEHKY
Ha KOJIMYECTBO c11oco6oB 1o p(n)-8", rae p
— HEKOTOPBIIl MHOTOUJIEH. ABTOPBI MPEAIO-
JIaraioT, 4TO KOJUYECTBO CIIOCOGOB Pa3bUTh
CUTO Ha 2n — 2 TIOJIOCOK Ha caMOM JieJie He
IPEBOCXOAUT 4", MpHYeM PaBEHCTBO 10C-
TUTAETCsl TOJIbKO TOT/Ia, KOT/a BCE JIbIPKU
PACTIOJIOKEHDI BIOJIb OOJIBIION HATOHAH.

H.Beayxos, I1.Meb6atin

®2489. B nauanviom nosoKenuu cucme-
Ma 3axkpennennvix mpy6 cewenusmu S u
3S, a makike 6CcMABNEHHBIX 6 HUX NOPUL-
Hell U NPYKUM, KOMOopvle NPUKPEenieHvl K
nopunsn (puc.1), noxoumcs. Mexdy nop-

38

k 2k

Puc. 1

WHAMU  HAXOOUMCA HECHKUMACMASL KUO-
Kocmy. Jlesuill KOHeY NPYKUNDL HKeCTNKOC-
movio k nenodsuxno saxpenien. K npaso-
MY, CBOO0OHOMY KOHUY NPYKUHDL KECTNKO-
cmuio 2k npuxaadvieaiom 6HewHION ULy u
MEONeHHO COBUzAIOM IMOM KOHEl, NPYKu-
HolL Ha paccmoanue L. Ha ckoavko npu
amom pacmsimemcs Opyzas npyxuna? Cuu-
mamo, 4mo KUOKOCMb NO0 NOPUHU He NOO-
mexaem, mpenus. mem, d GuewHee 0asJe-
Hue docmamouno 6oavwoe. Bausnuem cuvl
msKecmu npenedpeud.

N306pa3uM HOBbBIE TOJIOKEHUST TOPIIHEN 1
KOHIOB TIpyskuH (puc.2). O603HAYUM UCKO-

F=0
o F
<y W\ e—>
| L
<> > <
A, A%,

Puc. 2
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MOe M3MeHeHUe JIIMHBI JIEBOU TIPYKUHBI ye-
pe3 Ax, (aTOMY 3Ke paBHO CMellleHHe JeBOro
HOPIIHA), CMEIeHHe IPABOr0 MOPIIHS —
uepes Ax, (9TOMY 5Ke PaBHO CMEIIeHHe JIeBO-
O KOHIIA TTPABON MPY/KUHBI) ¥ CUJTY, TTPHJIO-
JKEHHYIO K CBOOGOJHOMY KOHILY TPaBOil Mpy-
skmebl, — uepe3 F. Ilo 3akony I'yka,

F =2k(L-Ax,).

IIpaBbiif TOpIIEHD HAXOAUTCS B PAaBHOBECHT,
MI03TOMY CHJIA, JIeHCTBYIONIAs Ha TIOPIIEHDb CO
CTOPOHBI TIPY>KMHDI, PaBHA PABHOCHCTBYTO-
meil CuI JaBIeHus Ha Hero skuakoctu (ms-
HyTpr) M BHemHeill cpeapr (sta paBHOjE-
CTBYIONIAsl CXEMATUYHO TIOKA3aHAa KOPOTKH-
MU CTpEJKaMH Ha PUCYHKe). VHbIMHU CJI0-
BaMH,
F=3S-Ap=2k(L-Ax,),

rae Ap — mepenaji JaBJEHUN 110 pa3Hble
cTOpoHBI mopiHsA. Takum o6pa3oMm, Ha Je-

BBIH TOPIIIEHD CO CTOPOHBI BHEITHEN CpeIbl 1
SKMJIKOCTHU JIefiCTByeT cuJa

E=S5-Ap.

JleBast I[Ipy’KuHa [pu 3TOM [AOJIKHa pPacTAa-
HYTbCA Ha TaKylO BEJININHY, 4TOOBI Iop1IeHb
ObLI B paBHOBECHH, T.€.

F =S -Ap=FkAx,.

CwMelnenus mopIrHei CBI3aHbl MEKLY COOOH,
BCJIEJICTBE HEM3MEHHOCTH O6beMa >KUIKO-
CTH, COOTHOIIEHUEM

Pemrasi mosryuennyio cucteMy ypaBHEHWIT,
HaXO/INM

AX1 =£L
11

B.Bbopoeskoe

®2490. B cocyd ¢ Hazpesamenem uepes
npomexymxu epemenu ty =6 MuH onycka-
10m 00UHAKOBble NOPUUL CHezd ¢ 0OUHAKO-
60U, HO Heussecmuoll memnepamypoi. Ilep-
645 NOPUUL CHezd PACMAANA U NPeSpamu-
aacv 6 600y ¢ memnepamypoii 0 °C uepes
epemsa t =5 mun 20 c, nocie uezo memne-
pamypa 600wt evipocaa do Ty =10°C «
MOMENMY ONYCKANUSL BMOPOU NOPUUU CHEzd.
Bmopas nopyus pacmasia uepes menvuiee,
uem t, epems, mpemos — ewe Ovicmpee, d
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comas pacmasiaa noumu cpasy. Obssachu-
me, nouemy max npoucxooum. Kaxosea mem-
nepamypa 600v. neped onyckanuem comou
nopuuw CHeza u Cpasy nocjie mozo, Kax OHd
pacmasna, ecau epemenem menyiooomend
MOXKHO npenebpeun? Tennosas MowHocmb,
nepedaeaemas nazpeeameiem 600e u crezy,
nOCMOAHNA.

Kaskapre cioemytornmue MOPIMH CHETA TIOJY-
YafoT IOTIOJIHUTEJbHOE TEIJIO OT HarpeToi
BOJIbI, KOTOPOH CTAHOBUTCSI BCe GOJIBIIE U
607BIIIe, UTO W COKPAIIAeT BPeMs TasHbS
CHera.

3anmireM ypaBHeHHe TEII0BOTO OaTaHca s
TasiHbSI MIePBON MOPIUK CHETa Maccoil m:

Nt =m(h+c,AT,)

— TOJIy4EeHHOE OT HArpeBartesiss 3a BpeMs t
KOJIMYECTBO TEIJIOTHI WJET Ha TIOBbIIIEHMEe
temnepatypbl cHera Ha AT, no 0°C u Ha
riasJenne cuera (Jipga). 31ech ¢, — yaesb-
Hasl TEIIOEMKOCTb JibJla, A — y/eJbHAs
TenJoTa ero IJasjeHuss, a N — MOI[HOCTD
HarpeBaTes. TemoBoil GanaHc Ha arare

Harpesa Bozipl oT () °C mo T, umeer BHUJ
N(to —t) = CmTO y

rae c — yaeabHas TEIJIOEMKOCTD BO/IbI. Orcio-
Jla 11oJIydaeM COOTHOHMIEHNE

cTyt

to—t

Tak Kak TemJa, MOJYYEHHOTO 3a BpeMs i,
KaK pa3 XBaTaeT Ha HArpeB U TasiHbe CHeTa
Ha HarpeB 06pasoBaBIIeiicsT BOJDBI 10 TeMIIe-
parypbl T, TO B KOHIIE KaK/JOTO IIPOMEKYT-
Ka TeMIlepatypa BOJbI Ilepejl OIlyCKaHHeM
HOBOW Imopuum CHera, B TOM 4UCJIE N COTOfI,
paBHa

A+c,AT, =

Troex =Ty =10 °C .

nepejg

B ycsioBun ykasano, uTo BpeMs TasgHbsl COTO
MOPINH CHeTa BecbMa Maso, a TOTJAa MaJa
mepejavda Temia OT HarpeBaTesst 3a 3TO Bpe-
Msa. OCHOBHOE TEIJIO TIOCTYHAeT OT BOJbI
Maccoii 99m Tpu HavyaJbHOU TeMIeparype
Ty, 1 OHO HJeT Ha ILIaBJeHHe CHera U Ha
[IOBBIIIIEHNE TEMIIEPATYPBI JI0 MICKOMOIi BeJIH-
yuHbI T

99mcTy = 100meT +m (A + c,AT,) .

«KBAHTA»

OKoOHYaTEIbHO HaXO0/JUM

T, t

T=-0|99-
100 ty—t

=9,1°C.

B.bamxun

®2491. Tpu numu pasnoii drunvt R cessa-
not 6 00nou mouxe O (puc.1). Ha xonyax
Humetl 3axpenienvl 00HOUMEHHbIe 3aAPAO0bL

8Q

Q
Puc. 1

80, O u q. Kakxoevl paccmosinus mexoy
IMUMU 3APAOAMU 8 PABHOBECUU, eCAU 3aPS0
q npenebpexumo man é cpasuenuu ¢ Q?
Cucmema naxodumcs. Ha 20pU3OHMALLHOL
naockocmu 6e3 mpeHus.

BBumy ManocTu ¢, cuJaMu cO CTOPOHBI ATOTO
3apsi/ia PU PACCMOTPEHUN PABHOBECHUS 3a-
psiioB 8Q u Q npeneGperaem.

Hats:xennst cooTBETCTBYIONMX HUTEH ypaB-
HOBEITWBAIOT KYJOHOBCKYIO CHJIY OTTAJIKH-
BaHUs, HAPABJIEHHYIO 110 IPSIMON, COE/IIHSI-
foneit 3apsanapi. [1o atoil mpsMoit Torga Ha-
MPaBJIEHbI M HUTU, U PACCTOSHUE Z MEXKIY
apsagamu 8Q u Q pasuo 2R. «bBosbimues
3aps/ibl CTPEMSITCSI OKAa3aThCsl KaK MOXKHO
Jasbiie Apyr ot apyra. O603HAUNM PaccTo-
SHUS OT 3apsizia g 10 3apsoB Q u 8Q uepes
xu y (puc.2). Paz cymma yr/10B ipu o6ieit
BepimmHe B Touke O y paBHOOEIPEHHBIX
TPEYTOJbHUKOB C OCHOBAaHUSIMU X U ¥ PaBHA
180°, to yroa o +P pasen 90°. MubiMu
CJIOBAMU, TPEYTOJBHUK CO CTOPOHAMHU X, Y 1
z = 2R nupamoyrombubii n x” + y* = 2% .

Puc. 2




28 KBAHT

3apsaj g OyneT B paBHOBECHH, €CJIM CyMMa
BEKTOPOB KYJIOHOBCKMX CUJI U CUJIbI HATSKeE-
HUS HUTU paBHA HyJI0. IlockoJbKy HaTsKe-
HUe HUTU HAlIPaBJIeHO 110 Hell OT 3apsia g K
touke O, TO TPOEKINHN KYJOHOBCKUX CHJI Ha

HalpaBJeHue, MePIEeHANKYISAPHOE HUTH,
YPaBHOBEITHBAIOTCS
k , 8k .
99 sino = 99 sinf3 .
2 2
X Y
3amernm, uro sino=y/z, sinf=ux/z.

ITocue TMOACTaHOBKM B YCJOBUE PaBHOBECHUA
IOJIy4YnM

q _8q
= =—, W y =2x.
PR

2 2 2
YuaurbeiBas, 4To X~ + y° = z° , HaXOAUM

z 2R y 2z 4R

x:—:—’ =—T==—.

NN RN N
B.bamxun

®2492. Hoearvnas 6amapes ¢ S/AC &
yepes pesucmop conpomusienuem R noo-
KJI0UeHd K OJUHHLIM NAPALICTLHUIM NPO-
600am, 3AMKHYMbIM NOOBUKHOU MACCUGHOU
nepemviuxoi daunoi L (cm. pucynox). Cu-
cmema Haxooumcst 6 00HOPOOHOM MAZHUM-

LT
+

R 30

HOM noae B, nepnenouxyispHom niocko-
cmu pucynxa. B momenm xozda cxopocmy
nepemMviuKy PaéHda HYJ10, ee HAUUHAION Msi-
HYymo enpaso ¢ cuaoi F. Ykaxume duana-
30H U3SMEHEHUS MeNnJ060U MOWHOCINU, 6bl-
densoueticss na pesucmope npu 0euKenuu
nepemviuxu. Conpomueienuem nposooos u
nepemvluKku npenedpeuv, mpenus nem.

MoTHOCTD, BBIJIEJISIONAICS HA PE3UCTope,
pasHa P = RIZ, rae I — tok B nenu. IIpu
JIBIDKEHUH TIEPEMBIYKH CO CKOPOCTHIO ¥ B
MarHUTHOM TI0Jieé B KOHType HaBOJAMTCS
IJC wuayknum &, =—-dd/dt = -vBL .
[Mommasa 9/IC paBHa & —ovBL, m TOK B

2018/Netl

el paBeH
_&—-uvBL
-

OmpeennM uamasoH U3MeHeHUs P, BbIsc-
HHB, KaKk MeHsAeTcs ckopocTb o . [lycTs macca
HepeMblYKH 77, TOTAA [/ €€ YCKOPEHHS
a = dv/dt u3 Broporo 3akona Hpiotona ¢
y4eToM MaruuTHoil cuibt LB umeeMm

ma=F+I1LB.

Havanbnas ckopocts vy =0, HauaabHbII
oKk I, = /R, HAUAIbHOE YCKOPEHUE TOJI0-
skuTebHO. CKOPOCTb HauMHAET HapacTarhb,
0 Mepe POcTa CKOPOCTH TOK MOHOTOHHO
yMenblaercs ot I, 1o nynad. B aTor moment
YCKOPEHHUE MOJIOXKHUTEIbHO U paBHO F/m
MO03TOMY CKOPOCTD IIPOJIOJIZKAET PACTH, a TOK
CTAaHOBHTCA OTPUIATEJIbHBIM. 3aTeM yCKOpe-
HUe TIPOJIOJIKACT YMEHBIIAThCST U TIPU HEKO-
TOPOIl CKOPOCTH 00paIaercss B HOJb, 4TO
OTBeYaeT JIBUKEHUIO C YCTaHOBUBIILEHCS CKO-
poctbio. IIpu atom tocturaercs nanboJbiee
no MoayJio 3Hauenue Toka. Ilockombky
a, =0, 10

1

F
h="15

Urak, momnocts P = RI? chavana yObIBaET
or snauenus Py = & /R [0 HYJIsI, 3aTeM
HapacTaer o HyJisi 10 P, = (F/(LB))2 R npn
YCTaHOBUBIINXCS CKOPOCTH U TOKE.
3ameruM, uto npu R < EBL/F Makcumym
MOIIIHOCTH paBeH By = 62/R .

A. Kunpuanoe

4 )
BHUMAHWIO HALLNX YUTATENENA!

B 2018 romy Hall >ypHan OymdeT BbIXOAWTb B
ToM Xxe chopmate, 4to 1 B 2017 rogy. M Mbl no-
npexHemMy Gynem BbinyckaTb 12 HOMEPOB B FOA,
B octanbHoM «KBaHT» ocCTaeTcsi TeM Xe, 410 W
Obl paHbLLie, — HAY4YHO-MOMYASAPHBIM >KyPHAOM
no u3nKe U MaTteMaTike ONA LUKONbHUKOB U
BCeX, KOMYy 3TO MHTEepPecHO.

MoANMcaTbCs Ha HaLll >KypHan MOXHO ¢ nobo-
ro Homepa B NoOOM MOYTOBOM OTAENEHNM CBA3M.
Hal nmognncHoM MHAOEKC B KaTanore areHTCTBa
«[Mpecca Poccnm» — 90964.

ApPXVB BblLLIE[LLNX HOMEPOB XYypHarna «KBaHT»
MOXHO HalTh Ha camte: http://kvantras.ru

S J




Unmoctpatpm [.1puiykoBovi

«<KBAHT» AJd MJAANINUX NIKOJbBHHUKOB

aa4yl

1. B komMnaHWm cpeou nobbIX Tpex
neten ectb Calla, a cpeam NobbIX YeTbl-
pex — geBoyka. MoXeT N Tak oKasaTb-
CA, YTO B KOMMAHUWM HEeT OeBOYKM Mo
nMeHn AnekcaHapa?

O.He4aeBa

b /""‘?% i‘E'. "{:.'l .( O

2. Bce HaTypanbHble ynucna ot 1 go 30
BbINMCanun MNOAPAL ClieBa Hamnpaso:
123456789101112..282930. CKofibKo cy-
ecTByeT CnocoboB BblYEPKHYTb BCE
LUMdPbl NONYHEHHOMO Y1CIa, KPOME Ye-
Thipex, 4ToObl ocCTaBLIMecs LMdpbl 00-
pasoBanu (0e3 nepecTaHOBOK) 4MCIIO
2017?

O.HeyvaeBa

3 . Durypa m3 Tpex KeTok — 3710 N1Mbo
NpsMOyrofibHUK 1x3, nnuobo yronok. Ka-

DTV 3afa4u npefdHasHayeHbl MNpexpae BCero
yyalmmcs 6—8 Knaccos.

OTK 3agayn npepfiaranucb Ha Onumnuage
MMeHu EH.AHMCMMOBOW.

KOe HavMeHbLLee YCIO KJIeTOK MOXHO
3akpacuTb Ha Genon gocke 3x3 Tak,
YTOObI OTTY[la HEeMb3s ObINO MO NUHUAM
CeTkM Bblpe3aTb benyio dhurypy 13 tpex
KneTok? MNpuseaunTe NnprMep 1 00OCHY M-
T, YTO MeHbLLIE KJIETOK 3aKPaCUTb Heflb34.

O.He4aea

4. EcTe Tpw OBYy3Ha4YHbIX Yncia. Ecnu
CNOXWUTb Te M3 HUX, B 3aMMCh KOTOPbIX
ecTb umopa 3, nonayyurca 80. Ecnn cno-
XWTb YKCna, roe ectb undpa 4, nony-
4nTca 90. A CKONBbKO MONy4YnTCs, ecnu
CNOXWUTb BCE TPU 4ucna’?

@orbki1op




KOHKYPC UMMEHU A.II.CABUHA

Mpbi npogo/mkaemM KOHKYPC 10 peLUeHUIo MaTeMaTndeckux 3agay. OHN paccynTaHbl B r1epByo
ouepenp Ha yyqawmxcs 7-9 K/accoB, HO Mbl 6ygem pagbl y4acTuio LUKOJIbHUKOB BCEX BO3PACTOB.
KoHKypc ripoBoanTcsi COBMECTHO C XKYPHA/NoM «KBaHTHK».

Bbicbinavite pelieHuss 3afa4d, ¢ KOTOPbIMU CIIPaBUTECh, 3/IEKTPOHHOM [0YTOH 110 aapecy:
savin.contest@gmail.com nau obbiyHOV royToui ro agpecy: 119296 MockBa, JIeHUHCKUVI MPOCIIEKT,
64-A, «KBaHT» (c rometkosi «KoHKypc umenn A.fl.CaBuHa»). Kpome vumeHu v ghpamunnm yKkaxure
ropog, WKosy v Kacc, B KOTOPOM Bbl yYUTECh, A TaKKe 06paTHbIVi MOYTOBbIN aApPec.

Mb1 npuseTcreyem yyacTme B KOHKYpce He TO/IbKO OTAE/IbHbIX LWKOJIbHUKOB, HO M KOMaH/ (B Takom
a1yy4ae npucbIIaeTcs 04Ha pabora co CriMckoM yHacTHUKOB). Y4acTBOBaTh B KOHKYPCE MOXHO, Ha4YnHas
¢ /moboro Typa. lMobeautenesi XAYT ANMIOMBI XKYpHana «KBaHT» u npussl. 3afaHus, peLieHus U
TekyLyme pesysnbTats! MybnuKkyloTcs Ha caite sites.google.com/view,/savin-contest

Xenaem ycnexa!

17. Ilets mpuayMas TIpU3HAK PaBEHCTBA
YeThIPEXyTOJMbHUKOB. OH yTBEp:KIaeT, YToO
ecau JaHbl yeTbipexyrojabHukn ABCD n
A’B’C’'D’” (e 06s3aTeJIbHO BbBINYKJIbIE),
[IPUYEM TPU CTOPOHBI OJHOTO COOTBETCTBEH-
HO PpaBHbBI TpeM CTOpPOHAM JPYyroro
(AB=A’'B’, BC=B'C’, CD=C'D’) n
JMaroHaj i OJHOTO COOTBETCTBEHHO PaBHbI
mmaronansm apyroro ( AC = A’C’, BD =
= B’D’), T0 1 caM¥ Y4eThIPEXyTOJbHUKN PaB-
upl. He ommbaercs mm Ilers?

Janura Boxanoe (yuenux 7 xaacca)

18. B kyue 131 kamenb. /[Boe GepyT KaMHH
1o ouepe/u. Cravasia nepBbiii urpok Geper k
KaMHeil, rje B — HeKoTopoe (PUKCHPOBAHHOE
qucso. KaskapIM cJeIyiomuM X0a0M HIPOK
Geper GO CTONBKO K€ KaMHEH, CKOJBKO
OpaJl ero CONEepHUK Ha TIPEIbIIYIIEM XOMIY,
an6o Ha onuH Gosbiie. KTo He MOXeT cfie-
JIaTh X0/ — Ipourpas. Kto n3 urpokoB Moskert
rapanTupoBarb cebe 1obefy, Kak Obl HU

«KBAHT>»

KPACUBbIE OMEYATKW

A ecin He NoHWManu, To Ynpawvsanu
1 310 TpebyeT HemMUJIOTO BpemeHM
35710 — ypaBHeHWe cBOHbIX konebaHnm

Mpu HyneBoM HanpsxeHun Mexgy CO-
bown n kaTogom

MarHUTHbINM MOTOK MPOHM3bIBAET KOH-
TPY ABCD

Pa3HOCTb AaBneHnm MoXHO ouellEHNTb
MOJIHOCTE BOAOLI paBHa

UTPaJl €ro CONEPHUK, ecu: a) R =9; 6) k=
=17

A.Ilepeneuxo

19. a) HaiiauTe yeThbIpe TaKUX 110C/IEA0BA-
TEJIBHBIX HATYPAJbHBIX YUCJIA, UTO IIEPBOE U3
HUX JIEJTUTCS HA 3, BTOPOE — Ha 5, TPEThe —
Ha 7, yerBepToe — Ha 9.

6) Mo>KHO /11 HaliTH CTO TAKUX [10CJIE0BA-
TEJIHHBIX HATYPAJbHBIX YHCEJT, UTO EPBOE U3
HUX JIEJIUTCS Ha 3, BTOPOE — Ha J, TPETbe —
Ha 7, ..., coroe — Ha 201?

A.Toanwvizo

20. KysHeunk yMmeer TpbITaTh MO T0JOCKE
u3 n kaetok Ha 8, 9 u 10 KIeToK B JHOOYIO
cTopoHy. ByieM Ha3bIBaTh HATYPATBbHOE YHCJIO
n NPONPLIZUGAEMBIM, €CJTH KY3HEUNK MOJKET,
HavyaB ¢ HEKOTOPOIT KJIETKM, 0G0TH BCIO TT0JI0C-
Ky, TTOOBIBaB Ha Ka)K/J0H KJIETKe POBHO OJINH
pa3. [lokaxknTe, 4TO, HAUMHASI C HEKOTOPOTO
yucaa M, Bce n = M MPONPHITUBAEMBI.

E.Bbaxaes

YABIBAETCA

byner vmetb mectb
O npeobpasoBaHum MHoroPaHWkoB




HaxoxaeHume
LIeHTpa MaccC
MPOBOJTOYHOIO
TpeyrofibHVKa

N.ALEHKO, 10.MUHAEB,
O.OPJISHCKUU

NCTEME MATEPUMAJIBHBIX TOYEK MO-

KT ObIThb MOCTABJIEHA B COOTBETCTBHE OCO-
6as reomerpudeckas Touka C, MoJIOXKeHNe KO-
Topoii 3amaercs (opmy.ioit

Zmz‘?i
s _ i
C Zmi .
1

ITa TOYKA HA3bIBACTCA ueHmpom mdacc. s
HEIPEPBIBHOTO PACTIPE/IETEHIS MACCHI B KAKOM-
TO T€JI€ COOTBETCTBYOMAsS (POPMYyJIa 3aIHCHIBA-
eTCsl TaK:

o= [Fdm,

T/le MHTETPIPOBAHNE BEJETCS TI0 BCEMy Tely.

[Tomoskenne 1eHTpa Macc B HEKOTOPBIX CJIY-
Yagx J0CTaTouHo o4eBHAHO (MbI OyneM BecTH
peub TOMBKO 00 OJHOPOAHBIX Tesax). Tak,
IEHTP MacC MaTepUaJbHON TOUKH COBIAJAET C
Hell camolf; 1eHTp Mace TOHKOro crepskhst (oT-
pesKa) HaxoauTcs B ero cepeaune. s npa-
BUJIBHOTO MHOTOYTOJIbHIKA TIEHTP Macc COBIIa-
JlaeT ¢ €ro IEeHTPOM, MPUYEM He BAXKHO, PeYb
UJeT O TOHKOI IJIACTUHE COOTBETCTBYIOIIE
dopmbl nm o kourype (nepumerpe) MHOTO-
YTOJbHUKA, CACJAHHOM 3 TOHKOH TIPOBOJIOKH;
TO JKe KacaeTcst Kpyra (TOHKOro jamcka) u
okpyxuoctr (IIPOBOJIOKU, U3OTHYTOI COOTBET-
CTBYIOIUM 06pa3zoM). AHAJOTUYHO | JJIS TTpa-
BUJIbHBIX MHOTOTPAHHUKOB: HE MMeeT 3Hayve-
HUSI, pacmpeeseHa Macca Mo 06beMy, WU 110
MTOBEPXHOCTSM TpaHeil, WM CKOHI[EHTPHPOBA-
Ha B TPOBOJIOYHOM KapKace — TIEHTP Macc
Oy/ieT HAXOAUTHCS B IEeHTPe (DUTYPBDI.

Ho kak TOJbKO CHUMMeTpHS HapylIaeTcs,
IyCTh JIaKe HE3HAUUTEIbHO, OTIPEEIUTD 0JI0-

JKeHNe TIeHTPa MacC CTAHOBUTCS YiKe CJIOXKHee.
He xaxpaplil CMOXKET yCTHO PaccuurtaTb, T/
HAXOJWUTCS TIEHTP MacC, CKakeM, MOJIOBUHBI
Kpyra WX IPOBOJIOYHOH IOJYOKPY)KHOCTH.
JL71s1 TOTO 4TOGBI BOCIIOJ/Ib30BATHCST (POPMY.IOIL,
M03BOJISTIONIEH ONPEIeJUTD TOJI0KEeHIe IEeHTPa
Macc TBEP/IOTO TeJla OTHOCUTEIbHO BBIOPAHHOTO
Havajga KOOPAWHAT, TPHUJIETCS HAy4YUTbCsS WH-
terpupoBath (4T0 caMo 1o cebe, KOHEYHO JKe,
HEILIOXO0).

C nipyroit cCTOpPOHBI, CYIIECTBYET 110 KpaiiHeit
Mepe 0/lHa HeCUMMeTpuiHas purypa, rnoJosxe-
HHE I[eHTPa Macc KOTOPOIl J0CTaTOYHO XOPOIIO
M3BECTHO, — 3TO CRAOWHOU TPEYTOIbHIK (Tpe-
yroapHas mractuna). Jlasxke 6e3 mHTErpUpoOBa-
HUST MOSKHO COOOPa3uTh, 4TO IIEHTP MACC I1JI0C-
KOTO TPEYTOJIbHIKA HAXO/IUTCS B TOYKE Iepece-
ueHust ero MeginaH (3ToT hakT MOKHO BCTPETUTD
U B IIKOJIBHOM Kypce reomerpun). Ecim cripo-
CHTD, T/Ie HAaXOANTCS IIEHTP MacC NPOEOI0UHOZO
TPEeyToJbHNKA, TO MHOTHE, He TOyMaB, YKaXKYT
Ha 9Ty Ke TOUKy. BOT oueBHAHBIN KOHTPIIPU-
Mep: IpejicTaBbTe cebe paBHOGE/IPEHHDIN Tpey-
TOJIbHUK, OCHOBAHUE KOTOPOTO MaJIO 110 CPaBHE-
HUio ¢ 60KoBOil croponoii. Torma, ecim oH
IIPOBOJIOYHDIN, IIEHTP MaCC JIEKUT IPUMEPHO Ha
cepeiHe BBICOTBI, OMYIIEHHON Ha OCHOBAHME,
a ecyd CIJIOIIHOW — TO JEJUT 3Ty BBICOTY B
oTHoleHn# 2:1, cunTast OT BEpHINHbI.

Wrak, 3ajaua O MOJIOKEHWH IEHTPa Macc
IIPOBOJIOYHOTO TPEYTOJIbHNKA MEHEe N3BECTHA,
a OTBeT Ha Hee He Tak oueBu/eH. [lasee B
NPUMEHEHNU K PeleHuto 9Toil 3asaun OyayT
paccMOTpeHbl pocTbie (u3nvyecKne MeTo/bl,
OCHOBaHHbIE HA TOM, YTO B OJJHOPO/IHOM I'DaBH-
TAIIMOHHOM M0JIe MCI0JIb30BaHNe MOHSATHS I[eH-
Tpa MacC OKa3bIBAETCSI OUYEHD IOJIE3HBIM.

Bsenem nexoropble o603naveHus. Ilycrs cro-
POHBI 33/TAaHHOTO TTPOBOJIOYHOTO TPEYTOJBHUKA
paBHbl g, b, c. Maccbl 9THX CTOPOH IPOTIOPIIH-
OHAJIBHBI UX JumHam: M, =Aa, M, =Ab,
M, =hc,rne A — aunetinas naomHocms npo-
BOJIOKH. OTMETHM CepeInHb CTOPOH 3TOTO Tpe-
YTOJIbHUKA TOYKAMH, KOTOpbIE JJs yA0OCTBA
o6osHaunM M,, M, , M, , TOCKOJbKY MOKHO
CUUTATh, YTO UMEHHO B 3THX TouKax (1enrpax
MacC CTOPOH) COCPEOTOUEHBI MACChI COOTBET-
CTBYIOIINX CTOPOH TPEYTOJbHUKA.

O6cynM Tpu criocob6a perieHnst Hairel 3a-
Jlaun.

(MpogornxerHmne cm. Ha ¢. 34)




KAJIEMJIOCKOII «<KBAHTA»

...MoamumM cunam. .. 8bI800sIMCcs O8UXXEHUS na-
Hem, KoMem, fyHbl U MOPS.

Wcaak HbtoToH

...ecriedcmeue CrioXXHocmu ceoez2o obbekma
u3ydeHusi eeonoaus sienissemcsi camoli Mosiodod.

