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[lpeaucnoBue nepesosHuHa

«BBenenne k 3Toli paboTe», KOTOPLIM OTKpbLIBaeTCs
3aMevateqbHOoe counHeHue Moranna Kennaepa «Hosas
acTpoHOMHs, HJIH ¢u3nka HebGecy (OT4ET OO OTKPLITHUU
ABYX NepBLIX 3aKOHOB [ABHIKEHHS IJIaHET, HOCAILMUX HbIHE
HMSA BeJIMKOro npeo6Gpas3oBaressd aCTPOHOMHH M H3BecT-
HBIX KaXk/IOMy LIKOJBHHUKY), COJAEPKHT MOHCTHUHE NpPOpO+
yeCcKOe MpH3HaHHe: «TsaKKHUH KpeOUil — nucaTh B HallH
AHH MaTeMaTHuyeckue KHHUru.. Ecau He cobawonath Hals
Jexallesd CTPOrocTd B (POPMYJHPOBKAX TeOpeM, IOsiCs
HEHHSX, J0Ka3aTeNbCTBAaX M CJAEACTBHAX, TO KHHUIY He-
Jb3s1 CYHUTATh MaTeMaTHyeCKOH. EcCaM HeyKOCHHTE/NbHO
cobsofaTh Bce TpeOGOBaHUSI CTPOrOCTH, TO YTEHHE KHUTH
CTAHOBHTCS BeChbMa 3aTPYAHHUTEJbHLIM...»

C AnieMMOR «CTPOTOCTH HJIH JOCTYNMHOCTB® CTaJIKH4
BaeTcs KaxKJIbli, KTO nuuer JA00yl0 KHHUTY IO MaTeMas
THKe, B OCOOEHHOCTH KHHUTY NONYJSpPHYIO. ABTOp KHHTH,
npefsaraeMoOil BHHMAaHUIO YUTAaTe s, pa3pellua 3Ty AHs
JieMMy BecbMa HCKycHo. He crtaBsi nepen co6oii Hepa3ss
pelmInMoOi 3ajayM JaThb NOJHYIO KapTHHY MHOroo6pasHoM
JKH3HU COBPEMeHHOH MaTeMAaTHKH, OH MAacTepPCKH, ceMbio
LIIHDOKHMMH Ma3KkaMu HaGpacblBaeT NMOpPTPeT ApeBHeH, HO
BeYHOH IOHOH HayKu, U B Hall BeK BceoOlledl MareMaTH-
3alliy ocTawllenca /s GOJbIIHHCTBA JIOAeH NpeKpacHo!
He3HAaKOMKOH. YMesno copa3Mepsii CTPOrOCTb H ONHCa-+
TeJbHHH noaxon, 'anc @pefigentans co3fgaeT KapTHHY,
nepefawIlyld XapaKTep «HaTypbl» TOYHee, YeM YHBIJOe
nepevyucjenue HMeH, (aKTOB, MeTOJOB H pe3yJabTartoB,
NoJ00HO TOMY KakK NOPTpPeT KUCTH BHIAAIOILIErocsa MacTepa
nepefaer cBoeoOpa3ve H300paKeHHOTO Ha HeM JHuUa
Gosiee TIyGOKO M BEpHO, UeM IOPTPET TOrO XKe JHILa,
cos3fiaHHBIH ¢oTopoGoToM. M XOTa BHIOOD TeM AJsI CeMH
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rJ1aB KHHTH OPOAHKTOBAH JIHYHBIMH BKYCaMM B HayUHBIME
NpUBA3AHHOCTSIMH aBTOpa, KapTHHA COBpPEMEHHOH Mare-
MaTHKH MpeACTaeT nepen yuTaTes]eM AOCTATOYHO IOJIHO
tleT He06XOAMMOCTH OCTAHABJHBATbCA HA COAEPKAHH:
KHuru O6oJee MOoApPOOHO — OHO SIPKO M TOYHO OXapakTe
pPH30BAaHO B NpPEAMCJOBUH caMoro asTopa. [losTomy Mm
OrpaHNYHMCS JIUUIb T€M, YTO NpPEACTABUM €ro UHTaTe.
Brigamoiuiica roajaigckun maremMatuk [anc @pe.
neHTanab poauiacs B 1905 r. B I'epmannn. Maremaruue
ckoe oOpa3oBaHUe NMOoJYyYuJa B BepJaHHCKOM yHHUBEpCHUTETE
rae npoyuunics ¢ 1923 no 1930 r. (1927 r. I'. @pefigentaJt
nposes B CopOonHe). JIOKTOPCKYIO JHCCepTalHI0 3allH
tun B 1930 r. Ho 1946 r. 6611 accuctenTom AmcTepaam-
CKOro yHHUBepcHuTeTa, a ¢ 1946 r. 3ausa moct npodeccop:
no Kadenape yUCTOH M NPHUKIAAHON MaTeMaTHKH Y Tpexr
ckoro yHuBepcutera. Hiaen Kopoaesckoi Hupepnanacko
aKkaJgeMHH, HHOCTpaHHBIH uieH KopoJseBckoil Pdaamanj
CKOH aKajeMHH, MOUYeTHHIH JAOKTOp DepJanHCKOro yHuBep
cuteta. B MateMatuke I'. @pelifeHrans cjaenyer «poman
THYeCKOMY HamnpasJeHHIo». Ero HayyHoMy TBOpYecCTB!
CBONCTBE€HHA LIHpOTA H pasHoobpasne TeM, OOraTcTBC
uneir u Mmetonos. Aprop 6osee ueM 200 paboT no ToOmoJsiC
MU, TeOpHH rpynn JIu, ananau3dy, reOMeTpHH, MaTeMarTy
yecKo# Jioruke, puaocodhun U HCTOPUU HayK (B TOM UHUC
Je KHHTH «J/IMHKOC: NpPOEKT sI3biKa /A OOUIeHHSA € HHO-
AJaHEeTHBIMH LOHBHJAH3ANUAMHY), [anc @pehAaeHTaN:
H3BECTEH TaKKe KaK OJIeCTALIUA MOonyJasipH3aTOp H opra-
HH34aTOp psAjla MeXAYHAapOIHbLIX CHMIIO3UYMOB.

10, Hanuaoc






BeeaeHue

JIioq1 yMeJH CUATATb H 3aHMMAJHCh H3yyeHHEM Teo-
MeTpHUYECKHX (QHUryp elille B Te BpeMeHa, Korma ©HH He
Hayuyuauch nucaTb. C BO3HHKHOBEHHEM NHCbMEeHHOCTH
MIOSIBUJIMCh YHCJA U Be€CbMa CKOpPO BCJed 32 HUMH — Bhbi-
COKOpa3BHTasi MaTeMaTHKa. 3a TPH ThICAYEJIeTH [0 HO-
BOH 3phl BAaBUJ/IOHSHE yMeJH pelllaTb KBaJApaTHble ypaB-
HeHHs M 3HAJH TeOopeMy, KOTOPYIO HEIHE COBEPLIEHHO
HeOG0CHOBAHHO MBI Ha3biBaeM TeopeMol Ilugaropa. s
yero OblIa HYXKHA MaTteMaTuka B zgpeBHocTH? OHa dB-
Jsijlacb HaJeXHBIM NOACNOpbeM INPH KOMMEpPYECKHX pac:
yeTax, noMorasjia HaBHratopaM oOIpelneasdaTb MOJOXKEHHE
CyJHa B Mope, 3eMjieMepaM — U3MepATh 3eMe/IbHble yua-
CTKH, aCTPOHOMAaM — COCTABJATb KaJeHIAapH U CJAYyXKHJIA
MHOTHM JPYTHM CTOJIb e «3eMHbIM» IenasiMm. Ho c ca-
MOro Haya/Jga MaTeMaTHKa BbIUlJIa [JajJeKo 3a Npenesbl
NpakKTHYECKUX NoTpebHOCTeH yesoBeyecTBa. Mrpa ¢ yuc-
JaMH ¥ ¢urypamu Oblia He TOJbBKO CpPEICTBOM, HO H
CaMOLeJIbIO.

Ilo mMepe pa3BUTHUA uejOBeyecTBa MOSBJSJIUCL BCE
HOBble W HOBble 06/1acCTH NpPHUJIOKEHHs MaTeMaTuku. Hou-
roe BpeMsl BarKHeHIIed H3 HHX CYHTajJgacb acTPOHOMHA.
BosHukimas B NepBOM THICAYeNE€THH JO HOBOH 3pHl B Ba-
BUJIOHE M NIepeHATass 3aTeM rpekamu, oHa ob6pesa ¢op-
My, KoTopasd coXpaHf/Jack HEH3MEHHOH OoJgee Thicsye-
JIeTHS.

Uncrad mateMaTHKa BcerJa faJieKo onepekaJja pas-
BHTHE CBOMX NPHUJIOKEHUH KaK IO CONEPKAHMIO, TaK H IO
¢opme. I'peKH He TOJBKO Pa3BHJIM H JONOJHHJIHK HacJe-
JUe BAaBUJIOHSIH, HO M CO3[a/I1 HEYTO COBEpIUEeHHO HOBOS.
OHu npeBpaTu/Mil MaTeMaTHKY B JOTHYECKYIO CHCTEMY, B
KOTOPOH OT HUCXOJLHBIX INPEANONONKEHHH C IIOMOIULIO JO-
ri4eckKoro BbIBOJ A, HA3BIBAEMOr0 10Ka3aTeJbCTBOM, MOXK-
HO NepexOoJUThb K 3aKJIOueHHsaM. B3rasg Ha maTeMaTHKY
KaK Ha JIOTHYeCKYyl0 CHCTEeMY B 3HAUYUTEJbHOH Mepe
COXpaHH/JICS M IOHbIHe. B MaTeMaTHKe HHYTO He Tpe-
6yeTcs npUHHMAaTh Ha Bepy. MareMaTuk HHyero He pac-
CKa3biBaeT HaM O peanbHOCTH. OH TOBOPHT JHIIL O TOM,
YTO OJHO cJieiyeT U3 J[APYyroro, H TMOKa3blBaeT, Kak
HMEHHO 3TO TIPOUCXOAMT. B HCTHHHOCTH JIOTHYECKHX
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MOCTPOEHHH MaTeMaTHKa KaXIblii MoxeT YOeIuTbCs
CBOUM COOCTBEHHBIM Pa3yMoOM.

[locTenenHo MaTeMaTHKy Bce mupe cTajn HCII0/IB30s
BaTb W Jpyrue Hayku. [lepBoii Hayko#, ray60KO NMOCTHI-
e NpeMMyllecTBA MaTeMaTHyecKoro MOAXoAa, Obiia
actTpoHoMusi. HebGecHad MeXaHHKa HyXKJajachb B HeHCT4
BeHHBIX MAaTeMaTHYeCKHX MeTOoaX, KOTOpble OTYACTH M
Obliin paspaboTaHbl I/ YIOBJETBOPEHUS €e 3alpocoB.

Hns1 npuMeHeHUsI MaTeMAaTHKH OTKPBIBAJOCh Bce 60Jb«
1ie caMbiXx pa3HooOpa3HbIX Bo3MoxkHocTel. M Bce Xe ele
B Hayaje XX B. U3 COTHH BBINYCKHHKOB THMHAa3WH BPSAJI
JIM1 MOXHO OBLIO BCTPETHTb OJHOrO, KOMYy XOTd Obf pas3
NPHIIJIOCH NPHUMEHUTh Ty MaTeMaTHKY, KOTOPYIO OH H3y3
yaJ Ha UIKOJILHOH CKaMbe.

- JIJ1s wero xe TOrJa H3yyaJun MaTeMaTHKY? YTBepXKs
JaloT, 4TO MareMaTHka MAUCUMUIJIHHHDYET H pas3BUBaer
yM. IDTO fBHOE NpeyBeJHUEHHE, HO OHO COJAEPXKHUT 3epHO
HUCTHHH. YesoBeK, HCKYLIEHHBI B MaTeMaTHKe, KaK Mpas
BHJIO, laxKe He CO3HaBasl, HCIOJb3yeT MeTOAbl MaTeMas
THYECKOTO MBILNIJIEHHSI Ha KaxXXAoM Liary, mo Jwo6omy
1I0BOAY.

B uyeM, cOOCTBEHHO, COCTOAT METOAB MaTeMaTHuer
ckoro muuienusi? Ha 3ToT BOmpoc, Tak Ke KakK W Ha
Bonpoc: «Kaxk nionu nnasalor?s, HEBO3MOXKHO naTb yOe-
JHMTeNbHBIH OTBeT. BrnpoueMm, BCAKOMY, KTO NOXKeJaer
HayyHUTbCA NJaBaTh, MOXKHO IOKa3aTh, KaK IJaBaloT ApYs
rue, 4yToObl OH MOT MNOJAPAa)KaTb HX JIBHKeHHAM. TOyHO
TAK JK€ YeJOBeK MOMKeT HaYYHUTbCA MaTeMaTHUEeCKH MBbIC+
JUThb, TNOApaxKass TeM, KTO y:Ke OBJaJeJ 3THM HCKyC»
CTBOM. ToMy, Kak MBICJAT MaTeMaTHKH, W MOCBSIIeHa
3Ta KHHra.

UTto xe TaKoe MaTeMaTHKa, Ha KOTOpQH MbI cOOHa
paeMcsl COCPEIOTOYHTb BCE CBOe BHHMaHHe? ITO TaKXkKe
MOKHO NMoKa3aTh JHLIb Ha npuMepax. OfHaKO O MHOTHX
Pa3HOBHIHOCTSX YeJOBEUYECKOH HesTeJIbHOCTH Cpasy
MOKHO CKa3aTb: «JTO He MaTeMaTHKa». TaKOBHI, HallpHs
Mep, Beruucaenns. Ilpasaa, 6bl10 M Takoe BpeMs, KOraa
HMH BJajJe]d JHUIb yu4eHble, HO OHO AaBHO npouljo. Eie
8aJ0/IT0 JI0 MOSIBJIEHHs] BHIYHC/IHTEJbHBIX MALIHH YHCJIEH:
'Hble pacueThl GblJH OPTaHH30BAHKI TaK, YTOGH HX MOXKHO
ObIJI0 TPOM3BOAHTb YHCTO MeXaHHUECKH, He 3aqyMbl-
Basicb. JKoHriupoBanue anre6GpanyecKHMH (OPMyJaMH
ToxKe He SBJsAeTCS MaTeMaTHKOH, XOTA yMeHHe CBOOOJHO

9




oOpamarscsia ¢ QopmyJaaMH, TaK XKe KaK H yYMEHHe Mpo--
H3BOAUTDL YHUCJEHHbIe BBLIKJAAKH, MOXKET OKa3aTbCA He-
Oecriojie3HniM W A4 Matemartuka. Co3qaHue YHCJIEHHBIX
MeTONOB M Hawed anreOGpe, pasyMmeercs, OLLJIO Ae/iOM
MaTeMaTHKOB. OHH W TOHBIHE HEYCTAHHO TPYAATCA Hal
pa3pabOTKOX MPOCTHIX M HANEXKHBIX METOJOB pacuera,
Ha3blBaeMBLIX aJroOpUTMAaMH, A CaMBIX Pas3sHooO6pa3HbIX
ob6nacreit mateMaTHKU. Ho Ko/b CKOpO ajaroputM cosjiaH,
BCE OCTaJbHOE MOXKHO MOPYYHTb BLIYUCJIUTEJbHOH MaUIH-
He. To, yeM 3aHuMaeTcd BLIYUCJAHTENbHAS MalluHaA, He
ABJASeTC MaTeMaTHKOH, HO [Js TOTo, YTOOBI BBLIYHC/IH-
TeJibHAs MaluWHa 3apaboraJjia, HYXKHB MareMaTuka H
MaTeMaTHKH.

M Bce Xxe MaTeMaTHK JOJIXKEH H3YYUTh JaxKe Ty UHCTO
TEXHUYECKYI0 CTOPOHY CBO€H HayKH, KOTOPYIO OH Ha
NpakTHKe NOPYy4YWJ Obl BBIUHC/AHTEJNbHONM MallHHE, [10-
JOGHO TOMY Kax B LIKOJIe HaM INPUXOJUTCH YUYUTLCH I1H-
caThb OOBIKHOBEHHOH PVYKOH, XOTs OLICTpee meyaTtaTb Ha
Nuilyned MauinHKe. BcCAKHHA, KTO noxkesaeT OCBOMTH
TEXHHYECKYI0 CTOPOHY MAaTeMaTHKH, AOJI:KeH COpaTHUTbCH
K yueOHHKY: TaM BCe H3/J0XKEHO cucrteMaTHyeCKH. Dbl
npepsiaraeM yuraresai He yueOHuK. He craHoBssicb Mare-
MaTHKOM, 4YHTaTeJbh COBEPILUHT NOYyTelleCTBHE TO He-
CKOJLKUM pasaenaM 3TOH HaykH, HOoA00HO TOMY Kak
MOXKHO NOOLIBATbL C 3KCKypcHel Ha BepdH, B raszeTHOM
H3[1aTe]bCTBE HJH B LIKOJe, OOOHTH TaM BCe NOMelleH#A
OT KOHCTPYKTOpPCKOro O0po OO cTarmeJjs, OT HabOPHOro
Hexa JI0 KCIeAuluH, 3arjJaHyTbh BO BCe KJacCChl, HE C1aB
IIPU 3TOM HH CYAOCTPOUTeJeM, HM HU3JarejieM, HU yyure-
JeM. Bbl mopofifere K cTOoagy MaTeMaTHKa, YBHAUTE Ma-
TeMatuka 3a pa6oToH, 3arJsiHuTe €My uyepes IJjeyo H,
Korga courerte, UTO YBHJEJH JOCTATOYHO, NMOHJETe HaJb-
e, B APYryi® KOMHaTy, rie CHAMT APYrod MaTeMaTHK,
KOTOPOMY TakKiKe MOXKHO 3arJsiHyThb uepes Ijeyo. ['opasno
CJIOKHee MoKasaTb, yTo (M Kak) TO, 4eM 3aHHMAalOTCH
MaTeMaTHKH, CHAsUIHe B pa3/MyHbIX KOMHATaX, B JEHCT-
BHTE/NBHOCTH B3aHMOCBSI3aHO, HO H30eXaTb OIllylleHUs
TaKoro €IMHCTBA [OBOJILHO TPYAHO.

Hama kHura cocToHT H3 3aMKHYTHIX raaB. Kaxmas
rimaBa I[OCBdAIleHa Yriay0/JeHHOMY H3JOXKEeHHI0 OLHOH
TeMbl. Jlofiass O COTOH CTpaHHUIbI, YHTATEJI0 BOBCE HE
TpebyeTcsl 3HaTh, YTO HAMUCAHO Ha neépsod. HayuHaThb
YTeHHe KHHTH MOXKHO C JIOG0H rJjaBbl, Ha3BaHHe WU
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DHCYHKH K KOTopo#i BaM 6oJblie IOHpaBATcd. [laxe ecan
Kakasg-HuOyIb TemMa H3Jaraercsl KpaTko, 3TO OTHIOAb He
O3HayaeT, YTo cJeAyeT OrpaHHYHUBATLCS NOBEPXHOCTHBLIMH
pacCyXJeHHIMH H TplouaMaMu. HuTatesl0 MOXKHO MO~
MOYb B300paTbCcsl HA BepPLWIHHB M OINYCTHTbCA B HeApa
MaTeMaTHKH, He TpeOys, yTOOHl OH HENpeMeHHO CTaHOo-
BUJICA aJbIIUHUCTOM HJAH wwaxtepoM. Pasymeercsa, nas
TAKHX BOCXOXJEHHH H CIYCKOB MNOIXOAUT AAJIeKO He
KaxIbll mnpeaMer. 3HAUHTEJbHYI0 YacTb MaTeMaTHKH
HEJb3sl NOHATb, HE BAABasiCb B TeXHHYeCKHe noapoO6HO-
cTH. MaTeMaTHkam 3TO XOpOIIO H3BECTHO, HO MM TaKxke
M3BECTHO, yTO OoJjee ray0oKoe NOHMMAaHHe [OCTHUraercs
HMEHHO B TeX CJyvafdx, KOTJa TEXHHKHM yjaerca usde-
#atb. MaTeMaTuku Bcerja BCTPeMSTCH HCKJIOYUTb TeXs
HUKY, €CJH 5TO CHOCOOCTByeT JyulleMy IOHHMAaHHUIo.
Huine pecrneuuaJucTy MOXKHO paccKa3aTh O MaTeMaTHKe
ropasjfo GoJbile H Ha OoJiee BHICOKOM HAayyHOM YpOBHe,
yeM NATbAecAT JeT Hasald. [log6opKy HMeHHO TakHX Ma-
TeMaTHYeCKH COJLep:KAaTeJbHbIX H B TO e BpeMs J0CTa-
TOYHO JOCTYIHBIX TeM MBI W npeasaraeM uyurtarenaio. Ot
Hero TpebyeTcs JHIIb COXPAHUTbL B CBOeH MaMATH Hau0o-
Jlee CYIecTBeHHOe H3 TOro, 4eMy ero yuyuJju B LIKOJIe Ha
YpOKax MaTeMaTHKH, H 3a0LITb BCe BTOPOCTEeHHOe, UTO=
6Ll OHO eMy He MelaJo.

MaremMaTHKa B XOAe CBOEro pa3BHTHS Mepepocia He
TOJNBKO COOGCTBEHHbIe TpPAHULBL, HO M TPAHHUBI MeXIy
CBOMMH OTAEJbHBIMH ob6sacTAMHU. Ec/iH paHbllie ¢ HEKOTO-
PHIM TPyAOM elle YyAABaJOCh yKa3aTb TpaHully Mexay
YUCTOH M NPHKJIAJHOH MAaTeMaTHKOH, MeX 1y reOMeTpHEH,
anreOpod W aHanu3OM, TO HbIHE HHKTO He OTBAXKHUTCH
CKasaTh, rjie KoHuaetrcd OJUH pas3fe/ MaTeMaTHKH H Ha-
ynHaeTcad apyroil. HesaBucumo OT TOro, KTO CTaBUT 53-
Jady MaTeMaTHKy, JUHTBUCT MK OHOJIOT, MOCHAE TOro, Kak
HaiileHa ee MaTeMaTHyecKasd POPMYJIHUPOBKA, CHA OKa3bl+
BaeTcd B CaMOM LleHTpe YHCTOH MareMaTHkH. ['eomeTpu-
¥eCKHe 3a/layl B Hallle BpeMA pelraloT aarebpanyecKUMHU
MeTonaMu, a aJjreOpauueckue — reomerprHueckumu. llar
OT nepekJiloyateJbHON CXeMBl BLIYHUCJAUTENBLHOH MalldHBI
X0 cxeMbl cTpoeHHs BcenenHo#t u cxeMbBl HeHpPOHHOH
CeTH, CIPATAHHOH NOJ CBOJAOM Halllero yeperna, He CTOJb.
Y& Benuk) Dr1a HeoxngaHHO GAHM3KaT CBA3L MEKIY, Kas
3aJ10ck Obl, OTRAJMIEHHBIMH NpeJMeTaMH [10Ka3aHa H B Ha-
Hiefi kuutre, u 12 He YOOHTCS YUTAaTelb, €CJU B OJHON H
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TOH K€ IJiaBe pedb MOHAET O KOPEHHBIX MEJbHHIAX H O
JlaNeKux MHpax.

B nepBoii rsaBe MBI 3aifiMeMc H3MEPEHHEM MHpaA.
CHayaJjla — MaJIeHbKOTO MHpPa, B KOTODOM MBI IKHBEM,
Haureii 3emJsH, 3aTeM OOJbIIEro Mupa, BMellaloOllero B
cBoux npefenax Connue u JIyHy, 1 HaKoHell BCEH OrpoM-
nod Bcenenno#t. CHauyajga — MHpPA, KOTOPBIE CUHTAJH
[JIOCKUM, 3aTeM HCKPHUBJEHHOrO MHpa, OOHUTATEJNSIM KO-
TOPOr0 NPUXOAHUTCHA IMOJb30BATHCA COBCEM HHOH reOMET-
puel, yeM Ta, KOTOPYIO OHHM H3yuaJiH B ILUKOJIE.

Bo BTopo#i rsiaBe MaTteMaTHK yMyApsieTcsl MpeacTa-
BUTb ce0Ge TOCTHHHUIY C OeCKOHEYHBIM dYHC/JOM KOMHAT,
CpaBHUTb OeCKOHeUYHhle MHOXKeCTBa, [N0Kas3aTh 3a OIHH
IpucecT OGECKOHEUHO MHOI'O MaTeMaTHYECKHMX YTBepKIe-
HHM W BBIPA3HTb HECKOHYAEMYIO0 UeNoYKy YHCIeHHBIX
BBHIKJIAJIOK B BH/le KOHEUYHBIX QOpMY.I.

B Tperbell riaBe MBI NepeKUAbIBAa€M MOCT OT TOrO,
KaK 3anucelBajy uyHcaa xutenu [lpeBHero BaBusona H
Erunrta, K uejoBeuecKOMy MO3ry, NpUAyMaBlIeMy 3TH
yuc/ja U MHOroe Jpyroe, U MexAy IpPOYUM 3aBOAHM pedb
00 urpax, JONYyCKaIIIHX CTPOTYI0 3aKOHUEHHYIO TEOpPHIO,
B 00 asapTHBEIX Mrpax, O BHIUMCJAUTENBHLIX MallHHAX, Ay-<
MaloLUX MallMHAaX, MalliHaX, Urpaponux B MaxMaTol i
3aHMMAaIOIUXCA NepeBoJoM, O TOM, YTO MOTYT U yero He
MOTYT fAeJiaTh MAalIWHBL.

Oco6biit MUD — MHpP GHOJIOTHUECKOH KJIETKH — OTKPHI-
BaeTcd nepej yurartejeM B ueTBepTo#l raase. Kak Kierka
NepeBOJAUT HACJIEACTBeHHYI0 UHPOPMALUIO C fA3bIKA Ae30-
KCUPUOOHYK/IEUHOBBIX KHCJIOT Ha 43BlK CHHTE3HPYyeMbiX
€0 NpoTeWHOB? 3ajaya u3dllHasA, HO OecnosesHas, HOO
IIpUpPOJie HeT Jesia A0 TOro, 4YTO MOXKET BbIAyMaTb MarTe-
MaTHK.

B uHble MHpBI BBOOUT uHTaTesNsl nfATasg rsaasa. Mepa
nepecTaerT UrpaTth TaM NPUBBIYHYIO HAM POJib. DTO MHUPHI,
co3faHHble BooOpaxKeHWEM T[JOXUX XYIOXKHUKOB, He
VMEIOIIHUX MPOBECTH MPAMYI0 U HAYEPTUTh OKPYKHOCTD,
MHUPBI, KAPThl KOTOPHIX CJIeAyeT MBICJEHHO NPEACTaBJIATh
cebe B BHJE KyGoB ¢ MPUYYAMTUBO CKJICCHHBIMU TOYKAMH
HapyKHOH MOBEPXHOCTH. B 3TOH ryaBe MBI PacCKaxKeM,
YTO OCTaHeTCS, €CJH MOABEPTrHYThH (PUIYPHl H OTOOpaxKe~
HUA HenpeprBHoﬁ JeopManuy, a B 3aK/JAIOYEHHE MO+
CTPOMM 3aMeuaTeJNbHYI0O KPHUBYIO, NOKPHIBAIOUIYIO BeCh
KBagpar.

12



[llecrass rnaBa OTKpbIBaeTc TOPALIM BLICKA3HIBA-
HHeM ApXuMela, KOTOPBIH BO3HAMEpPUJ/CH MEPEeBEpPHYThH
Mup. B Hell paccka3piBaeTcss O npaBuHJie phluara, o ToM,
KaK OHO NpPOABJAETCd B NMOBCEIHEBHOH XKHU3HU U B KOPO-
MBIC/I€ BeCOB. 3aTeM OT KOHKPETHBIX THpb MBI mepenjeM
K a0CTpakTHBIM rpy3aM u OyJIeM Harpyxarb UMHU KOpPO-
MBICJIO BOOOpAXKaeMbIX BECOB M HEBECOMVIO MJIOCKOCTh,
1ocJie yero CHoBa BepHEeMCA K CTOJIb KOHKPETHBLIM Bes
maM, KaK onpejeseHdue  ONTHMAJbHOH  peLENTypH
1I0KOJIafa U HaubGoJee Pa3yMHOrO paclHCaHKHS CTHPKH
ckatepTesl U cajndeToKk B pecTopaHe.