[xenmc eTToH

B cesepHOM cusiHUU 8CriofioXu unu syyu eud
no0ob6HbIt umerom.

Mwuxaun JlomoHocoB

OCHOBHbIM 3aKOHOM MOPCKO20 80JIHeHUH A8ris-
emcs omcymcmeue Kakoe20-1ubo 3aKoHa.

[xoH CtpeTT (nopa Panen)

AcTpoHOMUS BO3BpaIIaeTcs B MKOJy!

[TpuBerctByst 910 cobbiTHe, «Kaseiigockor»
OTKJIMKAETCSI Ha HEro IIeJIOi cepueil CBOMX BbI-
myckoB. OJIHAKO TTOCKOJIbKY ATOT CJABHBbIl, HO
HEJIErKUN TpEeJMET BEHYAET IIKOJbHBIN Kypc
€CTECTBEHHBIX HAYK, TO €ro u3ydeHue TpeGyer
XOpoTIeii MOTOTOBKY 1 SPYAUIINU. A 3aKJTa bl
BaeTCcda 3TO HpI/I I/ISy‘-IeHI/II/I HpI/IpO}IOBe}IeHI/IH,
ecTecTBO3HaHUdA, (usmdeckoil reorpacdmm. U,
HaBEpPHOE, BbI OOPATUJIN BHUMAHUE, CKOJDBKO
BOIIPOCOB B HUX TPeGOBAJIH TIPUBJICYEHUS PU3K-
YeCKUX 3HAHWI.

Bor u Mbl pemm Halle BOCXOXK/EHHUE IO
«JiecTHUIE B HeGO» HA4YaTh C NEPBOil CTyeHn —
3eMHOIl TBepau. W cpasdy CTOJKHYJHCH C TeM,
KaKUM CerojHsl «3bIOKHM» OKa3bIBAETCS 3TO
YTBEpIK/CHUE, BIIPOYEM, KAK U MHOKECTBO BPO-
Jte 6b1 OUEBUIHBIX TIPE/ICTABJIEHII 06 OKPY:KaIO-
mem Hac mupe. Hazeemest, reocdusnka, o6bein-
Hgomas ydenne o jurocdepe, ruapocdepe n
Maruurocdepe 3eMin, TTOMOKET HaM pas3o6-
parbcst X0Tst O6bl ¢ HeGOJbION uX 4yactbio. [la
€llle U HATIOMHUT, CKOJIbKO IT0JIE3HOT'0 TIPEI0CTa-
BHJIN CO3/IAHHDBIE C IIOMOTIBIO (PU3UKY TPUOGOPDI,
HarpuMep, MPU MOWCKe TI0JIE3HBIX NCKOMTaeMbIX
WJIN TIPEJI0OTBPAIIEHIH TTOCJIEICTBHI CTUXUHHBIX
6e/ICTBUI — HABOTHEHU, OTIOJI3HEN U 3eMJIETPSI-
CEHHUIL.

A Taxk Ji1 XOPOIIO 3H

[eoOMN3NKa =

...pEKU cesepHoe20 ronywapusi pa3mbliearom
2nasHbIM 0bpa3oM rpaebili bepea. Peku 0XXHO020
nonywapusi gedym cebsi rpomueononoXHbIM 06-
pa3om (3akoH bapa).

AnbbepT SMHLWITENH

...8HEWHsIs1 060104Ka TUMOCGhePLI HE MOKPbI-
e8aem Cr/owb 8Ce20 3eMHO020 wWapa... 39mo ecmsb
eeoghusuyeckasi cmopoHa meopuu rnepemeue-
HUST MamepuKos.

Anbdpen BereHep

Co ceoell nnaHemou Mbl cripasnsiemcsi Kyda
XyXKe, Hexerlu ¢ COCMosiHUeM geujecmea 8 38e3-
dax... Mbl He CMOXeM pa3obpambcsi 8 ceolicmeax
20pHbIX MOPOO MPU C8EPXBLICOKUX OasneHusiX.

Puyapg PenHmaH

Ma BaM

Bonpocbl 1 3apgaun

1. Teonornyeckue JaHHDBIE TTOKA3BIBAIOT, YTO
paiioHbl APKTUKM M AHTApKTUKH HAXOIUJIICH
KOT/Ia-TO B JKapKoM mosice. C 4eM 3TO CBSA3aHO?

2. 3eMJIs MIOJHOCTBIO BOCCTAHABJIMBAET CBOIO
dopmy TOCTE NPUJIUBHBIX BO3JEHCTBUI, YTO
SIBJISETCSI TIPU3HAKOM yTpyroctu. MoskHO Jn
TOT/Ia CYUTATD BCIO 3EMJIO KPHCTAJIIOM?

3. B ueM 3aksmouaiorcst (pu3nUecKye MPUIHHDI
BBIBETPUBAHNUA — PA3PyUICHUA TBEP/IbIX TOPHBIX
mopoj?

4. CpeHsis IIJIOTHOCTD TOPHBIX TIOPOJT PaBHA
3,5 r/ cv® . Kaxoi BBIBOJI U3 3TOr0 MOKHO
c/Ies1aTh O TIIOTHOCTH BEIecTBa spa 3eMJn?

3. ITouemy ropsr Ha Mapce BbIIlie, YeM TOPBI
Ha 3emue?

6. Otyero B 03epo BTeKaeT MHOTO PeK, a
BBITEKATh MOKET TOJIbKO oana (mpumep — 03epo
Baiikas, B KoTopoe BTeKaioT HECKOJBKO COT PeK,
a BbITEKaeT ojHa AHrapa)?

7. Kak, myTemecTBys O BOjie, HAIIPAMep IO
Bouire, MoskHO 110 BHy GEPETOB /I0KA3aTh CyIile-
CTBOBaHUE BpallleHUsI 3eMJIU 1 ONPEJETUTb eT0
HarpasJieHue?

8. Ilouemy nHambosiee cuIbHBIE MPUJIMBBI Ha-
6TI0JATOTCS B TTOJTHOJIYHIE W HOBOJIyHME?

9. OTuero mpuJauBbI Ha 3eMJie 3aMeIJISIOT ee
Bpaienue?



10. Kak o6bsicHuTb, 1MoYeMy BOJ/la HAYMHAET
3aMep3aTb € MMOBEPXHOCTH BOJ0EMA?

11. Mosxer /i1 MOKPBIBAIONINI MOPCKYIO 110-
BEPXHOCTD Jie][ M3rHGAThCsT HA BOJHAX ?

12. Kak uameHuiach 6bI TeMIIepaTypa 3eMHOI
MOBEPXHOCTHU, €cJin Obl 3eMJisI OTePSLIA TH/[PO-
chepy?

13. Ha xaxom paccroganmn ot CeBepHOTO
MOJII0ca HAXOAUTCS CEBEPHBbIN MATHUTHBIH I10-
Joc?

14. Kaxkoe cBoiicTBO 3eMJn Kak (PU3MYECKOTO
TeJsla OKA3bIBAETCS TJIABHBIM JIJIsT 3AIUTHI Y€JI0-
BEKa OT KOCMUYECKOW KOPITYCKYJISIPHON pajina-
nuu?

15. Kakoe reodusuveckoe siBjieHre, BbI3BaH-
HOE KOCMUYECKUMU TPUYUHAMHU, BbIIAET HAJU-
yye y 3eMJIH MarHUTHOTO TOJIS?

16. Kak MOKHO OIIEHUTDH BO3pacT 3eMJIn?

MukpoonbIT

HaBeprsika Bbl TPOXAKUBAJINCH YTPOM MO
3aMep3IIuM 3a HOub JyskaM. [louemy 110 ogHuM
U3 HUX MOKHO UATH 6e3 0co00il O0S3HU, a 110
JIPYTUM 3TO HEGE30TACHO?

Jio6onbITHO, YTO...

...B (pynpamenrtanbuom Ttpyse <«Maremarn-
YecKue Hadasa HaTypanbHoil punocopun» Hbio-
TOHY y/IaJIOCh IIPO/IEMOHCTPUPOBATD A(PdeKTUB-
HOCTb CBOETO MO/JX0/a K OODbSICHEHUIO MIPUPOJI-
HBIX SIBJIEHUI, CPeN KOTOPBHIX BO3ZHMKHOBEHHUE
MPUJINBOB U o6pasoBatue (pUrypbr 3eMJ.

...Kaps bBap, ycranoBusmmit 6arosapsi Ha-
OJTIO/IEHUSIM BO BPEMST MHOTOYHCJIEHHDBIX 9KCIIe-
JIUIIH CBOM 3aKOH, IIPUBJIEK K HEMy BHUMAaHUE
MHOTHX Bblamonmxcss Gusnkos. OMHAKO s
HEro caMoro 9To ObLJIO JINIIb 3IIU30/0M MHOI'O-
IPaHHON JIeSITETHHOCTH €eCTECTBOUCIIBITATE NS,
3aHUMABIIETOCS 300JI0THEN, aHATOMUEH, IMOPHO-
JIOTHel, aHTpoIoJoTHel n reorpadueti.

...TIpU JIOCTATOYHO BBICOKOM [ABJIEHUU, 10C-
TUTAEMOM, Harnpumep, riy6oKo B HeApax 3eM-
Jin, J1t060€e BEIIECTBO, JlasKe KPUCTALINYECKOE,
BejieT ce0s1 KaK JKU/IKOCTD, O YeM CBH/IETEIbCTBY-
€T BBITEKAIOMAs W3 JKepJja BYJKaHa JIaBa.

...pyccknii ¢usuk bopuc Bopucosnu 'omm-
ust B 1902 rogy pemms BakHeHIIyIo 3a1ady
CeiicMOJIOTHI: OIIpe/ie/IeHIe 0vara 3eMJeTpsice-
HUSI 110 JIaHHBIM JIMIIb OJ[HON CelCcMUYecKOoil
cranimy. CBoe OTHOIIEHNE K CEHCMOJIOTHN KaK
obsacT (PU3NYECKUX WCCIEAOBAHUN OH TOJI-
TBep,[[I/IJI CO31aHUEM 1 BHe,[[peHI/IEM B HpaKTI/IKy
9JIEKTPOMATHUTHBIX ceficMorpados.

... I3yYeHNe 3eMJICTPSICEHIH /1aJI0 MHOXKECTBO
CBe/IeHUI 0 BHyTpeHHeM cTpoeHnn 3eMun. Tax,
[0 TOBEJEHUIO0 BbI3BAHHBIX HMU BOJIH OBLIO
06HAPYIKEHO JKUIKOE SI/IPO TIITAHETHI.

...TIOCKOJTbKY GOJIBITYI0 YacThb TIOBEPXHOCTU
3emun, moutu 70,8%, 3anumMaer MupoBoOil OKe-
aH, Hally [JIAHETy JornyHee ObLIO Obl HA3BATh
ne 3emeit, a Oxeanom. K Bojie, comepskarieticst
B MOPSIX, OK€aHaX, PeKax, 03epax u JbIaX, HAJI0
06aBUTD, KaK BBISCHUJIOCH, M BOJY, «CBSI3aH-
HYT0» TOPHBIMU IIOPOIAMHU, KOTOPOIT BCETO JIUIITh
B/[BO€ MEHbIIIE.

...3eMJIsl COXpaHSET B CpPeHEM TIOCTOSTHHYIO
TeMIIepaTypy HeCMOTPsI Ha HENPEPBIBHOE TTOJTY-
yenue sneprun ot Counra. TermmooTsox ocyiie-
CTBJISICTCS 3 CUET UBJIYUEHUSI, CIIEKTP KOTOPOrO
JIEKUT B MH(PaKpPaACHOM [Iuamnas3oHe.

...MarHUTHOE TI0JIe 3eMJIM — TepeMEeHHOe, B
nocaegaue 200 ser HabMOAeHUN OHO cJ1abo
yObIBaeT. A Ha WHTEPBAJaX BPEMEHH B JIECSITKH
TBICSTY JIET HEOJHOKPATHO MPOUCXO/INNIA U CMe-
Ha TIOJIOXKEHUS TIOJII0COB HA IPOTHBOIOJIONK-
Hoe!

...KOHTUHEHTAJIbHbIE IIJINTHI 3EeMJIH, JIeKa-
e HaJl BI3KOW pacKaJeHHOW MaHTHell, HaXo-
ISATCS B HE3aMETHOM, HO IIOCTOSIHHOM JIBIKE-
uun. Ilo y6exaenuio reoJjioroB, B UCTOPUU Ha-
1€l I1aHeTbl ObLIN IEPUO/IbI, KOT/IA [BUTAJIUCH
HE TOJIbKO OT/IeJIbHbIE TIJTUTHI, & BCS TBEPas
060JI0YKa TIOBOPAYMBAJIACH KaK I1€JI0€ OTHOCH-
TEJbHO METAJJIMIECKOTO spa W MeHsIa TM0JI0-
JKeHIe 3€MHOU OCH.

...TIPOBEJIEHHOE B TIOCJIE[IHUE TO/bl CElCMU-
YecKoe «IIPOCBEYMBAHIE» 36MHBIX HE/[P BbISBU-
JIO BO BHYTPEHHEM TBEPIOM SIZIpE €Ille OJHO, B
JIBa pa3a MCHBbIIEE TI0 IUaMeTPy SAPO € OTINYa-
T0TIelics opueHTaIell COCTABISIONINX €ro KPH-
CTaJL/IOB JKeJie3a.

Yrto yntatb B «KBaHTE» 0 reodusnke

(nybnukayuu rnocrnedHux nem)

1. «O6parnas 3a1aua BceMupHoro noromas — 2015,
[Tpunosxkenne Ne3, ¢.37;

2. «Bpamenne: pexn, TailyHbl, MOJEKYIbI» — TaM
xKe, ¢.85;

3. «Tompderpum, nin Kax ['pernmmanaus corpeBaer
Espomy» — 2015, Ne5,/6, ¢.30;

4. <«Taiina maynnbix negps» — 2016, Ilpunoskenue
Ne4, ¢.18;

5. «l'eomosoToK W TaifHa TOJIE3HOTO yHapa» —
2017, Nes, ¢.23.

Mamepuan nodzomosun A.Jleonosuu
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(Hayano cm. Ha ¢ 37)

Cnoco6 nepBbiii: yCIOBUE paBHOBeCUs!

Kak usBectno, mo6asg MeXaHM4ecKass CUCTe-
Ma CTPEMUTCSI K PABHOBECHOMY COCTOSIHHUIO,

lg MC/OCb BpAUCHUS.
ol P
Mll
My,
el
Aunua yenmpa macc

Puc. 1. [IpoBOIOYHBIV TPEYro/IbHUK B OAHOPOA-
HOM r10/1€ TAXeCcT

KOTOPOMY COOTBETCTBYeT MUHUMYM ITOTEHIIH-
aJIbHOIT 9Heprun. [loBecM TTPOBOJIOYHBI Tpe-
YTOJIbHUK B TOJIE TSIKECTU 32 CePe/IUHY OJTHOI
u3 cropoH, Hampumep ¢ (puc.1). Torma on
PACIIOJIOKUTCS TaK, YTOObI €ro IMOTEeHIHAJlb-
Hasd sHEprus craja MUHMMaJbHOM, T.e. IEeHTP
MacC IPUHSJI caMOe HU3KOe U3 BO3MOXKHBIX
TTOJIOXKEHUT U OKA3aJICS HA OJTHON BEPTUKAJH C
toukoit M, . Ilyctp arta JMHUS COCTABJISIET
yrael oo 1  c orpeskamu M M, u MM,
COOTBETCTBEHHO.

WcnosbayeM ycaoBue paBHOBECHS TeJsa, MMe-
IOIIIETO HETO/IBIDKHYIO OCh BPAIIEHUS: d/12e0-
pauueckds CYyMma MOMEHMOE NPUTLOKEHHBLY
K meny Cul OMHOCUMESbHO MOl OCU PaASHA
nyr0. JlaHHOe yCJIOBUE COrJIacyeTcs ¢ MUHU-
MYMOM IIOTE€HI[1ATbHOI SHEpruu U I MOTeH-
IMATBbHBIX CHJI MOXeT ObITb M3 HEro IOJy-
4yeHo. B paccMarpuBaeMoM cirydae oCh Bpalie-
HUS TIPOXOJAUT Yepe3 TOUuKy M, U HepreHan-
KyJdapHa IIockocTH pucynka. Ha Tpeyrosb-
HUK JleficTByIOT cumbl Tskectu Mg, Mg,
Mg, npunoskeHHble K cepefinHaM CTOPOH Tpe-
yronbunka. Ho cuna M_.g He cosmaer Bpa-
LAIOIEr0 MOMEHTa OTHOCHUTEJIbHO YKa3aHHOI
ocH, TOCKOJIbKY JIMHUS JIeHCTBUS CHJIBI IIepe-
cekaer ee. /Iy ocTaBIIUXCS JIBYX CHJ C yde-
TOM TOro, uro orpesku M M, n MM, -
cpejiHue JIMHUKA UCXOAHOTO TPEYToJbHUKA, 3a-
numrem (puc.2)

Mbg%sinB—Maggsinoc =0.

2018/NoT
I neuu cun
lo »
L
ol P
Mll
Mg M,
M, g

Puc. 2. K BbIYUCIIEHUNIO MOMEHTOB CiJ1 OTHOCU-
Te/IbHO OCU BPALLEHNS

A mockonbky M, =Aa, M, =Ab, noaydaum
w(sina—sinﬁ)zo ,no=0.
2

Wrak, Mbl BBIACHUJIN, YTO IIEHTP Macc J0J-
JKeH JIiexkaTb Ha 6uccekrpuce yriaa M,M M, .
Ecmm Temepb mogBeCUTh TPEYTOTBHUK 3a cepe-
JIUHBI IPYTUX CTOPOH, TO TOJIY4YUM aHATIOTHY-
Hble yTBepskJeHusi. Takum o6pasoMm, yewmp
MACC NPOBOSOUHO20 MPEY20IbHUKA COBRADAem
€ MOUKOU nepeceueHus: GUCCEKMPUC €20 cepe-
OQunnozo mpeyzoavruka (TpeyroJbHUKa, 06pa-
30BAHHOIO CPEJAHUMHU JIMHUSAMU JAHHOIO).

CrenyeT ckasaTb, 4YTO B TeOMETPUHN Hali/IeH-
Hag HAMM TOYKa M3BECTHA KaK IEHTP Macc
[epuMeTpa TPeyroJbHUKA U HA3bIBAETCS 1EHT-
pom Illnukepa.

Wcnonp3yem Tenepp ST OTBICKAHUS 1IEHTPa
Macc IPYToil MeTO, OCHOBAHHBIN Ha TOjCcYeTe
paboThbl, COBEPIIAEMOIi TIpU 1T0BOPOTE (PUTYPbI
B OJIHOPOJIHOM TPABUTAIIMOHHOM IIOJIE.

Cnoco6 BTOpOI: NOBOPOT

PacnosiokiuM 1IpOBOJIOYHBIH TPEYTOJIbHUK B
BEPTHKAJIbHOI IIJIOCKOCTH TaK, YTOOBL €T0 CTO-
poHa ¢ 6bLra ropusonTambhol (puc.3). Touka
O — uckowmbiii 1ientp mMacc. [Ipencrasum cebe,
YTO OCb BpAIlleHUsS TPEeyroJbHUKA TOPU30H-
TaJabHa U coBIIajiaetT ¢ npsmoit M, M, . Paccro-

Ocov spaujenus
lg M, M,

B[ e
2

O

M

C

Puc. 3. K BbI9ucieHmo paboTbl, COBEPLIAEMOV
Py [10BOPOTE [1POBOSIOYHOIO TPEYIONIbHUKA B
OLHOPOLHOM 11077€ TAXECTH



auue or Touku O [0 Hee 0003HAUUM 7, .
Paccroanme or Toukm M, 10 oCH BpamieHusa
PaBHO MOJIOBUHE BBICOTbBI TPEYTOJIbHUKA hc’
OLyIIeHHOII Ha CTOPOHY C.

ITosepuem TpeyrosbHuk Ha yroa 90° ormo-
CHUTEJIbHO YKa3aHHOIi OcH, IIepeBe/is ero B ropu-
30HTAJbHYIO I1JIOCKOCTb. COBEpIIEHHYIO DU
3TOM PaboTy MOKHO IIPEICTABUTD C JIBYX TOYEK
3penusi. C oxiHOii cropoHbl, 3T0 padora 1o
HOJIHSTHIO CTOPOHBI ¢ Ha h, /2 :

h,
A=Mg-—=
cgz-

C npyroit cTopoHbl, 310 padoTa MO MOHSTHIO
I[EHTPa MacC TPeyToJbHUKA Ha BBICOTY 7 !

A = (Ma +Mb +Mc)grab.

ITpupaBHUBasg NpaBble YaCTU 3alMCAHHBIX BbI-

PaKEHUH, C Y4eTOM HPOIOPIUOHATBHOCTH MACC
JUIMHAM CTOPOH IOJIy4aeM

ch
— Cc _

(a+b+c)r, = =Sy,

rae S, — IJIOMAAb UCXOMHOTO TPEYTOJbHUKA.

TakuM 06pasoM, BbIpaskeHHUe JJISI PACCTOSI-

nug or npsamoit M, M, no nenrpa macc O ne
MEHSIETCST TIPH JIT060iT ITepecTaHOBKE CTOPOH:

Sa

7, = —>"—
b dtb+e

CrenoBaresbho, 7, =1y, =7,, . A 9TO 3HAYUT,
4TO uckomas mouxa O — yenmp 6NUCAHHOU 6
mpeyzoavnux M, M,M,. oxpyxnocmu, Komo-
POl JIeKUM HA nepecedenuy ezo GUCCEKMpPuc.

Kcratn cka3atb, OKPY’KHOCTD, BIIMCAHHAS B
CepeIMHHDIH TPEYTONTbHIK, HA3bIBACTCS OKPYIK-
noctpio [nukepa.

Bropoii crioco6 npuBest HaC K TOMY JKe aJro-
PUTMY MOCTPOEHUS [IEHTPA MACC ITPOBOJIOYHOTO
TPEYTOJbHUKA, YTO U B IPEbIIYIIEM caydae. A
TEelepb PacCMOTPUM TaKOIl C€roco0, KOTOPbII
Oy/ieT TPUBOJNUTL K JIPYTOMY AJTOPUTMY Ha-
XOKIEHUS TOHU K€ CaMOIl TOYKH.

Cnoco6 TpeTui: cBegeHne K U3BeCTHOMY

3aMeTnM, 4To B 060X PACCMOTPEHHBIX CJIy-
YasiX MbI CBOJIUJIN 3a/1a4y 06 OTbICKAHUH 11E€HT-
pa Macc TPOBOJIOYHOTO TPEYTOJBHUKA K 3a7a4e
00 OTbICKAHUM 1IEHTPA MACC TPeX MaTepHaJib-
HBIX TOYEK. 3aMeHa TOHKOTO CTEPXKHS, ITpeji-
CTaBJISTIONIETO OTIPE/IEJIEHHYI0 CTOPOHY HPOBO-
JIOUHOTO TPEYTrOJIbHUKA, TOYEYHON Maccoil —

BITOJTHE €CTECTBEHHBIN XOJ MBICJIH, YIIPOIIAo-
muii 3agady. Beap MaTepnaabHas TOUKa IPOTIE
TOHKOTO CTEPIKHS.

Ho, oxasbiBaercsi, MOXXHO HalTH MPOCTOE
pellieHre TaHHON 3a/jaul Ha TMYTH <YyCJOXKHe-
HUST» MCXOTHOTO 00BbeKTa. [l 3TOro Kaskayio
CTOPOHY-CTEPKEHDb TPOBOJIOYHOTO TPEYTOIbHNU-
Ka HAJI0 3aMEHNTH He MaTePUATbHON TOUKOI, a
COOTBETCTBYIOIIEN TOHKOIN TPeyroJibHO TiIac-
tunoii. Ho Hajo ato caenarb Tak, 4to6bl TPU
TPEYTOJIbHbIC TIJIACTUHBI, 3aMEHUBINNE CTEPIK-
HU-CTOPOHBI MPOBOJIOYHOTO TPEYTOJbHUKA,
UMeJI OJIMHAKOBYIO TOJIIUHY U 0GPa30OBbIBA-
JI11, BMECTE B34TbIC, Tpeyroanyfo HJIaCTI/IHy
6ouibiiero pasmepa. Ecuaum 310 ymacres, TO
JlaJibHelilee pelieHne 3aa4n oueBuiHo. Beap
LIEHTP MacC TOHKOW O/THOPOJHON TPeyroJibHOM
MJIACTUHBI HAXOMUTCS B TOYKE Ie€peceueHust
Menam!

[TocmoTpuM Ha PHCYHOK 4, TAe TMOKa3amHo,
KaK IPOBOJIOYHDIN Tpeyrombuuk ABC mpeBpa-

i

Puc. 4. lpeobpazosarume TpeyronbHuka ABC B
TpeyronbHuk A'B'C’ (romorervs ¢ LeHTpoMm B
TOYKe riepeceyeHyss OUCCEKTPIC 1 KOIDGULMEH-
om 1.5)

IS

TUTb B TPEYTOJIbHYIO MiactTuny A’B’'C’, 4ro6bi
IIEHTP Macc He CJBUHYJICS ¢ MecTa. [Ipu sToMm,
HaIIpUMEp, CTOPOHA-CTepKeHb AB 3aMeHseTcs
nnactunoin A'TB’, rpe I — oOmuii nenTp Brm-
CaHHBIX OKPY)KHOCTEH 10JJOGHBIX TPEYTrOJbHU-
koBABCu A'B’'C’ ¢ koaddpunmentom nogobus
1,5. Tockoabky orpeskn AB u A’B’ mapan-
JIeIbHBI, cepefuHa oTpeska AB 1pu TakoMm
koadduimente moaobust 6yJeT COBMAAATH C
TOYKOIl TepeceyeHnsl MeJHaH TPEYToJbHUKA
A’IB’, T.e. ¢ IEHTPOM Macc 9TOH TPEyTOIbHON
IIJIACTUHBI.

Tor dakr, uro I — o6Iuil IEHTP BIIUCAHHBIX
okpyskHocreil TpeyrosbankoB ABC u A'B'C’,
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SIBJISIETCST OUEHDb BAyKHBIM OGCTOSITENBCTBOM. Y
tpex Ttpeyroaprukos A'TB, BIC' u CIA
BBICOTBI, OIylleHHbIe U3 00uell Bepuiutbl I,
OKa3bIBAIOTCSI OJIMHAKOBBIMU U PABHBIMU DA/~
yCY OKPY’KHOCTH, BIIUCAHHOI B TPEYTOJBHUK
A'B'C’. Jrto o3Hayaer, uTO ILIOMAAU TPEX
YKa3aHHbIX TPEYrOJbHUKOB, KOTOPbIE BMECTE
cocraBasior Tpeyrombunk A'B'C’, otHOCATCS
kak AB:BC: CA. TlockonbKy Maccbl 3THX
TPEYTOJIbHbIX IIACTUH, IOJYYEHHBIX U3 CTEPIK-
Hel-CTOPOH IPOBOJIOUHOTO TpeyroJbHuka ABC,
JIOJIKHBL OTHOCHTBCSI JPYT K JPYTY TakK JKe,
MOJKHO C/I€JIaTh BBIBOJI, YTO YKa3aHHBIE TPEY-
TOJTbHbBIE TUTACTHHBI UMEIOT OMHAKOBYIO TOJI-
muiy. COOTBETCTBEHHO, COCTABICHHAS U3 HIX
tpeyrosbhas mactuna A'B'C’ aBJisiercst oHO-
POHOI. Ay Takoil IJIacTUHBI, KaK U3BECTHO,
[EHTP MAacC HAXOJUTCSI B TOYKE TEPECEUEHUS]
Me/InaH.

[Moyuaetcst, 9TO yeHmp MACC NPOBOJLOUHOZO
mpeyzoavnuka ABC cosnadaem ¢ mouxoi ne-
peceuenus meduan mpeyzoavnuxka A'B'C’,
NOJYUEHHO020 U3 UCXOOHOZO 20MOMEMUET C UeH-
mpom 6 mouke nepeceuenus: GUCCEKMPUC U
Ko3hhuvyuernmon 1,5.

Ntorn
C 1I0MOIIIbIO TPEX PACCMOTPEHHBIX CIIOCOOOB
MBI HAIILJIH /IBA PA3HBIX aJTOPUTMA IIOCTPOECHMS
IIEHTpa Macc IPOBOJIOYHOIO TPEyroJbHUKA.
PucyHOK 5 ZIeMOHCTpPUPYET COBIIaJICHNE TOYEK,
BI

J ~
7
’A‘
D
o]
, gl

Puc. 5. []Ba anroprtma rnocrpoeHns LeHTpa Macc
[IPOBOJIOYHOrO TPeyrosibHuka ABC

CI

Gaper

MOJIYYEHHBIX € TIOMOIIbIO 3THX AJTOPUTMOB:
TOYKM TIE€PECEUYEHUsT MeJMaH TPEYTOJbHUKA
A'B'C’ (touka G ) 1 IEHTPA OKPYKHOCTH
[nukepa tpeyroasunka ABC (touka [/ ,,.).
HanoMHuM, 4TO TEHTP TOMOTETUH, TEPEBO-
nameit AABC B AA'B'C’, naxonnuTcs B TOUKe
nepeceveHst GUCCEKTPUC ATUX TPEYTOJbHUKOB
(I,pc = Iype ). Ha pucynke 6 nszoGpaxkena
npsMasi, Ipoxojsiias B rpeyroybhuke A'B'C’
uepes TOUKHU nepeceyeHus ero uccexrpuc (Tou-
ka [ pc ) uveauan (G pe ). Onupascs Ha

2018/Nel

IABC

GAB C

JABC\ N

Guper
Puc. 6. BzariMHoOe pacriosioXeHne HeEKOTOPbIX Xa-
PAKTEPHBIX TOYEK TpeyrosibHukoB ABC u A B'C’

MOHSTHE TOMOTETHH, MOJKHO CKA3aTh, YTO Ha
ATON K€ TPSIMOM JIEKUT TOUYKA IepeceyeHust
meanan tpeyropinka ABC (G 45 ), npuueM
BBITIOJTHSIETCS. TAKOE COOTHOIIEHHE:

LygcGape LapcGape =32

(koo duiment romorernn pasen 1,5).
Cosnanenne touek G pc ¥ J, 50 A2€T BO3-

MOKHOCTD IIepelcaTh TOJIbKO YTO YKa3aHHoe

COOTHOIIIEHNE B HECKOJIbKO MHOM BHUJIE:

Liped ape  TapcGape =312,

NN JaKe Tak:

TypcGape - GapcJapc =2:1.

JlpyruMu cioBaMH, MOKHO CYUTATh JOKa3aH-
HOH TaKyIo reOMeTPHUYECKYIO TeOpeMy: 68 mpey-
2oavHUKe mouxa nepeceuenus ouccexmpuc I,
mouxa nepeceuenus meduan G u yewmp ox-
pysxnocmu HInuxepa J aexam na oonotl npsi-
motl, npuuem mouxa G deaum ompesox 1] na
ompesxu max, umo I1G : GJ =2 : 1.

[Tocnennuii TpeasIOKEHHBIIT HaMU  CITOCOO
TaKyKe OKA3bIBAETCS TIOJIE3HBIM JIJISI TPAKTHYEC-
KU YCTHOTO PeLIeHUs MoX0KuX 3agad (HO 910
yIKe TpeAMeT OTAeabHOro obcyskaenus). Ta-
KuM 06pa3oM, HAXOXK/EHUE PA3HBIX CIIOCOOOB
pellieHns 3a/1a4i TI0JIe3HO HE TOJBKO CaMO II0
cebe KaKk pa3HOCTOPOHHUI TPEHWHT, OTTAYNBa-
0TIV MBIIIIJIEHNE, HO ¥ KAK BO3MOKHbBIN HCTOY-
HUK HOBBIX MJIEH.
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NIMHHbIE NYTU
B rpadax

1. KOXEBHUKOB

9TOWN CTATBE Mbl PACCMOTPUM HE-

CKOJIBKO PAa3HBIX KOMOMHATOPHBIX CIOKe-
TOB, TIPUBO/ATINX K GJIM3KIM BOTIPOCAM O TIy-
X B rpadax. Haunem ¢ JBYyX M3BECTHBIX
OJINMITHA/IHBIX 33/[a4.

3anava 1. Hesnavkxa xouem svinucams noo-
0 yugpor om 0 do 9 no odnomy pasy max,
UMmoOvL cymMma 0ObIX 08YX COCEOHUX UUDPP
deaunaco 6o na 5, aubo na 12. Yodacmes au
emy coearamv Imo?

3agaya 2. Mwowxa epvizem xyb coipa
3X3X3, pazoumoiii na 27 edunuunvix Kyou-
Ko6. Kozda mviura ceedaem xaxoi-1ub6o xy-
OuK, oma nepexodum x KyOuky, umeiouemy
obwyio epanv ¢ npedvidyuum. Moxem au
MBIUKA CoeCb 8eCh KYO, KPoMe YeHmpaiviozo
Kybura?

Pemenne 3azaun 1. Uto661 momoub Hesnaii-
Ke OCYTIECTBUTD 33[yMaHHOE, HAPHCYEM CXEMY
(rpad): 10 Bepiunn nomerum udpamu ot 0 10
9 1 nposegem oTpesok (pe6po) Mesxay mudpa-
Mu @ u b, eciu cymma @ + b pesmrest in6Go Ha
5, 6o na 12 (puc.1,a). Torga jgocraTo4Ho

o
N o 0573284196
o3

Puc. 1

cenatb 00x00 e2pagha no eepuunam, T.e. HalTH
HyTb 10 pe6paM, MPOXOJSIIII Yepes KasKayo
BEpIINHY POBHO IO pasy. JTOT IIyTh U OTpejie-
JUT HYXHYIO TOCJTIeJ0BATENbHOCTD HHP
(puc.1,6).

3amaun 1 u 2 BHelITHe cOBCceM pasHble, HO Ha
CaMoM JieJIe MbIIIKe TpeGyeTcs C/leslaTh MouTH
TO JKe camoe, 4To M HesHaiike, TOJbBKO /I
apyroro rpada. (ITo cTaHOBUTCS COBCEM IIO-
HSITHBIM, €CJIM ITIOCTABHTD B IIEHTP KaKIOTO
eIUHIIHOTO KyOUKa TOYKY-BEPIIHHY U COEN-

HUTb PeOPOM-OTPE3KOM HEHTPHI COCEAHUX KY-
OUKOB.

Pemenne 3amaum 2. K coxkanenwio g
MBIIIKM B 33jlaue 2 OTBET OTPUIATEJbHBIH.
JlokaskeM 3TO.

Ennamyable KyOMKM MOXKHO PAaCKpacuTb B
4yepHbIi 1 GeJiblil 11BeTa MOA00HO MIAXMaTHOI
JIOCKEe — TaK, 4To-
6bl cocenHue Ky-
O6uKM OBbLITN PAa3HO-
ro usera (puc.2).
[Tpu arom HaGmIO-
JIaeTCs caeyonee
yepe/ioBaHue 11Be-
TOB: HOcJIe 6esIoro
Ky6UKa MBIIIKA
CbellaeT yepHbliin - p, - 5
Hao6opoT. Bcero
4yepHbIX KYOUKOB 14, a Geabix — 12 (cuntaem,
4TO GeJblil LEHTPANbHBIA KyOUK BbIPE3asi).
WN3-3a uepeoBaHMs I[BETOB KOJUYECTBO Cbe-
JICHHBIX YEepPHBbIX KyOMKOB He OOJIbIlle YeM
12 + 1 = 13. [leficTBUTEIHHO, MEKIY IBYMS
CheJIeHHBIMI YePHbIMU KyOUKaMHu He MemHee
oaHoTO Gestoro. Takum o6pasom, Bce 14 uepHbIX
KyOUKOB MbIIIKA ChECTb HE MOTJIA.

Kax b1 yBugenu, B 3amavax 1 u 2 Bompoc
CBOZMJICST K 00XOJLy BCEX BEPIIMH HEKOTOPOTO
rpaca. [lamee MBI TPOJOKUM 3aHUMATLCS
myTSMHI B pasHbIX rpadax. ['oBops «myThb B
rpade», MBI 6y/ieM Bcerjia MMETh B BHJLY NpO-
cmoil nymv no pe6paM, T.e NyTb, B KOTOPOM
KasK/1asl BEPIIIHA BCTpeyaercst He 6oJiee 0/{HOTO
pasza. B uacTHOCTH, BepHIMHBI, B KOTOPBIX
HAUMHACTCS M 3aKaHYMBACTCS IIyTh, PA3JINUHbBI
(unaue nosyuwmu Obl yuxa). Jaunoil nymu
HasbIBaeM KojmuectBo peGep B HeM. IlyThb 10
pe6pam rpada, NPOXOISIIil Yepe3 KasKIyio
BEPIINHY POBHO 110 PA3y, HA3bIBAETCS 2aMUNLINO-
noevim nymem. ( AHAIOTUYHO, MOYKHO TOBOPUTD
0 2amuipmonosom yurie.) Boolie roBops,
3a/1a4a HaXOX/CHNUS TaMUJIbTOHOBA TIYTH WJIH
JIOKA3aTeabCTBA €r0 OTCYTCTBHUS IS IPOU3-
BosibHOTO Tpada Becbma TpyaHa. Hammuue
MIaXMaTHOM PacKpacku, B KOTOPOI OJIMH IIBET
CyHIeCTBeHHO Tpeobasaer (Kak, HAlpuMep, B
3aj1aue 2), — OjlHA U3 HEMHOTUX CUTYAIHi, KOT-
Jla OTCYTCTBHE TaMUJIBTOHOBA TTYTH MOXKHO J10-
Ka3aTb KOPOTKO. DTO cOOGPasKeHHE 103BOJISIET
c(OPMYJIMPOBATD TAKYIO HECJIOXKHYIO TEOPEMY .

Teopema 1. I[Tycmo kaxoas eepwuna zpagha
nokpawena 6 uepnvlil uiu Oenviil yeem max,
umo nem pebep, coeOUHSIOUUX NAPY GEPULUN
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001020 yeema'; npu smom Koiuuecmeo uep-
HOLY éepuiun pasno B, a xoauuwecmso Oenvix
eepwun pasno W. Ecau B>W +2, mo 6
amom epaghe ne cywecmsyem 2aMuIbMOHOEA
nymau.

... 000000000000...

Bug iyt B teopeme 1

[loxkazatp TeopeMy HETPYAHO — MPOBECTH
TaKkue e PpaccykJeHus, Kak W B 3ajade o
MbIIIIKe ¢ cbIpoM. IIpemyaraem uuraTesio c/e-
JIaTh 3TO CaMOCTOSITEIbHO.

YupaxxHenus

1. [lokaxkute aHasor TEOPEMbI 1 /ST IUKJIA: ecan
B # W, to B aToM Tpade He CYNIeCTByeT raMUIbTO-
HOBa IUKJIA.>

2. V3 maxmMatHoil IOCKH BBIPE3aJIH JIBE MTPOTUBO-
MMOJIOKHBIE KJIETKM. MOKeT JIii ImaXMaTHBIH KOHb
00OITH OCTABIIYIOCS YaCTh JOCKHU, MOOBIBAB Ha KaXK-
JI0¥ KJIETKe POBHO O/IMH pas?

Yupaskaenue 2 toxke npo o6xoj rpada, B
KOTOPOM BEPIIHMHBI COOTBETCTBYIOT KJETKAM
(HanpuMep, BEPIIMHBI — ATO IEHTPHI KJIETOK),
a pedpa COEJMHSIOT MTapbl BEPIINH, OTCTOSIIHNX
Ha XOJ KOHs. MOKHO HasBaThb Takoil Tpad
«KOHEBBIM» . Briepen Hac erme JKIyT HECKOTb-
KO 33124 O IMAaXMATHBIX KOHSIX. A MOKa pernm
craenyionyio, 6oJee TPYIHYIO 3324y .

3agaua 3 (A.lllanoBanos). Bocemv 00HO-
KJACCHUKO8 00pA306dIU 0eKYPHYI KOMAHOY
O0ast pewenus domawnux 3aday. B xomande
6cezda He menee mpex ueaosex. Kaxooviil denn
6 Komandy 006asinemcs 00un 4esi06ex aubo u3
Hee uckaouaemcss 00un uenogex. MoxHo au
6ydem nepebpams 6ce donycmumoie cOCMAGHL
KOMAanovl posHo no 00HOMY pasy?

Pemenne. 3agaua moxoska Ha MpeIbIIyITyIO
Jib OpPMOil Borpoca: B mpoiiecce TpedyeTcst
nepe6paTth Bce 06bekTbl (B JaHHOM CcOCTaBe
KOMaH/Ibl) 10 pasy. [10aToMy MOXKHO Hpe/o-
JIOXKHTD, YTO 3JIECh TOXKE UJIET Pevb O MOUCKE
raMHJIBbTOHOBA ITyTH, TOJBKO HA/0 IOHSATD, B
KakoM rpade.

! Tpadpr, B KOTOPHIX BO3MOMKHA TaKast MOKPACKaA
BEPIINH, HAa3bIBAIOTCS 08ydoavHbimu. CaMy HoKpac-
Ky YMECTHO HasBaTh WAXMAMHOU.

Wrax, Teopema 1 n ynpaxnenne 1 gaior neo6xo-
JUAMble YCJIOBHS JI/Is HAJIMYNS] TaMUJIbTOHOBA IIYTH 1
IIMKJIa B JABY/I0JIbHOM rpade. Pasymeercst, aTu ycJo-
BUSI He SIBJISIOTCS /IOCTaTOuHbIME (YHMTaTe/ b JIErKo
MOJKET TOCTPOUTD COOTBETCTBYIOIIHE MTPUMEPBI).

2018/Nel

Kaxaplii BosMoxkHbIIH cocTaB (BO3MOMKHYIO
«IIO3UIUIO> ) YCIOBHO M306pa3uM KaK BEPIIH-
Hy. Eciu U3 0fHOTO coctaBa MOKHO 3a Miar
TEPENTH K IPYTOMY COCTaBY, COETMHNM PEOPOM
cootBercTByOmUe BepimHbl (puc. 3). Mol

Yemmnoie

Heuemuwie

7,8}

Puc. 3

MOCTPONJIM TaK Ha3bIBaeMblil zpagh nosuyuil.
Temepp sicHo, 4TO B 3ajaye [EHCTBUTEIBHO
CTIIPATITITBACTCSA O TOM, CYIIECTBYET JIM TaMUJIb-
TOHOB IIyTh B 3TOM Tpade mosunuii. 3aMeTnm,
YTO 32 OJIUH Iar MEHSeTCd YeTHOCTb KOJImye-
CTBa JIIOJIel B cocrase, 3HAUUT, Haul rpad
nosuuii ABynoJbHBIH. [logcuer mokasbiBaert,
YTO <YETHBIX» COCTaBOB Ha 21 MeHbIe, 4eM
<HEYETHBIX», U, COTJIACHO TeopeMe 1, TaMUJIb-
TOHOB ITyTh HE CYTIECTBYET.

Yupaxxnenus

3. IlpoBeaure Hy>KHDBII IOJCYET PA3HOCTU KOJIH-
YEeCTB «YETHDBIX» U <«HEYETHDLIX» COCTABOB.

4 (XXII Typuup ropoaos). Ha aByx kuerkax
MIAXMaTHOIT IOCKH CTOSAT YepHast u Gesas pumkm. 3a
O/IMH XOJI MOKHO TIepe/IBUHYThb JIOOYIO M3 HUX Ha
COCE/IHIOIO 110 BEPTHKAJN WM TOPH3OHTAIN KJIETKY
(mBe UImKN He MOTYT CTOSITh Ha OJHOM KJIeTKe).
MoryT nu B pesysabTaTe TaKUX XOZOB BCTPETUTHCS
BCE BO3MOXKHbIE BAPUAHTBI PACIIOTIOKEHUS STHX JBYX
¢umiex, TpuYeM POBHO IO OJHOMY pasy?

KoneuHo, mjies maxMaTHOl pacKpacku, Ko-
TOPYIO MbI HCIOJIb30BAJIN, TOANUTCS HE TOJBKO
JUTST IOKA3ATeNbCTBA OTCYTCTBHUSI TAMIJIBTOHOBA
IIyT, HO U AJA OUEHKUN [JJINHDBI IIYyTU.

Teopema 2. ITycmo xaxdas eepuwuna zpagha
nokpawena 6 wepnviil iy 6enviil ygem max,
4mo nem pedep, cOeOUHIIOUUX NAPY 0OHOUBEN-
HOIX GEPWUN, NPU IMOM KOJUUECINGO OeNblX
sepuun pasno W. Tozda 1060t nymo 6 3mom
epaghe codepxum we 6onee W + 1 uephvix
sepuLun u ezo 0auna He npesocxodum 2W.

..000000000000...

Bun nym B reopeme 2
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Vupaxkuenue 5. [lokaxkure Teopemy 2.

3anaua 4 (M43, wacrublii cayyaii). 3amox 6
Gopme mpeyzonvruxa pazoum ua 36 pasHvix
mpeyzonvivix 3ar06 (puc.4,a). B xaxooi
cmenxe Mexdy 3aramu ecmv 0gepv. Kaxoe
HaAuboOILULeE YUCAO 3AT08 CMOXem 000umu
mypucm, He 3ax00st Hu 6 KaAKol 3a1 08aK0vL?

Pemenne. IIpumep Ha pucyHke 4,6 MOKa3bI-
BaeT, uto MOKHO o6oiitn 31 3a1 (ectb u Apyrue
pUMeEpHI).

Jlokaskem, 4TO GOJIbIIIEE KOJUYECTBO 3AJI0B
o6oiiTi Hesb3st. IIoKpacuM 3ayibl B YEPHBII 1
Geprit Beta (puc.4,6) Tak, 4To PHU MEPEXO/IE
13 3a77a B 3471 MEHsIeTCsT 1BeT. Besrbrx 3a08 15,

a)

BepimnHaMu. 3aduKCHpyeM Takoe yCHJICHHE
IPE/IbIYIIEH TEOPEMBI.

Teopema 3. I[Iycmy xaxoas eepwuna epagha
nokpawena 6 uepnoiii Uiy Oenviil usem mdx,
4mo Hem pebep, COCOUHSIOUUX NAPY UEPHBIX
BEPUUH; NPU IMOM KOJIUUECMEO Oeablx 6ep-
wun pasno W. Tozda 1060t nymv 6 3mom
epagpe codepxum ne Gonee W + 1 uepnvix
sepuun u ezo dauna ne npeeocxodum 2W.

..#00000000000080...
Bun nymv B teopeme 3

[oxkazareabctBo. [lycth B mporecce mpo-
XOK/IEHHS IYTH MBI BCTPETHJIN 12 YEPHBIX Bep-
muH. Mesk/Iy AByMS ITocIe/J0BaTeIbHbIMU ITPOTi-
JIEHHBIMU 4YEePHBIMH BepIIu-
HaMM Mbl [IOCETUJIN XOTSI Obl
o/iHy O6eJIyl0 BEpIIMHY, 3Ha-
YHUT, B WTOTE TOCETHJN He
MeHee 7 — 1 6GeJIbIX BepIINH.
ITockonbky Bcero y nac W
6esibIX BepIIUH, HMeEeM

YAVAVAVAVAVAN

n—-1<W, wm n<W +1,

Puc. 4

3HAYWT, TYPUCT U TTOceTHJ He Gosee 15 Gesbix
3a70B. V3-3a 4epeoBaHUSI IIBETOB YEPHDBIX
3aJI0B OH MOT [TOCETHUTD pa3Be uTo Ha 1 Gosibiiie,
yem Gesibix, T.e. He Gosiee 16. HMroro typucr
nocerus He 6osee 15 + 16 = 31 3ana.

TTondarHo, 4TOo B 3ajaye 4 Mbl OTBICKHBAJIU
caMblii ITTMHHBIH 11y Th B rpade, BEPIIUHBI KOTO-
POro — HEHTPHI TPEYTOJbHBIX 3aJI0B, a pedpa —
9TO MPOXO/IbI MEK/Y COceHnMU 3aiamu. Pac-
CYIK/IEHUST U3 PEIICHUsT 33/1a4u 4 TPAKTHYECKH
MTOBTOPSIIOT JIOKA3aTeJIbCTBO TEOPEMBbI 2.

B caeyionieM yrpaskHEHUN TIPejijiaraeM Bep-
HYTBCS K CIOXKeTY 3ajaun 3.

VYupaxkuenue 6. ITarb 0fHOKJIACCHUKOB 06pa3o-
BaJIM JIEKYPHYIO KOMAH/Y JIJIST PENIeHis] JOMAITHIX
3asau. B Komam/e Bcerja He MeHee [[ByX UeJIOBEK.
Kaskiplii jienb B KoMaHy J0GABIISIETCST OJIUH YeJI0-
BeK JINGO 13 Hee UCKJII0UaeTcst o/(uH yeoBeK. CKOJIb-
KO [Hel MOKHO Oy[IeT TPOI0JLKATh ITOT IMPOIlece,
€CJIV 3AIPEIIAETCsT MOBTOPSTh Kask/IbIil IOy CTHMBbIiT
cocrtaB 60JIbllle OJIHOTO pa3a?

4TO U TPeHOBATIOCH I0KA3ATh.
[TpestaraemM mpuMeHNUTD ATY
TeopeMy IpPU peleHnn cJie/yoleil HelpoCToil
3a/1aun.
3agaua 5 (E.Bakaes, mo mMotuBaM 3aj1auu
M2460). Kysneuux ymeem npvizamv no xiem-
uamoi noaocke daunoti 26 xiemox na 8, 9 uiu
10 waemox 6 mo6yio cmopony. (Ipvixox na k
KACMOK 03HAUdem, 4mo MeK0y HAUAILHbIM U
KOHEUNDIM NOJOKEHUAMU NPLIKKA HAXOOSAMCS
k — 1 xaemox.) Kaxoe nauboivuwee xoiuue-
CMBO KACMOK MOXKem NPOnpvlzamv Ky3Heuux
Ha MO NOJOCKe, eCau Helb3s NONadamy Ha
00y KAemKy Ooavue 00Ho20 pa3a?
Pemenne. [loxpacuM KJIETKH MOJIOCKH, Kak
MOKa3aHO Ha PHUCYHKe J,d. Torga ¢ 4epHOii
KJIETKH OJTHUM TIPBIKKOM MO3KHO TTONACTD TOJIb-
KO Ha Geslyio. DTO 3HAYUT, YTO rpad BO3MOK-
HBIX MPBUKKOB Ky3HeunKa (BepIIHbBI CTABATCSA
B IIEHTPBI KJIETOK, & peOPOM COe/IMHSIETCS KaK-
Jlasl mapa KJETOK, MEK/JY KOTOPBIMH MOJKET
IPBITHYTh KY3HEUNK) Y/IOBJETBOPSIET YCJIOBHU-
am reopembl 3. (ITockosbKy ¢ Gesoit Ha 6esryio

10 8

Ecau BHUMATeIbHO IPO-  d)
CJEIUTD [J0Ka3aTeJIbCTBO | | | | | | |
TeopeMbl 2, CTAaHOBUTCS 8
SICHO, YTO TJIABHOE HE JIBY- 6)
nosabHocTh, a orcyrersue | 1[119[ [17] [15]

[13]2 [20{ 4 |18] 6 |16] 8 [14]10[12{ 3 ]21]5] |7] [9]11]

pebep MeXKAY YEPHBIMU  Puc 5
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KJIETKY TOK€ WHOT/[a MOKHO MPBITHYTH, TEOpe-
Ma 2 37ech He cpaGoTaer.)

Besbrx kaetox 10. Ilo Teopeme 3, Ky3HeunK
MOKET TIPOTIphITaTh He 6osiee 11 yepHbIX KJe-
TOK, UTOTO He 6osiee 21 KIETKU.

IIpumep, kak npormpbiratb 21 KJIeTKy, Moka-
3aH Ha PUCYHKE 5,6.

B nokazaresbcTBe TEOpEMbBI 3 BAXKHO JIUTIb TO
CBOMCTBO PACKPACKH, YTO B ITyTH MEXK/LY JIIOObI-
MU JIByMSI YePHBIMU BEPITUHAMU MbI 005I3aTe b~
HO BCTPETUM XOTSI GbI OJHY 6eyI0 BEPIIUHY.
[l BBITIOJTHEHWST ATOTO YCJIOBHUSI MOJKHO elre
HEMHOTO 0CJa0UTh TPEOOBAHUS B TEOPEME.

Teopema 4. ITycmv nexomopvie sepuiurvl
Zpacha noxpawenvl 6 uepHulll ysem, HeKomo-
pole — 6 Geavlil ygem, d Kpome mozo Mozym
Ovims Henoxkpawennvie eepuunvl. Hzsecmio,
umo 060e pedpo, Gvixodawee u3 UepHoll
sepuunol, udem 6 Geayio eepwuny. Iycmo
Koauuecmeo 6envix eepuun pasno W. Tozda
a000U nymv 6 Imom epage codepkum He
6oree W + 1 uepnvix eepuui.

...00000000@0080008@...
Buna nyti B teopeme 4

Yupaxunenue 7. [[okaxure Teopemy 4.

3anmaua 6 (IX Typuup ropoaos). Ha 6ecko-
HEeUHOU WaAXMaAMHOU OCKe PACCMABIEHbL NEUl-
KU uepes mpu nois Hd uemeepmoe, max 4mo
onu 06pasyom keadpamuyio cemxy. Joxaxu-
me, 4Mo WaxMamuvLil KOHb He MOXXem 060tmu
6ce c60000HbIE N0, NOOLIBAE HA KAKOOM
noje no 00HOMY pasy.

JlomomHuTe /ibHast CI0KHOCTD 3a1a4u 6 B TOM,
4TO 3/IeChb PeYb UjeT 0 GeCKOHEYHOM 06XOo/Ie.
Hecmorpst Ha 210, monpoGyeM BbIIEJIUTh Ha
6eCKOHEYHOI /IOCKe OrpaHruYeHHyIo 06JacTh |
CBECTH BOIIPOC K CUTYaIlUH, OMMMCAHHOW B TEO-
peme 4.

Pemenne. [Tokpacum B maxmMaTHOM HOPSIIKE
BCE KJIETKU TaK, YTOODI TEITKU CTOSLIIN Ha GEJIbIX
noJsigx. Boieanm HekoTtopbiit kBajgpaT K pas-
Mepa 4nx4n (n BbiGepeM uUyTb 1033Ke) U
«06GecIIBeTHM» BCE€ YEPHbIE KJETKH BHE 3TOTO
KBa/[paTa, T.e. YEPHBIX KJETOK Bcero Oyger
B= (471)2/2 = 8n” (puc.6). [loGasum K KBa-
pary K KaeMKy M3 JBYX KJETOK, IMOJYy4UM
kBajipat L pasmepa (4n+4)x (4n +4). OGec-
1BeTHM Bce GeJible KJIETKH BHE KBaapara L, a
TaK)Ke KJIETKU KBajpara L, Ha KOTOPBIX CTOSIT
neniku. [locse 3TOro GesibIX KJETOK OCTAeTCst

W = (4n+ 4)2 ~%, TaK KaK B Ka)K/IOM KBaJ[pa-

2018/Nel

Puc. 6

Te 4X4 HaXOAUTCS POBHO OJHA TEITKa. JTa
[O/JITOTOBUTEIbHASL paboTa Oblyia c/ieJiaHa ¢ TeM
pacueToM, 4TOObI C YEPHOH KJIETKH KOHb MOT
nonacrb ToJabKo Ha Gesyio (MHade roBopsi, B
«KkoHeBoM rpades J060e pe6po, BbIXOJsIIee
13 YepHON BEPINHUHBI, UeT B GeJyio BepIInHy,
T.€. BBITIOJHAIOTCS YCa0Bus TeopeMst 4). [loc-
TAaTOYHO MoA06paTh 1 Tak, uto6bl B > W + 2,
TOT/1a HUKAKOI1 Ty Th 6€3 TOBTOPEHMS KJIETOK He
MOXKET co/iepKaTh Bce YepHbIe KJIeTKH. Jlerko
mpoBepuTh, uTo 7 = 1000 moaxomUT.
Haxowery, eme pa3 MOCMOTPUM HA yCJOBHS
TEOpEMbBI 3 MJIN TEOPEMbBI 4: OT OJIHOM YepHOI
BEPIIUHDI HEJIb3s1 J06PAThCS 10 JI060i1 APYTOii,
He TIpoiiisa uepes «6esblii MocT» . Hadye roBo-
ps, ecm ynanuThb u3 rpada Bce 6eJsible BepIu-
Hbl (BMecTe ¢ peGpaMu, BBIXOAAIMME U3 HUX),
TO YepHbIe BEPHINHBI OY/IyT U30JINPOBAHHBIMU.
Wpest B ToM, 4TO ec/iit «6€JIbIX MOCTOB» MEXK/LY
«YEpHBIMU OCTPOBAMU» HEJOCTATOUYHO MHOTO,
10 060IiTH BCe yepHble ocTpoBa (MM JoCTaTou-
HO MHOIO YepHBIX OCTPOBOB) HEBO3MOKHO.
Caenaem emte oaun uar (mocseguuii B 91oM
pasroBope) B CTOPOHY 0600IIEeHUs, J0IyCKas,
YTO «YEPHBIM OCTPOBOM» MOKET ObITh HE TOJIb-
KO O/[HAa M30JIMPOBAHHAS BEPIIUHA, HO TAKXKE U
rpynma BepruH. JIumb 661 COXpaHUJIOCH YCJI0-
BHE TOTO, YTO C OCTPOBA HEJb3s TOMACTh Ha
ZIpyToit 6e3 TMPOXOKACHNS «6eJI0TO MOCTa .
Teopema >. ITycmv dan zpagh, 6 Komopom
nexomopvie W gepuun noxpautenvt ¢ Gevlil
ueem, u nocie yoaienus 6cex Oeblx eepulun
noayuaemcs epagh, Komopulii pacnadaemes na
xomnonenmot ceasnocmu K, K,,...,K;. Tozda



MATEMATHUYECKHUN

000t nymv 6 UCX00HOM zpdghe codepium
sepwunvt u3 ne 6onee uem W + 1 mnoxecmes
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K, K, K
Bug nym B teopeme 5

C

[TpoustiocTpupyeM MpuMeHEeHHe TeOpeMbl >
Ha TpUMepax.

3agaua 7 (E.BakaeB, 1o MOTHBaM 3a/a4yil
M2460). Kysneuux ymeem npvizamov no xiem-
wamoil noaocke 0aunoi 60 xiemox na 8, 9 uiu
10 xaemox ¢ o6y cmopony. [lokaxume,
UMO KY3IHEUUK He CMOXKeM, HAUdE ¢ HeKOMOPOU
KJaemxu, 060tUmu My NOAOCKY, no6vieas Ha
Kax0otll KaemKe posHo o0ur pas.

Pemenne. Kak u B 3ajsaue 5, paccMOTPUM
«rpad Ky3HEUNKa»: ITOCTaBIM BEPIIHHDI B I[eH-
TPBI KJIETOK, a PEOPOM COEJITHIM KaXKIYyI0 T1apy
KJIETOK, MEXK/y KOTOPBIMH MOXKET IIPBITHYTb
KysHeunk. [Tokpacum kietku nosocku (1 coot-
BETCTBYIOI[1E BEePIIMHbI Tpada), Kak MOKazaHo
Ha pucynke 7. Torpa 6ebIx kaetok 6yaer 28.

KPY3KOK 41
1178 111 71 8 3|7
8 718 7 4
7 7
9 8
14 10| 7
819 12
7 7110

8 8

718 10| 7 10| 7

6 718 113]10| 7 | 8| 2
Puc. 8

poil yTBep:K/paeTcs, 4YTO JOCKY pasMepa
(n+4)x(n+4) ¢ BHIPE3AHHBIM LIEHTPaIbHBIM
KBA/J[PATOM 7 X7n KOHb MOXKET 060iiTH, moGbI-
BaB Ha KXK/IOM 110JI€ POBHO O/IMH Pa3, TOTa U

TOJBKO TOT[a, Koraa n — 1 mesautes Ha 4.
[TompoGyiite peunTp 3aja4y B 3TOU IOJHOI
dopmynuposke.

TToMuMoO 3a/1aunt OTBICKAHUS TaMUJIBTOHOBbBIX
(um pocratouHo AMMHHBIX) TyTell B rpade

N
CEEET P T P P rdf

N
LT PP e rd e

8 9 8
Puc. 7

N nocne nx ynanennsa ocraercs 30 <«4epHbIX
OCTPOBOB»: TIOYTH BCE YePHbIE BEPIIUHDBI U30-
JINPOBAHBI, KPOME JIBYX <OCTPOBOB» W3 JIBYX
YepHbIX KJIeTOK. [lo TeopeMe 5 HUKAKOU Ty Th B
HanieM rpade He MOXKET COAEPIKATh BEPIIMHDI
co Bcex 30 «ocTpoBOB». Tem caMbIM, XOTs Obl
OJ/IHA yepHasl BeplIuHa ObljIa He TPOoii/eHa.