B nocnenneit rsaBe peub noiigeT 06 o3epe, B KOTOPOM
OTpaxaetcsl OKPeCTHBIH MNei3a:K, U O JAYHHOM JHKe, Ies
pexonsuieM B ce0Gs Npu OTpaxKeHUH, 3aTeM 00 oTpaxke-
HHSIX Ha NJOCKOCTH ¥ B MPOCTPAHCTBE, O TOM, UTO MOXKHO
clles1aThb M3 OTpa)KeHuy, O BHHTAX, LITONOpAX, pagHOaK:
THBHBIX aToMax KoOaJbTa, MO3BOJAIOUINX 34a1aTh OpHEH-
TAlMI0 DPOCTPAHCTBA. J3aKaHYHBAETCS celbMasg rJaBa
JaAeKHMH MHDaMH, B KOTOPBIX LITONOPbI M aTOMBI KO-
6aJjibTa MOTYT OBLITH 3€PKaJbHLIMH OTPaXKEHUSIMHU 3€MHBIX
IUTONOPOB ¥ aTOMOB KoOaJsbTa.

DeITb MOXKeT, y unTaTe sl BO3HUKHET JKeJlaHHe YIpeKs:
HYTb MEHS 34 TO, 4YTO BpeMsl OT BpeMeHHU S 3aCTaBJ/AJ €ro
Npeof0JieBaTh CAUIIKOM GoJsbiine TPYAHOCTH. B menicTBu-
TEJbHOCTH € OH JOJXKEeH ObITh NPU3HATEJNIEH MHe, UTO S
HHUKOI'Ja He AesaJg ero nyThb CJAHLIKOM JErKHM.






| naga 1

Yenosex namepsetr Bcenennyro




| eogesun

[TepBBIM YUeHBIM, ube UMS JOUIIO A0 Hac, 6wl Parnec
Muaerckuit (VI B. no H. 3.). Jlo Hero Ha NpOTAXKEHHH
IBYX ThICSUeJeTHN HayKa ocTapasach Oe3pIMsHHOH. [lo
npeganuio, Panec mnpeackasaj COJHEYHOE 3aTMEHHE
(3TOoMy OH, [O-BUAMMOMY, HAY4YWJICS Y BAaBHJIOHCKHX
actpornoMoB). o Hac pouam wuc-
A ciaenopanus @Pagseca, oTHocAMeCH
rMaBHBIM 00pasoM K TeOMeTpHH.
Tak, manpuMmep, yTBep:KAAIOT, UTO
Qanec MuieTCKHH yMesn H3MepsATh
paccTofiHMe OT CyAHa, Haxojsile-
rocs B Mope, 10 Oepera. Bor Kak
BRITAAAUT MeTon Daneca B H3JO0-
[) XeHHH OAHOTO [PEBHEPUMCKOrO

8 reojie3ucra.

[Ipeanosioxkum, 4YTO CYAHO Ha-
xogutcd B Touke A (puc. 1), a Ge-
per TaHercs BHoJb oTpeska BC,
npuyeM OTpe3oK AB mepecekaer B
Touke B orpesok BC noj npsaMbIM

g yriaoM. B Ttouke C BOHWT KOJbILIEK.

IIpomonxkum otpe3ok BC 3a TOUKy

Puc. l. C rtak, uto6sl BC = CD. U3 Touku

D 6yneMm gBUraThCcs B CTOPOHY CYIIH

oA NpPAMBIM yriaoM K otpe3ky CD o Tex mop, noka He

JocturaeM Touku E, Jekamiefl Ha NPOJOJMKEHUH OTpe3Ka

AC. Tlocsie 3TOr0 HaM oCTaeTcs JUIIb U3MEPUTh Ha 3eMJe

nnuny orpeska DE. ITonyueHHas BeanuynHa U OyJeT paB-

Ha paccrosinuio AB or cynna go Gepera, Kotopoe Tpeos
BAaJIOCh OTPEJEeNHTh.

He ucknawoueno, utro @asec no6wiBaa B Erunrte U no-
pasuJs erunTsH, H3MepHB BEHICOTY MNHpPaMHJL MO [IJHHE
oTOpacblBaeMoii UMM TeHH: AN 3TOTO €My JOCTATOUHO
OblI0 JeHCTBOBATb TaK ke, KaK IPH ONpedesieHHH pacs
CTOSTHHA OT cynHa o Gepera.

B VI B. 10 H. 3. DBnaaun noctpoua Ha ocrpoe Camoc
BojonpoBoa ang naps Ilonukpara. Cpeny npouero DBiia-
JIMHY MNPHILJAOCH PELUUTh CJAOXKHYIO HHXKEHepHYIO 3ajauy:
IPOPLITH TOHHENb CKBO3b ropy Kactpo. (ITOT TOHHEN Db
COXpaHW/ICA JO0 Hallux AHeld. Ero nyvHa pocTHraer Kujo-
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MeTpa, a mMHPHHA H BbICOTA — ABYX METPOB.) llpoxoaky
TOHHEJAs] BeJAH OJHOBPEMEHHO C IBYX CTOpoH. Omubra
B cepeluHe (B TOM MecTe, e MOJIXKHB OBIIH COHUTHCH
o6e MOJIOBHHLI TOHHeNA) cocraBusa 10 M nmo ropusoH-
T U 3 MeTpa Mo BepTUKANHU. DTO HeOOJbUIAST MOrpel-
HOCTb — OTHOCHTEJIbHASl OUIMOKAa COCTaBMJIa BCEro JHIIb
1%. Crpourenn CunoaMckoro ToHHensi 6auns Hepycanau-
Ma, co3nanHoro 3a 700 ner o H. 3. npu mnape I'uckuu,
JeCTBOBaMM ropasgo OoJiee rpyObbIMH MeTOZaMH H AO-
CTUTJIU CYUIECTBEHHO MeHbIeH TOYHOCTH.

N

7
a7 p

Puc. 2.

O rtom, kakuM o6pasoM OIBmnajiWH MOr NOCTPOHTD
CBOHl TOHHeJb, MOXKHO mNpouyHuTaTh y I'epoHa (mpaBna,
J}KUBIIEro ropasno mnosjnHee). ‘

[Tpexnonoxum, uto B rope ABRQ (puc. 2) Tpebyercs
IIPOOHTh TOHHEJb, BeAyIIUH OT TOukKH B K Touke Q. Ilpe-
XKae Bcero ofoiijeM BOKpPYr Tropbel 1O JOMaHOH
BEFHLKMQ, cMexHBIe OTPE3KH KOTOPOH PacHoJIOXKeHb
Noj MpAMBIM yrJjoM apyr K apyry. Mamepus msnuny Bcex
3BeHbeB JIOMAHOH, HETPYIHO Y3HATHh [JAHHY Hemnocpeni-
CTBEHHO He H3MepsfABIIHXCHA oTpe3koB BG u GQ. Ilepeir-
JeM 3aTeM B TOUKYy B ¥ mocTpoum NpPsMOYIOJNBHBIH Tpe-
yroneHuk BDC ¢ npsimpiM yraoM npu Bepuinse D Tak,
uro6ul KaTeT BD Jexan Ha NpONOJIKEeHUH oTpe3ka BE
3a Touky B, a otHomenue KatetoB DC : DB Owiio paBHO
OTHOUIEHHIO yXKe H3BeCTHBIX 0oTpeskoB GQ :BG. I'mnore-
Hy3a BC yxasbpiBaeT HamnpabJieHHe, B KOTOPOM cleAyeT

17



BECTH NPOXOAKY TOHHEJS H3 TOUKH B. AHajorayHoe no-
CTpOeHHe NpoBeleM H B Touke Q.

CoBpeMeHHBIH1 reoe3UCT (eCJHu OTBJEYLBCHA OT MaJjo-
CYlLleCTBEHHHIX J[eTajJel) MocTynuga Obl TOYHO TaK XKe.
IlpaBna, oH He cTa’a Obl CTPOUTH TpeyroabHukH DBC u
OPQ. Tlockoabky otHomenue GQ:BG emy u3BecTHo, 10
TeM CaMBIM OH 3EaeT TaHreHc yraa QBG u, caenosa-
TE€NbHO, MOXKET HaHTH no TabJule TAHTEHCOB CaM YroJl
QBG. CoBpeMeHHOMY TeOAe3HCTy HeT HeoOXO0JHMOCTH
I0J1Ib30BATHCA TONBKO TeOMETPHYECKHMH IOCTDPOSHUSIMHU:
HeHu3BeCcTHHH yroa QBG oH MOXKeT BOCCTAHOBHTH M UMC-
JEeHHBIMU MeTofaMu. Kpome TOro, mpu nocTpoeHHH JIOMas
HOH, Beayued B 06XOX TOpHl, COBPEMEHHBIH TIeole3HCT
He 00f3aTeJbHO [O0JKEeH pacCMaTpHBaTh JIMIIb TaKHE
JIOMaHble, Y KOTOPLIX CMeKHHe 3BeHbS 00pasyloT Apyr
C JpyroMm mnpsiMple yrabl: pacroJiarasgs tabJaulaMu Jora-
pU(PMOB, OH C He MeHblleH JIETKOCTHIO CHpPaBUTCA H C
JIOOLIMU [IPYTHMH YIJIaMHU.

TpHaHrynauua

HckyecTBO reonesucToB COCTOUT B TOM, YTOOBI Onpes
JeJISITh PacCTOAHHSA W YIJVIbI, HE JOCTYIHBbIE HENnocpencT-
B BeHHOMY wu3Mmepenuio. MamepsTb paccrosi-
HHSl MEpHBIM JKe3JIOM WIH MepHOH JieH-
TOH — 3aHATHe He U3 Jerkux, Tropasiao
nmpoule usMepATbh yrael Teoronutom. [Ipen-
CTaBHM cebe, 4TO TreQJe3nCTy HYXKHO Olpe-
JeNUTh pacCTOsHHe MexXay Toukamu A u B
(puc. 3), KOTOpOe HeNb3s H3MEPHTH Helo-
CpeACTBEHHO. [eofe3HCT HU3MEPHUT [JIHHY
orpeska AC u yrast ACB u CAB. 3nan
ctopony AC u aBa mpHJeXallUX K HeH yr«
C‘ A 18, OH CMOXeT ONpeNesuTh BCE SJeMEHTH
TpeyrospHiuka ABC, B TOM 4HC/Ie H JJHHY
Pae. 3. ctropount AB. Ecau rosoputre 6ojee nons
poGHO, TO IJIHHY CTOPOHB AB Te0de3HCT BLIYHCJHT, BOC~
NOJMb30BABUIUCH TEOPEMO CHHYCOB

AB : AC=sin(«£ ACB) :sin(Z ABC).

Hnuna otpeska AC u yron ABC u3BecTHB Hemocpejs
cTBeHHo M3 uamepenudt, ZLABC=180°— £BCA —
— £ZBAC. Hwmes moa pyko#d TaOJHUBl CHHYCOB, COBpEs
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MEHHBIM reoAe3ucT 0e3 Tpyha BBHIYHCAHT [OAHHY OTpe3-
xa AB.

Ecin TpeGyercss H3aMepHTb GOJbIIOE NPOCTPAHCTBO, TO
€ro MOKPHLIBAIOT TPEYroJbHHKaMH (puc. 4), B KOTOpPHIX
M3MEepSIOT BCe yrabl. [JIMHY NpH 3TOM NPUXOTUTCA H3-
MepsTh JIMHIb OAMH pas, 3aTo YHCJIO HENOCPeJACTBEHHO
H3MepsieMBbIX YIJIOB NPEBOCXOAMT YHCJO YIJOB, BEJHUYHHA
KOTOPHIX MePBOHAYAJbLHO HEU3BeCTHA.

Hanpumep, MoXeT CAYYHUTBHCH, YTO B KaKOM-HHOYMb
TPEYroJibHUKEe re0le3UcT u3Mepser HE3aBUCHMO [ApPYr OT
Jpyra Bce TpH yria. Mx cymMma, Kak H3BECTHO, [OJIXKHA

C

Puc. 4. Puc. 5.

6piTe paBHa 180° HO B JAEACTBHUTENBHOCTH, CJOXKHB TpHU
TOJIYYEeHHBIE TYTEM M3MepeHHs BeJUYHUHBI YIJ0B, MBI, KaK
npasuJ/o, He moJyuuM B TouHocTH 180°. CneumnasbHbIH
pasfen oOlield TeopuH OUIHOOK — TEOpPHsl YpaBHUBAHHI—
YUYUT, KakuM 00pasoM cJjiefyeT pacnpefessaTb OLIHNOKY
CpelH yrJOB TPEYTOJbHHKA.

Kyaccuueckoii 3agadeit reofesuy CAYKUT TaK Hasbl-
BaeMas obOpaTHas 3aceuyka: BHYTPH H3BECTHOTO TPEYroJib-
HHKa TpebyeTcsd NOCTPOUTb TOYKY [ N0 H3MepeHHLIM
yriam, noj KOTOPbIMH U3 Hee BHAHBI CTOPOHBI TPEYyTroJb-
Huka (puc. 5). TpuroHomerpHuecKHe ¢GHOpPMYJbI, Bbipa-
}Kamllye pelleHHe 3TOH 3aJayu, UMelOT IOBOJNBHO CJIOXK-
HBIN BUJ.