3apnava 8. 13 docku 10x10 swvipesanu cped-
nutl keaopam 6 X6 . /loxaxume, umo ocmas-
WYI0CsL uacmv 0OCKU HeAb3s 000tmu KoHeM,
noowvIsaAs na Kaxool Kiemke posHo 00U pas.

Npes pemennsi. Boigennm 12 6e/bIX KJIETOK,
a B JIpyrue KJIeTKH Halllell «KaeMKH» PacCTaBUM
yncya ot 1 1o 14, Kak MoKa3aHo Ha puUCyHKe 8.
3amernM, 4TO HyMepalust 00J1a/1aeT TAKUM CBOII-
CTBOM: €CJIM BbIpe3aTb GeJible KJETKH, TO KOHb
CMOJKET MOWTH ¢ JI000#l KJETKU TOJbKO Ha
KJETKYy ¢ TeM ke HoMepoM. Homepa kjerok n
OTIPEJIEJISTIOT «OCTPOBA» U3 TEOPEMBI J.

Yunpaxnenue 8. 3apepinnrte pelnieHne aToi 3a/1a-
Y1 CBEeJIEHNEM K TeopeMme J.

PasoGpannag To/bKO 4To 3ajada 8 — 2TO
yacTHbII ciayydait 3agaun M118 n3 «3amadnnka
«KBanra» («Kpant» Ne12 3a 1971 1.), B KOTO-

10

8 9 8

UHTEPECHDI U IpyTHe 6JIM3KKe MOCTAHOBKHU 3a-
Jaun, Harnpumep: <«Jlo6asuth B rpade MuHU-
MaJIbHOE KOJIMYECTBO pebep Tak, 4TOGbI B HEM
MOSABUJICA TaMUJIBTOHOB IIyTh» .

Yupaxuenue 9. [lan rpad. [lycrb i — MuHIMAaTD-
HOE KOJIM4YeCTBO pCéCp, KOTOpOE MOJKHO [[OéaBI/ITb
TakK, lIT06])I B rpaq)e IIOABUJICA I'aMUJbTOHOB IIyTb.
MuoxecTBO I1yTell HAa30BeM NOKPbIEAOUUM, €CJLL
KaK/lad BeplInHa rpa(i)a TIPpUHA/JIEKUT POBHO OJHO-
My HM3 3THX nyTeﬁ (Z.I()HyCKaIOTCSI IIyTHn JJIAHbI O,
cojiepyKaliue POBHO OJHY Bepumuy). Ilycts p —
MMUHUMQJIbHOE 4YHCJIO, [JAJA KOTOPOro HaW/IETCA 110-
KPbIBAlOIIEE MHOKECTBO U3 P nyTeﬁ. J.IOKa}KI/ITe, qTo
h=p—1.

B 3akmmouenne paccMOTPUM HECKOJIBKO TIPU-
MEPOB, KOT/Ia OTbICKAHIE TaMIJIBTOHOBBIX (M1
IPOCTO JJMHHBIX) IyTeii B rpade MosKeT ObITh
OCHOBHBIM HIaroM B KOPOTKOM peIIEeHUN 3a-
Jlaun.

3anaua 9 (XIX Typuup ropoaos). Ha xiem-
yamou docke 5x 5 paccmasuiu Makcumajo-
HOE UUCAO WAXMAMHBIX KOHel max, 4mobovl
oHu He 6uau Opye Opyea. Joxkaxume, umo
Maxasi paccmanosxa — eOuHCmEeHHas.
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Puc. 9

Pemenne. Oxny paccranosky 13 koHeil Hafi-
™ Hecaoxuo (puc.9,a). Ho mouemy mer mpy-
ruX croco6oB? M BAPYT BO3MOYKHO ITOCTABUTH
60JIbIIICE KOJMYECTBO KOHEH?

«Komnesoii rpad» urpaer B aT0il 3a/1a4€ POJIH
«rpada 3ampeToBs : 3aMperaeTcss OTMeYaThb mapy
BepILKH, COeJMHEHHBIX PeGpoM (T.e. cTaBuTb B
HMX KOHei1). 3asaya Terepb UMEET TaKON BHJIL:
HAJIO0 /IOKA3aTh, YTO €CTb €[HHCTBEHHDIN C1I0CO0
OTMETUTh MaKCUMAJTbHOE KOJMYECTBO BEPIITIH
TakK, YTOObI HUKAKWE /[BE BEPIIUHBI, COCINHCH-
Hble peOPOM, He ObLIU OTMEUYEHbDI.

MO3KHO BBIJIEJTUTH TaMUJIBTOHOB IYTh
(puc.9,6). SdcHo, uTo ABE COCETHNE BEPIIMHDI B
5TOM MYTU HE MOTYT ObITb OTMEYEHbI. 3HAYWT,
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orMeueHo He 6oJsiee 5 =13 BepmmH, TpH

arom 13 BEPIINH MOTYyT ObITh OTMEUYEHbI B

IIPAKTUKYM

CTPOMU3MKA
B E[ 2 no pum3smke

H.romyJ1mHA

CIIEHTHOE PEINEHUME 3A/1AY 11O ACTPO-

¢usuke, Taknx kak 3amanue 24 B EI'D mo
dusuke 2018 roga, mpeAIOIaraeT 3HaHUE CJIe-
JYIOIUX 3JIEMEHTOB acTpPOpU3UKH.

« CostHeunast cucTeMa: IIaHeTbl 3eMHOU TPYII-
IIbl U ILIAHETHI-TUTaHTbI, MaJjible Teja COJIHEY-
HOH CHUCTEMBI.

« 3Be3/bl: pa3Hoo6pasne 3Be3/THbIX XapaKTe-
PUCTUK W UX 3aKOHOMEPHOCTH. VICTOYHWKH
SHEPTUH 3BE3/I.

2018/Nel

€/IMHCTBEHHOM CJIyYae: KOT/la OTMEYeHHble |
HEoTMeYeHHbIe BEPIINHBI B ITyTH YepeyIoTcs,
IIpUYeM ITyTh HAYMHAETCS] ¢ OTMEYeHHOU Bep-
mibl (okaxute a0 akkyparuo!). Koneuno,
3TOT cI0CO0 B CaMOM JieJle IPUBOJUT K paccTra-
HOBKe, INTOKasaHHOI Ha pucynke 9,a. 3amava
pelieHa.

Yupaxxunenus

10. CKOJIbKO CYIIECTBYET CIIOCOO0B PACCTABUTD HA
MIAXMaTHO# JIOCKE MaKCHMAJbHOE KOJHMYECTBO I10-
HapHO He ObIONMX JPYT JIpyra KOHeil?

11. KysHeunk yMeer HpbIrath 10 KJI€TYaToil mo-
nocke umHONR 26 kiaerok Ha 8, 9 manm 10 KgeTok B
mo6yio cropony (kak B sagaue 5). a) Kakoe nam-
GoJIblliee KOJIMYECTBO Ky3HEYHMKOB MOYKHO PACCA/UTD
B KJIETKH, YTOObI HUKAKOI Ky3HEUHK HE MOT 33 OJINH
IIPBDKOK TOMACTD B KJETKY, /e YXKe CHANT APYToil
KysHeunk? 6) CKOJNBKO CYIIECTBYET TAaKUX «MAaKCH-
MaJIbHBIX» PACCA/IOK Ky3HEYHKOB?

12 (Bapuanus sagaun M1259). Mmeorcs xpac-
uple u cunne Oycunku. CocraBisiercss KPyropoe
oxepesabe u3 n = 15 OycuHOK. OHO HasbpIBaeTCS
XopowiuM, ecaii B HEM HeT JIByX KPacHbIX GYCHHOK,
MEK/y KOTOPbIMH POBHO R = 5 GycuHok. a) Kaxkoe
HanGoJIblee KOJINYECTBO KPACHBIX GYCHHOK MOXKET
ObITh B XOpomIeM oxkepenbe? 6) KakoBo KommdecTso
PA3JIMYHBIX XOPOIINX OKEPEsHil ¢ HanGOJIbIINM KO-
JIMYeCTBOM KpacHbix Gycnnok? B) IlompoGyiite pe-
MIUTD 3[4y [T IPOU3BOJIbHBIX HATYPAIbHBIX 7 1

k (k <n).

ABUTYPHUEHTA

« CoBpeMeHHbIE TIPe/ICTABJIEHNUS O TIPONCXOK-
Jernn n sposmorun CoJstHIA U 3Be3 .

o Hama Tanaxktuka. [Ipyrue rajakTuku.
[TpocrpancTBeHHbIE MacmITaObl HAGJIIOLAEMON
Beesennoii.

- CoBpeMeHHbBIE B3TJISAABI HA CTPOCHUE U 9BO-
oo Beenennoit.

B a1oii cratbe Ha NpUMepe KOHKPETHBIX
3a/1a4 MbI PACCMOTPHM IIepPBbIe /[BE U3 TIEPEUNC-
JIHHBIX TEM.

3Be3abl: 3Be€34Hble XapaKTepucTtukun
N NX 3aKOHOMepHOCTN
3/1er Bbl JOJIKHBI YMETHb pa3jn4vaTb CHEKT-
paJibHbI€ KJIaCCbl 3B€3/[; IOHMMATb B3aUMO-
CBA3b OCHOBHDbIX 3B€3/[HBIX XaPaKTEPUCTUK (TGM-
Iieparypa, HIBET, CHeKTpa]II)HbII'/JI KJIaCC, CBETHU-
MOCTI)); YMETb II0JIb30BaTbCA jIHanaMMOfI
TepumnpyHra—PacceJIa; pa3jndaTtb 3BE€3/bl



NPAKTUKYM ABUTYPHUEHTA

IJIABHOII TIOCJIe/IOBATEIbHOCTHU, GeJIble KapJIUKI
u ruranTbl (CBEPXTUTaHTbI); 3HATH OCHOBHbIE
3TAIBI 3BOJIOINHN 3Be3/1 THTa CoTHIIA 1 MacChB-
HBIX 3Be3/l, CPABHUBATDH IPOJOJIKUTETBHOCTD
JKU3HEHHOTO 1IMKJIa 3B€3/] PA3HOI MaCChl; 11pe/l-
CTaBJISITH 9BOJIIOIUOHHDII MTyTh 3BE3/[bl HA JIU-
arpamme Tepmmmpynra—Paccena.
CoroctaBJieHIe CBETHMOCTEl 3Be3/1 C X CITeK-
TPATBHBIMH KJIacCaMU BIEPBbBIE OBLJIO CIETaHO
B Havasne XX Beka JdifnapoM [epummpyHnrom n
Tenpu Paccesiom, nostomy simarpamMmy CIieKTp-
CBETUMOCTD YaCTO Ha3bIBAIOT iarpamMmoii [epii-
mnpynra—Paccena. Ha aroii aquarpamme (cm.
PHCYHOK) [0 0CH a0CIICC OTKJIAIBIBAIOTCS CIIEK-
TpaJbHbIE KJIacChl HiN 3(PDEeKTUBHbBIE TEMTIEpa-
TYPBI, 110 OCH OPJMHAT — CBETUMOCTH L wnjm
abcoutoTHbIE 3Be3/1Hble Beanunabl M. Ecian 6bl
MEK/ly CBETUMOCTSIMU U TeMIIepaTypaMu He
ObLJI0 HUKAKON 3aBUCUMOCTH, TO BCE 3BE3[IbI
pacrpeesnsianch 6bI HA TaKO [uarpaMMe pas-
nomepno. Ho Ha peasbHoil inarpamMme o6Hapy-
JKUBAIOTCST HECKOJIBKO 3AaKOHOMEPHOCTEH, KOTO-
pble Ha3bIBAIOT mOC/eg0BarebHoCTsIMU. CBe-
TUMOCTb — (DU3UYECKAst XaPAKTEPUCTUKA 3BE3-
JIbI, YKA3bIBAIOMIAsT, KAKOE KOJNYECTBO SHEPTUU
OHa TepseT 3a eUHUIY BpeMeHH. CBETUMOCTD
CosHITa CcOCTaBJIsIET OKOJIO
4-10%° JI>x/c , cBepXTUTAHTDI
UMEeIOT GOJIBIITY 0 CBETUMOCTb . 10°4
Onu MoryT 6bITb 6G€J10-roJTy-
Obivu, HanpuMmep Puress (P
Opuona) ¢ TeMuepaTypoii no-
Bepxunoctu 12130 K, wan
KPaCHBIMU CBEPXTHUTAHTAMH,
manpumep Berenpreiize (o
Opmuona) ¢ TeMmeparypoii mo-
Bepxnoctu 3590 K.
Bosbimnerso 3esn (0ko-
10 90%) pacnosaraiorcss Ha
JarpaMMme BJIOJIb JITHHHOMN
Y3KOI T0JI0CHI, Ha3bIBAeMOM
271A6HOUL NOCIEO0BANENBHOC-
moio. OHa TPOTAHYJACh U3
BepxHero Jesoro yraa (or
roJyGbiX CBEPXI'HTAHTOB) B
HuKHUE npasbiii yroa (10
KpacHbIX KapankoB). K 3Bes-
JlaM TJTABHOM TIOCJIE/I0BATE b~
Hoctu otHocurcsa CoJHile,
CBETHMOCTH KOTOPOTO IIPUHY-

CeemumMocmv 6 COAHEUNBIN edunuldx
=
[

1072
1074
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KY BeJIMYUHBI OCTAETCS IPUMEPHO OTUHAKOBOU,
PaBHON TIJIOTHOCTH BOJbI. Macca 3Be3[| TJiaB-
HO¥T TTOC/TeZIOBATETBHOCTI BO3PACTAET, BMECTE C
X pa3MepaMu, TTPW CMEIIEHNN BJIEBO-BBEPX.

Touku, COOTBETCTBYIOIIIE TUTAHTAM 1 CBEPX-
TUTaHTaM, PacIoJjaraioTcsl HaJl TJIaBHOI Toc.ie-
JIOBATEJBHOCTBIO CIIPABa, & COOTBETCTBYIOIIUE
6€eJIBIM KapJIMKaM — B HUKHEM JIEBOM YTJTY, TIOJT
rJIABHOH TI0CJIe[OBATEIbHOCTBIO. IloTHOCTD
TUTAHTOB M CBEPXTUTAHTOB HA TIOPSIIKN MEHbBITIE
IJIOTHOCTU BOJIbI, & IJIOTHOCTD GEJIbIX KapJiu-
KOB — Ha HECKOJIBKO MOPSI/IKOB GOJIbIIIE MJIOTHO-
CTU BOJIbI.

Béubiryto yactb cBoeit JKM3HU 3B€3/1a TTPOBO-
JUT Ha TJIAaBHOHW IIOCJIe/[oBaTeIbHOCTA. B aToT
MIepUo/I ee IBeT, TeMIepaTypa, CBETUMOCTb U
JIpyTHe apaMeTpbl MOUTH He MeHsIoTcs. JKus-
HEHHBII IUKJ y 3Be3] 6oJblieil Maccel 6oee
KOPOTKHUi, 4yeM y 3Be3/i MeHbleil maccol. Cra-
JINU 9BOJIIOTIMH 3BE3/IbI TTOCJIe TIPeObIBAaHUST HA
TJTABHOM TIOCJIeIOBATETbHOCTH KOpOTKUe. Tu-
TTTYHBIE 3BE3/IbI CTAHOBATCS MPU 3TOM KPACHBI-
MU TUTAaHTaMU, a OYeHb MACCUBHbBIC 3BE3/bl —

KPACHBIMU CBEPXTUTaHTAMMU.
3apmava 1. Paccmompume madauyy 1, codep-
Kawyio ceedenus o apkux 3eesdax. Buibepu-

4,
e :‘é;-\h

Beavte ~-~
KApauxu

MaloT 3a €AMHUILY . HpI/I 9TOM -

. Do
IJIOTHOCTD 3Be3/1 IaBHoit moc-  Focm
memnepamypul

JIeI0OBaTeJIbHOCTU TIO TIOPA/-

30000

Temnepamypa noeepxnocmu 6 KeabeUHAX

10000 6000 3000
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Tabmya 1
Hawmmenosanne | Temnepatypa, Bl\l\/[dgggg;( B IEE?;IZI}}’]S&X SBBI/;%?}?;“; Egcggggﬂ}[ﬁe
3BE3/IbI K Comnna M | Comana Re| Beanmunna | B ¢B. roﬂa?’(

[Ipoton 6990 1,5 2 0,38™ 11,4
Cupuyc 9940 2 1,7 —1,46™ 8,6
Kanomyc 6996 8 71 —-0,72™ 310
ApKTYD 4300 1 25 —-0,05™" 36,7
Jlene6 8550 21 210 1,25™ 1550
domMarbrayr 8500 1,92 1,85 1,16™ 25
Tomnyxe 4666 1,92 8,8 1,14™ 33,7

me 08a ymeepioenus, KOMopwvie cOOmeem-
CMeYIom XapaxKmepucmuxkam 36e30.

1) Camoii apxoii 36e3001 na nebe s6aaemecs
Cupuyc.

2) 3ee30vt Apxmyp u Hoaryxc naxodsmes
npuMepno na 00UNAKOBOM PACCMOSHUL OM
3emau u, credosamenvro, omHOCAMCS K 00HO-
MY co36e30u10.

3) Macca Cupuyca npumepno ¢ 10 pas
menvuLe, uem macca /Jeneba, noamomy 360a0-
uus Cupuyca 6ydem npoxodums Gvicmpee.

4) Tax xax maccor 36e30 Domanrveaym u
Honnyxe odunaxosvl, mo oHu OMHOCIMCS K
O00HOMY U MOMY Ke CNeKMPAILHOMY KILACCY.

5) Iockonvky memnepamypor Hpoyuona u
Kanonyca npumepro paenvi, mo oHu OMHO-
cAMCst K OOHOMY U MOMY Ke CNeKMPAIbHOMY
Kaaccy.

Pemenue. 1) HauGosee apkue 3Be3/1p1 nMe-
10T OTPUIATEJBHYIO 3BE3/IHYIO0 BEJNYUHY, MO-
atomy Cupuyc — camas spkasi 3Be3/a.

2) 3sesapl MoryT otctoATh or Commna (3em-
JIM) Ha OJMHAKOBBIE PACCTOSHUS, HO 9TO HE
03HA4YaeT, 4YTO OHM HAXOJATCS B OJIHOM CO-
spesaun. Hanpumep, sBesna Bera (oo JIupbr)
u 3spesga @omanbraytr (o IOsxHO# PbiGbl)
yaasenpl or CoJiHIIA HA OJIHO M TO K€ PaccTo-
sTHUE, HO TPUHAJIIEKAT PA3HBIM CO3BE3/IHSIM.

3) IBOJIONUA 3BE3[ 3aBUCUT OT MX MacChl.
UYewm Gouibllie Macca 3Be3Jibl, TeM HHTEHCHBHEE
IIPOMCXO/IUT IBOJIONNST 3Be3/1bl. [oaTomy aBO-
monst [lene6a (ero macca 21 M) Gyner npo-
ucxoauth OpicTpee, yeM y Cupnyca (ero macca
2Me).

4) CriekTpasibHbIe KJIaCChl 3B€3/1 TECHO CBA3a-
HbI ¢ TemiepaTypoii (B MeHbluel creneHn — ¢
[JIOTHOCTBIO ¥ XUMUYECKUM COCTABOM) 3BE3[I-
HBIX atMocdep. CIeKTpaJbHBIN KIacC 3BE3/IbI
He 3aBHCHUT OT ee MaccChl.

5) Ecuim temMmiepaTypbl 3Be3/l IPUMEPHO PaB-
HbBI, TO OHU OTHOCSITCSI K OJTHOMY CIIeKTPAJIbHO-
My KJIaccy.

Hmax, sepunt yrepxaenus 1) u 5).

3anaua 2. Hcnoawsys mabauuy 2, codepixa-
wyio ceedenusi 0 APKUX 36e304X, 8biNOSHUME
3adanue. Buibepume 08a ymeepixdenus, xo-
mopwle coomeemcmeyiom XapaxmepucmuKdm
36e30.

1) 3ee30vr Kaneanra u Menkaiunan omno-
caAmes K 0OHOMY C€036e30Ul0, 3HAUUM, OHU
HAX00SMCSt HA 0OUHAKOBOM PACCMOSHUU O
Coanya.

2) 36esda Jlened s6asemes céepxzuzanimo.

3) 36e30v Arvdebapan u Iavhan umeiom
00UNHAKOBbIE MACCHL, 3HAUUM, OHU OMHOCIMCS
K OOHOMY U TNOMY XKe CNeKMPALbHOMY KAACCY.

4) 36e30a Bemeavezetize OmHOCUMCA K KPAC-
HbLM 36€30aM CheKmpdaiviozo Kaacca M.

5) Temnepamypa na nogepxrocmu Puzens 6
2 pasa nuxe, yem na nosepxuocmu Coanyda.

Pemenue. 1) 3Be3apl MOTYT OTHOCHTBCS K
O/IHOMY CO3BE3/IMI0, HO HAXO/IUTHCS HA PA3HbIX
paccrognuax or Comnna (3eman). 3Bes/pl
Kanemra (o Bosuuuero) u Menkamunan (f
Bosuuuero) orcrost ot CoJIHIIA HA PACCTOSHUS
42,2 cB.aet u 82,1 ¢B.JIeT COOTBETCTBEHHO.

2) CeeruMocCTb 3Be3/pl L CBSA3aHA ¢ paamy-
com 3Besabl R dopmysoit (sakon Credama—
BosbiiMana)

L = 4nR?* - oT" .

Pannyc /lene6a pasen 210 R, noatomy /lene6
ABJIsIeTCsT GEJIBIM CBEPXTUTAHTOM CO CBETUMOC-
10 270000 L- .

3) Maccnl 3Be3; He HMEIOT OTHOILIEHUS K
CIIEKTPAJIbHBIM KjaccaM 3Be3/1 (CBSA3aHHBIM ¢
TeMIEPaTyPOil TOBEPXHOCTH).

4) 3Be3na Beresnbreiize eiicTBUTEIbHO OTHO-
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Tabniya 2
Haumenosanue | Temmepatypa, Bl\faggggﬁ B IEE?;IZI}}’]S&X gosgfgggﬁ’
3BE3/IBI K Coumnita M | Comma R | Haxoanres
3Be3/1a
Kamemna 5200 3 2,5 Bosuuunit
MenkagnHan 9350 2,7 2.4 Bosumuuit
Jlene6 8550 21 210 JleGean
Canp 6500 12 255 Jle6enn
Beremnbreiize 3100 20 900 Opuon
Purens 11200 40 138 Opuon
Anpaebapan 3500 45 Tener
DJbpHAT 14000 4,2 Tener

CHTCST K KDACHBIM 3BE3/1aM CIIEKTPAJIBHOTO KJIACCa
M, Tak Kak ee TeMIeparypa MOBEpPXHOCTH PaB-
Ha 3100 K.

5) Temuepatypa nosepxuoctu CoJiHIa mpu-
mepro 6000 K (cnipaBounbie manupie), a Pure-
s — 11200 K (o ta6amme). lostomy Temre-
parypa Puresns 6osbiie, uem y CoJsHiia.

Taxum 06pazom, BepHbl yTBEPKACHUSA 2)
u4).

3anmaua 3. Paccmompume mabauyy 3, cooep-
KAWY ceedenus o apkux 3eesdax. Buibepu-
me 08a ymeepKOeHUs, KOMOPbLIE COOMEem-
CMBYIOM XAPAKMEPUCTRUKAM 36€30.

3) Macca Cupuyca npumepno ¢ 10 pa3s
Menvute, uemy y /leneda, nosmomy I601104uUs
Cupuyca 6ydem npoxodumov medaernnee.

4) Tax xax maccor 36e30 Domarveaym u
Ionnyxc odunaxoevl, mo OHU OMHOCAMCA K
OOHOMY U MOMY Ke CREKMPATLHOMY KAACCY.

5) Ilockoavky memnepamypor Hopyuona u
Kanonyca npumepno pasnvi, mo onu ommo-
cames Kk 00HOMY U MOMY Ke CNeKMmpaivHOMY
Kaaccy.

Pemenune. 1) 3Be3/pl MOTYT OTHOCUTHCS K
O/JIHOMY CO3BE3/INI0, HO HAXOAUTbCS Ha Pa3HbIX
paccrogausax ot Counna. [loatomy, HecMOTPS

Tabnya 3
Haumenosanue | Temneparypa, Bl\l\/[/lgggg;( B Eggﬁ}}f]géx I;gcg;g;l;lﬁe Cosgesque
SBE3/BI K Connna M | Commna R¢ | B cB. ro;:[a)’(

[Ipoton 6990 1,5 2 11,4 Maumbiit [lec

Cupuyc 9940 2 1,7 8,6 bBoabmoit Ilec

Kanomyc 6996 8 71 310 Kup

ApxTYyp 4300 1 25 36,7 Bomnomac

Jlene6 8550 21 210 1640 JleGean

GDomamprayT 8500 1,92 1,85 25 10:xuag PriGa

[Tonnyxre 4666 1,92 8,8 33,7 bansners

Kacrop 10300 2,15 2,3 49,8 bansners

1) Beesdv [Toanyxc u Kacmop naxodsmes 6
00HOM €036€30Ul, 3HAUUM, OHU PACNOSOKEHDL
na oonom paccmosnuu om Coanya.

2) 3ee30vt Apxmyp u Hoaryxc naxodsmes
NPUMEPHO Hd O0OUHAKOBOM PACCMOSHUU OM
3emau u, credoeamenvo, OMHOCAMCSA K 00HO-
MY co36e30U10.

Ha To 4TO 3Be3/ibl [lomnyke u Kacrop Haxonst-
CS B OJTHOM CO3BE3/INH, OHU PACIIOJIOKEHDBI HA
pasubix paccrosguusax ot Coumia — 33,7 ¢B.TO-
na n 49,8 cB.JIeT COOTBETCTBEHHO.

2) 370 yTBEpIKACHHE AHAJOIUYHO TIPE/bILY-
niemy.

3) CKOpOCTb 5BOJIOLMU 3BE3[l 3aBHCHT OT
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Macchl: ueM GOJIbIIe Macca, TeM CKOPOCTb 9BO-
JIOIIUU BBIIIIE.

4) Macchl 3Be3jl He MMEIOT OTHOIIEHUS K
CTIEKTPaTbHBIM KJIaccaM 3Be371 (Orpe/ie sieMbIM
TeMIIepaTypoil MOBEPXHOCTH).

5) Ecun 3Be3/pl UMEIOT OIMHAKOBBIE TEMIIe-
paTypbl TOBEPXHOCTH, TO OHU OTHOCATCS K
OJIHOMY CIIEKTPAJILHOMY KJIACCY.

3nauum, npaBuJIbHbI yTBEPKAeHUA 3) 1 5).

3apava 4. Paccmompume mabauuy 4, codep-
Kawyro ceedenus 0 aprux 3eezdax. Boibepu-
me 08a ymeepkdenus, KOMOpvie COOMEem-
cmeyiom xapaxmepucmuram 36e30.

2018/Nel

a He Ha IJIABHOU T10CJIE/OBATEIbHOCTH.

4) Temneparypa Beru 9600 K, a remnepary-
pa Comama 6000 K, moatomy Temmepartypa
Bern Borme, uem y Connra.

5) 3Besma 40 dpugana JeHCTBUTENBHO OTHO-
cutcst K GesbIM KapJimKaM, O 4eM CBUJIETEJIb-
cTByIOT Tabmmdnble gAannble (pasMep, CpaBHU-
MBI ¢ pasMepoM 3eMJIH, BbICOKAs TIOTHOCTD,
GoJibllias TeMIepaTypa).

Hmax, sepubt yrepsxkaetus 1) u 5).

3amava 5. Ilocmompume Ha pucyHox, zoe
npedcmasaena duazpamma I epuyunpyrea—Pac-
ceaa. BuGepume 0ea ymsepixoenus o 36e3-

Tabmya 4
Haumenosanue | Temmepatypa, Bl\fagggg;( B Egﬁ[ﬁ}},jgéx HoHoJIT(})ITo}IIJCJ)g:I?Ho
3BE3/1bL K COJIH]_[a MC COJIH]_[a RC K IILIOTHOCTH
BO/JbI
Anrtapec 3400 12 680 1,5-10 '
ApETYp 4300 1 25 310"
Bera 9600 2.8 3 0,14
Cupnyc B 8200 1 210" 1,75-10°
Pure.n 11200 40 138 2:107
o Ilenrapa 5750 1 1,2 0,8
70 3meeHocia 4900 0,8 0,89 2,2
40 Dpugana 10000 0,44 1,710 1,25-10°

1) 3e6e3dv Aumapec u Puzesv seasiomcs
ceepxeuzanmamu.

2) 3eesda Apkmyp omuocumcs x 201y6vim
36esdam cnexmpaivnozo xkiaacca O.

3) 3eesda Cupuyc B omnocumes x 36e30am
221a610tl nocaedosamenvocmu na ouazpamme
Tepywnpynza—Pacceaa.

4) Temnepamypa nosepxnocmu Bezu nuxe
memnepamypuvl nogepxrnocmu Coanud.

5) 3ees0a 40 Opudana omnocumcs k Geavim
KapauKam.

Pemenne. 1) 3esnpr Anrapec u Puresn
SIBJISTIOTCSI CBEPXTUTAHTAMM, TaK KaK UX pajiu-
ycbl 60.bIte paanyca Comnna B 680 u 138 pas
COOTBETCTBEHHO.

2) Temueparypa Apkrypa 4300 K, moaromy
1IBET 3Be3/IbI KPACHDIN, a He roJy6oil.

3) 3sesma Cupuyc B — Genblit kKapiuk, o
YeM CBH/IETEJIbCTBYIOT TaGJMYHbIE JlaHHbIC
(pasMep, cpaBHUMBII € pasMepoM 3eMJi,
BBICOKAs TJIOTHOCTH, GOJIbIIAST TEMIIEPATYPa).
Benble kapsmkm pacroJiaraiotcsl BHU3Y CJle-
Ba Ha juarpamme lepummnpyunra—Pacceia,

dax, Komopvie coomeemcmeyiom Judazpamme.

1) Temnepamypa 36e30 cnexmpaiviozo K.idac-
ca G 6 2 pasa eviwe memnepamypv. 36e30
cnekmpanviozo Kaacca A.

2) 36e3da Bemevezetize omuocumcs x ceepx-
2UZAHMAM, NOCKOALKY ee paduyc noumu 6 1000
pas npesviwaem paduyc Coanuda.