Pasmepbl 3emnu

Jlo cux mop MBI AeHdCTBOBAJH TaK, OyATO MOBEPXHOCTh
Semnu niaockasi. MiMenno takum o6pazom npencTaBJsIN
tebe dopMy 3emau J0OH B T1yOOKOH ApeBHOCTH: HEUTO
Bpoje JHCKa, nJaaBaiomero B okeaHe, ITogo6HBIX
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B3IVIAN0B NpHAEPKHBAJCA elle PaJjec MHUJIETCKUH, O KO+
TOPOM MBI yXKe yrnoMHHaJAH. HackKoibKo MOXKHO CyIHTB,
mapoo6pasHocTb 3eM/H Oblia obHapyxeHa B VI wiu B
V B. 10 H.3. Ilpenanue npUnUCHBAaeT 4eCTb 3TOr'0 OTKpPHI-
tus [Tudaropy, UMs KOTOPOro He3acayXKeHHO HOCHT H3Be-
CTHast TeOpeMa O COOTHOLIEHHH CTOPOH IPSIMOYTOJIBHOTO
TpeyrosbHuKa. HeKoToprle cuMTalor, u4TO mIapooGpa3s-
HOCTb 3eMJIH OTKphIN [lapMeHua, HO UMeIOTCH OCHOBAHUA

Puc. 6. Puc. 7.

noJjaratb, 4To elle IOHBIH J[eMOKpHT ocTaBajci B HeBes
JIeHHU OTHOCHTEJNbHO HCTHHHOH (OpPMbl 3eMHON NOBepX-+
HOCTH.

K 3aknaoyeHHio O mapooOpa3HoCTH 3eMJd JIIOAN
MPUILIK, 3AMETHUB, YTO TPH JYHHBIX 3aTMeHUAX 3eMJd
OoTOpAachIRaeT TeHb, UMeLlYI0 ¢opMy Kpyra. Ha Meicab
0 cpepUYHOCTH 3eMHOM MOBEPXHOCTH HABOAHMJ M IOBCE-
IHEBHHIH OMBIT MoOpelJaBaTes]ed: H3BECTHO, YTO Kornia
BLAJH MOKaseiBaeTcss Kopab./b, TO CHayaJjia H3-3a ropu-
30HTA MOSABJAIOTCA BEpPXHUE KOHILBI MAuT WU JUUIb 3aTeM
pacnoJioXeHHble HUXE per U npouune aerasnu cyaHa. CoOb-
CHUTh TaKue HAOJIOfEHHS YOaeTcd, JHLIb NPUHAB Mpea-
II0JIOKEHHE O TOM, uTO 3eMJisl uMeeT GopMy mapa.

Tounee Bcero ¢hopMy 3eMJIH MOKHO YCTAHOBUTDH, BOC»
NOJIb30BABIIKChE  ACTPOHOMUMECKUMU  Habaroderusamu.
HaGaonaTe b, HaXOAALUMACA Ha MOBEPXHOCTH 3€MJH B
Touke A, BUAUT HeGO HHAYe, yeM HaOJ0gaTeNb, HAXOM I
muica Ha CeBepHom noJatoce N (puc. 6). ITaockocts,
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KOTOpYI0 HalOgawpgaTe/b, HaXOAALIHUUCA B TOYKe A, CUH-
TaeT TOPH3OHTAJbHOMH, NpeacTaBageT co00i KacaTe/lbHYIO
IVIOCKOCTb, NPOBEJEHHYI0O K 3€eMHOH NMOBEPXHOCTH B TOYKE
A. Jra njaockocTh mepeceKaeT KacaTeNbHYI0 MNJOCKOCTb,
NPOBEJIEHHYI0 K 3eMHOMY wmapy Ha CeBepHOM IMOJIOCE,
non yraom ¢. Hanpumep, ecam reorpaduueckasi LIHPOTA
Toukn A cocrasaser 52°, To ¢ = 90°—52° = 48°. Ha
CepepHoM moJaioce Habaoparenb yBugut Iloagpuylo
3BE€31Yy NpAMO Haj ronosoil — B 3enute. I1epeiina B TOU-
Ky A, HaGmonatenr oGuapyxurt, uro [lomspHas 3Be3na
CKJIOHHJIAChb K TOPH30HTY, OTOHAS OT BePTHKAJIH Ha YroJl
@ N0 HampasJieHHIO K ceBepy. K ceBepy cmecTATCs H
OCTajibHble HeOecHble TeJsia, MpUYeM Bce HA OAMH H TOT
2Ke yroJ ¢. Takum o6pa3om, B3r/isiHYyB Ha He0O, MOKHO
y3HaTbh, KaKOBa reorpaduuyeckas MUPOTa TOro MecTa, r'ae
Mbl HaxoguMmcs. Eciim nepemMecTHThCI HA y TI'PaAyCoB K
IOr'y, ABHrasch CTPOrO [0 MepUAHaHy, HanpuUMep, epeuTH
3 Touku A B Touky B (puc. 7), TO B CeBepHON YaCTH
Heb6a CBeTH/Ja ONYCTATCS HA Yroa y, 4 B IOXKHOH — HA
CTOJBKO e rpaaycoB nognumyrtcs. Ecau onpenenuth
yron vy (OH «HanucaH» Ha He6e, HYKHO JIHUIb YMETh
MPOYHTATL €ro) W HU3MepuTh Ha 3emnae ayry AB, to He-

TPYAHO BBIUHCJIUTD. JVIMHY OKpPY:KHOCTH 3emJid. [eficTBH-
TeJIbHO,

Hauna oxpyscnocry 3emau _ 360°

Hauna 0yeu AB Y

DTa HJesl OYeHb MPOCTa, U OHA BIOJIHE MOIJa NMPUHTH
B TOJIOBY TOMYy, KTO OTKPBLI WIapoo6pasHOCTb 3eMJH.
M3mepurs yros Ha Hebe He COCTaBJaANAO TPYAA, ropasno
TpynHee OBIIO H3MepATh paccTosinusg Ha 3emuse. IlpaBaa,
pPacCTOSHUSI MeXJy HOPTOBLIMH TOPOLAMH MOXKHO OBLIO
H3MepsATb MO TOMY, CKOJbKO AHEH [A0JXKeH HaXOAMThCS
B NyTH KOpalb.ab, UAYILUMHA U3 OJHOTO MOpTa B JPYroH, HO
KTO 3HaJl CKOpOoCTb Kopabas? M Kak Obijio yCTAaHOBUTH,
JeXUT AU OOUH TOpof CTPOro I0XKHee APYroro?

HN3mepenne OKpPYKHOCTH 3eMJiH, OCTaBlIeecs HelpeBs
30l IeHHBIM Ha MPOTSKEHHU [OABYX ToICAYeJeTHH, NpPOu3-
Bea B III B. H. 5. Xpauurtesb 3HAMeHUTON AJEKCaHAPHH-
CKOM OMOJMOTEKH MaTeMaTHK, Mo3T, GHU/I0J0or U reorpag
dparochen. M3 pacckasoB NyTelleCTBEHHHKOB Jpato-
ceny OBLIO H3BecTHO, uTO ropoa Cuena (HbiHe AcyaH),
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PacroNOXKeHHBIH Y NepBBIX HHJIBCKHX IIOpOroB, Haxo-
AMTCS CTpOro K mory ot Auekcanipuu H uyto B CueHe
HMeeTCs OTBECHBIM KOJOJell, AHO KOTOPOro POBHO B MOJI-
JleHb CaMOro IJHHHOrO AHA B ropy ocBellleHO CoJiHIEM.
CanepgoBare/ibHo, CHeHa JOJIXKHA JeXaTb Ha IIHPOTE TPO-
nuka Paka. B Tor ke geHp u B ToT XKe uyac CoJiHle B
AnekcaHApDHH OTCTOMT OT 3€HHTAa Ha l!fsp OKPYIKHOCTH.
Takum obOpa3oM, NJHHA OKPYXKHOCTH 3eMJIH paBHa pac-
cTogHHI0 OT Ausekcanapud a0 CHeHbl, YMHOXEHHOMY Ha
50. 3T0 paccrogHHe H3MePHJ Ajas IJparocdeHa NpHABOPS
Hbl «CyeTyHK wmaros». OHO' OKa3aJoCh pPaBHLIM 5 THIC.
CTaJMH, a OKPYXHOCTb 3eMJH — 250 ThiCc. cTanuit. Yemy
paBHANACh HCMOAb30BaHHAA JpaTtocGeHoM enuHuNa AJH-
HBl — CTajius, HaM He H3BeCTHO. BmpoueM, u 6e3 3TOro
SICHO, YTO [I0JIJ4€eHHOEe HM 3HAUeHHEe AJUHBI OKPYXKHOCTH
3eMJIH He MOrJO ObITh TOUHBIM: MPEANOJNIOKEHHE O TOM,
yro CHeHa pacmoJsio:KeHa CTPOro K Iory oT AJieKCaHJnuH,
He COOTBETCTBOBAJIO JEHCTBUTENBHOCTH. Kpome TOrO,
MOJACYET YHC/JAa LIaroB OTHIOAb He MPHUHAJIECKHT K TOY-
HbIM MeTOJaM H3MepeHHS PacCTOAHHH, H OKpYIJIeHHE
yHcaa cTaaud A0 D THIC. TaK¥kKe BHECJO CBOIO OIUUOKY.
Ecan cuurarth, 4to craaus paBHa 160 M, To mosyuaercst
IpAaBHJIbLHOE 3HAUC€HHE JAJHHBI 3€MHOH OKPYIKHOCTH —
40 ThIC. KM, HO KOJIb CKODPO Tipefie/ibl OIuHOKY HEH3BECTHHI,
TO caMoO 1Mo cefe TaKoe UKMCJO ellle HH O UeM He TOBOPHT.

B navane XVII B. 3emJto usmepuan cxopa. Ha stoT
pas TONBITKY OMNpPeAeNuTb pasMepbl Hawed MNJaaHeThl
npeAnpuuan roanangen Buane6popa Cuenduyc. B ok-
pecTHocTAX JlelieHa OH TIIATEAbHO H3MEpPHUJ OTPE30K
(AB) npsamoit — 6aszuc pnuHo#l okoso 1 km. M3 ero Kon-
o CHe/UVIMYC MBICJEHHO NpOBeJa MpAMble K UINHIIO
JefifeHckol patymu C H KOJNOKOJbHE KHPXH D B oxHOH
H3 pacnoJioXKEeHHLIX MOOGJH30CTH JepPeBeHb M H3MEepHII
yrasl CAB, DAB uw CBA, DBA, yto no3BoJn/jo €My BH-
uncauth paccrosinne CD. K nyuxkrtam C u D Cuenganye,
MPOM3BeAS COOTBETCTBYIOUlHEe H3MEpeHHUS, IPHCOeIHHHUII
KOOPAHIIATBl CaMblX BBHICOKHX 3JlaHHH B OJMXKaWWHX ro-
polax H JIepeBHsiX H mocTeneHHo nobpancsa xo AnkMapa
Ha ceBepe H Beprena-on-3oma Ha tore. Ho u 3TO OBLIO
eitie He Bce. 11 B Ankmape, u B Deprene-on-3ome Cues-
Juyc omnpenenua BbcoTy CeBepHOro mnoJioca MHpa H
JIUIIb TOT[A, NOJb3YACh PEe3y/abTaTaMU CBOUX H3MEPEeHHH,
MPUCTYNHI K BBLIYUCAEHHIO IJKHHLI OKPYXKHOCTH 3€MHOTO
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mapa. bcan nonyyeHHyio MM BeJHYHHY BEIpa3nTh B CO-
BPEMECHHBIX eINHHHIIAX JJHHBI, TO OHA OKaXeTCAd PaBHOH
38650 xM. HMwuaye rosopsi, OTHOCHTEJNbHAs OIIHOKA CO-
craBasger 4%. 3To ouyeHb 6osbliasi MOrPEHIHOCTb, €CJH
yuyecTb, 4yTO npou3BegeHHble CHe/JIHYCOM reofe3nuecKHe
H3MepeHHsI OTJIHYaJHuCh BBHICOKOH TOyHOCThIO. [lo-BHIH-
MOMY, MpH onpefejeHdd BHICOTHI (CeBepHOro mnoJica
CHen/inyc nosib30BaJjICsi HEHCIPABHBHIM HHCTPYMEHTOM.
Ciaenyss npuHuMnmaMm, 3aJoKeHHBIM CHeJIHycoM,
(GpaHLy3bl HA NMPOTAXKEHHH NBYX CTOJETHH NPOH3BOLAUIU
Bce OoJjiee TouHble H3MepeHHa 3eMyH. X wHCTpyMeHTHI
OblJIM CHA0XKeHBl ONTHYeCKHMMH Tpy6aMH. Bo BpeMs 3THX
H3MepeHHH (PpaHLly3CKHM Treofe3ucTaM yHa/jloCh yCTaHo-
BHTb M CILIIOCHYTOCTh 3eMiid. Korpa Bo BpemeHa ®pan-
y3CKOH PEBOJIOLMN DELIHJH TOJOKHUTh KOHell Hepa3le-
pHxe, napHuBued B 06JacTH Mep U BECOB, TO 34 €JMHHILY
JJIMHBL YCJIOBHJIUCh NPHHATH METP — OOHY [AeCSTHMHJI-
JIMIOHHYIO pPAacCCTOsIHHS, H3MEPEHHOrO0 BIOJb MeEpHAHAHA
ot CeBepHoro moJioca a0 dkBaropa. [JjuHA OKPYKHOCTH
3eMiid NpH 5TOM BBIpaXaercsd KPyrJabiM YHCJIOM —
40000 kM. UToOBl TOYHO ONpPENCNUTb HOBYIO €IHHHIY
IJIMHBl U YCTAHOBUTH €€ 3TaJIOH, NPHULJIOCh BHOBbL 3a-
HATbLCS H3MEpeHHEeM OJHHBI OKPYXKHOCTH 3eMHOro uiapa.
I'panycHble H3MepeHHS NMPOH3BOJAMJIKCHL OT [[IOHKepKa 10
Bapcejoun n gauauce 6 ner. Crojb rpaHaHo3HOe Mpej-
npusATHE He o0ouLIOCh 0e3 KOH(y3a: OIMH H3 reonesus
CTOB HCKYCCTBEHHO <«IpHyKpallaJ» pPe3yabTaTthl CBOHX
M3MEPEeHUHd U TEM CaMbIM BHOCHJ B HHX omuOKy. Kornaa
NI03[lHEe BCe JaHHble OBbIIH TILATEJbHO MPOBEPEHH!, MU+
HATasd €IHWHUUA [JIUHLI — METP — 0 pPa3JMYHbIM IPHYH-
HAaM 0KasaJjach CJAHLUIKOM KODOTKOH: pacCTOSiHHE MEXKAY
IOJIIOCOM M 3KBAaTOPOM, BBIDAXKEHHOE B HOBHIX €IHHH-
1ax, okazamnochb paBubiM He 10000 kM, a Ha 2,3 KM 60/b-
le. DTAJNOHHBIH CTep:KeHb, 6oJiee CTOJNETHA CJYKHBIIMM
006pasLoOBBEIM MeTPOM, ¢ coOJJeHHeM BCEX NPeroCTO-
POXKHOCTEH XpaHHTCA B ocoOOM morpebe HemogaJeKy oOT
Ilapu:ka. Heine merp oGpes He3aBHCHMOCTb OT 3TaJOF-
HOTO CTEpXKHA: Tenepp, uToObl MOJYYHTh HOJHHY 1 M, B
KauecTBe 3TaJIOHA HCHOJb3YIOT AJHHY BOJIHBI OMpeJesieH-
HhiM oOpasom Bui6panHoro ceera. C HegaBHUX TOpP MOsi+
BHJIaCb BO3MOXHOCTb HaXOAUTb (urypy 3eMJH ropasio
0onee TOYHO, yeM 3TO HEKoraga MoOXKHO OblIO cle-
JaTb TreOfe3WUYeCKHMH MeTolaMH: JJsi TNpPOBeleHHd
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BBICOKOTOYHBLIX H3MEPCHHUHM CTaJH HCIOJAb30BaTh HMCKYC-
CTBEHHBle CNYTHHKH. PaccTosiHMe OT COyTHHKa [0 IO~
BEPXHOCTH 3eMJIH ONpejesasaioT C MoMolIbio pagapa. CTOHT
JIHIIb 3aMEeTHTh, CKOJIbKO BPEMEHH NPOXOAHUT C MOMEHTA
NOCHIJIKH 3JIEKTPOMAarHuTHOH BOJIHBI 4O BO3BpallleHus ee
9Xa, 4ToOBl cpa3dy CTaJji0 H3BECTHO, HA KAKOM pacCTOSHUH
HaXOJHUTCSl CMYTHHK OT CTAHUMHU HaOJMIOZeHUA. 3Has pacs
CTOSAHHUS B JIIOOOH MOMEHT BPeMeHH, HeTPYAHO BHIYHCJAUTh
TPAeKTOPHIO CIYTHHKA, KOTOpasi 3aBHUCHT OT JeHCTBUS
CHUJIBI 3€MHOro TiAroreHuss U ¢Qopmel 3emau. Ilo Buay

3TOH TPAEKTOPHH MOXKHO CYIUTh O ¢opMe Haliefi mJas
HETHI.

AcTpoHOMHYECKHE paccTOAHHA

«HesoBek naMepsier BceseHHYIO» — TAKOBO Ha3BaHHE
5TOH TIJaBbl. BceseHHO!, MM MHPOM, MHOIZLA Ha3BIBAIOT
M 3eMJII0, HO Ternepb Mbl GYAeM BKJAABIBATh B 3TO MOHA~
THe ropa3go 6osee mHpoOKHH cMeicia. M 3Ty, Gogee mu-
POKyi0 BcesleHHYIO JIIONH TaKXKe MBITAJHCh H3MEDPHTDH ellie
B I71yOOKOH JIPEBHOCTH.

B III B.H.3. Apucrapx CamoccKuii, npeauieCTBEHHHK
KonepHuka mno co3faHHi0 TeJHOLEHTPHUUYECKOH KapTHHB
MHUPO3JaHHd, Hamucaj TpyR nox HasBaHueM «Paccrod-
Husl U pasMepsl Cosnua u Jlyuei». B cBoem tpynme Apwus
crapx CaMOCCKHH HCXOOHJ W3 LIECTH TPeaNncJOXKeHHH,
KOTOpble B COBPEMEHHOM BHJAE BLITJAAAT CJEAYIOLIHM
o6pasom:

1. Jlyna cBeTHT oTpa)KeHHbHIM CBETOM, HCTOUHHKOM
KoToporo cJayxKut CoJHie.

2. 3eMJIl HAXOJOMTCS B II@HTDE TPAEKTOPHUH, OINHCHI-
BaeMoil JIyHof.

3. Korpa JlyHa kaxkeTcss HaM pa3jeJeHHOH TEHBIO
IOMoJIaM, TO OKPYXKHOCTb HAa JYHHOH MOBEPXHOCTH, CJIY»
JKalllasi rpaHuued MexXAy CBeTOM H TeHbIO, JIEXKHT B IJIO-
CKOCTH, NPOXOAdllel yepe3 raa3 Habaiopareds.

4. Korpa JlyHa Kaxercss HaM pa3JeJeHHOH TEHbIO
nomnoJsiaM, TO Yrojg MexXJAy HamnpaBJeHUsIMH 3eMJsd —-
Jlyua n 3emisi — Couanne cocrabasier 87°.

5. Tenn, orOpacwiBaeMass J3eMJjel, MOXKET MNOKPHITb
HeGecHoe TeJo, pajJHyC KOTOporo BABoe 6oJblie pagunyca
JIyHBL

6. Bugumas mupHHa JYHHOrO aucka paBHa 2°,
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3aTeM CJAeAYyIOT yTBep:KIeHus ApHcTapxa.

1. OrHowenue paccrosinus 3emass — CoJHIe K pacs
cTrosiHuio  3eMmus — Jlyna 3akiawoueno Mexay 18:1 wu
20: 1. ‘

2. Ornowenne auametrpa Cosuma K guametrpy JIyHbi
Taxke 3akJjwoueHo mexay 18:1 un 20: 1.

3. OtHowenue auaMerpa ConHUA K AHAMETPY 3eMJH
3akyaoueHo mexay 19:3 u 43:6.

CBou yTBepxKIeHHs ApHCTapx HOKas3blBaeT CO Bcel
TILATEJbHOCTBIO, MOJb3YSACh eBKJIUAOBOH reoMeTpHeil.

IlepBoe yTBepxkKjieHHe noO Cylle- C
CTBY cJeayeT H3 ueTBepTOro mnpen-
nonoxenud. I[lycte 3emas HaxoguTcs
B Touke A, a JlyHa— B Touke B H
Couinte — B Touke C (puc. 8). Korna
HaM Kaxercs, yTo JIyHa pasfe/eHa |
TEHBIO OM0JIaM, TO YroJ NpH BeplIH-
He B B TpeyrosibHnke ABC npsMoi.
ITockosibky yros mnpH BepiiuHe A B
3TOT MOMEHT paBeH 87° TO yroJ mHpH
BepuiHHe C paBeH 3° H, cjeloBaTeb-

R

HO,
. AB
S
sin3°= i -
Ilonp3ysdace TabJiullaMu CHHYCOB, MH A B

6e3 Tpysa MoxeM YOeIUTbCS B TOM,
YTO OTHOILEHHE PacCCTOAHMA 3eMas —
CoJsHue K paccrosgHuio 3emas — JIy-
Ha 3aKJ/I0YeHO B Mpejiesax, YKa3aHHbIX B [IePBOM YTBep-
XKIeHHH Apucrapxa (HeoOXOAHMO JHIUb BBECTH IONpaB-
Ky Ha pasMepnl 3eMJIH).

Hanee Apucrapx HCIOJB3YET B CBOUX PaCCYXKIAEHHAX
H3BECTHBIH M3 aCTPOHOMHYECKHX HaOJIoAeHHHA (Qakt, o
KOTOPOM OH H€ YINOMHHAeT B CBOHX MPEINOJOXEHUAX:
TIPH NOJHOM COJIHEYHOM 3aTMeHHH JIyHa B TOYHOCTH MO-
KpoiBaeT Coanue. Orciooga caepyer (puc. 9), uro aua-
MeTp CosHIla OTHOCUTCS K gHaMmeTpy JIYHBHI Tak xKe, KakK
paccroanue 3emas — CoJiHIle K pacCTOAHUIO 3eMas —
JIlyna.

Ilaroe npeanoJioxkenne Apucrapxa CaMOCCKOro OTHO-
CHTCS K JYHHHIM 3aTMenusaMm (puc. 10). ITycets A, B, C—
eHTphl 3emJuH, JIyuol u CosHua, ra, rp, r¢— palvycH
3eman, Jlyuel 1 Covsinua, a P — BepuinHAa KOHycCa TeHY,
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T6pacriBaeMot 3emseil. Kak BunHo u3 puc. 10,
CP:AP:BP=rp:ry4: 2rg. (1)

OTtHoueHue
rc : rB"-—': AC : AB

H3BECTHO: MBl BBHIUHCJAHIH ero paHee. OG6o3HauMB €ro

Puc. 10.
yepes p, NOJyUUM
AC . AB=p. (2)
Cootnomienue (1) B HOBBIX 0003HAUEHHUAX NMPHMET BHJ
CP:BP=p. 3)

Coornomiende (2) no3BoJisieT BHIPa3UTh JJIHHY OTpe3Ka
AC uepe3s anuHy orpe3ka AB M M3BeCTHYIO BEJNHUHHY pi

AC=p. AB.
Takum o6GpasoM,
BC=AC - AB=(p + 1) AB. (4
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AHAJIOTHYHO W3 COOTHOIIEHHS (3) moJyuaem

CP—-——p BP, (5)
OTKYZa
BC=CP—BP=(-%—p—I)BP. (6)

CpasuuBas cootnomenust (4) u (6) u BBOAA HOBOE 060+
3HaYEeHHe

1
7P~
NPHUXOJHMM K HOBOMY COOTHOIUEHHIO .
BP =g - AB, (8)
B CHJY KOTOPOTO
AP=BP 4+ AP=(g + 1) AB. (9)
Hakonen, u3 coornomenuii (5) u (8) MBI HaxoauM
CP——pq AB, (10)

a u3 cootomwenui (9) u (10) —
: 1 .
CPIAP=5pg:(g+1).

Ornomienue CP:AP paBHO OTHOIIEHHIO pajHyca
Coanna K paguycy 3eMJsH, O KOTOPOM TOBOPHUTCH B Tpe-
TbeM yTBepkzZeHun Apuctrapxa. Iloacraeasfs HalileHHoe
paHee 3HaYyeHHE P H COOTBETCTBYMIOIUEe eMy 3HaueHHe ¢,
BbIuHCAsIeMOe 110 popMmyJie (7), B npaBylO 4acThb NmocJens
Hero paBeHCTBa, Mbl yOexXnaaeMcs, UTO OTHOLIEHHE I¢:r4
JEXKHT B NIpejesax, ykazaHHbIX ApHUcTapXoM,

[ToCKOJIBKY OTHOIMEHHS Fg:ra H r¢:rp Telepb H3-
BECTHBEI, HHYTO He MellaeT HaM BBIYKCJIHUTh OTHOLIEHHE
ra.rpg. Dbojee Toro, ucnosn3ysl uecroe TIpeTIOI0KEeH e
Apucrapxa CaMoccxoro MOXXHO HaHTH OTHOLIEHHUE
AB:rg (puc. 11) wu, cneposaresnbno, AB:r,, TO ecTb
paccroanue 3emas — Jlyna, uamepenHoe B paauycax
3eMJH.

Eciu roBopHTh 0O 4YHC/IEHHBIX 3HAUYEHUSX PALHYCOB
Consua u Jlyuel u paccrosuuii 3emusd — JlyHa ¥ 3eM-
A5 — CoJsiHlle, NOJyYeHHBIX APHCTapXoM, TO OHM OKa3a-
JINCh BecbMa HeTouHbIMH. IIpuHuMHA CTOML  OOJMBLINX
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pacxoxXJaeHHU C HCTHHHLBIMH 3HAU€HHSIMH KpoOeTrcsd rJaB-
HeIM 00Opa3oM B YETBepPTOM NPEANONOKEHHH. YTOJ, O KO-
TOPOM TOBOPHTCH B 3TOM HNPEANOJOXKEHHH, B JEHCTBUTEb-
HocTH ortauuaerca oT 90° ropas3no MeHbllle, yeM I0Jaraa
Apwucrapx (no-suguMomy, caM ApHcTapx He H3MeDHJI ero).
Paccrosnne 3emasa— JIlyna, Hu3MepeHHOe B pajaHycax
3emiin, OblJIO Ompefe/eHO Nmo3jgHee (Takke B INTyOOKOH
JIPEBHOCTH) C BecbMa BBICOKOH TouHOcThiO. HaoGopor,
€CJIM peub 3axXoJusa O paccTosiHHH 3emusa — CogHle H,
CJIelOBaTe/bHO, O BeJquuuHe pajguyca Coganua, TO BIVIOTh
0 HOBOTO BpPeMEHH NPHUBOJIUJH CHJIBHO 3aHUXKEHHbIE 3HA-
yenus. HulHe paccTosHHA 10 «6JH3KHX» OOBEKTOB BO

B
A B

Puc. 11.

BceseHHOH MOXHO BechbMa TOYHO H3MEPHTb METOIaMH
pPafHOJIOKAIHH.