3) I iomuocmo 6envix Kapaukos Cyuecmeer-
1O Menvule cpednell NAOMHOCTU 2U2AHNOG.

4) 3eesda Anmapec umeem memnepamypy
nosepxnocmu 3300 K u omnocumes x 36e30am
CNeKMpaiviozo Kiacca A.

5) JKusnennolil yuxa 36e30bt CReKMpaiIvHO-
20 xaacca K enasnoii nocaedosamenvrnocmu
bonee dnumenvivlil, wem y 36e30vl CREKMPAiv-
1020 Kaacca B enaeénoti nocaedosamesvocmil.

Pemenue. 1) B coorsBercTBuu ¢ AuarpamMmoii,
TeMIeparypa 3Be3/l CleKTpajbHoro kjiacca G
pUGJN3UTENBHO B 2 pa3a HUKE TEMIIEPATypbl
3Be3/ CIIEKTPAJbHOTO KJacca A.

2) 3Beszia Beresbreiize nuMeer paguyc Moyt
B 1000 pa3 Gospmmit, yem paaunyc Cosmia, a
TaKue 3Be3/[bl IEHCTBUTENBHO OTHOCSTCS K CBEPX-
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rurantaM (OHHM PACIIONAralOTCs B MPABOM
BEPXHEM YTy [HATPAMMbI).

3) TlioTHOCTD GENBIX KapJIMKOB BO MHOI'O Pa3
60JIblIIe TIJIOTHOCTH 3Be3/[ IJIABHOMU 110CJ/Ie/[0Ba-
TEJIbHOCTH, a TeM GoJiee — 3BE3/[-TUTaHTOB.

4) 3Besga AHTapec UMeeT TeMIleparypy I0-
Bepxnoctu 3300 K u orHocuTcsi K 3Be3iam
CIeKTpasbHOrO KJyacca K, a He crieKkTpaJsbHOro
kaacca A (3Be3/ibl GeJIOro 1BETa ¢ TeMIEpary-
poii noepxuocru 7500—10000 K).

5) JKusHeHHbIH [UKJI 3BE3/[bl CIEKTPATBHOTO
kiaacca K roasnHoil nocsegoBaresbuoct 6oJiee
JUIMTEJIbHBIN, 4YeM Y 3Be3/[bl CIEKTPAJbHOTO
kjacca B ryiaBHOM mHOCJI€Z0BaTeIbHOCTH, TO-
CKOJIbKY 3Be3/Ibl CIIEKTPAJIbHOTO KJacca K or-
HOCATCSI K KPACHBIM KapJuKaM — 3Be3faM
6osiee MaJioif Macchl, 4eM Y 3Be3/l ToJy6oro
I[BETa TJIABHOH 110CJIe/J0BATEIbHOCTH.

CaiedoeamenvHo, BepHbl yTBEPKACHNA 2)
us).

3amava 6. Ilocmompume na pucynox, zde
npedcmasaena duazpamma I epuyunpymneza—Pac-
cena. Buvibepume 08a ymeepxoenus 0 36e3-
dax, Komopvie coomeemcmeyiom udazpamme.

1) [Liomiocms 2uzanmoe Cyuecmeeno mMeiy-
we cpeduneti NIOMHOCIU 36€30 21A8HOU NOCe-
dogamebrnocmu.

2) 3eesda Arvmaup, umeiowas paouyc 1,9
paduycos Coanud, OMHOCUMCS K CEePX2ULaAH-
mam.

3) Temnepamypa nosepxuocmu 36e30 cnex-
mpanvnozo kaacca M nuxxe memnepamypol
nogePXHOCIU 36€30 CREKMPALbLHO020 KAacca A.

4) 36e30a Bemenvezetize omuocumces k 20y-
Ovim 36e30aM 21a8HOU NOCACO0BAMENLHOCNU,
nocxoavky ee paduyc noumu ¢ 1000 pas npesui-
waem paduyc Coanya.

5) JKusnennoiit uuxi 36e30bL CNeKMPAILHOZ0
Kaacca B enasnoii nocaedosamenvruocmu 60-
Jiee 0umenvHulil, wem y 36e30bl CneKmpaibHo-
20 kaacca G 21a6HOl NOC1e)08AMEILHOCTIU.

Pemenue. 1) [1J10THOCTD THTAHTOB JICHICTBU-
TeJIbHO MEHbIIIE TJIOTHOCTH 3Be3/l IJIaBHOI 110c-
aepoBarenpHoct (eM., Hanpumep, TaGuuIly
4).

2) 3Besja, koropast umeeT pagnyc 1,9 R, He
MOJKET OTHOCUTBCSI K CBEPXTUTAHTaM.

3) Temmeparypa TIOBEPXHOCTH 3BE€3/l CIIEKT-
panbHoro kmaacca M (remmeparypa 2000—
3500 K) meiicTBUTEJIBHO HUKE TeMIlepaTypbl
MOBEPXHOCTU 3Be€3/[ CIIEKTPAJbHOTO Kjacca A
(7500-10000 K).

4) Ecam 3Bessa OTHOCHTCS K TOJyGbIM T'H-

rantaM TJIaBHOU IIOCJIE€/IOBATEIbHOCTU, TO €€
cnekTpasbhblil kjaacce O uan B, temnepatypa
mopsnka 10000—-30000 K, a pagmyc mpumep-
Ho 10 R . Paguyc Berenbreiize moutn B 1000
pas Goubiie paauyca Cosnia, nosromy be-
TeJibreiide — KPACHBI CBEepXTUTAHT.

5) 3Be3/Ibl CIEKTPaIbHOTO KJaacca B riuasHoii
MOCJICIOBATEIbHOCTH UMEIOT GOJIBIITYI0 Maccy,
YeM 3Be3/[bl CTIeKTpaJbHOTO Kiracca G riaaBHOMN
TOCTIeI0BATEIbHOCTH. [109TOMY 9BOJTIONNS 3BE3]T
CIeKTpasbHOrO Kjacca B mpoxomut ObicTpee,
4yeM y 3Be3/] CIIeKTpaIbHOro kjacca G.

Taxum o6pazom, paBUIbHBI YTBEPKIE-
Hus 1) u 3).

ConHeYyHasa cucrtema:
nnaHeTbl U Manble Tena

YUro6bl HE WUCIBITHIBATD 3aTPyJAHEHUI HpU
pelieHnn 3a/lad Ha 3Ty TeMy, HY)XHO 3HATb
crpoenne CoJIHEUHOI cHCTeMbl, OCHOBHBIE OT-
JVYUS TJTaHeT 3eMHOH TPYHIIbl OT TLJIaHeT-
TUTAHTOB ¥ OTJIMUUTEIbHbIE IPU3HAKHI KaXK /101
13 TJIAHET; MOHUMATh IIPUYMHbBI CMEHbI JHS U
HOYM, a TaKyXe NMIPHYNHBI CMEHDBI BpEMEH TO/Ia;
yMeTb PACCUUTBIBATD IIEPBYIO U BTOPYIO KOCMHU-
yecKne CKOPOCTH.

Hanomunm, 4to mepBast KOCMHYECKast CKO-

POCTb paBHa ¥; = |gR =
penne CBOGOMHOTO TAeHUsT Ha TIOBEPXHOCTU
maHeTbl, M — macca 1JaHeTbl, R — pajuyc

IIJIaHETDI, G - TpaBUTaIlMOHHAaA ITOCTOAHHAA.
BTOpaH KOCMMYECKad CKOPOCTb CBA3aHa C IeEp-

BOIl COOTHOIIEHHUEM s :\/501. [ 3emun,

, TIIe g — YCKO-

Hanpumep, o = 7,89 xM/c, v, =11,2 km/c.

3agava 7. Paccmompume mabauuy 5, cooep-
swawyro xapaxmepucmuxu naanem Conneu-
Hotl cucmemvl. Bubepume 08a ymsepixoenus,
KOMOopbvle COOMEEMCMBYIOM XAPAKMEPUCTNU-
Kam naauem.

1) Ycxopenue c60600m020 nadenus na FOnu-
mepe cocmasasiem 40,1 M/C2 .

2) Ha Camypue ne moxem nab.iodamocs
cMeHa epemen 200d.

3) Opbuma Mapca naxodumcs na paccmo-
anuu npumepno 228 man xm om Coanya.

4) Camypn umeem camyio MaieHvKyio MACCy
u3 ecex naanem CoaHeUNOU CUCTNEMDL.

5) Yexopenue c60600H020 nadenus na ¥ pa-

2
ne cocmaeasem oxono 9,6 m/c*.

Pemenne. 1) Yckopenne cBo6OHOTO Tajie-
HUST MOXKHO HAlTH, 3Has IEPBYI0 KOCMUYECKYTO
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Tabmya 5
Cpeanee Huamerp Mepsas Cpeanas
}111?1:;]?1%};216 paCI;TOHHI/Ie B paifone %aI;J]IJ?éIHSI;H KOCMHYECKad | IJIOTHOCTD,
ot CouHIla,a.e. | PKBaTOpa, KM p CKOPOCTB, KM/C /et
Mepxkypuit 0,39 4878 28° 2,97 5,43
Benepa 0,72 12104 3° 7,25 5,25
3emura 1,00 12756 23°27' 7,89 5,52
Mapc 1,52 6794 23°59" 3,55 3,93
O muTep 5,20 142800 3005’ 42,1 1,33
Carypu 9,54 119900 26°44' 25,0 0,71
Ypau 19,19 51108 82°05' 15,7 1,24
Hermryn 30,52 49493 28°48' 17,5 1,67
CKOPOCTb: KOMopuvle COOMBEMCMBYIOM  XAPAKMEPUCTIU-

2
2 =\/g_R, ng =% = 24,79 M/C2< 40,1 M/C2.

2) HaxkJioH ocu Bpatienus y CarypHa 26°44”
MI03TOMY CMEHa BpPeMeH To/ja TaM HabJII0/[aeTCsl.

3) Paccrosuue or Mapca 10 Costtila cocTas-
aser 1,52 a.e. 9710 upubIU3UTETHHO
228 man kM (1 a.e. = 150 MaH KM).

4) CarypH — ILIaHeTa-TMraHT ¢ GOJIbIIOl
Maccoii.

5) AHAIOTUYHO TIYHKTY 1),

—ﬁ—gsM/c2
g R ) .

Hmax, sepubl yrepxaenus 3) u 5).

3anaua 8. Paccmompume mabauuy 6, cooep-
Kawyio xapaxmepucmuxu naanem Coaney-
notl cucmemvl. Bui6epume dea ymsepixoenus,

Kam naawem.

1) Ilepsas xocmuueckas ckopocmo 66.1u3u
Mapca cocmasasiem npumepno 3,55 xn/c.

2) Cxopocmo dsuxenus Y pana no opbume 6
2 pasa menvuie, uem cxopocms Henmyna.

3) Cpedusin niOmMHOCMb NAAHEM  3eMHOI
2pYNNvL SHAUUMENLHO 6ble, YeM Y NldHem-
2U2anmos.

4) Yexopenue c6060010z0 nadenus na Bene-
pe npumepHo pasHo 10, 36 M/C2.

5) Macca Mapca 6 2 pasa menvuie MAccol
Semau.

Pemenue. 1) Ilo ta6muie HafizieM, 9To BTO-
pas KocMHYecKasi CKOpOCTb /11 Mapca paBHa
5,02 kM /c. I3BecTHO, 4TO BTOpasi KOCMUYEC-
Kasg CKOPOCTb CBfA3aHa C IIePBOH KOCMUYECKON
CKOPOCTBIO COOTHOMIEHIEM Uy = +/20; . Otciona

Tabmiya 6
e | Jotiery | Jlepros | Hepwor | Bropms || Commas

9KBATOPA, KM BokpyT CourHita BOKPYT OCH CKOPOCTb, KM/C /oM
Mepky puii 4878 87,97 cyrok 58,6 cyTok 4,25 5,43
Benepa 12104 2247 cyrok 243 cyTok 3vaca 10,36 5,25

50 MuHyT

3emsg 12756 365,3 cyTok 23 4aca S6 MuHyT 11,18 5,52
Mapc 6794 687 cyTor 244aca 37 MUHYT 5,02 3,93
IOnuTep 142800 11 ner 314cyrox | 9 gacoB 55,5 MUHYT 59,54 1,33
Catypn 119900 29 met 168 cytox | 10 wacos 40 MuHYT 35,49 0,71
Ypan 51108 83roma 273 cyrox | 17 uacos 14MunyT 21,29 1,24
Henryn 49493 164rozma 292 cyrox| 17 wacos 15 MuHyT 23,71 1,67
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HAXO/IMM MEePBYI0 KOCMUYECKYIO CKOPOCTb:
o = L 3,55 km/c .
V2

2) Henryn — camasi gajibHss ILIaHeTa OT
CousHIla, 1Mo3TOMYy €e OpOUTaJbHAsT CKOPOCTb
6yaet camoil MasieHbKoi B COTHEUHOIT cucTeMe.

3) CpenHsas IIOTHOCTH IJIAHET-THTAHTOB
(IOmmrep, Carypu, Ypau u Hentyn) HamMHOTO
HIUKE CPeJIHEl IJIOTHOCTH T1JIaHeT 3eMHOU TPy TI-
nb1 (Mepkypuii, Benepa, 3emus, Mapc). IIpu-
yeM camas HHU3Kas 1iotHocth — y Carypha
(MeHblIIe TUIOTHOCTH BOJIbI), & caMasi BbICOKast
TJIOTHOCTD — y 3eMJIN.

4) Ycropenue CBOGOMHOTO MAJEHUS MOYKHO
BBIUUCJIUTD Yepes MePBYI0 MU BTOPYIO KOCMU-
YECKYI0 CKOPOCTh:

_u_n
I"R R

5) Macca 1mraneTsl cBs3aHa C IJIOTHOCTHIO 1

=912 m/c? < 10,36 m/c? .

paauycoMm coorHowmenueM M =p- %nR3 . Io-

ITOMY
My _ps Ry
My py Ry
CaedosamenvHO, BepHDI yTBEPsKIeHNs 1)
u 3).
3anmaua 9. Paccmompume mabauyy 7, cooep-
KAWYIO XAPAKMEPUCTNUKU HEKOMOPYIX CRYm-
nuxoe naanem Coaneunoil cucmemul. Boibepu-
me 08a ymeepKOeHus, KOMOPve COOMEem-
CMBYIOM XAPAKMEPUCTNUKAM NAAHETN U CIYM-
HUKOG nadanem.
1) Yckopenue c60600m020 nadenus na Obe-
poue pasno 7,7 M/62 .
2) Macca Jlynor menvuwe maccor Ho.

=9,3>2.

3) O6sem Tumana nowmu ¢ 2 pasa 6oavue
obsema Tpumona.

4) Ho naxodumcs 0anvue om noepxuocimu
FOnumepa, uwem Kanaucmo.

5) Hepsas kocmuueckas ckopocmy das Tpu-
mona cocmaegasiem npumepno 1,03 xm/c.

Pemenue. 1) Yckopenue cBOGOAHOrO maje-
HHA HAXOAUM uYepe3 LepBYIO WU BTOPYIO KOC-
MUYECKYIO CKOPOCTb U Pa/IuyC CIIyTHHUKA:

o o 2 2
g=—=—20,39M/C <7,7M/C.

R 2R
2) Cpasuum Macest JIyubsr u Wo:
3
My _Pa R gy <y,
MI/Io P11o RI/IO

3) O6bem Turana (V:%n}%s) IIOYTH B

2% =8 pas 6obiiie o6beMa TpuroHa.

4) WMo mwHaxoauTtcs Ha pPacCTOAHUH
422,6 ToIc.KM oT IOmmTepa, a Kammicro — Ha
paccrostun 1883 Thic.kM or Hero (aHmbIe
TaGJUIbL), caefoBaTeabto, Mo 6mske k I0mm-
Tepy, yeM Kammucto.

5) TlepBas KocMuuecKass CKOpOCTh Ha TpuTo-
He paBHA

o 02 1450 m/c

2 V2

Hmax, sepubl yTBepsKkaeHus 2) u 5).

3amaua 10. Paccmompume mabauuy 8, co-
deprawyro xXapaxkmepucmuru Hexomopuvlx
Kapauxosvix naanem u acmepoudoe Conneu-
notl cucmemvl. Bubepume 08a ymeepixoe-
HUs, KOMOpvle COOMBEMCMBYOM Xapaxme-
puUcmuKam acmepoudos u KaApAuKOSuIX MNad-
nem.

=1030 m/c =1,03 km/c

Tabmya 7
Cpenusis Bropas

LRSS | o gt v | oo, | socwrin | hiners
Jlyna 1737 384,4 3,35 2038 3emaa
doboc 12 9,38 2,20 11 Mapc
Mo 1815 422,6 3,57 2560 O muTep
Espomna 1569 670,9 2,97 2040 Omurep
Kamnucro 2400 1883 1,86 2420 Omurep
Turan 2575 1221,9 1,88 2640 Carypu
O6Gepon 761 587,0 1,50 770 Ypan
Tpuron 1350 355,0 2,08 1450 Henrryn
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Tabnya 8

Haspanue

actepouga win | IIpumepnnrit I?T%ﬁb]élgf Hgggogrogg?ln}iegﬂﬂ IDKCIIEHTPHUCHUTET Macca,

KapJIUKOBOT paguyc,kKM Opél/IT}I])I Qe sgh?[]HbIX He? ’ OpOUTHL € KT

ILTIAHETHI e
Becra 265 2,37 3,63 0,091 3,0 -10%°
IBHOMMIS 136 2,65 4,30 0,185 8,3-10%
Ilepepa 466 2,78 4,60 0,077 8,7 -10%
Maraza 261 2,78 4,61 0,235 3,2-10%
IOHoHa 123 2,68 4,36 0,256 2,8-10"
Te6a 100 2,42 3,76 0,202 1,4-10%
AxBuTanug 54 2,79 4,53 0,238 1,1-10'

1) Acmepoud I'e6a epawaemcs no 6oee
soimAnymou opbume, wem acmepoud Becma.

2) Boavwue noayocu opbum Kapauxosoi
naanemot Ilepepa u acmepouda Ilarrada oou-
HAKOBbL, 3HAUUM, OHU OBUNKYMCS NO 00HOU
opbume dpyz 3a dpyzonm.

3) Cpednsisi nAOMHOCIY KaAPAUKOBOU NAdHE-
mot Llepepa pasua 400 KZ/M3.

4) Ilepsas xocmuneckas ckopocmv 04s dac-
mepouda FOnona cocmasasem 6onee 8 xm/c.

5) Opbuma acmepouda Axeumanus Haxo-
dumcs mexdy opoumamu Mapca u FOnumepa.

Hanomnum, umo sxcyenmpucumem opoumo

, 2
onpedensiemcsi no popmyne e = |1 — b—2 , 20e
a

b — manas nonyoco, a — Ooavuds NOAYOCcH
opbumol. Y oxpyxnocmu e = 0, y anaunca
0<e<1.

Pemenune. 1) YV acreponga TeGbl sxcrent-
pucuter e = 0,202, a y Bector e = 0,091,
moatomy y I'e6br opéuta 60Jiee BLITSHYTAS.

2) BoJblnre mogyocu OpOHT ACTEPOUJIOB
Ilepepa u Ilammaga ognHaKOBBI, HO 3KCIEHT-
pucuretr lepepsr pasen e = 0,077, T.e. ee
opbuta 6/1M3Kasi K KPyroBOil, a y actepouja

[Mamnaga e = 0,235, mostomy ero opb6ura
BBITSIHYTasl.
3) Cpennssa naornocts Ilepepsr
m 8,7-10% xr
p= =

(4/3)nR® 4,2(4,66-105)3 o
= 2000 kr/m> > 400 xr/m° |

Xorst MOXKHO 6bLTO M He cuntarb. lloTHOCTD
3

400 KI‘/ M” OYeHb HI3Kasl, OHA COOTBETCTBYET

6OJIBIIOMY KOJIMYECTBY JIETKUX BEIECTB B CO-

cTaBe KapJIMKOBOW ILIAHETHI, a 3TO HE Tak.
Camas mMasenbkast mrotHocts — y CarypHa, y
KOTOPOTO OuYeHb MoIHasi arMocdepa, CocTosi-
mast Ha 96% 13 BoJOPOAa U Ha 3% U3 TeJs;
u ta pasua 700 Kr/M3 .

4) Jlia toro 4ro6el y IOnoHbI GblLia Takas
nepBasi KOCMUYECKasi CKOPOCTh, HY>KHBI Macca
U pajJinyC TIOPSI/IKA MACChl U pajiyca 3eMJIn.
A macca KOHOHBI B IECSITKM THICSIY pa3 MeHb-
I1e Macchl 3eMJIH, TOT/J[A KaK ee PaJiyc MeHb-
nre 3eMHOro Jwmiib B 5O pas.

5) MoxHO, HapuMep, CPaBHUTH IIEPUOJbI
obpartennst Bokpyr Cousnia. Ilepuog o6pa-
menusg 3emsu 1 rog, Mapca 1,8 ser, FOnuTe-
pa 11 ner, a AxButanuu 4,53 roga. IToaxo-
aut. Vu MOXKHO BCIIOMHHUTB, YTO CpEIHee
paccrogame ot Mapca no Couanma 1,5 a.e, a
or IOmnurepa no Counna 5,2 a.e. Iloatomy
BCe IpejCcTaB/eHble B TaOJMIE acTepOM/Ibl 1
KapJMKoBas IulaHera llepepa mnpuHajiexaT
IJIABHOMY TOSICY aCTEPOH/IOB, PACIOJIOKEHHO-
My Mexzy Mapcom n IOmmTepom.

CaedosamenibHO, BePHDI yTBEPKIEHUS 1)
uns).



XXXIX TypHMp ropofos

3A0AYN OCEHHEIO TYPA (20171Op)

basoBbIn BapuaHT
8—9 knaccel

1. (3) ! Nmeerca 5 neny.iesbix unces. /s
Ka’K/[bIX /IBYX M3 HUX BBIUICJEHBI NX CyMMa H
npousBesienne. OKasaroch, 4YTO TATH CYyMM
TIOJIOKUTEJIbHDI 1 IATb CYyMM OTpUIIaTEJ/IbHDbI.
CKOJTbKO TIPOU3BEeHUN TOJOKUTEIbHBI U
CKOJIBKO — OTPUIATETbHBI?

b. Openxun

2. (4) Cymectsytor ju takue 99 nocsenosa-
TEJIbHBIX HATYPAJbHBIX YUCEN, YTO HAUMEHD-
mee u3 Hux Jeautcs Ha 100, caenyroiee fenT-
cs Ha 99, Tpetbe mesntcs Ha 98, ..., ocseaHee
neaurcd Ha 27

11. Ko.xeenuxoe

3. (4) B pan nexxat 100 BHENIHE OANHAKOBBIX
moner. Cpenn HUX poBHO 26 (aTbINBBIX,
puYeM OHHM JieskaT moApsix. Hacrosiiie Mote-
THI BECAT OJIMHAKOBO, (DaJbIIUBbIE — He 00s3a-
TEJIBHO OJIMHAKOBO, HO OHM JIeTYe HACTOSIIHX.
Kak 3a ojiHO B3BelIMBaHUE Ha JIBYXYAlEUHBIX
Becax 6e3 THPb HATH XOTsT ObI OHY (PasbIln-
BYIO MOHETY?

P.2Kenoodapos

4. (5) Ha ool u3 k71eTok moJist 8 X8 3apbiIT
KJaja. Bbl HaxoauTech ¢ MeTaJJIONCKaTesieM B
I[EHTPE OJHON M3 YTJIOBBIX KJETOK 9TOTO MOJIst
U TIepe/IBUTAETECH, TIEPEXOST B IIEHTPBI COCE/T-
HUX TI0 CTOPOHE KJETOK. MeTaToncKaTesb
CpabaTbIBAET, €CJIU BbI OKA3AINCH Ha TOI KJIeT-
Ke, T/Ie 3apBIT KJIa/], WM B OJHOH U3 COCEIHIX
C Heil 110 CTOPOHE KJIETOK. MOKHO JIM TapaHTH-
POBaHHO yKasaTb KJIETKY, T/€ 3apbiT KJaJ,
Mpoiiist paccrostHre He 60Jiee 267

M. Esdoxumos

3. (5) OxpysxHocTb paguyca 1 HapucoBaHa
Ha MIAXMATHOH JIOCKe TakK, 4TO IeJUKOM CO-
JIePKUT BHYTPU Oeyio KJIeTKy (cTopoHa Kiet-

t B cko6kax mocie HOMeEpa 3a/a4i YKa3aHO

MaKCUMaJIbHO KOJIMYECTBO 63..71]IOBy TIPUCYKIaBUINX -
Cd 3a ee pelieHue. Wror mnomsoputcs 1o TpeM
3a/la4aM, 110 KOTOPbIM AJOCTUTHYTbI HaWJIY4IlIUE pe-
3YyJbTaThI.

kn pasHa 1). Jlokaskure, 4TO Y4acTKH 9TON
OKPYJKHOCTH, TPOXOJSIe 10 GesbiM KJeT-
KaM, COCTaBJISIIOT cyMMapHO He Gosiee 1,3 ot
ee JIJIUHBI.

M. Egdokumoe

10—11 knacch!

1. (4) CymecTByIOT JI1 HElleTbIe Yucaa X 1 ¥,
nast koropeix  {x}-{y}={x+y}? (3meco
{x} — napobmas yacrp uncaa x.)

M. Esdoxumos

2. (4) B tpeyroabuuke ABC nposean Guc-
cextpucy CL. CepeAMHHDIH TTEPIEHINKY ISP K
cropone AC mepecekaet otpe3ok CL B Touke K.
JloxkaxuTe, 4TO ONMMCAHHbBIC OKPYKHOCTH TPEY-
ronbHuKoB ABC n AKL kacaiotcs.

M.Ilanos

3. (4) Umeetca 21 wenmynesoe uncno. s
KaK/IbIX JIBYX U3 HUX BBIYUCJEHBI UX CyMMa W
npousseerre. OKas3aaoch, YTO IOJIOBUHA BCEX
CYyMM TIOJIOXKUTEJIbHA U TOJIOBUHA — OTPUILA-
tesabHa. KakoBo HamboJbiee BO3MOKHOE KO-
JIMYECTBO TOJOKUTETHHBIX TTPON3BEIEHNT?

b. Dpenxun, C.Kyops

4. a) (2) Moxer M HEKOTOPBIH 1ap BbICE-
KaTbh Ha IPaHsAX KaKOro-HUOY/b HPaBUJIbHOTO
TeTpaspa Kpyru paauycoB 1, 2, 3 u 4?

6) (3) Tor ske BoOIpOC, €Cau Pajnyc Imapa
JIOJKEH OBbITh paBeH J.

M. Esdoxumos

5. (5) B 7eBoii HUKHeH KJeTKe [IOCKH
100 x 100 crour ¢umka. Yepeayss ropusoH-
TaJbHBIE ¥ BEPTHKAJbHBIE XOJBI B COCEIHIOI
1o cropoue Kiaerky (I1epBblii X0 — TOPU30H-
TaJbHBII), OHa JI0IIA CHAYaIa [0 JeBOH BepX-
Hell KJIeTKM, a TIOTOM JI0 TIPaBoil BepxHell.
[lokaskute, 4TO HAMIyTCS /IBE Takue KJIETKH A
u B, 4To duika He MeHee [BYX pa3 Jesasa
xon u3 A B B.

A.Tpubanrxo

CNnoXXHbIN BapuaHT
8—9 knaccel

1. (4) Umeercs xesesnas rups B 6 Kr, caxap
7 HeBeCOMBIE TTaKeTh! B HEOT PAHIMYEHHOM KOJTH-
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YecTBe, a TAKJKe HEeCTAHaPTHDIE BECDI C J[BYMsI
YariaMy: BeCbl HAXOJSTCS B PABHOBECUU, €CJIU
Ipy3bl Ha JIEBOI M TpaBOil YamiaX OTHOCSTCS
Kak 3:4. 3a OJHO B3BeNTMBaHNE MOKHO TMOJO-
JKUTDH HA BECHI JIIOOBIE YIKE UMEIOINECST TPY3bl
u J00aBUTD HA OJHY W3 YAIll MAKET C TaKUM
KOJIMYECTBOM €axapa, YToObI Yalllil YPaBHOBE-
cuarch (Takue IakeTbl ¢ caXapoM MOYKHO HC-
H0JIb30BATh IPU AAJIbHEIIINX B3BEIIMBAHUAX ).
Ynactes gm otMepuTh 1 KT caxapa?
I'.I'anvnepun

2. (4) [lanbl nBe MoHETBI paauyca 1 M, aBe
MOHETBI pajiyca 2 CM U JIBE MOHETbI Pajnyca
3 cM. MO3KHO TIOJIOKUTH iBE M3 HUX Ha CTOJ
TaK, YTOGBI OHU KACAJIHCh APYT APYTa, W 106aB-
JIITH MOHETHI 110 OJIHOH Tak, 4TOOBI OuepeHas
Kacasach X0t Obl IBYX yoKe Jexkanmx. Hosyio
MOHETY HeJIb3sl KJIACTh Ha cTapylo. MOKHO Jn
IOJIO>KUTh HECKOJIbKO MOHET Tak, YTOObI 11eHT-
Pbl KaKMX-TO TPEX MOHET OKa3aJich Ha OJHON
TIPSAMOT?

E.Bbaxaes

3. (6) Cm. 3amauy M 2486 «3azaunuka « Kpan-
Ta» JIJIS1 TPEX MECALEB BMECTO JIBEHA/ILIATH.

4. a) (1) Cm. 3agauy M2490 a «3agaunnka
«KBanra».

6) (3) Cm. szamauy M2490 6 «3amaunuka
«KBanTa» .

B) (4) Cm. zamauy M2490 B «3amaunnka
«KBanra».

3. (9) Tudpsr HarypaiabHoro uucaa n > 1
3ammcaaum B OGPATHOM TOPSAJKE M PE3yJbTaT
YMHOKUIIH HA 72. MOTJIO JI Oy 9UThCST YUCITO,
3AIIMCHIBACMOE TOJIDBKO C/IMHUTIAMH?

D.Ilempos

6. (9) Cm. samauy M2487 «3apaunuka «Ksan-
Tar.

7. a) (5) Cm. 3amauy M2488 a «3amaunuka
«KBanra».

6) (5) Cwm. szamauy M2488 6 «3amaunuka
«KBanTa».

10—11 knaccob!

1. a) (1) Cm. sagauy M2490 a «3agaunuka
«KBantay .

6) (2) Cm. szamauy M2490 6 «3amaunuka
«KBanra».

B) (3) Cm. szamauy M2490 B «3amaunuka
«KBanra» .

2018/Nel

2. (5) JlaH UpaBUJBHDBIN MECTHYTOJIBHUK C
meratpom O. IlpoBesm Takue IIECTb PaBHBIX
OKPY>KHOCTEH C IIEHTPaMi B BEPIINHAX IIECTU-
YTOJIbHUKA, 4TO ToYKa O HAXOJIUTCS BHYTPH
OKPY>KHOCTEH. YTOJI BEJTMUNHBI ¢ C BEPITUHON
O BbICEKAET HA ATUX OKPYIKHOCTSIX IECTb [IT.
JlokauTe, 4TO CyMMapHasi BEJIUYNHA ITUX YT
paBHa 6oL.

E.baxaee

3. (6) Cm. samauy M2486 «3azaunuka «Kpan-
Tar.

4. (8) Cm. samauy M2489 «3anaunuka «Kpan-
Tax.

5. a) (3) Cm. zagauy M2491 a «3amaunuka
«KBaHTa».

6) (4) Cm. zamauy M2491 6 «3anaunuka
«KBanra».

B) (4) Cm. zamauy M2491 B «3amaunnxa
«KBanra».

6. (10) Mau tpeyrombruk ABC. Ilycrts I —
IIEHTP BHEBITMCAHHOI OKPY’KHOCTH, Kacarolieii-
cs cTopoubl AB, a Aj m B — TOYKHN KacaHus
JIBYX JIPYTUX BHEBIMCAHHBIX OKPYKHOCTEH CO
croponamu BC u AC coorserctBento. [Tycts M
— cepeauna orpeska IC, a orpesku AA; u BB,
nepecekaiorcst B Touke N. /lokakure, 4TO TOY-
ku N, By, Au M nexar Ha OIHOI OKPY>KHOCTH.

D.Henes

7. (10) Topox umeer BUJ KBajpara nXn,
pas6utoro Ha KBapraibl 1x1. Yaumsr uayr c
ceBepa Ha IOT W C 3aliajla Ha BOCTOK. UesoBeK
KaK/IbIN JIEHb YTPOM HUET W3 I0T0-3aIla[HOTO
yTJIa B CEBEPO-BOCTOUHBDII, JIBUTAsICh TOJIBKO HA
ceBep MJM BOCTOK, a BEYePOM BO3BPAIAETCs
o6paTHO, JIBUTASICh TOJIBKO Ha IOT WJIU 3ama/l.
Kaxzmoe yTpo OH BBIOWpAeT CBOH TyTh Tak,
4TOOBI CyMMapHas JJINHA 3HAKOMBIX y4acTKOB
nytu (Tex, KOTOpbIE OH YK€ TPOXOANT B TOM
WJIM MHOM HAITPaB/JIeHNH) ObLIa MUHUMAJIbHA, U
KasK/Iplil Beuep Toxke. Jlokaskure, 4To 3a 1 JIHEn
OH TPOIIET BCE YJUIIBI I[EJTHKOM.

M. Tudun

Hy6auxayuio nodzomosuiu
C.opuuenxo, JI. Mednuxos



NHOOPMANINUA

OuepepHou Habop B B3MLL

Beepoccuiickas 3aounast
MHOTOTIPE/IMETHAS IIKOJIa
(B3MII), sxoagmas B
CTPYKTYPY MOCKOBCKOTO
gutiess «BTopag mkosa» u
pa6otaoriast pu MOCKOB-
CKOM TOCY/JapCTBEHHOM
yHuBepcurete uMenn M.B.JloMmoHnocoBa, B 115ITh-
JIECSIT YeTBEPTDbIl pa3 MpoBoJAUT HAbOp yda-
muxcs. JTa mKoJia OblIa cO3/I1aHa 10 WHUINA-
tuBe akajgemuka .M. .Tenpdanga B 1964 roy.
Mmuorue rogsr .M. Tenbdan Bosriasmisna Ha-
YUHDBIil COBET ITKOJIbI.

B3MIUI — rocymapcTBeHHOE YyUpeKICHUE
JIOTIOJTHUTETBHOTO 06PA30BAHMS, IOCTYITHOE J1JIsT
BCEX JKEJAIOMNX,, TIPUYEM He TOJBKO IS KO-
HUKOB, TIOTIOJTHUTb CBOU 3HAHWS B OJHOU WJIN
HECKOJIbKUX U3 CJEIYIONMX 06JacTeil HayKu:
MaTeMaTHKa, 6moJorus, gpuaoJorus, Gusnka,
ucropus (repevnciaeHue — B XpOHOJOTHIECKOM
HOPSIJIKE OTKPBITUS OTAEJNCHUN).

Ceitdac BSMIII coBmecTHO ¢ IpyrUIMI HAyd-
HO-TI€/IJATOTUYECKUMU  YUPEXKIECHUSIMU BeJIET
uccaeoBaTeIbckue paboThl Mo pa3paboTke
HOBBIX MHTEPAKTUBHBIX TEXHOJOTHI B 06pa3o-
BaHUK U MEPEBOJIY YaCTU CBOMX y4eGHO-MeTO-
JIMIECKUX KOMILJIEKCOB Ha S3BIK COBPEMEHHBIX
TeJIeKOMMYHUKAIUI.

3a Bpems cymectBoBanuss BSMIII ynocrtose-
pEHHS O ee OKOHYAHUU TIOJYYHJIU HECKOJIBKO
COTEH TBICSY ITKOJIBHUKOB U TBICSYU KPY>KKOB
— rpynn «KomrexktuBHprii yuennk B3MII».

O6yuenne B mkogae 3AOUHOE, t.e. naun-
Hast ¢ centsiopsi—oxTsi6pst 2018 roma Bee mocTy-
nuBime 6yyT CUCTEMAaTHYECKHU MOJyYaTh Clie-
IIHAJbHO pa3paboTaHHbIE [IJIT 320YHOTO 00yyJe-
HUS MaTepPHUasbl, COJIePsKaIIe U3JI0KEHUE Teo-
peTUYeCcKNX BOTPOCOB W METOJIOB paccy:Kie-
Hull, pa3HooOpasHble 3a/a4M IS CaMOCTOSI-
TeJIbHOI PaboThl, O6pasilbl pelleHuil 3a/1a4,
JIeJIOBbIE UI'PbI, KOHTPOJIbHBIE U MTPAKTUYECKUE
3a/IaHUS.

KonTposbublie paboThl yyanmxcs 6yayT Tia-
TEJIBHO TIPOBEPATHCS W PETIeH3MPOBATHCS TIpe-
nogasaresamn B3MII — crygentamu, acnn-
paHTaMu, IMperojaBaTe/ siMi U HAYIHBIMH CO-
tpyanukamu MIY, a takske apyrux By30B U
YUPEKAEHUI, T/ie UMeIoTCs (PUIUAITBI TTKOJIBI.
MHorwe u3 mpero/iaBareseii B CBOe BpeMsi CaMu
3akonunan B3MIII u moatomMy 0oco6eHHO XOPO-
110 TIOHMMAIOT, KaK Ba)XHO yKas3aTb, MOMIMO

KOHKPETHBIX HE/[0YeTOB, MYTU JIUKBUIAIIH
UMEIOMUXCS TPOGEJIOB B 3HAHUSAX, TOPEKOMEH-
JIOBATh JIOTIOJHUTEJIbHYIO JIUTEPaTypy, MOPY-
ratb 3a HEBHUMATEJIBHOCTb W TOXBAJUTD 34
3aMeTHblii (a MHOT/IA — 1 32 CaMblil MAJICHbKUIi)
IpOrpecc n TPy/oJIo0ue.

Iocrynupmme 8 BAMII cMoryT y3uatb 06
YBJICKATCIBHBIX BEIAX, YaCTO OCTAIONINXCS 32
CTPaHUIIAMH IITKOJBHOTO y4YeOHWKA, TTO3HAKO-
MUTDHCS C MTHTEPECHBIMU HECTAaHIAPTHBIME 33/1a-
YaMu U TOIPOOOBATH CBOU CUJIbI B UX PEIIEHNN.
[l MHOTHX CTaHeT OTKPOBEHUEM, YTO 3a/1a4u
ObIBAIOT HE TOJBKO B MareMaruke, (pU3MKe U
XUMHU, HO U B 6GNOJIOTHH, (PUJIOJOTHH U IPYTUX
Haykax. Perrenue 3a/1a4 TOMOKET TIPOSICHUTD 1
c/ieJlaTh WHTEPECHBIMH MHOTHE pas/iesibl, Ka-
3aBIINECS HETTOHATHBIMHA M CKYYHBIMH.

OpHa 13 0oco6eHHOCTEN yUeOHbIX TPOrPaMM 1
noco6uii B3MIII — B TOM, 4TO OHHM CO3/aHbI
JICHICTBYIONIIMU HAa TIEPEIHEM Kpae HAayKH Ta-
JIAHTJIUBBIMU YYEHBIMU U OTIBITHBIMU HE3ay PS/I-
HBIMHU TIe/ITarOTaMH.

UYrTo6bI yCIIeNTHO 3aHNMATbCS B 3A04HOH 1IKO-
Jie, BaM TIPUETCS HAYYUTHCS CAMOCTOSITEIbHO
U TIPOJYKTUBHO paboTaTh ¢ KHUTOIl, IPAMOTHO,
YeTKO, KOPOTKO M SCHO M3JIaraTh CBOW MBICJIH,
a 3TO, KaK M3BECTHO, YMEIOT /JaleKo He Bce.
BosmoxxHO, Hama 3aodHasg MIKOJA TIOMOXKET
BaM BbIOpaTh MPodeccuio, HAlTH CBOe MECTO B
OKPYJKAIOIIEM MUPE.

Bce Bbimosnusimue nporpammy B3MII 1o-
JIy4aioT IUTIOMBI. XOTS (OPMaJbHBIX TIpe-
UMYIIECTB OHMU HE JAI0T, MPUEMHbIE KOMICCHUH
MHOTHX BY30B YUYUTBIBAIOT, 4YTO OOJajaTesiu
9TUX Y/IOCTOBEPCHUN B TeUYEeHHE IPOIOJKNU-
TEJHBHOTO BPEMEHH CaMOOTBEPIKEHHO TPY/IH-
JINCH HaJ| TpUoOpeTEeHNEM 3HAHUI, HAYYUJINCH
CaMOCTOSITEIbHO TBOPYECKH paboTaTb, a 3TO
3HAYUT, YTO W3 HUX IOJIyYaTcsl XOPOIIHe CTY-
JICHTDI M, B JATbHEHIIEM, TPaMOTHBIE, ByMYH-
Bble, IMMPOKO 06PA30BAHHDIE CIIEINATICTDI.

Bbl cMoskere ToJydaTh HalM 3aaHUS Kak
OOGBIYHOI, TaK U AJEKTPOHHOIT ITOYTOI, a TaK)Ke
MPUHUMATD y4acTHe B apoOaIiiit HOBbIX HHTEP-
AKTUBHBIX YYeOHBIX TTPOTPAMM.

[l moctynnenns 8 BSMII wajo ycnenrHo
BBITIOJTHUTD BCTYIHUTEIbHYIO KOHTPOIBHYIO pa-
6oty. llpueMHYI0 KOMHCCUIO HHTEPECYET, B
MEPBYIO O4Yepelib, Ballle YMEHUE PacCy’KAaTh,
nonbiTk (IyCTh MOHavay HE COBCEM y/au-
HbIE) CAMOCTOSTENbHO MBICIUTh M JIeJaTh Bbl-
Boapl. IlpemmymiecTBOM TpPH TOCTYTIJICHUH
MOJIb3YIOTCST TIPOKUBAIONINE B CEJIbCKOH MecCT-
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HOCTH, TIOCEJIKaX U HeOGOJIbIIUX TOPOJaX, IIe
HET KPYIHBIX HAYYHBIX IEHTPOB U YYeOHBIX
3aBe/IEHUI U TJe TOJYYUTb JOMOJHUTEIbHOE
00pa3oBaHie MOKHO JIMIIb 3A09HO.

Pertenust 3a/1a4 BCTyUTENBHOI PabOThI HA/IO
HAIUCATDh HA PYCCKOM sI3bIKe€ B OOBIYHOM yue-
HUYECKOH TeTpaju B KJeTKy. sKemnatomue 1o-
CTYIIUTH CPa3y HA HECKOJIbKO OT/EJCHUN KaK-
JIyI0 paboTy TPUCHLIAIOT 6 0MOeIbHOU Mem-
padu. Ha o6i0xKe TeTpaay yRaskute: ghamu-
U0, UMsL, 0muecmso, 200 poxderus, 6a3o-
6oe o6pasosanue (CKOJIBKO KJIACCOB CpeaHER
mKoJbl GyJIeT 3aKOHYEHO K cenmsopio 2018
200a), noanwvii noumoswiii aopec (¢ UHIEK-
com), omkyda ysuaru o BBMIII (u3 «Kpan-
Ta», OT Jpy3eil, W3 adull 3a09HOI IIKOJLI 1
T.II.), HA KAKOe OMOeAeHUe XOmume nocmy-
numo.

Adpec B3BMIII: 119234 Mockea, Bopobvesui
zopvt, MTY, B3MIII, na npuem (yxaxume
omdenenue)

Tenegpon: (495) 939-39-30

OG0 Bcex HaIIUX OTAEJEHHUSX BBl MOXKETE
y3HaTb Ha oOmuemKkoabHoM caiite B3MIII:
www.vzmsh.ru

Ha Bammm BoImrpochbr MBI OTBETHM TI0 3JIEKTPOH-
HoU TrouTe: vzms@yandex.ru

Berynuresbibie paboTbl 00paTHO He BBICHI-
JIatoTCA.

bBe3 BerymureibHOI paGOThI, TOJBKO MO 3a5IB-
JIEHUIO, TIPUHUMAIOTCS HA WH/IUBU/YaTbHOE
o6yuenne nobeaurenn 06aacTHbIX (KpaeBbIX,
peciyGIMKaHCKIX ) TYPOB BCEPOCCUIICKHUX OJTUM-
[Ua/l 110 COOTBETCTBYIOIIMM HPEJMETAM, a TaK-
JKe YYACTHUKK (DPUHATBHBIX TYPOB 3TUX OJIUM-
uaj.

Yuammumecs B3MIII yactuuHo Bo3MeIaoT
pacxozpl Ha cBoe ob6yuenue. [To mpocnbe Tex,
KTO HE B COCTOSHNY BHeCTH 3Ty Tiary, B3MIII
roTOBa 06PATUTHCS B IIIKOJY, B OPraH HAPO/IHO-
ro o6pa3oBaHus, K APYroMy CIIOHCOPY C XOJa-
taiictBoM 06 oriate aTuM GJArOTBOPUTETIEM
COOTBETCTBYIOIINX PACXO/IOB.

[ToMuMo wHAMBHUAYATBHOTO OOYYeHUs, Ha
Bcex otaesnenusx B3MIII, kpome 6mosiornyec-
Koro, umeercst popma obydenusi «Kosekrus-
HBIN YYeHUK». JTO TPYIIIA yyalmxcs, pabora-
IoM1ast 1MoJi PYKOBOJCTBOM IIPenojaBaTelis
(IIKOJMILHOTO yuHTe/Is, HPENnojaBaress Bys3a,
CTY/IeHTa WJM JAPYroro SHTy3HMacTa) M, Kak
[IPABHJIO, 110 TEM JKe MOCOOUSIM 1 TIPOTPaMMaM,
4TO0 M MHAMBHAYaATIbHO. [Iprem B aTu rpyiiipl
mpoBoautest do 15 okmsaops 2018 zo00a. s

2018/Nel

3aUUCJICHUsST TPYNIBI TpeOGyeTcs 3asiBIeHUE ee
pykosozautens (¢ ykazanueM ero npodeccun u
JIOJKHOCTH, CO CIICKOM YYalluXcsi U cooOle-
HUEM O TOM, B KAKOM KJIacce OHU OYyT YUUTbCSI
¢ cenrabps 2018 roma); s3agBjeHME TOJKHO
ObITH TIOMUCAHO PYKOBOIUTEEM I'PYIIIIbI, 3a-
BEPEHO U TIO/IITICAHO PYKOBOIUTEIEM YUpeK/ie-
HUS, TIpU KoTopoM OyzeT paboTaTh TPYTINA.
Pat6ora ¢ rpymmamu «KoJieKTuBHbIN yueHnKs
MOXKET OTIJIAYNBATHCS MKOJAMH Kak (haKyIbTa-
TUBHbBIE 3AHSIITHSI.

Ha Cesepo-3anayie Poccun paboraer Cese-
po-3araiHast 3a04Hasi MaTeMaTHYeCKast ITKOJIa
npu Jlumee <«@®usnKo-TeXHUYECKAS IITKOJIA»
(TosibkO MaTeMaTHueckoe orzesienue, 8—11
KJIACChI).

JKenarorue mocTynutb Ha OTEEHUE Mare-
MaTUKN u Tnposkusatone Ha CeBepo-3amaje
Poccun (B Apxanresnbckoil, Kaaununrpasic-
koit, Jlenunrpajackoii, Mypmanckoii, Hosro-
pojckoit, TIckoBckoit obmactsix, Kapesbckoit
n Komu pecny6imkax, a Takxe B CaHKT-
[TetepGypre), BBICHLIAIOT BCTYIIUTENbHbIC Pa-
6otpl 1o azapecy: 194021 Canxt-IlerepGypr,
ya. XuomnwuHa, .8, k.3, naurtep A,
C-3 3MIII npu JIunee «DTII». MosxxHo ot-
MPaBUTD CKAH-KOMHUIO PaGOTHI TI0 3JIEKTPOHHO-
My azapecy: mathscool@mail /ru. 9tor xe
9JIEKTPOHHDII a/[peC MOKHO HMCIOJIb30BATH JIJIst
csizu ¢ C-3 3MII. IMoapobuas nudopmanms
uMeeTcsl Ha caiiTe AUCTAHIIMOHHOTO OOYYEeHUS:
http: / /distmath.ru /.

[TpoxxnBarommue B OCTATbHBIX perrmoHax Poc-
cuu, JajbHeM U OJIIKHEM 3apy0Oeskbe BbIChLIA-
10T CBOM paboThI 110 MateMaTnke B ajipec BSMIII
I COOTBETCTBYIONIEro uinasia.

Anpeca HuUIMaNOB MAaTEMATUYECKOTO OT/IEIe-
nusg B3MII:

241035 r. bBpsnuck, yma. Mano-OpJiosckas,
n. 8, Tem.: (4832) 56-18-08,

e-mail: brotek@mail.ru;

610002 r. Kupos, a /s 2039, IIJIOOIII,

ten.: (8332) 35-15-03, 35-15-04,

e-mail: sms@extedu.kirov.ru,

caiit: http: / /cdoosh.kirov.ru;

150000 r. Apocaasab, yia. Coserckasd, 1. 14,

tes.: (0852) 11-82-03,

e-mail: olimp@olimp.edu.yar.ru.

Hwuxe Bbl Haiiere KkpaTkue cBegeHusi o0
orpenenussx B3MII u ycaoBust BCTynuTe Ib-
HBIX KOHTPOJIbHBIX PaloT.
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OTpeneHne MaTeMaTUKu

Mbi 3204HO 00ydaeM MaTeMaTHKe IKOJIbHU-
koB 6—11 kyaccos.

Ha unguBunyanpHoe obyueHre TPUHUMAEM
10 pe3yJibTaTaM BCTYNUTENbHOI paGOThI 1 BbI-
cputaeM 1ocobusi. Kyparop pykoBoaut o0yue-
HHUEM: COCTaBJIIeT IIPOTPAMMYy, TIPOBEpPSIET 3a-
JIAaHKS U OTBEYAeT Ha BOIPOCHI.

Ha o6yuenue B rpymre «KoJutekTuBHbI yue-
HUK»> TPUHIMAEM 110 3asBJIEHUIO PYKOBOUTE-
JIg TPYTIIBI. BpichliaeM moco6us Ha BCIO TPYII-
my. Y4YeHUKH TIPUCBLIAIOT HA HPOBEPKY B
B3MII ogny KOLIEKTUBHYIO PpabOTy 110 KaK-
JIOii TeMe.

[Ipunumaem yvamumxcs Ha Bce Kypcol ¢ 0-ro
no 5-it (r.e. yuenukos 6—11 kmaccos).

3asBJieHNe 1 BCTYTUTEIHHYIO Pa6GOTy TIPHUCHI-
JlaiiTe MO 3JIEKTPOHHOMY ajipecy Ipuema:
priem@math-vzms.org ujin Ha OYTOBBIN aj-
pec mkoul: 119234 MockBa B-234, Bopo6be-
Bbl roppl, MI'Y, mMaremaruuyeckoe oTesieHue
B3MIII.

Hamr caiir: http: / /www.math-vzms.org,/

Hamr tenedon: +7 495 93 93 93 0

Ecnu BBl XOTUTE YYUTHCS UHAMBUIYATHHO,
BBITIOJIHUTE BCTYIUTEJIbHYIO PaGoTy, YCJIOBUS
3aj1ad KOTOPOU TpUBEIEHbI HILKe. PemieHus
3a/1a4, ¢ KOTOPBIMU Y/IAI0Ch CIIPABUTBHCS, HY K-
HO 3a1mcaTb B 0ObIYHON yUeHUYECKOI TeTpain
M BBICJATb IPOCTOH OaHJepOJIbI0 BMeECTe C
3asIBJIEHUEM O TIPUEME B aJ[pec MIKO0JIbl. Beryru-
TeJIbHbIE PAGOTHl U 3aSBJIEHUS MTPUHUMAIOTCS
TaK’Ke TI0 3JIeKTPOHHOI TouTe. B aTtoMm ciryuae
paGora jospkHa GbITh oopmiiena B Buje (aii-
ga ¢opmara .doc wimm .pdf, MOKHO TaKKe
OTCKAHMPOBATH TEKCT PAOOTHI U NPUKPENUTD
€ro K 3asiBJEHUIO O TIPUEME.

3asBJieHye 0 TIpUeMe THUIIeTCS B CBOOOTHON
dopme. Coobumute haMUINIO, UM, OTYECTBO,
rof poskaenusi, Gaszosoe o6Gpasosanue (Ham
6b1710 6b1 y106HO T1povecTb: «C 1-ro cenTsabps
2018 roma st OGyay yduThcsl B KJacce» ),
MTOJTHBIN TOYTOBBIN aJIpec ¢ UHJEKCOM, OTKY/Ia
ysra/m o BBMIII (13 unTepHeTa, u3 >KypHaoB
«KBanr», «Hayka m KU3Hb», OT yuuTesd,
poauTesieil, [py3eil WJIN U3 APYTUX HUCTOYHU-
koB). CoobmmTe, moxanyiicta, agpec cBoeit
9JIEKTPOHHOII TIOUTHI, ecan oHa uMmeercs. He
3a6y/IbTe yKa3aTh, YTO BbI IIOCTyIIAe€Te HA OT/Ie-
JIEHIEe MAaTeMaTUKH.

Cpox omnpasku ecmynumenvrot pabomol —
do 15 uons 2018 zooa.

B npuBenennoii HiKe BCTYIUTEIBHON pa6o-
Te PSJIOM C TOPSI/IKOBBIM HOMEPOM 3a/lauil B
CKOOKax yKas3aHO, YYEHHMKaM KaKOro KJjacca
(uMeercst B BHIY TOT KJacc, B KOTOPOM BbI
npejrosaraete yuutbesi ¢ 1 cenrs6ps 2018
rojia) aTa 3ajaya IpeaHasHavYaeTcs. Bbr Mo-
JKeTe, ecJIl XOTHUTE, JIOTOJHUTEJIbHO pellaTh
3a/1aun, a/[pecoBaHHble GoJjiee CTapIIUM KJac-
caM.

He topomnurecs, a ecam 3ajaun He MOJyda-
I0TCSI, BO3BpalaiiTecb K HUM HECKOJbKO Pas.
[o 15 mona BpeMmenu emie gocratouno. Bos-
MOYKHO, Bbl HE CMOXKETe PelInTb BCe 3a/a4u
CBOETO KJlacca, TOrjla IPHUCHLIaliTe peleHus
TeX, KOTopble c/enarh yjaanoch. He 3abynbre
060CHOBATD CBOM PEIICHUsI, <TOJbII» OTBET K
3a/1aue pelleHneM He CYMTaeTCs.

3angaduv

1 (6-7). IlpocTble 4mcaa PACIOIOKUIN B
BHUJIE€ TIOCJIEIOBATEIBHOCTH B MOPSIJIKE BO3PaAC-
tanusi. BepHo Jin, uto cpejtee apudgmernyec-
KOe JIBYX COCEJIHUX MPOCTBIX YUCEJ HE MOXKET
ObITb IIPOCTHIM YUCJIOM?

2 (6-7). B kopoOKe Jie;kaT BO3LyNIHbIE 1IIa-
pukn: 10 xpacubix n 10 cunux. IIponaser He
TSI locTaer mo ognoMmy mapuky. CKOJbKO
[IAPUKOB €My HaJI0 BBITAIIUTb, 4TOGBI CPEN
HUX 00s3aTeJbHO HANLIKCH: a) JBa IIapuKa
OJIHOTO 1BeTa; 6) /Ba MapUKa PasHOIO LBETA;
B) TpPU MIapUKa OJHOTO IIBETa?

3 (6-7). Upunummre k wucay 10 cupasa un
cJIeBa 110 O/IHOM U pe TaK, 4TOObI 0TyYeHHOE
YUCJ0 Jle/noch Ha 12.

4 (6-8). Ilers ornua 1,/2 crakana xode u
poaua ero moJsiokoMm. Ilorom om ormuma 1,/3
CTaKaHa M OISITh [0/ MOJIOKOM. Hakowerr, on
ot 1 /6 crakana, ZOJIMI MOJOKOM U BBITINJI
Bech crakad. Uero Ilers Boinua 60sbiie: Kode
WJIM MOJIOKa?

3 (7-10). a) MoskHO Jin 3aHyMepoBaTh pedpa
Ky6a HaTypaJbHbIMI yncjaamu ot 1 1o 12 Taxk,
gTOOBI /Ui KaKIOW BepHiuHbl Kyba cymMma
HOMepPOB pebep, KOTOPbIE B Hell cX0/sATcs, ObliTa
OIMHAKOBON? 6) AHaJOrHYHbLi BOIPOC, €C/In
paccraByATh 1Mo pebpam Kyb6a umcaa —6, —3,
-4, -3, -2,-1,1, 2,3, 4, 5, 6.

6 (8-10). /Ia ropoga A u B pacroyioKeHbt
Ha Gepery peku Ha paccrosinuu 10 KM 1pyr oT
npyra. [Tapoxos MoxeT npoTbiTh 13 A B B 1
o6partHo 3a 1 4vac. BoJibliie i MeHblIIe BpeMe-
HU TIOHAJI06UTCST €My, 4TOOBI TPOTLIBITE 20 KM
mo o3sepy?
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7 (8-9). HaiiauTe 1iesible umcIa X U y TaKue,
qrox>y>0u x> +7y=y> +7x.

8 (8-10). B paBHOGeAPEHHOM TPEYTOJAbHUKE
GUCCeKTpHCca yTJIa TPU OCHOBAHWHI PaBHa OIHON
u3 cropo. Onpegennure yribl TPEyroJIbHIKA.

9 (9—11). Pasnoxure Ha MHOXKHUTEN:

a) 2%+ x%+1 (ua 3 MuoX)UTENH);

6) x> +x+1 (Ha 2 MHOKHUTENS).

10 (10-11). a) Jlokaxute, yro npu a > 0

1
a +; >2. 6) Iocrpoiite rpapur pyHKINH
Yy=x+—.
x

11 (10—11). Ussecrno, uto a + b+ ¢ <0 u
40 ypasHenue ax’ +bx +c¢ =0 e umeer jeii-
CTBUTENBbHBIX KOpHelt. OnpenesmnTe, Kakoii 3HAK
nUMeeT YUCJIO C.

12 (10—11). MOKHO Jiu BOCCTAHOBUTH TpeEy-
FOJIBHUK I10 CEPEIMHAM €r0 CTOPOH? A ueTbIpex-
yrosbauk? JIio6oit orer Tpedyer HoKasareb-
crBal

OTpeneHne GpuU3NKun

OO6yuenne Ha OTAEJICHUN OFHO-, ABYX- 1
tpexroaununoe. Ha tpexroanynbiii motox (Kype
®3) npuHMMatoTCs OKanumBaiome B 2018
rofy 8 KJIacCOB CpeJiHei MIKOJbI, Ha [IBYXTO-
quuanbiii (kype D2) — okanunBaiomme 9 Kjiac-
coB u Ha ogHoroguunbli (kypc @1) — 10
KJaccoB. Yuaruecs, okanuupatormme 10-it
KJIacC, MOTYT IIPOUTH YCKOPEHHO BCIO IPOTPaM-
My 3a oaun rog (kype d0).

Jlng nmocrymienus na kype D3 HyxHo pe-
T 3a7a4n 1—5 TTPUBE/ICHHOI HIKE BCTYIIH-
TeJbHOI paboThl, Ha Kypc D2 — 3agaun 4-9, Ha
kypc @1 — 3amgaun 5—10, Ha kypc DO — 3agaun
4-10.

Ha o6s10xKe TeTpaau caeayer ykazarb hamu-
JIMIO, MM M OTYECTBO, Ko Kypca (D0, D1, D2
i M3), CKOMBKO KIACCOB GYIET 3aKOHYEHO K
1 cenrsa6ps 2018 roma, TMOJHBINH TOYTOBBIN
azpec (c mngexcom), aapec e-mail (ecom ectb),
TereoH.

Cpok omnpasxu scmynumensvbHoll padomot —
00 25 wionsa 2018 zoda.

Ipynmnbr «KossiekTuBHBIN yUeHUK» [PUHU-
MatoTca Ha Kypcbl D1, D2, D3 6e3 BeTymH-
TeJIbHON PAaGOThI TOJBKO 10 3asIBJEHUIO PYKO-
BOJIATEJIS.

Hamr agpec: 119234 Mocksa B-234, Bopo6b-
eBbl ropbt, MI'Y, B3MIII, ornenenue husuku.