C nosiBlleHHEM M yCOBepUIEHCTBOBaHHEM TeJiecKoma H
MOA30PHBEIX TPYG H3MepeHHs PacCTOHHUN M Ha 3eMJe, U
BO BcesieHHO!l cTa/id NpOU3BOZHUTHCA CO BCe BO3pacTalos
lefi TOYHOCTBIO: Belb, [0 CYTH JAesa, pacCTOsAHUA 10 OJH2
XKAAUIUX HeOEeCHLIX TeJ MOXHO ONpejessTh TEMH Ke Mes
TOZAMH, YTO U paccrosHus Ha 3emJe. Illyctb, Hanpumep,
A u B— nBe Toukn Ha 3emJie, a C— Touka Ha JIyHe
(puc. 12). Hua Toro 4to6bl BHIYHCAUTHL paccTosinua AC
u BC, neo6xomuMo JiHIIb H3MepHUTh pacctosHue AB wu
yribl npu BepuinHax A u B tpeyroasuuka ABC. Tlo mepe
yaanedusd Touku C oT moBepXHOCTH 3eMau cTopoHbl AC
u BC cTaHOBATCS MOUYTU MapaJyesbHbIMH, a KOTJa TOYKa
C ypmajutcd Ha OuyeHb OOJbLIOE PAacCTOsSHHE, HEOTIHYH-
MBIMH OT mapaJuieapHeix. OnpenenuTb, Kak najeko OT
3eMJd OTCTOMT TOUKA HX IepeCeueHHsi, CTAHOBUTCA Hes
BO3MOXHBIM. I[lo3TOMYy MBI He MOXKEM OTJIHUHTHL OUYEHB
GoJibliYe pacCTOAHHSA APYr OT Apyra W oT OecKOoHeuHOo
60JIbLIIOr0 paccTOAHHA. ['Ie MpoXoAUT rpaHuua «O6ecKos
HEYHOCTH», 3aBHCHUT OT YYyBCTBHTEJIbHOCTH HHCTPYMEHTA,
KOTOPBIM MBI u3MepsdeM yrJbl npu BepmnHax A u B. Bce
3aBucutT 0T BeduuuHnl ZACB=180°— ZCAB —
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— £LCBA. Ecnn yraet CAB uw CBA MaJno otnnyaiores Of
NPSIMBIX, TO COOTHOLIEHHE

AC : AB=sin(«£ ABC) :sin(«£ ACB)

MOZKHO HpH6JII/I}KeHHO 3dMEHHTh COOTHOIIECHHEM

AB
AC = sin (£ ACB) °

Eciu MBI XOTHM BOCNOJIB30BATHCA 3THM COOTHOLLEHHEM
aAns Toro, yroOwl ompenenutb paccrosinue AC, To yroa

C C

A B
Puc. 12. ' Puc. 13.

ACB He nosixeH GbITh HCUE3aOIle MaJbIM: Hall H3MEpH-
TeJbHBIA NPUOOP HOJXKeH oTiinuaTh ero ot 0°,
Pasymeercs, «ropio» MOXKHO NOMOYb, BEIGpaB no60JIbs
me 6asuc AB. Ecau MBl OrpaHMuHM CBOU TOHCKHM Halueh
NJIaHeTOH, TO cambld OoJsbloil 6a3uc, KaKOH TOJBKO
MOXHO TNOCTPOHTh Ha 3eMJie, HE NPEBOCXOAHUT €€ JHa-
metrpa (okoso 12700 km). [lo KocMHuecKHM MaciuTabaM
9TO uCuYe3awlile MaJjioe paccrosinMe. Ho maxe ocraBasich
Ha 3eMJe, MBIl BCE )K€ MOXKEM IOCTPOUTH ropasfo 00Jib+
wui 6asuc: 3emusa obpamaercs Bokpyr CoJHLA, H pacH
CTOsIHHe MeXAy HaunboJiee yHaJieHHBIMH ApYyr OT Jpyra
TOYKaMH ee TpaeKTOpHH cocraBJ/seT okoso 300 MuH. KHs
somerpoB. [IpaBma, W3 ABYX TaKuWX TOYEK TPaeKTOPHHU
3emJan HabJpaTeJb BHAMT yAajeHnyio Touky C He of-
HOBpEMEHHO, NMOCKOJbKY 3eMJie TpebyeTcs Noarojna, 4ro-
Obl IlepeMecTHThCS H3 OJHOM TOYKH B APYrylo. ¥roa npu
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BepuinHe ( MOXKHO onpeneadts: ZLACB=—180"—
— LCAB — ZCBA. Tlonosuna yrna ACB HasbiBaercs
napaasrakcom Touku C. FIMeHHO nojn takem yriom Buzae
Obl paguyc 3eMHOH OpOHTHI HabJaloAaTe/]b, HaXONHCh OH
B Touke C. PacctosiHue, Ha KOTOpOe IOJIKEH YAAJUTLCSH
HabJsloaartenb, YTOObl BHAETh pPaAHyC OpOUThI 3eMJH IOJ
YrJA0OM B OJHY CEKYHIY, aCTPOHOMBI YCJOBHJHCh Has3bl-
BaTth napcekom. Ilonnasg okpyxkHOCTh coaepxkut 360-60-
60 = 1296-10% yrioBeix cexkyHa. CHHYC yrjia B OAHY
CEeKYHAy C JOCTATOYHON TOYHOCTBIO MOXHO CUYHTaTb paB-
HbIM [yre, CTSITHBAIOIIEH IEeHTpPaJbHBIA yroJs B OAHY ce-
KyHAy, TO ecTb 27/1296-103. Paguyc Tpaektopuu 3eMmJH
cocrasager okoJso 150-106 km. CJiemosaTelibHO, OOHH
napcek paBeH MPHUMEPHO

1296 - 1G3 - 150 - 108
2n

Hrak, onua napcek cocrasgasier 31 MJpA. KM, HJH, €C]H
34 eHMHHIY [JHHbLI NPHHATb CBETOBOI TOJH, 3/4 CBETOBCTO
rojaa.

baunxkatiine nocsne CoJiHlla HENOABHIKHBIE 3Be31bl
HaxogdATCAd OT HAC Ha pAcCTOSIHUH yXKe B 4 CBETOBLIX
roja, mo3ToOMy HX MmapaJsJ/akchl OueHb MaJH. IT0 06CTOR-
TEJbCTBO JOCTABHJIO MHOMKECTBO XJonoT KomnepHHKy
I'anunero. CTOPOHHHKH TeOLEHTPHYECKON CHCTEMHl I0-
BopHaH: «Ecau 3emns obpawmaerca Bokpyr CouaHna, 10
HEMOABUXKHBlE 3Be3[bl JOJXKHB 00J1a1aTh HEHYJEBHIM
napajjakcoM, OOHAKO BCEM H3BECTHO, YTO 3TO HE TaK».
Pasymeercsi, CTOPOHHHKHM TeJHOLUSHTPUUECKOH CHCTEMLI
MOTJIH BO3pa3uTh uUM: «HenomsHKHbBIE 3Be3AbLI HAXOAATCH
OT Hac Ha CToJb OOJbLIIOM YJaJeHHH, 4YTO HX DapaJjjakc
He moazaeTcss usMepeHuio». Ho mogo6GHBIA OTBeT mnpo<«
THBHUKH TeJUOLEHTPUUECKOH CHCTEMbl CYHTAJH OTro-
BopkoH. Jlaxke H300peTeHHe TeJeCKona He [MO3BOJUI0
path OoJsee yGemutenpHbii otBer. [lapassakcel Henon-
BUKHBIX 3B€3J yJaJoCh BIEPBble H3MePHThb JHIIb B
XIX B. Mertoanl H3MepeHHd [apajajakCcoB BCe BpeMs CO-
BEpPUICHCTBYIOTCSI, HO JaKe Jydlllhe H3 HUX MO3BOJAIOT
U3MepATb PacCTOSIHMfA, He MPEBLILIAIOUIHe CTO CBETOBBIX
JIET.

~31 102 km.

Jnst usmepeHuss BceseHHOR Ha pacCTOAHHAX, NMPEBHI-
W aHdX BO3MOXKHOCTH 3Be3[HOH <«reofe3uu», HUCIOoJbs
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3y10T Apyrue Metoapl. OTHollleHHe BHJAMMEBIX APKOCTeH,
HJH, KaK NPHHATO Tenepb HaswBaTh, 0J1eCKa, ABYX 00b-
€KTOB OJ(HOH M TOH e HCTHHHOH SIPKOCTH COBHajaer ¢
OoOpaTHBIM OTHOILIEHWEM KBajpaTOB PaCCTOSAHHH A0 HHX.
CaenoBaTtesbHO, PACCTOSIHHA A0 JIBYX OOBEKTOB MOXKHO
CPaBHHBATb, €CJAH H3BECTHO, 4YTO alCOJIIOTHAsA SAPKOCTH
3THX OODBeKTOB oauHakoBa. Ho kakuM o6pa3om 3TO
MOXHO YCTaHOBUThH? Beap cyluecTByIOT 3Be3JH pasjuy-
HBIX TUIIOB M KJIACCOB, OTJUYAlOLLNECH He TOJNbKO OJe-
CKOM, HO H LIBeTOM (TOuHee, CIEKTPOM M3/1y4aeMOro HMH
CBeTa), M, UTO OCOGEHHO BAXKHO, CPENH 3Be3J HepeIKO
BCTPEUAIOTC TaK Ha3blBaeMble IepeMeHHble 3Be3Lbl,
O/iecK KOTOpBIX H3MeHsAeTcs co BpeMeHeM. HaGawonasn 3a
«OJTHXKHUMH» 3Be3JlaMH, yAa/jJoCch YCTaHOBUTb, YTO 3Be-
37kl OJIHOTO H TOTO Ke THma 06/ajarT OJHHAKOBOH ab-
COJIIOTHOH HAPKOCThbIO. Pa3yMHO npennosioxkHTb, YTO H
OoJiee ynajleHHBIE OT HAC 3BE3[bl OJHOrO0 H TOrO Xe THIa
TaK¥ke 00/aJal0T OAHHAKOBOH abCOJIIOTHOH fAPKOCTHIO.
IlpuHaB Takyilo runotesy, Mbl MOJYyYyaeM BO3MOXKHOCTb
CYOUTh O PaCCTOSHUAX A0 3Be3f no ux OJsecKy. AxaJjo-
THYHBIM O6pa3oM acTPOHOMBI MOCTYMNAKOT W C OTCTOSLLH-
MH OT HAC Ha OTPOMHBIE PACCTOSHHSA MJIEUHLIMH NMYTSIMH
[(cnupa/bHBIMH TYMAHHOCTAMH): OTHOCHTENbHO HX TaKiKe
TpeANoNaraior, YTo OHH 061aaloT NpHOTH3HTEbHO OJH-
HaKoBOH aOcoJIOTHOH ApKOCThIO. [laxe pasberaHue Cru-
PaJbHBIX TYMAaHHOCTeA nmoMoraer Ham usMepfATh Bcesen-
Hyo. Hama BcesenHas pacuiupsieTcs, ¥ HO3TOMY CIIH-
paJbHble TYMAaHHOCTH pasberalpoTci cO CKOpPOCThIO,
IIPONOPLHOHAJBHON PACCTOAHHIO, OTHENSAOIIEMY TyMaH-
HOCTh OT Hac. CKOpoCTh pa36eraHyst MOKHO H3MEPHUTH MO
CABHMTY CHEKTpaJbHBIX JHHHH U TaKuM 00Da3oM OLEHHUTH
paccTosiHHe, OTHeNsIolllee HAC OT CMNUPAJbHHIX TYMaHHO-
creii. OHO cocTaBJsieT HECKOJbKO MHWJJIUAPIOB CBETOBHIX
Jer.

HH3Hb HA HCHPHUBAEHHON MOBEPXHOCTH

Ho Bepuemcst cuoBa Ha 3emumw! IlpeanosaoxuM, uTo
ee obUTaTesNsIM HEHW3BECTHA TaKasi HayKa, KakK acTpOHO-
MUf, a 3Be3Jbl Bcerga CKPBITBI OT B30pOB 3eMJSIH 3a
TOJICTHIM cjoeM o6jakoB. IlpencraBum cebe Haxe, 4To
KATEJH 3eMJU He B CHJaX BO3HECTH CBOH TOJOBBI B
npocTopel BcesieHHOH CTOJb pajieko, 4TOObl, 3aMeTHB
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MOCTENIEHHO CKphIBawlHecas 3a TIOPH30HTOM KopaOJi,
NPHATH K BHIBOAY 00 HCKDHBJIEHHOCTH 3€MHOH IMOBEPXHO-
cTH. Morau Obl oburaresu 3eMJH BCe-TaKHM OTKPHLITh ee
mapoo6pasHocts? Pasymeercsd, Morau Obl! Beab TOT, KTO
BCe BpeMs HJET IO NOBEPXHOCTH 3eM/H NPAMO, B L1eHCTBU-
TEJbHOCTH OMHUCHIBAET OKPYXKHOCTb OOJIBLIOTO Kpyra, TO
eCTb JBUXKETCS [0 TpaHHLle Kpyra, IJOCKOCTb KOTOPOro
MPOXOJUT yepe3 LEeHTP 3€MHOr0 liapa, H B KOHIE KOHI[OB
BO3Bpallaercs B HCXOAHyI0 Touky. Ha nuockoit 3emie
COBEpPIIHUTL KpYrocBeTHoe IyTellecTBHe, IBHTAsCh BCe
BpeMsi mnpsiMo, Obliio Obl HeBO3MOXKHO. Ho npexcrasum
cebe, YTO KTo-HUOGYIb BCIO CBOIO XHU3Hb NMPOBEJLET B MYTH,
JABUTAsCL BCe BpeMsl TOJILKO BIiepel, U BCe XKe He yCIleer
BEPHYTbCA B CBOH POAHOH ropol. Takoil myTeliecTBEHHHK
He BIIpaBe yTBepXKAaTh, OyaTo 3eMJsa IJIOCKasA: AJs 3a~
BEpIIEHUST KPYTOCBETHOTO TMYyTEUWIECTBUS YeJOBEUYECKOH
XXH3HH MOXeT H He xBaTuTb. Ho yaacrca au emy, He
OTAANAsICh OCOOEHHO OT CTeH pPOJHOIO ropoja, ycraHo-
BUTbL, TIMJOCKON JIH HJH HCKPHUBJIEHHOH  ABJISIETCH
MOBEPXHOCTb 3eMJIH, M ONpelenuTb, CKOJb CHJIbHA
KpHUBHU3HA?