E-mail: olphys@phys.problems.ru

Wnrepner-caiit: http: / /phys.problems.ru

2018/Nel

3anaqmv

1. Karascp Ha Besiocuriesie, MaJb4uK CJIOMAJ
€TO W TIOMIeN JaJjblie TmemkoM. Ero cpeanss
CKOPOCTb TIPW ATOM cocTaBuia v = 20 KM /4.
Ecsin Gbl noJioMKa 1Ipon3o1iia HeCKOJIbKO M03-
K€, TO CPE/IHSISE CKOPOCTb MAJTbuUKa COCTABUIA
6b1 u = 25 kM /4. Uemy Oblia 6bl paBHA €ro
CpelHsisi CKOPOCTDb, ecau Obl BeJIOCHTIE][ CJIO-
MaJjics Ha TaKoe JKe BpeMs paHbIie?

2. IIBeTOUHBIN TOPIIOK, WMeoui ¢dopMy
MUJIHH/PA PAAUYCOM 7 = 5 CM, YCTAaHOBJIEH B
muaHApuYeckoM noagone (puc.1). B ropuiok
HasuBaor V = 80 mua
BOJIBI, KOTOpast Mpak-
THYECKH Cpasy Hadu-
HaeT BBITEKATb B MOJI-
JIOH C IIOCTOSIHHOU CKO-
poctbio u = 1 mia/c
4yepe3 OTBEPCTHE B JIHE
ropmika. Iloctpoiite
rpaduK 3aBUCHMOCTH
CHJIBI JIaBJIEHUS TOPIII-
Ka Ha MOJJIOH OT Bpe-
MEHHU, eCJIM Macca Top-
IIIKA BMECTE € 3eMJieil 1
nsetkom m = 0,3 Kr.
MO3KHO CUnTaTh, 4TO B
cMecn ¢ 3emieil Boma Besme 3anmmaer 10%
o6beMa. 3a30p Mexay OOKOBBIMU CTEHKAMH
TOPIIKA U TO/IoHa d =5 MM, BbIcOTa GOKOBbIX
CTEHOK TO/JIOHA /2 =3 €M, TOJIIUHY CTEHOK
TOPIIKA CYUTATH MAJION.

3. Cocyn ¢ Bo/o# HATpesn OT TeMIepaTyphI
tp =0 °C 1o HEKOTOpOIl TemmepaTypsl ¢, 3at-
paTuB MpH ITOM KOJIMYECTBO TEIJIOTHI Q =
=664 k/>x. Ecsii Bo/ly 3aMeHUTD Ha Jie]] TOM ke
maccol ipu 0 °C | To Ha HarpeBaHue cocya C
COJICP>KUMDBIM JIO TeMIeparypbl ¢ norpebyeTcs
KOJIMYECTBO TemaoTel Q, = 1634 /X, ecam
cocy/i BHAUaJIe MMeeT TeMIeparypy &, 1 Qz =
= 1494 x/I>x, ecam HauvaJgbHas TeMIEpaTypa
cocyna pasua t. Onpeznesaure Mo dTUM JAHHBIM
TEILIOEMKOCTDb cocyzia. Termnoo6MeHoM ¢ OKpy-
JKaroteit cpeoi mpeHe6peyb.

4. JIBa OMMHAKOBLIX aMIIepMETPa, /1Ba OINHA-
KOBBIX BOJIbTMETPA U JIAMIIOUKA COE/[MHEHDBI B
cxeMy, nzobpaskennyio Ha pucytke 2. [Tokasa-
Hug 1IpHOOPOB TakoBbl: [y =0, Iy, =1 A,
Uy,= 2 B, Uy, =1 B. Hailaure momuocTb
TOKAa, TEKYIero 4epes3 JaMIIOuKy.

5. CoGupaiormasi jguH3a ¢ (OKYCHBIM pac-
crosineM F HaXOJUTCS MeK/Yy SKPAaHOM C
KPYTJIBIM OTBEPCTUEM PAJNYCOM 7 U IIJIOCKUM

Puc. 1
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Puc. 2

3epKaJIoOM. JKPaH U 3€pPKaJIO TePIeH UKy Iap-
HbBI I'JIABHOI OITHYECKOU OCHU JIMH3bI. Paccros-
HUE OT JWH3bI 70 3epkasa F/2, mo skpana
3F/2. Benuunua 7 MHOTO MEHDINE paiyca
JguH3bl. Uepes sKkpaH Ha JIMH3Y MaJaeT My4YoK
TapasIeJbHBIX CBETOBLIX Jydell, Mmapasiieb-
HBIX €€ TJIaBHOU onTudyeckoil ocu. KaxkoBbr
O6yayT bopMa u pa3Mepbl OCBEIEeHHON 00.1acTH
Ha 9KpaHe CO CTOPOHBI JINH3bI?

6. /IBa :xyKa, Haxo/sIIMecs B BepiumHax A u
B xBagpara ABCD, HauMHAIOT TMOJI3TH BOJIb
CTOPOH 9TOTO KBaJIpaTa MO YaCcOBOW CTPEJKe.
CkopocTn XyKOB oJluHaKoBbI. Hapucyiite Tpa-
€KTOPHIO OJTHOTO M3 KYKOB B CHCTEME OTCUETa,
CBSI3aHHON C JIPYTUM KYKOM.

7. K xounnam nanouku miauaonn L = 20 cm
npuioxkensl cuapt F; =1 Hu F, =2 H,
HaTpaBJIeHHBIE TIO/T YIJIOM o, = 45° K MaJ0YKe
(puc.3). C kakoii cunoit F HYKHO TTOfEHCTBO-
BaTh HA ATY MAJOYKY, YTOOBI OHA OCTABAIACDH B

F,
F1
o 04
L
Puc. 3

paBHoBecun? Kyna no/pkHa GbITh MPUJIOXKEHA
aTa cujaa’?

8. Mauenbkoe Testo Maccoit m = 50 T mo/iBe-
MeHo Ha ujeaabHol HUTH AauHOon L = 30 cM.
Tesi0 OTBOAAT B CTOPOHY TaK, YTO HUTH CTAHO-
BUTCSI TOPU3OHTAIBHON, 1 oTmyckaioT. B Ttor
MOMEHT KOT'/Ia HUTb cOocTaBJisieT yroa o = 30° ¢
BEPTHUKAJBIO, TIPOMCXOIUT 0OpbIB HUTH. Haii-
JIUTE CKOPOCTD TeJIA B MOMEHT, KOT/Ia OHO Oy/IeT
MpOJIeTaTh TOYHO TOJT TOYKOH TTOBECA HUTH.

9. B cocyne, npeacraBasiomum co60i y3Kuit
BEePTUKAJIbHBIN 1IUJAUH/P BbicoToll H, 3aKpbI-
TBII CBEPXY MOPIIHEM Maccoit M, HaXOUTCs vV
MouJieit kucaopoga. CTeHKH cocyia B €ro BepX-
Hell TpeTw TJaJIKue, a HIKe — IIepoXoBaThle,
npuyeM MaKCUMaJbHOE 3HAYeHWe CHUJbI Tpe-

HUIsT, IefiCTBYIOIEN Ha MOPIIeHb, paBHo Mg/ .
B HeKoTOpDBIif MOMEHT B [THE COCY/1a 06pasyeTcst
MaJIEHbKOEe OTBEPCTHE, Yepe3 KOTOPOE BBIXOIHT
ra3 ¢ TOCTOSHHOW CKOPOCTBIO # MOJIb,/ MUH.
ITocrpoiiTe rpadnk 3aBUCHMOCTH BBICOTHI TOP-
ITHS OT BPEMEHU 1 HAINTe, Yepe3 KaKoe BPeMst
OH OITyCTUTCSI [IO0 MOJIOBHHBI BBICOTBI COCY/IA.
10. MarnurHoe 1oJie 3aHuMaer 06JacTb, Or-
PaHUYEHHYIO MOJYIJIOCKOCTSIMA O ¥ 3, KOTO-
PbI€ IEPECEKAIOTCA MO/ IPSAMbIM yrjioM (puc.4).

i
OJ;; :
|
I
I
l
_____ 4.0 ¢
“ !
|
TU
Puc. 4

[onymnockocTn u MHAYKINA O B niepren-
JIUKYJISPHDBI ILIOCKOCTH PUCYHKA. OJJIEKTPOH
BJIETAET B 10JIe B TOUKE A CO CKOPOCTHIO ¥ U NPU
TocJIe Ty ToTIeM JIBIKEHUH TTPOJIeTaeT Yepes ToU-
Ky C, mpudem nusBectHo, 4yTo AO = OC. Haii-
JIITE TIyTh, MPOI/IEHHDII 2JIEKTPOHOM B 06J1ac-
TH, 3aHATON MAarHUTHBIM IToJieM. Macca 9J1eKT-
poHa m, , 3apsijl €; CKOPOCTb ¥ JIEKUT B ILJIOC-
KOCTH PUCYHKA.

OTpeneHue dunonorun

Orpnenenne cymectByet ¢ 1989 roma. 3a ato
BpeMsI MOITOTOBJIEHO U 13/1aHO GOJIBIIOE KOJIH-
YeCTBO YHUKAJBHBIX yUeOHBIX MOCOOHIT 10 pyc-
CKOMY $I3bIKY, 00IIEMY SI3bIKO3HAHUIO, HCTOPHU
U TEOPHU JIUTEPATYPDI.

Ha otnesnenne nmpuHUMAOTCS BCe SKeJalo-
mue, uMerorne 6a3oByio MOATOTOBKY B 00beMe
7 KJIaccoB.

Caezienusi 0 TporpaMmax # Iopsijike oGyde-
HUS BBICBIJIAIOTCSI BMECTE C M3BENEHUEM O pe-
menun [IpuemMHON KOMUCCUU U Pa3MeIIeHbl Ha
caiire.

Bbr xotuTe ncnpaBuTth rpaMoTHOCTDL? [10o3HA-
KOMUTBCS € JIIOGOIBITHBIME NPOGJIEMaMH TEO-
pUHM U TIPAKTHKHU PYCCKOTO s3bIKa? OCBOUTDH
[PUEMbI JIMHTBUCTUYECKOTO MJIU JIUTEPATYPO-
Bejueckoro ananmsa? Ilpumobpectu HaBbIKH,
HEeoOXO/IMMble JIJIST YCHEITHOW c/jaul dK3aMme-
HOB? Tor/ia BBITIOTHNTE W NPUIILJINTE HAaM BCTY-
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MUTENbHOE 33/[aHIe, BOIPOCHI KOTOPOT'O IIPUBe-
JICHDBI HIDKE.

Brumanue! Ha nepBoil cTpanuile yKaskute
caenytonme ganable: D.1.0., Kakoil kKjacc
3akamuymBaete, moaubi (¢ nHAEKCOM!) TIOYTO-
BbIil azpec, tenedoH, e-mail.

Cpok omnpasxu ecmynumenvHotl padomot —
do 15 uons 2018 zooa.

Ipynnbr «KossieKTUBHBINH yUYeHUK» [PUHU-
Marorcst 6e3 BCTYIUTEIbHOM PaboThI.

Hamr e-mail: filologiyvzmsh@mail.ru

Bonpocski

1. A.M.TopbKuii 10/T0 cMesiIcst, KOrja ObiB-
MU CeHAaTOP, MOYTEHHbIN CTAPUK, YBEPABIINIL
€ro, YTO yMEET TIE€PEBOJUTD C <«JIECSATH S3bl-
KOB», IIPUHEC B W3/aTeJbCTBO <«DBceMupnas
JIUTEPATYPa» TAKOW IEPEBOJ| POMAHTHYECKOI
CKa3KIL: «3d HeuUMeHueM KPACcHOU Po3vl KU3HD
most 6ydem pasbumas. Bapuaut «Beudy om-
cymemeust KpAcHotl po3vl Ku3nv mMos Oydem
pasbuma» toxe Obl1 3a6pakoBan. Ilouyemy,
Kak BbI Jymaere?

2. Ampgpeit Bemprit cumrtas, dWTO 3BYKOBas
crpykrypa ctuxorBoperns M.IO.JIepmonToBa
«Bopoauno» cmpoumes na 6opvoe 08yx my3oi-
KATOHOIX MEM: WUPOKO2ZO OMKPLLINOZO 2]ACHO-
20 <a», CONYMCMBYIOWez0 Xapaxmepucmuke
PYCCKUX, U 21YX020 HUIK020 <Y», COOMBEM-
cmeyowezo meme Gpanyysos. Ilompobyiite
1I0Ka3aTh Ha IPHMepPax, KakK Bbl IOHUMaeTe
oT1O0T Teanuc A.besoro.

3. Kak pasHble NPUHIUIIBI PyCcCcKOil opdor-
paduu — mopdosiornyeckuii, GoHeTUIeCKmii,
TPAJNIMOHHDLI 1 T depeHInpyomunii — «pa-
6orator> B caoBax [TPUITO3/HUIIBCA u
PA3JKET?

OTpeneHne ncropun

OG6ydenne Ha OT/EJEHUH MTO3BOJUT BCEM, B
TOM YHUCJE JKUTEJTAM CaMbIX OTJaJE€HHbIX I'OPO-
JIOB ¥ JIePEBEHb, PACIIMPUTh CBOIl KPYrosop,
MO/ITOTOBUTHCST K €/JHHOMY TOCYJapCTBEHHOMY
9K3aMeHY 110 UCTOPUU. Y CIIENIHO MPOIIe/Ine
Kypc 00ydeHHsl M0JIy4arioT IUILJIOM.

A 3aueM HY’KHO M3y4aTb nucropuio? Bo-mep-
BBIX, 9TO IIPOCTO UHTEPECHO. JIT060IBITHO 3HATD,
KaK JKUJIM KOT/Ia-TO JIIO/IH, BO YTO OJ/IEBAJIHCH,
4eM MHUTAJIUCh, YTO YUTATH, KAK SKEHUJIUCH W
BBIXO/INJIH 3aMY3K, 32 4TO OOPOJIUCH U «HA YTO
HANapbIBAJINCh>. BO-BTOPBIX, 3TO TO0JIE3HO.
TosbKo 3HasT TPOIILTIOE, MOXKHO HOHSITH HACTO-
sitiiee U IPOrHO3upoBath Gyayiee. Mbl moMo-

2018/Nel

JKeM BaM B 9TOM pazobparbes. CriernaabHo /U
BAaC OINBITHBIE TIPENO/ABATENN TUIITYT KHIXKKH.
[Tociefa1e HOBOCTN M3 MUPA NCTOPUH BBI y3Ha-
eTe O/IHUMU U3 11epBbIX! MbI Oy/ieM HOIEPKH-
BaTh C BaMM TIOCTOSIHHYIO CBA3b. [lo mHammm
KHUKKaM Bbl Gy/leTe BBIOJHATH 0coOble 3a/1a-
HUS M cOOOIIATh HaM, YTO Bbl pacKkonasn. Besp,
B CYIIHOCTH, TPY/l KICTOPUKA U COCTOUT U3 3THX
packonok. VcTopuk-apxeosor, Komast 3eMII0 1
TECOK, OTBICKMBAET KPYMHIIBI YUICANNX Bpe-
MEH; MCTOPUK-apXUBapIyC KOMaeTcs B TPy/e
GyMar 1 JIOCTaeT U3 apXUBOB U JaKe U3 YaCTHOM
MEePeruCcKu BCE, YTO MOXKET IO03BOJIUTH €My
MOHATH 00Pa3 BpEMEHN; HCTOPUK-TEOPETHK KaK
YBJIEKaTeIbHBII POMaH YUTAET apXeoJornyec-
K¥e TabJWIbI, CyXHe CBOJAKH, CTAaTHCTUKY W
BOCCTaHABJ/IMBACET 110 HUM JKUBYIO TKaHb yIIe/-
nreit sku3Hu. Y uctopuka ocobasi mpodeccus:
OH B OJ/IHOM JIMIIE CJIeJIOBaTeJb, MPOKYpPOp H
aJIBOKAT BPEMEHH.

[TpuBesieHHOE HIKE BCTYHHUTEIbHOE 33/ aHne
HY’KHO BBITIOJIHUTD HA JIBOMHOM JicTe GyMaru.

Cpox omnpasku ecmynumeivnotl pabomot —
do 1 uwons 2018 zo00a.

Ipynmbr «KosiekTuBHBIN yUYeHUK> TPUHU-
MaroTcst 6e3 BCTYTNTEJbHOI paboThl 110 3asiBJIe-
HUIO PYKOBOJMTEIsI.

3a[aHme

1. OTrapgaiite, KTO 3TO:

« Pyccknii mpOMBINIJIEHHNK, CHTIEBBIN Mar-
HaT, MeIleHarT.

« Ero sxena u gpyr Bepa HukonaeBna —
ypoxxjieHHass MaMoHTOBa.

« MoJtof10it KyTIell ¢ THIOM U KapToif o6bexas
BCe eBporTeiicKre My3eW W CAesajcs TOHKIM
3HATOKOM >XKHBOIINCH.

« B 24 roma ocHoBaJs B CBOEM POJIOBOM JIOME
YACTHYIO Tajiepeio PYCCKOI SKUBOIIICH.

«B 60 Jser mepeman cBoio raneper B jap
Mockse.

« I3 Bcex COBpEMEHHBIX eMy XY/I05KHUKOB
MIPEITOYNTAN TePeBIKHUKOB.

« Meuran naiitn ukounl Py6seBa, HO ymada
VJABIOHYIACh IPYTOMY KOJLJIEKIIHOHEPY .

« CTaJ nepBbIM AUPEKTOPOM OCHOBAHHOTO UM
My3esi, TPaTHJ Ha HETO BCe CBOM COEPEsKEHN,
HO W3 CKPOMHOCTH HWKOT[a He SBJAICS Ha
co6CTBEHHbIE I00HITEN.

« CoBepiienno 6eckopbicTed. Ero GyMaskHUK
Bcerja ObLT OTKPBIT [ HYKIAIOMIUXCS.

« C Xy/JIO})KHUKAMU HUKOT/[a HE TOPrOBAJICS.
3akaspiBasi KapTUHBI, TIJIATHAJI CIIOJTHA.



OTBETHI,

« Ero nMenem HaszBaH HallmOHAJIbHBIN My3eit
" CTaHIMS MeTpo B MOCKBe.

« Ero moprper pa6orpr Pemmna yxpatmaer
3aJTBI CO3/TAHHOTO MM MYy3esl.

« Ero mocaennue cioBa pojcTBEHHUKAM:
«bBeperure rasnepeo».

2. Onumure, He 60Jiee YeM B 7-MHU [IPE/IJIOKe-
HUSX, TOJUTHIECKUI TIOPTPET BTOPOTO MPE3H-
nenta Poccun.

* k¥

Bnumanue!

B3MIII mpoBoant Hab6op Ha Kypc «Oo61ie-
cTBO3HAHKE» . Kypc BKJIIOYAET CJIe/yI01iie J1c-
nurnHel: hpunrocodus, deaoBek u o6IIecTBO,
MOJTUTOJIOTHSI, TEOPUSI TOCYZApCTBA, TOCYAap-
CTBEHHOE ycTpoiicTBO Poccuu, mpaBo, 3KOHO-
MHKA.

CurymmaTesisiM HATIPaBJISTIOTCST OPUTHHATbHBIE
yueGHble TTOCOOUS, CO3/IaHHbIe HA OCHOBE MHO-

OTBETHI,

KOHKYPC MMEHU A.N.CABUHA

(cm. <Keanums Not1 3a 2017 2.)

9. Ilyctp Anemia cobpan Y sron yepnuku n b saron
6pycuuknu. Torpa kaskapiii cobpan o U + b sirog u
Bcero pebsta cobpanu 9 + 116 srog. Ecam pe6st
He Gouibiie 9, To Beero arof He 6osbiie 9(U + B), a
eca pebaT He Menbie 11, TO Bcero Aroj; He MeHb-
me 11(4 + B), B Kax/0M cJIyyae KOJMIECTBO ATO/
He Moxet paBHsAtbes 9U + 11B. 3uauur, pebsar 10,
tornga 94 + 116 = 104 + 10b, orkyna b = Y.

10. a) B kauecTBe IEPBOr0 MHOIOYTOJbHUKA I10-
JOM/IeT 4YeThlpexyroJbHuk ¢ yriaamm 70°, 70°,
90° u 130°, a B KauecTBe BTOPOrO — 4YeTbIpeX-
yroJpHUK ¢ yraamu 70°, 70°, 70° n 150°.

6) Y 1epBoro — ojiuH, y BTOPOTO — HH OJJHOTO.
O1ieHrM, CKOJIBKO HETYIbIX YIJIOB MOXKET ObIThb Yy
BBIITYKJIOTO MHOTOYTroJibHUKA. [lycTh MHOTrOyroJnb-
HUK HMMeEeT 7 yrjioB, u3 KoTopbix k merymbie. C
OJIHOIl CTOPOHBI, CyMMa YIJIOB N-YTOJIbHUKA PAaBHA
180°-(n—2). C apyroil cropount, k ero yrios ue
Goxpme 90°, a ocranbubie (n— k) Membie 180°.
Moxydaem HepaBercTBo 180°-(n—2)<90°-k+
+180°-(n—k), u3 xoroporo mocie Hpeo6pasoBa-
nust mosiydaercst k < 4 . TloaToMy HETYIbIX YIJiOB
He Gouiblnie yeTbipeX. [Ipu aToM paBeHCTBO MoCTHUTA-
€TCs TOJBKO B CJIyYae, KOTJA BCe YIJIbI MIPSIMbIC.

A 3HAUHUT, OCTPBIX yTJIOB He GOJIbIlle TPEX. YUHTbI-
Basi 9TO, [leJlaeM BBIBOJIbI, YTO y MEPBOIO MHOTO-

YKA3AHUA,

PEIMEHU A

TOJIETHETO OmbITa paboTbl aBTOPoB Kypca. [Ipo-
BEpPKa 3HAHMH OCYIECTBJISETCS C IOMOIIbIO
OOTIETIPUHATON CUCTEMbI TECTHPOBAHUS.

ITporpamma kypca paccumrtana na 1 To/.
OO0yueHre HOCUT 3a04HbIII Xapakrep U UMeer
1eJIbIO JIaTh BBITYCKHUKAM IIIKOJI — KaK KPyI-
HBIX TOPOJIOB, TaK U HEGOJBIINX cesl — Tay6o-
KH€ 3HAHMS 1O OOIIECTBEHHBIM JMCIUIINHAM,
MOJTOTOBUTh WX K ycmemnrHoil ciade EID mo
00TIIeCTBO3HAHNIO.

[t 3anmcn Ha Kype HeOOXOAUMO OTIIPABUTD
sasiaenne do 1 wions 2018 zoda.

B 3asBaiennn ykaxkure (paMuiInio, UMs, otde-
CTBO, CBOW MOJIHBIN goMamHuii agpec (¢ unjex-
coM!), KJace, B KOTOPOM BbI Oy/eTe YUUTHCS €
1 centsa6psa 2018 roga.

3asBiienne oTmpasbre 10 anpecy: 1719234
Mocxea, Bopo6vesvr zopoi, MIY, B3MIII
(xypc «Ob6wecmeosnanues ).

YKA3AHUNA, PEIIEHNA

YTOJBHUKA MOKET GBITh TOJBKO 2 OCTPBIX YTIJIa, y
BTOPOrO — 3 M y HUX IO OJHOMY TYIIOMY YTJIy.
[IpsiMbIX yTJIOB y BTOPOTO MHOTOYTOJIbHUKA HET
(Tak Kak y»Ke eCTb TPHM OCTPBIX). 3HAUYMT, MPAMOii
YTOJI €CTh Y MIEPBOr0 MHOTOYTOJIBHIKA, U Pa3 Y HErO
y)Ke JiBa OCTPBIX YIJIa, TO IPSIMOH YTOJ TOJBKO
OJIMH.

11. M3o6pa3um [AeBOYEK TOUKAMH Ha IMJIOCKOCTH, a
MabunkoB — uausamu (puc.1). JleBouke HpaBHUTCS
MaJIbYMK, €CJH COOT-
BETCTBYIOIAST €il TOou-
Ka JIeKUT Ha COOTBET-
CTBYIOIIEH MaJTbuuKy
aunun. B kauecrtse
MaJIbUMKOB BO3bMeM
CTOPOHBI PABHOCTOPOH-
HEro TPeyToJbHUKA,
€ro MejuaHbl U BIN-
CaHHYIO OKPYKHOCTH, &
B KayecTBe JIEBOYEK —
TOYKH, T/le TIepeceKaioTes Tpu Juunun. [losyunres 7
JeBoYek u 7 MaybunKoB. Taxast Komduryparms
Ha3bIBAETCS TLIIOCKOCTBIO DaHo.

12. a) MosxHo.

V1BepsKieHue 9TOro MyHKTa CJEAYeT U3 YTBEPIK/Ie-
HUSE IyHKTa 6).

6) Moxno.

[MopmuieM OKOJO KaXKOW TOPU3OHTANM KOJIMYE-
CTBO YTOJIKOB, KOTOpbIe OHa Tepecekaer. Tak Kak
Beero yroaxos 12-12/3 =48 wu wamaplii u3 Hux

Puc. 1
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TepeceKkaeTcss ¢ JByMs TOPH3OHTATAMH, TO CyMMa
9TUX uucesa paBHa 48-2 =96 . [lokaxkeMm or mnpo-
TUBHOTO: IIPEAIIOJIOKUM, YTO CPEU 9TUX YHCes HeT
GOJIBIINX HJIN PaBHBIX 9.

Ecim cpeam Hux ectb umcesno Menpime 8, TO uX
cymMMa He mpeBocxogut 95. 3HauuT, Bce 4ucaa
paBubl 8. Bepxisas ropusonralb nepecekaer 8 yroJ-
kxoB. OueBU/JHO, YTO BCe OHU JIEKAT B JABYX BEpX-
HUX TOPUBOHTAJIAX . ITH YTOJIKM 3aHUMAIOT 8- 3 = 24
KJIETKU U JIB€ BePXHIe TOPU30HTAJII 3aHIMAIOT BMe-
CTe CTOJbKO JKe KJEeTOK. 3HauuT, JBe BepXHue
TOPU3OHTAMN MOXHO OTpe3aTrb, He IOBpeJUB IIPU
3TOM YTOJIKH.

OTH pacCy’K/IeHUus [/ TOPH30HTAJel MOXKHO II0-
BTOPUTb W IS JIBYX JIEBbIX Beprukaseil. Takum
06pa3oM, IIpU OTPE3aHNH /[BYX BEPXHUX F'OPU30HTA-
Jleil W JIByX JIEBBIX BePTUKaJeil yroJknm He IOBpe-
parca. Ho mpm atoM oTpeskercs JieBbIl BepXHHUI
KBa/J[paT 2 x 2, KOTOPbIil Ha YroJK1 He paspe3aer-
cd.

B) Hembaa.

Konrpnpumep noxasan Ha pucyHke 2.

(o= N o N N B« N N o o

6 9 9 8 8 8 8 8 8 9 9 6
Puc. 2

KAJNENOOCKON «<KBAHTA»

Bonpocbl n 3apaun

1. IIpuunHa aTOTO SABJIEHUS — B IEPEMEIICHIN KOH-
THHEHTAJIbHBIX IIJIUT TI0 PACTIJIABICHHBIM CJIOSIM HHU-
SKEJIeXKAIETO BelecTBa.

2. Her, G6oJbmiag uyactb o6beMa U MacChl 3eMJIn
HAXOJUTCS B aMOP(HOM COCTOSTHUM B BH/IE OY€Hb
BSI3KOH JKMJKOCTH, a Imapoo6pasHyio (opMmy OHa
BOCCTAHABJIMBACT IO/ JCHCTBUEM CHUJI TATOTCHHS.
3. Ilpu 3amep3anuu BO/bI, IOINABIIEH B TPEHMHBI
TOPHBIX TIOPOJ, 00PA3YIOMINIICS JleJ| CO3/IaeT JlaBJe-
HIIe, MTPEBBIIAloIee TPOYHOCTb OPO/, I OHN HAYH-

2018/Nel

HaloT Kpoummrbed. [Ipyrad npuunmna — B HEPaBHO-
MEpPHOCTH TEIJIOBOTO PACHIMPEHUS CJIAralomnx I10-
poay munHepasioB. IIpu kosnebGanusx rtemmeparypbl
oHHt J1e)OPMUPYIOTCSI B PA3HOU CTEIEHU, YTO TaKKe
CTIOCOOCTBYET WX Pa3pylICHUIO.

4. IlnornocTs BerecTBa sijipa 3emuin GOJIbINE Cpejl-
Heii ee IIOTHOCTU. BO3MOXKHDIH Marepuas sapa —
JKeJIe30, IJIOTHOCTh KOTOporo 7,8 r/ oM’ .

5. BbicoTa ropbi onpejiessiercst mpe/ieJbHbIM MeXa-
HIYECKNM HAINpsDKEHNeM, MPH KOTOPOM HauymHAeT
paspymratbcsl KPHCTAJIMYECKAsT PEIIeTKa, HWHBIMHI
csioBaMu — BecoM ropbl. Ha Mapce Bec Tesr menblire,
yeM Ha 3emJse, IPUMEPHO B 2,5 pas3a, a 3HAUNT,
BBICOTA WX TOP MOXKeT OBbITb BO CTOJIBKO K€ Pa3
6ouibIlie. ITO TIOJATBEPIKAAETCS HAGJIIOEHISIMIL.

6. Ecam B o03epo mnocrynaer GoJiblie BOJbI, UeM
UCTIAPSIETCSI C €r0 MOBEPXHOCTH, TO YPOBEHD BOJIBI B
HEM MOJXKET TMOBBIMATHCS, HO JIUIIb IO BBICOTBI
nan6osiee TIyOOKOTO CTOKA, MPU BBITEKAHUHN U3
KOTOPOTO 1 00pa3yercsl peka.

7. OTBeT COMEPIKUTCS B OAHOM U3 anurpacdos —
acddekT pasMbiBaHusS 6epera peKn BO3HUKACT M3-3a
neiictBusg cut Kopuosmca B HenmHepIaabHOI, Bpa-
maoIeics BMecTe ¢ 3eMJeil, cucTeMe OTCUeTa.

8. B atu moments! Jlyna n Cosnile pacnoJaraiorcst
Ha OJ{HOI JIMHUM ¢ 3eMJeil, 1 UX BO3JleliCTBHEe Ha
BOJIy MaKCHMAJbBHO.

9. Ilpm Bpamennn 3eMJs CTPEeMHUTCS IOBEPHYTb
orrsaruBaeMblil JIynoii BOASHON NPUIMBHBINA BbIC-
Tyn. M3-3a TpeHus MeX/y BOJOIl M TBEP/bIM JHOM
OKeaHa BpallleHne 3eMJII TOPMO3UTCS M TPOIOJIKII-
TEJBHOCTb CYTOK PAaCTeT.