IIpeanosoxuM, uTo Hall JIOOO3HATENbHbI 06UTATENb
3eman — reoMerp. OH 3HaeT, 4YTO cyMMa YIVIOB B Tpe«
yroJbHHKe paBHA [ABYM MpPsSMbIM yrjaMm, U €My H3BeCTHA
teopema Ilugaropa. O6Ge aTH TeopeMbl OTHOCSATCH K TaK
Ha3plBa€MOH IJIAHUMETPHH, HJIH TeOMETPHH IIJIOCKOCTH,
Ha cdepe nam Ha 1060 Apyroil HCKPHBJEHHOH TOBEpPX<
HOCTH OHHM He BBINOJHAIOTCS, XOTA W Ha cdepe H Ha JIIO<
0ol Ipyrod HMCKPUBJEHHOH TIOBEPXHOCTH CYLIECTBYIOT
npsiMble JHHUU. To, uTO oOUTATENb chepHUecKOll MmoBepXx-
HOCTH Ha3BaJ Obl IPAMOH, — KpaTUAHIIYIO JHHUIO, COEIU-
HAIOLIYI0O ABe TOYKH Ha INOBEPXHOCTH cdepnl, — MBI Ha-
3piBaem nayroi Ooabiioro kpyra. MoxkHO BbICKasaTtb H
Oojsiee OOliee yTBepXKAEHHE: KpaTyanuipe JIUHHH, KOTO<
pble 0OHTaTENb TOH HJIH UHOH HCKPHUBJIEHHOM IOBEPXHOCTH
HasBaa Obl npambimu, HaMm, CMOTPSILHM HAa HHUX H3BHE,
NpEeNCTaBAAIOTCS B Buie Kpusvix (puc. 14). M3 rakux
JUHUH oOHTaTe/Nb HCKPHBJEHHOH MOBEPXHOCTH CTPOHMT
CBOH TpeyroabHHKH. MIaMepHUB CTOPOHBI M YIJVIbl 3THX Tpe-
YTOJbHUKOB, OH MOXKET TeM caMbIM IIPOBEPHUTb, BHINOJI-
HAIOTCA JH JJisi TIOBepXHOCTH, HAa KOTOPOH OH 3IKHUBET,
T€OpeMbl IJIAHUMETPHH, a 3aTeM cAeJaTb COOTBETCTBYIO-
Ilie BLIBOJHI,
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IlpeamonoxumM, 4yTo Hall reoMeTp IOCTPOHUI ¢hepu-
veckuii TpeyroabHuk ABC (puc. 13). YroJa, KoTOpHIi OH
usMepsier Mexay csoumuy npsameivu AB u AC (c Bawedh
TOUKH 3peHus, ctopoHsl AB u AC saBasaorca Ayramu
OKpy:KHOCTelt), paBeH yray Mexkny miockoctsmu MAB
H MAC (M —ueHnrtp coeprr). MamepeHHBIH yroa 3aBe-
flomo OGombme naockozo yraa BAC, u cymma yriaos B
chepuueckom rtpeyronbHuke ABC Goablie CyMMBI YIJIoB
MJIOCKOI'0 TPEYrOJbHUKA, TO e€CTb OOJbllie ABYX TPSIMBIX
yrioB. PasHocth MeXAy CYMMOH YriaoB c¢epuueckoro

Puc. 14. Puc. 15.

TpeyrosibHuka H 180° HaswiBaetcss chepuuecKHM uU3606iT«
KoM padHHoro tpeyrosbHHka, Yem Gosbie chepHuecKuit
TPeYyroJbHUK, TeM OoJblle ero u3OniTOK. Hanpumep, Bbis
GepeMm BepuinHy A cdepHyeckoro TpeyroJbHHKA Ha CeBep-
HOM nouioce chepol, a Bepmunel B H C —Ha ’KBaTope
TaK, 4yToObl UX pasjensja Ayra B 4YeTBEPThb OKPYKHOCTH
(puc. 16). Takoi chepuyecKHH TPEYrOJbHHK COHEPKHUT
TPH NPSAMBIX yrJia, I0O3TOMY cyMMa ero yryioB paBHa 270°
a ero chepruueckuit u3bbITOK — 90°,

MoxHo nokasatb, 4To0 C(epuyeckuii H3OBITOK IIPO+
NOopLHOHAJIeH TJIoLAAH cpepHruecKoro TpeyronbHuka. To,
uTOo obuTaTesb NOBepXHOCTH cdepbl Ha3bIBaeT MNPSIMOH,
AJiS TOCTOPOHHero Ha6GJ0AaTeNnss BBIIVISAHT Ayro
OosbHIOrO Kpyra, TO €CTb Kpyra, ILIOCKOCTb KOTOPOro
NpoxoauT yepe3 UHeHTP cepbl. OKpyxKHOCTH ABYX 00Jb=
IIUX KPYTOB IlepeceKkaroTcsi B TOUKAaX, JeXKalluX Ha IIpOo-
TUBOMOJIOXKHBIX KOHIAX aguamerpa cdepbl, Obe OKpyK-«
HOCTH pa3buBalT [OBEepPXHOCTb CPepnl HA YeTbpe
«IBYyrosbHuka» (Ha puc. 17 oauH JIBYYroJbHHUK 3a-
wTpuxoBaH). Ecanm yronm ABYyyroabHHKAa paBeH o -360°,
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10 cro lijaoliaAb COCTABJAACT &-0 HACTb IIOBEPXROCTH
cheprol. O603HaUNB MmIoLIaAb NOBEPXHOCTH cephl yepes
S, MBI CMOXeM IpeACTaBUTh INIOLIaAb ABYYTOJIbHHKA B
BuaEe aS. _

Puc. 16.

Paccmorpum Ha cpepe tpeyroabunk ABC, orpanu-
YeHHBIX fyraMmu Oosbliux XKpyros (puc. 18). ITpomomxum
cropony AB 3a Bepwuny B, cropony BC 3a Bepuiuny C
u ctopony CA 3a Bepmuay A jo
TeX IOp, MOKa IPOAOJKEHHBbIE
CTOPOHBI HE ImepeceKyTcs elle
pa3. Ilyctp A’— Touka mepece-
yeHUs] Oy, MNPOXONSILHX yepe3
BepminHy A, B’ — Toyka mnepece-
YeHUs AYr, NPOXOAAIUUX depe3
BepltnHy B, u C’ — touka nepe-
CeyeHHs Nyr, MPOXOASAILUX yepe3
BepwHHy C (3aMeTHM, yTO TOY-
Ka A’ CTyXHT aHTHIOAOM TOYKH

Puc. 18. A, T0 ecTb AuUaMeTpa/bHO IpPO-

THBOIOJIOXKHA Touke A, TOuka

B’ — antunmoa Touku B H Touka (' — aHTHUIOA TOYKH

C). IIpoBeneHHLIe nyrd pasOUBAIOT NMOBEPXHOCTb Cephl
Ha NA9Th yacTei:

1) tpeyroasuuk ABC;

2) tpeyroabuuk A’B’C’;

3) NBYYroMbHHK ¢ BeplinHamu B TOoukax A, A’ u
CTOpPOHAMH, NMPOXOASAIINMH uepe3 Toukn B u C;

4) ABYyrOJMbHHK C BepliMHaMu B Toukax B, B’ n
CTCPOHAMH, NPOXOAALIMMHU yepe3 ToukH C un A’;
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O0) IBYYTOJbHHK ¢ BepwiHHaMu B Toukax C, C’ u
CTOPOHAMH, NPOXOASILUIUMH yepe3 ToukH A u B’.

O0a TpeyrosbHHKa UMEIOT OAMHAKOBYIO IJIOIANb, KO-
TOpYy10 Mbl 0603HauuM A. Ecaun a-360° g-360° y-360°—
BHeWIHHe YIJael TpeyroabHuka ABC, To miomaiu OBy-
yronbHukoB pasHel aS, BS, yS. Cymma miomapelr Tpe-
yroabHukoB ABC, A’B’C’ u Tpex ABYYroJbHHKOB LOJXKHA
ObITh paBHA IVIOMIAAM TOJHON IIOBEPXHOCTH chepbl, TO

eCTb
2+ (a+B+y)S=S.

Ecau a’-360° B’-360°, y'-360° — BHyTpeHHHE Yyraml Tpe-
yroabHuka, 1o o’-360°+ &-360° = 180° u 1. I, B cuay
yero a = —a’, p=12—p’, y=Y2—4'. Iloxcras-
Jds TONy4YeHHbie BBHIDAJKEHHSI B BHIBEJEHHOE BhHILIE
COOTHOUIEHHE, TIOJyYaeM

2A+(%-—-a’-—ﬂ'-—-y’)-$=$,

OTKyZa

’ ’ ’ 1 2A
o« +pf +yv —5g=7.

CdepHruecknil H30bITOK TPEYTOJbHHKA paBeH
(o +p" + v") - 360° — 180° =
’ / ’ l o 2A °
= (o' +8 +v —5) - 360°=2-360° (1)

TakuMm o6pa3oM, y chepHUeCKOro TPeyroJbHUKA ¢ TpeMs
MpsIMBIMU yIJ1aMH, MOKphiBawLlero !/g mosepxHoctu cde-
pbl, chepuueckuit M3OLITOK OeHCTBHUTENLHO OKa3biBaeTcs
paBubiM 90°.

[IpencraBuM Tenepb cebss Ha MmecTe oburateas cde-
pUUECKON MMOBEpXHOCTH, HE MOAO03peBalouero 00 HUCKPHUB-
JIEHHOCTU ero mupa. Mbl H3MepsaeM Majblii TpEYTOJbHHK H
CHayaJla HUYEro He 3aMeuaeM.3arTeM nepexoiHM K H3Me-
peHHI0 TpeyroabHHKa OOJbUIMX pasMepuB, H TYT BHISIC+
HfeTcs, 4TO CyMMa YIJIOB TpeyroJabHHKa OoJbiie 180°.
[TepBoe 00bsiCHEHHE, KOTOpOE NPUXOJUT B TOJIOBY: B H3-
MepeHHs1 BKpasach omubka. Ho noBTopHBle H3MepeHHs
CYMMbl YIVIOB TPeyroJLHHKOB BHOBb NPHUBOIAT K 3Haue-
HuaM, npesbimatoium 180°, npuuem otkjaoHenus ot 180°
BO3pacTaloT C YyBeJUYCHHEM TpeyrosbHHKa. Kak 3T10

i 35




00bACHUTE? CHCTEMATHYECKOE HCCACNOBAHHE [TOKA3bI«
BaeT, YTO M3OLITOK NMPOMOPUHOHAJIEH IJIOLWALH TPEYTOJbe
HuKa. I TyT Bac oceHsieT, uTO BHl XHUBeTe Ha cdepe. Bo-
Jiee TOTrO, HeTPYAHO BBIUUCJAHTb U BEJUUHHY IMOJHOH I0-
BepXHOCTH 3ToH cdepbl: ecI1H S —mjomagb [OJHOH
TIOBEPXHOCTH c(ephbl, a A— njouiajib TPEYTroJbHHKA CO
c)epHUeCKUM H3OBITKOM &, TO

- 360°
S — 2A - 360 .
€
3Hasi nJjouiaab noBepxoctu chepwl, 6e3 TpyLa HaAXOLHM
ee pajguyc r, IOCKOJbKY

S =4nr?
Bennuuny

1
K=

IPHHATO HAa3biBaTb Kpususunod cdepol. UeM MeHbIe pas
auyc cdepnl, TeM CHJIbHEee OHa HCKpuBJeHA. Iloab3ysich
pe3yJbTaTaMU CBOMX H3MEpeHHH, oOuTaTenb cdepHue-
CKOHl NIOBEPXHOCTH MOXKET NpPEeACTaBUTb KPUBU3HY CBOETO
MHpa B BHJE COOTHOUIEHUS

2% e
K=-3"" 307 -

On 6e3 Tpyna Haxogut K mo U3MepeHHBIM A H e,

To xe cooTHOUIeHHe OCTaeTCd B CHJe U B TOM CJyyae,
Korjza MHUp mpelcTaBJaseT COO0M He uAeaJbHYIO cdepy, 4
HEKOTOPYIO HelpaBHJbHYIO H30THYTYIO NoBepXHOCTh. s
TAaKOro MHpa COOTHOLIEHHE MeXAy U3OLITKOM H IIJIOoLia-
IbI0 TPEYroJbHUKA TaK XKe, KaK U KPUBH3HA, U3MEHSETCS
mpu nepexoje OT TOUKM K Touke. Ho u B TakoMm <«Hemo-
CTOSTHHOM» MHpPE€ COOTHOLIEHHe MeXIy H3OLITKOM H IO+
abI0 TPEYTOJbHUKA CAYKHUT Mepod MeCTHOH (JIoKaJb-
HON) KPUBH3HHI.

OnpeneneHHas NPH MOMOUIM NPHBELEHHOTO BhILIE BbI
paXXeHHs KPUBH3HA MOXKeT OHITb He TOJBKO MOJOXKHUTE/ b~
HOU MJU HYJIEBOH, HO W oTpHLlaTeabHoH. O6 OTpHILaTe b~
HOH KpHBH3HE TOBOpPSAT B TeX cJydasaX, Korga cymma
yrjaoB TpeyroabHuka Menbuie 180°. OrpuuarenbHbii
H30bITOK Ha3biBaercs Odegpexrom. C OTpHUIATENBHOR KpH-
BH3HOI MBI BCTPEYaeMCsl HE TOJNBKO B TeOMETPHH, HO H B
peanbHoil ku3Hu. IlpencraBum cebe, yTo MbB HaxoAUMCH
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B ropax OKoJIO mepeBaJia. KapTa ¢ JIUHUSIMU PaBHOH BhLI-
COThI B OKPYKHOCTH NepeBasia BBHITJASAJUT NMPHMEPHO Tak,
KaK MokaszaHo Ha puc. 19. IlepeBan waxojauTcs Ha BhIs
core 1000 m Hax ypoBHEM MOps, K BOCTOKY H K 3amany
MECTHOCTb IOBHIILIAETCS, IepeBan HAET B HAanpaBJeHHH
¢ ceBepa Ha IoT. TpeyroJbHHKH, IOCTPOEHHBIE B OKPECTHO-
CTH mepeBasa, o6najgalT gedekToM (3TO YTBEPKAEHHE
Mbl IPUBOJAUM Oe3 J0Ka3aTesbCTBA)— KPHBH3HA MECTHO-
CTH BOJIM3H mepeBana oTpHIaTe/] bHA.

N

N4

1300
1200
1100
700 800 800
Puc. 19,

Pasywmeercs, TeopeMa O CyMMe YIJIOB TPeyroJlbHHKa—s
He €IVHCTBEHHAs TeopeMa IJIaHHMeTPHH, KoTopas mepe-
ctaeT ObITb BEPHOH B HCKPHUBJIEHHOM MHupe. BepHyBuInch
cHoBa Ha cdepy, MH OOHApPYKHUM, uTO B cdepUyecKoi
reomeTpuu He BhinoJiHgercsa TeopeMa Iludaropa. Cohepus
YeCKHII TPEYroJbHHK C TpeMf MpSAMBIMH yriaMd $B-
JISIETCSI pPaBHOCTOPOHHHUM, HO BMeCTO OOBIYHOH TeOopeMbl
[Iudbaropa Ha cdepe Mb NPHUXOAUM K COOTHOLIEHHIO
¢2 << a®+ b2 Ilo BenununHe Pa3HOCTU MeEXKJIy IPaBOid H
JIEBOM YacTbI0O 3TOTO HepaBeHCTBA («IedeKTy» TEOpeMBI
[Tudaropa) oBurartenb cepsl TaKKe MOKET BBIYHUCAUTH
KPHBH3HY CBOEro Mupa.