10. Bopa, oxaaxaennaga nmwxke 4 °C | na ano ne
ornyckaercs. O6pa3oBaBIINIiCs HA TOBEPXHOCTH BO/IbI
JieJl TaKKe He TOHET, TaK KaK ero IJIOTHOCTb MEHb-
I1I€ TIJIOTHOCTU BOJIBI.

11. Mouof0it MOPCKOIi Jier o6pasyeTcst IpU PE3KOM
MIOXOJIOAHUH U3 YUCMOU BOJDI, IIPH 3TOM B HEM
OCTAIOTCS THE3/Ia PACCOJa, MPUIAIONINE eMy JJIac-
THYHOCTD, YTO MO3BOJISIET JIbLy U3rHOATHCS HAa BOJ-
HaxX TMOJ0OHO PE3NHOBOMY KOBDY.

12. C norepeit Boabl, o6Jajaionieii GOJIbIION Terl-
JIOEMKOCTBIO, TeIIoBasi WHEPTHOCTb 3eMJIM CTajia
Obl 3HAYNTEIbHO MeHbiie. Temrmeparypa nHeM Oblia
Obl BbIle, a ee KoJeGaHWS B TEYEHWE CYTOK M B
TeyeHne rojga Obiin GbI GOJIBIITE.

13. CeBepublil MaznumubLil TOJIOC PACIIOJNOXKEH B
IO:xnoM nonymapuu, B Aurapkruke. Ot CeBepHo-
ro reorpadpuyeckoro MoJroca OH HaXO[UTCS Ha pac-
CcTOSTHUN CBBIIEe 18 ThICSY KUJIOMETPOB.

14. Hammume y 3eMa MarHUTHOTO TIOJIS.

15. YacTtums cosmneunoro Berpa (31eKTPOHBI 1 MPO-
TOHBI) 3aKPYYMBAIOTCS BOKPYT JHMHHUI MAarHUTHOTO
moJist 3eMJIH, MPOHUKAIOT K TOJI0CaM U CTaJKIBa-
I0TCS € aTOMaM# ¥ MOJIEKyJIaMU BO3/[yXa, MOHU3M-
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pyst m BO30Y)K[ast WX, YTO HPUBOAUT K JIIOMHHEC-
L[EHTHOMY CBEYEHHIO — IMOJISIPHOMY CHSIHHIO.

16. ITo comepskanuio U30TONOB CBUHIIA, 0OPA30BaB-
[Ierocsi B TOPHBIX MOPOJAaX IPH PaJUOAKTHBHOM
pacrmajie M30TOMOB ypaHa, YTO MPHUBO/NT, MO pacde-
TaM, K BO3pacTy KOPbI 3eMJIH B 4,5 MIJIHap/a JeT.

MwukpoonbIT

Hermy6okne syskum TpomMep3aioT [0 JAHa; WIS 10
HIM, MOXHO JIMIIb 4yTh MOCKOJB3HYThCSA. A BOT Ha
TOHKHI JIeJi, HOKPBIBIINIT 32 HOUDb TIyOOKYIO JIYXKY,
HacTynarb 6oJiee OIacHO — IIPOBAJIUBIINCH, BbI, KaK
MHHHUMYM, TIPOMOYUTE HOTH.

OJIMHHBIE NYTU B TPADAX

2. He moxer.

Ykazanue. Xoa KOHS MEHSET 1IBET KJICTKH.

4. He moxer.

Vkaszanue. Tlo3nuimio Ha30BeM OJIHOIIBETHOM, €CJIn
UK HAXOAATCS Ha TIOJISAX OJHOTO IIBETa, M pas-
HOIIBETHO! — B NPOTUBHOM cJiyuae. Haiinure xosn-
YecTBa O/IHOI[BETHBIX ¥ PA3HOIBETHBIX MO3WIMMIT 1
NCTIONB3YHTe TOT (haKT, 4TO 3a OAWH XOJ| PA3HO-
1BETHAS TIO3UIIUS CTAHOBUTCS OJHOIBETHOI, M Ha-
060poT.

6. 23.

Yxaszanue. Hapucyiite cootBercTBYyI0omMit rpad mo-
3UINI, MOKPAChTe €ro BEePIIMHBI B JBa IBETA U
OIIEHUTE JIJTUHY MYTH, UCXOJS M3 TEOPEMbI 2.

9. Vxasanue. TlokpbiBaioriee MHOKECTBO U3 p Iy-
Telt MOKHO jo6aBeHneM p — 1 peGep MpeBPATHTD B
OJTHT TIyTh.

10. 2 cnocoGa.

Ykazanue. Paccmorpute B «KoHeBOM rpades» Ta-
MUJIBTOHOB ITHK.JI.

11. a) 16 kysueunxos; 6) 1 paccajaka.

Ykazanue. MosxxHO 1CNOJIH30BATD MYTh KY3HEUUKA
U3 3a/a4u .

12. a) 6 Gycunok; 6) 125 XOpomMX OKepesuii;
B) d[m/2] 6ycunox u t¢ xopoumnx oxepennit, re
d =HOA(n,k+1), m=mn/d , t =2, eciu m uer-
HO, ¥ t = m, ecJu m — He4YeTHO.

Vkazanue. Bopiacaure, xakoBa CTpPyKTypa <«rpada
3AIPETOB> .

XXXIXTYPHUP TOPOOB
3AOAYM OCEHHETO TYPA (2017 TO4)
bazosbii BapraHT
8—9 knaccel

1. qublpe TIOJIOKUTEJIbHDI, HIECTb OTPULlaTE/IbHDbI.
Ecan 661 Cpen MMEIINXCA YuceJl HalllJIMChb 4€Tbl-
pe€ qucJja OAHOro 3Haka, TO YK€ OHHU JlaJan OBl 1IECTh
CyMM 39TOrO 3HakKa. HOSTOMy NMEEeTCA TpU 4Yucja

OJTHOTO 3HaKa M aBa — apyroro. OTciofa — OTBET.
2. CymecrBylor, nanpumep 100! — 100, 100! —
=99, ..., 100! — 2.

3. Paccmorpum 26-10, 52-10 u 78-10 MoHeTbI. SlcHO,
YTO cpequ HUX POBHO oxHa (ampmmBasg. CpaBHe-
HIe JIOOBIX /[BYX U3 TPEX MOHET BBISBUT ee.

Ectp MHOTO ApyTHX CIIOCOGOB, HATIPUMED, CPABHUTD
nepBbie 25 uian 26 MOHET € MOCJIe/[HUMH.

4. MoxHO.

Pemenune (Asusap Boar, Wspamnp). [locratouno
Jaxe 25 Xo10B. byzsem aBuraTtbes mo mytu, ykasam-
Homy Ha pucynke 3. Korga munouckaresnn cpabora-

® ]

5

@

Puc. 3

eT BIIEpBbIe, KJAJ CMOXKET HaXOJWTbcs He OGosee
4yeM B TpexX KJeTkax. Hampmmep, ecam oH cpaboTas
B YEPHOI KJETKe, TO MOJO3PUTEIbHBIMU OYIyT TPU
KJIETKH, TOMeYeHHbIe TIiocaMu. V3 HUX JIeTKO BbIO-
paTb HY:KHYIO 3a /iBa Xoja. Ec/u MeTaiionckaTesib
BIlepBbIe cpaboTaeT Ha 24-M X0y, TO HOJ03PUTEb-
HBIX KJIETOK OCTAHeTCs /iBe, a Ha 25-M — OJHa, U
OCTABIINXCST XO/I0B XBATUT. EC/a1M MUHOUCKATETD He
cpaboTaeT HU pasdy, TO KJaJ — B KPACHOU KJIETKE.
Kax moxazasia mpoBepka Ha KOMIbIoTepe, 24 X0/10B
HEI0OCTATOYHO.

5. OKPY’KHOCTD JIEXKUT B BOCBMUKJIETOYHOI PaMKe,
OKpY:KAIoIIell YKa3aHHYIO KJETKY, WHaye pPacCTosi-
HHUE OT TOYKH OKPY’KHOCTH BHE PAMKH /10 JlaJbHEI
BEPIIMHBI MCXOAHOH KJeTKH OyzaeT OoJibllie 2 —
JIHaMeTpa OKPYKHOCTU. [109TOMY OKPYSKHOCTD pas-
6uBaeTCss Ha BOCEMb [IYI YepepyioNnxcsi I[BETOB
(Gesble gyt MOTYT GBITh HYJIEBBIMH). 3aMeTHM,
YTO Kak/las yepHasi ayra He MeHbline 60°, 10CKOJIb-
Ky CTSTUBAIONAs ee XOp/a He MEHbIIe CTOPOHbI
KJIETKH, T.€. pajinyca OKpy>KHOCTH. [loaToMy uyerpI-
pe vepHble JIyI' COCTABJISIOT He MeHee 2 /3 JIIMHbBI
OKPYKHOCTH.

10—=11 knaccoi
1. He cymectByIoT.
Oycrs {x} =0, {y} =B, rorma {x+y}={a+B}.
W3 ycaoBus caemyer, uto o +B-—oaf — menoe
uypcao. 3uaunr, u umcao 1-(o+P)+ap=
=(1-0a)(1-B) — wenoe. Ho aro ne Tax.
2. IlpoBenem B ofmieit Touke A 3THX OKPY’KHOCTEH
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KacaTesbHble [ M M COOTBETCTBEHHO. YTOJ MEKIY
[ u xopmoit AB pasen yray C. Yroa MexIy m u
xopaoit AL pasen

ZAKL = ZKAC + ZKCA =2/KCA = ZC .

CuepoBaresibHO, IpsiMble [ U 7 COBIIQJAIOT, 4TO U
TpeGOBAJIOCH.

3. 120.

Bceero cymm 210, T.e. mo 105 cyMM KaskJoro 3HaKa.
ITycTb 6bLa0 X uMCes OHOTO 3HAKA Uy — JIPYroro.
Ham nHajo MUHMMM3UPOBATH KOJMYECTBO XY OTPH-
naTeJbHbIX TIpousBefenuii. [lpm ¢ukcnpoBanHOi
CyMMe IIPOHM3BE/ICHIE YNCeJ TeM MEHbIe, 4eM /1a/Ib-
1Ie OHU JIpyT oT Apyra. Hu oxHo u3 uucen x u y ne
MOsKeT ObITh Gosbiie 15 (MHaue KOJMYECTBO CyMM
onHoro 3naka Oyaer Gosmbme 15-14:2=105), no-
9TOMY HAWIyUIIHi pe3yspTar Oyzer upn x = 15, y =
=6 (uaum Hao6opor). IIpu 9TOM KOJIMYECTBO OTPU-
HaTeJbHbIX npousBegeHmit pasHo 90. HysknHoe Ko-
JIMYECTBO IOJIOKUTETBHBIX CYMM JIOCTHTAETCS, Ha-
[IpUMep, eCJIU IATHAAATh YUcea paBHbI 1, a mectb
paBHbL —2.

4. Moxetr B 060MX MyHKTax.

a) BosbMeM Taxoil mpaBUIIBHBIIT TETPasAp, UTO TIap,
Kacaromuiicsi ero peGep, BbICEKAET HA IPAHIX KPYTH
paauyca 6osbiie 4. 3ateM Gy/eM OTAANSATD OTHY U3
rpaHeil OT IleHTpa Imapa, MOKa B 3TOH TpaHU He
BbIceyeTcss Kpyr paamyca 4. TeTpasap mpu stoM
OCTaHeTCsT TIPABUJIBbHBIM, PA/NYChl KPYTOB B APYTHX
IpaHsAX He M3MEHSTCs. AHAJOTHYHO OTIAJIHM OC-
TasJbHbIE TPAHU, YTOOBI TTOJYUINTh Hy KHbBIE KPYTH.
6) Paccmorpum map ¢ tentpom O pagumyca S.
OmnumeM BOKPYI Hero IpaBUJbHBIH TeTpasap. Ha
paguycax, coeamHaomux O ¢ TOUKaMH KacaHWS,
HaiiJieM TOUKH, /IS KOTOPBIX ILIOCKOCTH, IPOXO/isI-
mye 4Yepe3 9TH TOYKH U IepPIeH/UKYJISpPHbIC 3THM
pasmycaM, mepecekaloT map Mo KpyraM paanycos 1,
2, 3, 4.

Ocrasoch J0Kas3aTb, YTO 3TH YeTbIpe Kpyra He Iepe-
cexarorcsa (Toraa yKasaHHbIE TIOCKOCTH 00pas3yioT
terpasap). JloCTaTOUHO [OKA3aTh 9TO ISt KPYroB
paauycoB 3 u 4. 3ameTuM: ecJu Gbl COOTBETCTBYIO-
mye pauycbl ObLIN TIEPIECHANKYIAPHDBI, TO KPYTu
Kacamuch 6bl (II0CKOJIbKY TPEYTOJIbHUK CO CTOPOHA-
Mu 3, 4, 5 npsaMoyronbublii). Tak Kak yroa Mexmy
pajinycaMmu Ha caMOM JieJie TYTOW, KpYyTH Iepece-
Karbcs He OynyT.

5. Packpacum KJjeTKn B IIaXMaTHOM IOPsIIKE Tak,
YTO JieBasl HIKHAS KiIeTka X — yepHas. Torza geBas
Bepxusisg Y — Gesasi. V3 yepHoii kjaetku X jiesiaercst
TOPU3OHTAJIbHBII XOJ, cjeAyomuil Xo1 — u3 Oesoi
BEPTUKAJIBHO, IIOTOM — CHOBA M3 YepHOH TOPH30H-
TAJIbHO 1 TaK Jlajiee, Yepeysich. DTO 3HAUNUT, UTO U3
4yepHOii KJeTKn (PUIIKA BCEr/la BBIXOIUT TOPU3OH-
TasIbHO, a U3 6esoil — BepTUKajbHO. B wactHocTH, B
Y ¢umka nomnasa TOpU30HTAIBHBIM XOJOM.

2018/Nel

[Tyctp opunakoBbix xoz10B He ObLnto. Torpa muka-
KyI0O CTOPOHY KJETKH (PHUIKa He MOXKET Tiepecedyb
JIBK/IBI B TOM JKe€ HAINPABJEHUH — B CHJIY IIPEJIIo-
JIO)KEHHsI, & B IIPOTHBOIOJIOKHOM — B CHJIy YKa3aH-
HOTO BBIIIE YepeJOBaHNU.

[TockoJbKY HPOHIEHHYIO CTOPOHY KJIETKH CHOBA
IIPOXO/IUTb Hesb3st, GyJileM <«CTPOUTb» BJOJb Hee
creny. OuUeBHIHO, CTeHBI 06pPa3ylOT CBSI3HOE MHO-
skectBo. Korgma ¢umka gobGepercs 10 Y, CTeHBI
COeINHAT HIDKHUI U BepXHHUII Kpas Aocku. Bes
JTOCKa Pa3obbercsi cTeHaMu Ha 00J1acTi, npudyeM Y
U TIpaBas BEPXHAS KJETKa Z OKaXYTCS B PasHbIX
obmactax. CaenoBaTesabHo, 3 Y B Z (uiika mpoii-
Tn He cMoxeT. [IporuBopeune.

CIIOXHBIVI BapUaHT
8—=9 knaccel

1. Yaacred.

[TonosknM THPIO Ha JIEBYIO Yally W yPAaBHOBECUM ce
8 kr caxapa. Y6epeM THPIO U HacbllleM Ha JIeBYIO
yanry 6 kr caxapa. Ilomensem makerbl MecTaMu U
JIOJIOXKUM Ha IpaBylo yanty rupio. Ternepb Ha J1eBOit
yanre — 8 kr, Ha npasoit — 12 xr. [lins paBHOBecust
He xBaraeT 1 Kr caxapa Ha JieBoil yaie, KOTOPbIH n
HACBIIIaeM.

2. MoxHo.

Ha pucynke 4 1eHTPbI Y4eTbIpeX MOHET HAaXOJATCS
B BEpIIMHAX JBYX TPEYTOJbHUKOB CO CTOPOHAMMU
3, 4, 5.

Puc. 4

5. He morio.

3aMeTuM CHAyYasa, 4ToO IPOM3BE/ECHHE /BYX R-3HAu-
HBIX 4nces — an6o (2k — 1) -3Haunoe unco, 6o 2k-
3HauHoe. JlelicTBUTEIbHO, HanMeHbllee R-3HAUHOe
YUCJIO 10k’1, YMHOXKEHHOE caMo Ha ce0si, 1aeT YICI0
102k’2, B KoTOopoM 2k — 1 3HaKOB, a HanbGouibInee k-
3HAUHOE 4YHCJI0, YMHOKEHHOe caMo Ha cels, JaeT
Menblte, ueM HanMenbinee (k +1)-3naunoe 4mcio
10, YMHOKEHHOEe caMo Ha celbst, OTKYy/la pe3yabTar
Menbire HanMenbiero (2k +1)-snaunoro uncaa 10%%,
ITycTb jaHbl YMCIA Ayl ...0y07 W a@idy...dp_(dy -
ITpescraBuM ceGe, 4TO MBI yMHOJKaeM HX B CTOJI-
6uk. B camom mpaBoMm paspsizie OyZeT CTOSITb dyd,
(BO3MOKHO, ¢ IIEPEHOCOM, KOTOPbIi yiijer B ciey-
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fomye pas3psapt), n B (2R —1)-M cmpasa paspse
Torla — MUHUMYM ¢, . Ilo ycnosuio, a@ya, oxan-
uynBaercs Ha 1. Ecam ectpb ente u nepenoc, to aay,
He MeHblre 11, M KaK MUHUMYM 3TOT >Ke IepeHOC
ectb 1 B (2k—1)-M paspsge. Ho mnpoussezenie
aByx mudp He Moxer parb 11, t.e. aq, eme
Goupwe. 3uauut, B (2k —1)-M paspsige mocie Beex
MEPEHOCOB J0JKHO momyunThest MmutnmyM 111 (uma-
e B MTOTE HE MOJYYUTCS YUCJA0 U3 OJHUX €[HHHUIL),
YTO HEBO3MOXXHO — B HAIlleM IIPOM3Be/leHUn Oyjer
caumkoM Muoro mudp (we menbie 2k + 1). Toaro-
My repeHoca Het, u a; = a;, = 1. Torma npousse/e-
Hie Ham#ux 4vucesa OyaeT MeHbIIe, YeM
(2 . 10k"1) . (2 . 1Ok"1) =4-10%2 1. B [IpousBe/ie-
Huu 2k — 1 paspsios.

ITocmorpum Tenepb Ha BTopoii pasps crpasa. Tam
CTOUT dydy + dj,_ydy, BO3MOXKHO, ¢ 1epernocoM. Eciu
IepeHoc ecTh, TO MHHUMYM TaKoii ke IepeHoc Oy-
zer 1 B (2k —2)-M paspsige, u exuHnmna B (2k —1)-m
paspsie HCIOPTHTCS. 3HAUUT, IepeHoca HeT, o
ayay + ap_qa; = 1. AHAJOTUYHO TIOJIyYaeM, 4TO U B
TperbeM paspsze (crupasa 1 cieBa) mepeHoca HeT U
tam 1, u tak gasee. Tax MblI 10ii1eM /10 cepe/IUHBI 1
moayanM, 4to Tam Toxke 1 Ge3 mepenoca. Ho ma
CPeIHeM MecTe CTOMT df + ...+ dj , 4TO He MeHblie
2 (Bemp a; = aj, =1). llporusopeune. 3HauuT, YnC-
JIO U3 OJJHUX €/INHUIL HOJTyYUTb HEJIb3sl.

10—11 knaaccel

2. PaccMOTpHM yTOJI, CHMMETPUYHBIH TaHHOMY OT-
HocuresbHo Toykn O. [To Teopeme o BesmunHe yria
MEK/Iy XOpJaMu, 9TU [[BA yTIJIa BBICEKAIOT HA KaXK-
JIOWl OKPY’KHOCTH JIB€ JYT'M CYMMAapHOH BEJIUYMHBI
200, a Ha BCeX MIECTH OKPYKHOCTAX — 12 yruios
cymmapnoit Besmannbsl 1200 . TTockosbKky KapTHHKA
CUMMETPUYHA OTHOCUTETbHO O, KaXK/blil U3 YIrJIOB
BBICEKAET TI0 IMIECTDb YT CYMMapHOW BEJMYMHBI 6O .
6. ByneMm mcnosb3oBath cTaHapTHbIC 0003HAUYCHUS
a, b, ¢ m p ans JIMH CTOPOH U HOJyTIEPUMETPa
tpeyrosbuuka ABC. Ilycrb nepBasi BHeBIIMCAHHAS
OKpY>KHOCTb Kacaercs npsamoit BC B touke K. Ilo-
ckoibky KM — MeamaHa TMPsSIMOYTOJIBHOTO TpPEY-
roapanka CKI, To HpH TOBOPOTE Ha YTOJI
¢ =180°—- ZC mupsmas BC 1epexout B MPSIMYIO
AC. Ilpu satom touka K nepexoaut B C, Touka B —
B By, a Touka A, — B A (xak ussectno, KB =
=CB, = p — a, BA =BA=p-c). Ilostomy
MA = MA;, MB = MB,.

PaBuoGenpennbie tpeyroapaukn AMA w BMB
noao6ubI (y 060X yriibl 1pu Bepimuie M paBHBI Q).
3uaunr, LMAN = LMAA = ZMBB = ZMB\N,
4TO U TPEGOBAJIOCH.

7. Ha xaxaom pebpe cetkn (oTpeske yJmibl) T0-
CTaBUM CTPEJKU B HANPABJICHUAX HA CEBEp WM Ha
BocToK. Ilyctp ropox — kBagpar ABCD, tne A —

loro-3anajnas BeplinHa, B — I10ro-BOCTOYHAs
(puc.5). HazoseM 6ecom y3na CeTKM MUHUMYM U3
JUIMH 1IyTH 110 ceTke oT Hero 10 BepinH A u C. Bo
BCe BHYTPEHHUE y3Jibl, a Takxke B B u D crpesiok

Cn*1 Cn72 C2 C1 C
Dn*1 B1
Dn*2 B2
D2 Bn*2
D1 Bn*1
B
A A1 A2 An*2 An*1
Puc. 5

BXO/IUT U BBIXOJUT IIOPOBHY, HA30BEM 3TH Y3JIbl
pasnosecnvimu. B ysibl na unrepsasax BC u CD
BXOJISAT JIBE CTPEJKH, BBIXOAUT OJHA, HA30BEM 3TH
y3Jbl hunanrvnvimu, obosnaunMm nx B, mna BC u
C, ua CD, rie k — Bec. A B y3Jibl Ha UHTEPBaJaX
AB u AD BXOmWT OJlHA, BBLIXOMSAT JIBE CTPEJIKH,
HA30BEM 3TH Y3Jbl CINAPMOGLIMU, OGO3HAUYNM HUX
A, na ABn Dy, na AD. Ilytu uz A B C nayr 110
crpeskaMm. [lytn nu3 C B A uayT npoTuB CTpPEJOK, HO
UX Toke Oy/ileM CUMTATh IMyTSIMH IO CTpesKkaM u3 A
B C. Kaxxplil myTh MeeT JInHY 2712, Beca y3/0B Ha
HeM cHavasa BodpactaioT ot 0 710 n, 3aTeM yObIBAIOT
or n 1o 0.

Bynem nymepoBarp janu, HaumHast c¢ 0, a rtaxxe
CUMTaTh, YTO TIPOiiJileHHbIe pe6pa OKPAIINBAIOTCS B
cunmii 1Ber (MCXOAHBIT IBET peGep — YepHbIil).
JlokaskeM MHAYKIEN 1O R, 4TO B R-il JI€Hb CTAHYT

cunumu posHo 4 (n—k) pebep, mocie aToro Bce
pebpa, UHINIEHTHBIE Y3/1aM Beca He GoJee R, OyayT
CHHIMHM, a Bce CHHUE pe6pa, WHIUIEHTHBbIE y3JaM
Beca GoJbiire R, GyyT MPOWIEHBI TOJIBKO 110 Pasy.
Basa (k = 0). lposenem mo6oit myts nz A B C.
3aBeloMo ecTb elie oauH 11yTh u3 A B C 110 ele He
IIPOIICHHBIM CTPEJIKAM, HAIPUMEDP CUMMETPHYHbII
npebiylemMy orHocuteapbHo mnpsimoir AC. Ilpose-
nieM Jiio0oil Takoil myTh. Bce uyerpipe pebpa, MHIH-
nentasie A u C (r.e. yanam Beca 0), TpOiiieHbI.
Kaxapiit u3 y3n0B Beca 1 umeer crenenb 3, uepes
KasK/[bIil TIPOTITEJT OJMH TYTh.

IITaz undyxyuu. Mycrs nacran k-it nenn. Ilepsoie k
3BEHDBEB JIOOOTO MyTH BBIXO/SAT U3 Y3JIOB C BECAMU
or 0 10 k& — 1. Ilo npeAronoKeHNI0 UHAYKIIHI, OHI
npoiiyt mo cunuM pe6pam. To ke BepHO 171 R
MOCTIETHNX 3BEHbEB. 3HAUNT, HA TyTH MOXKET OBbITh
ne Gosee 2(n—k) uepubix peGep. JlokaskeM, 4TO
€CTD IyTh, Ijie TakuX peGep posHo 2(n—k).

Ha croponax KBajipata OCTaJuCh y3JibI Beca He
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Menbiie k u crerern 3. Ilo TpeionoxKeHnio mH-
JIYKIIUU, Yepe3 HUX He MOTJN TPOUTH JBa MyTH,
MO3TOMY KaKI0i U3 HUX MHIIUJEHTHA XOTs Gbl O/lHA
uyepHas crpeska (Boixomsuias nis A; u D;, BXO-
namas aasa B w C;). Tlpu atom B y3max crenenn 3
Beca R 0OCTajioCh POBHO IO OHOW WHITHIEHTHOM
CTpeJiKe, TOCKOJbKY pebpo, COeluHsIoNniee €ero ¢
y3JIoM Beca k — 1, TIO NPEIIOIOKEHIIO WHIYKIIUI
cumee.

Crapryem u3 A,_; 1 Gy/ieM H/ITH 110 YePHBIM CTpeJI-
KaM, ToKa He joiigem g0 B, ; win He 3aiizem B
TynuK. TynukoM MosKeT ObITb TOJBKO (PUHAILHBII
ysen F. Ilycrs on ormmvaercst ot B, ;. Jlomanas
A,_4F pasbuBaer ropoj| Ha JBe 4acTH, U y YaCTH C
y3JgoM B, ; mHer CcTapToBBIX Y3JIOB Ha TpDAHHUIIE,
xpome A,_;. Bouigem uz B,_; u Oyzxem uarn mpo-
THB YePHBIX CTPEJIOK, TOKa He JI0ieM /0 JOMaHO!
A,_F . Nanee mo momanoit moiinem no A, ;. Ilo-
ayunm 1yt A,_B,_; . Bpemenmno corpem ero 3Be-
ubst. Ilocute aroro ysnst A,y u B,_; cramyr paBno-
BecHbiME (2 PaBHOBECHBIC PaHee Y3JIbl TaK M OCTa-
HYTCSl PABHOBECHBIME). AHAJOTMYHO CTPOMM IIYTh
An—ZBn—Z :

A, ,F, ecm F ue B, ,, 10 crapryeMm 3agHuM

crapryeMm u3 A, ,, mHoJydaeM IyTb

xoaom us B,_, u joiigem no nomanoit A, ,F ,
MOTOMY YTO BCE HEPABHOBECHDBIC CTAPTOBDIE Y3JIbI
Jjexkar 3a artoil rpanuneii. I tax masee.

Tloctpous myts A,B, (1 BoccTaHOBUB CTEPTHIE
pe6pa), mbl moayunm nytb AA,B,C ¢ posHO
2(n—k) depubiMu pebpamu. YesoBek He 06sizaH
BBIONPATh MMEHHO €r0, HO €My TNPHJETCS BbIOpaTh
mnyTb I, uyepHast yacTb KOTOpPOro HaumHaercs B Ay
wiu Dy, u sakanuuBaercst 8 B, uiu C, . [leiictu-
TeNbHO, 2R TyTeil, TPOii/ilcHHbIe B TIEpPBBIC R JIHEIT,
nponutn yepe3 2k ysioB Beca k u okpacuiu 8k
UHIMAEHTHBIX uM peGep (M0 NpPeanosoKeHuio uH-
JIKIUHU, Bee aTu pebpa pasanunbl). Ho Beero y Hac
ectb 4 ysuaa Beca k cremenn 3 u 2(k—1) yaios
creneHn 4. VM wannmeHtHsr 8k + 4 peGpa. Kak
MIOKA3aHO BbIIIle, BCE YeTbIPe HEOKPAIIEHHBIX pebpa
UHIU/IEHTHDI y3JIaM CTereHu 3.

Oxpacum mytpb 11 B cuHmii 11BeT n 0603HaUNM Te /iBa
13 YETBIPEX BBINICTIEPEUNCICHHBIX Y3JI0B, KOTOPBIE
He cramu xonnamu II, A" m B’ . JlokaxkeMm, 4TO
ocrascsa nyts us A” B B 110 uepnbiM peGpam. Jlns
9TOTO, KaK ¥ paHbllle, IMOCJIE0OBATEIbHO CTPOUM
nyTn An—1Bn—1 ’ An—ZBﬂ—Z LR A/e+1B/e+1 ’ A'B .
3HauYnT, YeTOBEK BBHIGEPET OJMH U3 TyTell, TMPOX0-
nammii uepes A u B’ . Okpacus ero B CUHUIA 11BeT,
MBI, B YACTHOCTHU, C/I€JIA€M CHUHUMHU TIOCJETHHE Ye-
TBIPE YepHbIX pebpa, MHIM/ECHTHBIE y3JIaM Beca k.
B cny jpokasannoro, 3a n jameil Gyjer mpoiijeHo
seero 4(n+(n—1)+...+1)=2n(n+1) peGep, uro
COBIIA/IaeT ¢ OOIUIMM YUCJIOM Pebep CETKH.

2018/Nel
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IMMAXMATHAAd CTPAHUUYKA

Bcnomm-laﬂ
[TPOLUJTBI TOL

IIpomemumuii 2017 rox 6s11 60-
raT Ha HHTEpecHble COOBITHSI B
MIaXMaTHOM MHpe U Ha KpacHBble
napriu. Han6oxee spkue naprun
IIPE/ICTABJICHBI B CETO/IHSIIHEM BBI-
LyCKe 1IaXMaTHOH CTDaHMYKH,

ban UsuHbwKM - AnHb
JInkeHb

MexkwvH, 2017
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KTO 1 334eM PacKMA3A 3TU
P33HOUBETHLIE 3Be3AbI
Nno 4YepHomy Heby?
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