Ilpexxpe ueM paccMoTpPeTh elle OJHO OTKJAOHEHHE OT
NJaHUMETPHU, KOTOPOE MOryT 3aMeTHUTb OOUTaTeaH Ce-
pUYeCKOro MHpa, 3auMeMcsi MHUpPOM, HMeMUM ¢opMy
KOHHUYECKOHA NOBEPXHOCTH.

Paspe3aB 60KOBYIO NMOBEPXHOCTb KOHyca BAOJb 00Opa-
3yIOlleH, NOKa3aHHON Ha puc. 20 nyHKTHPOM, MBI CMOs
2)KeM pasBepHyTh ero OOKOBYI IIOBEpXHOCTb Ha

a7




NJIOCKOCTh. 11/10CKast pasBepTKa OOKOBOH NOBEPXHOCTH KO-
Hyca HMeeT BHJ KPYrOBOro CEKTOpa C yIJIOM pacTBopa ¢.
CaenoBaTresnbHO, QJUHA 27%p OFpaHHYHBAIOLIEH ero Hyr4
OKPYXKHOCTH OTHOCHTCSI K MNOJHOH JJHHE OKPYXKHOCTH
2ns, Kak ¢ : 360°, TO ecThb

(p=%-360°.
PassepHyB Ha maockocTb («pasrsaaauB») OOKOBYIO MO+

BEPXHOCTb KOHYCa, Mbl HHYEro He PAcTAHYJH H He CXKaJH.
Paccroauusi Mexnay JIOGHIMH ABYMSI TOYKaMH OCTaJIUCh

Puc. 20.

HEH3MEHHBIMH, U, CJeN0BaTeJbHO, COXPaHUuAach BCA reo-
METpHSl MOBepXHOCTH. To, uYTG Ha INIOCKOH pasBeprke
NpeacTaBAdgeTCsS B BUAE NPAMOH, o6HTaTeNld KOHHYECKOH
IOBEPXHOCTH TaKxke Ha3HBaWwT MAPAMOA. MOXEHC HORY-
MaTb, OYATO Ha GOKOBOH MOBEPXHOCTH KOHYCa AeHCTBYET
Ta e TeOMEeTpHS, YTO H Ha MJIOCKOCTH, HO TaKoe npej-
noJiIoKeHHe HeBepHO. Ecau oO6HTaTe/lb KOHHYECKOro MHpa
He coBepilaeT 60/BIHKEX OYTELUIECTBUH, TO OH M He 3aMe-
yaer, YTO [epeABHraeTcss He NO NJAOCKOCTH. Otnpasum
Tenepb O6HTaTeNss KOHHUECKON MMOBEPXHOCTH B KPYrocCBeT-
HO€ INyTelleCTBHEe, I[ONPOCHB €ro 3axBaTHTb C coGOH
CTPEJIRY, JIEXKAILYI0 B IJOCKOCTH Pa3BEPTKH, H CJHEAHTH
3a TeM, yToOLl OHA BCe BpeMs OCTaBaJjachb napaJielbHoOi
camoii cebe. Ilycte B mcxomuoil Touke A mapumpyra
CTpeJKa HamnpaB/jieHa BJIOJb 00pasywollled KOHYCa
(puc. 21). Korpa myremecTBeHHHK BepHercsi B TOUKy A
(mofimer no ToukH A, H306paxXeHHOH Ha pa3BepTKe
c/ieBa), CTpeaxka o6pasyeT ¢ NMpoXojsileil yepes TOuky A
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HanpasJAdIOlled KoHyca yroa ¢. Hamemy nyTeilecTBeH-
HUKY HE€ OCTaeTcsd HHYEro APYroro, Kak KOHCTATHPOBATb,
YTO CTpeJKa, HampaB/JeHHe KOTOPOH OH NOoJAepKHUBA
HEH3MEHHBIM Ha TPOTAXKEHHH BCEro KpyroCBeTHOro mylile-
LIECTBHS, MOBepHyJaach Ha yros . Ilpu myremiecTBUsAX
Ha MaJable PAacCTOAHUA HHUYEero nogoGHOro He MPOHCXOIHT.
s Toro yto6GHl CTpesKa IMOBEepHYJaach, HEOOGXOIHMO
OGOHTH BOKPYI BepuIHHH KOHyca. Ec/in myTelleCcTBEeHHHK
06O IeT BepLIHHY KOHYCA HE OfHH, a HECKOJILKO pas, TO
VIoJI IOBOPOTA CTPEJKH @ YBEJAUYHUTCA HPONOPUHOHAJBLHO
yrc/Jay OOXOA0B BOKPYr BepLIUWHBI KOHYCA.

Puc. 21. Puc. 22.

C ToukH 3peHHSl BHELIHero HabJlOxaTens, CTPeNKa
NOBOpauYuBaeTcss Ha yroa ¢ = (p:s)-360°. C ToukH 3pe-
HYs CaMOro MyTeHieCTBEHHHKA, BCE BHITJAAUT HECKOJbKO
HHaye. BHemiHWi HaO/MIOAaTeAb BHIUT, 4TC HaOl myTe-
LIeCTBEHHHK COBepHIaeT BOKPYT BepIIHHBI KOHyca MOJ-
HBIE 000pOT: onuchiBaeT yroa B 360°. Camomy myTemiecT-
BEHHUKY KaxeTcs, 4YTO CTpejKa K KOHILY NOYTH NOBOpas
YHBaeTCd Ha yroJ

360° —g={1—2)- 360".

[TokvHeM Temepb KOHHWYECKHH MHP M BO3BPaTHMCH Ha
noBepXHOCTh cdepbl. OTnpaBum ee obOurarens B IyTe-
LIeCTBHEe BOKDPYT CEBEPHOro MoJiloca Mo mnapasieaud H Io-
IIPOCUM ero TakKe 3aXBaTUTh C COOOH CTpPeJKy H CJeIHTb
3a TeM, yToObl OHA BCe BpeMs OCTaBaJ/jach NnapaJjje/bHON
camoii cebe (B cMmbicie reoMetpun cdepnl). Kakum obpa-
30M MOXKET BBINOJHUTb Hamy TpocbOy «cdepHyecKuir»
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nyTelmeCTBEHHHUK? llpelcTaBuUM cebe, 4TO Ha cdepy Ha-
JeT KOHYC, Kacamluica ee BJoJb TOH CaMOl mapaJijesiy,
10 KOTOpPOH Hall NyTelmeCTBEHHHK OOXOAUT CeBepPHLIH
nonaioc (puc. 22). Korpa oburartenp cepUyeckod I0-
BEDXHOCTH JBUKETCA INO MNapajjenH, eMy IPHXOAUTCA
UMEeTb [e/]0 JiHIIb C HENOCPeICTBEHHOH OKPeCTHOCTbHIO
napsanend. B To xKe BpeMs mnapaJsJeJbHBId MepeHOC
CTpeJKH He 3aBHUCHT OT TOro, KakK ycTpoeHa cpepuyecKas
NOBEPXHOCTh MO COCEJCTBY C NapaJiienbio. ¥ oburatens
c(pepHUECKON NMOBEPXHOCTU CTpeska OyaeT BecTH cebsd Tak
XKe, Kak y ero cobpara, »KHUBYIIEro Ha KOHHUYECKOH IO-
BEPXHOCTH, TO €CThb Ha MOBEPXHOCTH KOHYyCa, Kacareb-
Horo X cdepe. BepHyBmnch ZOMoO# mocJsie KpyrocBeTHOrO
1yTellecTBUs, o6UTaTeNb cpepbl OOHAPYKHUT, UTO CTpeJIKa
OTKJOHUJACh OT IIepBOHAYAJIBHOIO HalpaBJleHHUs.
CxoJib BeJHKO 2TO OTKJOHeHHe? Ero BeJWUUHY MbI
BHIYUCJAUIN, KOTZAa pacCMaTpHUBaJHU KPYrOCBETHbIE MyTe-
IIeCTBUS HA KOHycCe:

(1 —-‘S’—) . 360°,

rme p— pajuyc, a §— IJuHa oOpa3yiolled KOHyca OT
BepPIIMHBl N0 HUCXOLHOH TOUKM Mapupyrta. Beipasus 3ty
BeJIMUNHY Yepe3 OCHOBHBLIE XaPaKTePUCTHKH KaCaTeJbHOIO
XOHyca, Mbl YBHAMM, YTO OTHOIIEHHE p/S PAaBHO CHHYCY
yrja, 0003Ha4eHHOTO o Ha pPHUC. 22 ¥ Ha3bIBAeMOTO TaKXKe
reorpauuecKod LIUPOTOH TOH MNapaJgjend, MO KOTOpOH
o6HTaTtesnb chepnl coBepliaeT 00XOJ CEeBEPHOro MOJIOCA,
OTKJIOHeHHEe CTpPeJKH OT NepBOHAYAJbHOIO HaANlpaBJEHUS
3aBUCHT OT reorpauyeckoil WHPOTH Iapajiend o H

COCTAaBJIALCT
(1 — sina) - 360°.

Oty ¢opMyny HeTpyaHO NPOBEPHThH: HAa CEBEPHOM MOJIOCE,
reorpaduueckas wHpora Kortoporo paBHa 90° aq)(beKT
ucuesaer. C TOUKHM 3peHHS] BHEUIHEro Ha6J11011aTeJm, ny-
TeUIeCTBEHHHK BMeCTe CO CTPEJKOH I0BOpauyHBaeTcs Ha
Mecte Ha 360°. CiexzoBaTelsibHO, IIOC/A€e TIOBOPOTA CTPENKA
o6pa3yeT cO CBOMM IIePBOHAYAJbHBIM MOJOXKECHUEM YTOJI
B 360°. C TOUKH 3peHHSI CaMOro NyTellecTBeHHHKA, CO
CTPEJIKOH HHUero He NPOHCXOMMT.

Korma nyremecTBeHHHK OOXOAHT BOKPYI CEBEDHOrO
moJoca 1o napaJJeld, K CeBepy OT Hero ocraercs ce-
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pHYeCKad wMianoyka — 4acth IOBEPXHOCTH CHPEPH], KOTO-
Py Mbl IOJIy4HuM, paspesaB cdepy no mapannaenu. Ilno-

Inaap cepuueckoir WaNOuKy, Jexallel Bbille NapaJsie-
JIU ¢ reorpaduueckod WHUPOTOH ¢, paBHA

(1 —sina) - 2mr?,

rie r — paauyc cepnl (3TY popMyay Mbl mpuBoauM 6es
I0Ka3aTeabCTBa, cuuTas ee u3BecTHoW), MamepuB yriawl
B pajluaHax, a He B rpajycax, TO €CTb IIOJIOXKHB MOJHBIH

yroa paBHeIM 21 BMecto 360° moayuum ciaenyollee co-
OTHOLIEHHE:

Yeoa nosopora CTpesku
I aow4e0o cpepuneckoid wanouxu

== Kpususua (= L) .

r2

JlokaxkeM 3TO COOTHOIIEHHE Ha JIpYyroM IpHUMepe.
Couratenb chepbl He cuutaer napaJnjendb npsamoi. Ero
npsiMble B HauleM NOHHMaHHUHW SBJASIOTCA AYyraMu OKpyXK-
HOoCcTel OoabwinxX Kpyros. llpeamosiouM, 4t KuUBYLIHI
Ha NMOBEPXHOCTH C(QPepbl NMYyTEMECTBEHHHUK OOXOAHUT Tpe-
YTOJbHHK, CTOPOHBI KOTOPOr0 KaxKyTcs €My IpsSIMbIMH:
CHauajsa M3 BepwiuHsl I/ B BepliuHy 2, 3aTeéM H3 Bep-
WIHHBl 2 B BepIUIMHY 3 H, HaKOHell, H3 BEpIUHUHLI 3 CHOBA
B BepwinHy I (puc. 23). Iloka oH gBuKeTcs MO IPAMOY,
yroJ MeXAYy HampaB/JeHHeM CTpPeJKH U HallpaBjeHHeM
o6xoma ocraercd HeusMmeHHmM. IIpeamosoxum, urto B
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MCXOMHOH TOYKe (BepuivHe ) HampaBJ/JCHHE CTPEJAKH
COBMaJaeT C HampaBJeHHeM, B KOTOPOM IMyTelleCTBEHHHUK
nokufaer Bepwuny I. Torma Ha npoTAXKeHUH BCero mne-
pexola u3 BepUWIHHB / B BepLUIHHY 2 YroJa MEeXIYy Halpas-
JeHHEM CTPeJIKH W HalpaBJcHHeM ABHKEHHS OCTaHeTcs
Hy/JeBbIM, B BepliuHe 2 nyTelleCTBEHHHK H3MeHSIET Ha-
npaB/JeHHe CBOETO ABHIKEHHSI Ha yroa ag-360°, paBHbIA
BHEIHEMY yIJy TpeyrosbHUKa NpH BepuinHe 2. Paasy-
MeeTcs, CTpeJKka OTHIOAb He 00s3aHa CJAed0BaTh 3a U3~
MeHeHHeM HamnpasJeHus 06Xo4a W B MOMEHT, KOrja Iy-
TEIIeCTBEHHUK BBLIXOAUT H3 BeplIMHH 2 K BepuiuHe 3,
OTCTaeT OT HanpasJeHuss o00xoxa, obpasys ¢ HHM
yroa — o+ 360°. Takum oOpa3oM, yroa MexIy Hamnpas-
JeHHEeM CTpeJKM M HamnpaBJeHHeM 00XOJa OcTaeTrcs A0
TeX IO0p, MOKa MyTelIeCTBEHHUK He NMpHOyAeT B BepUIUHY
3. 3mech HanpaBJieHHe ABHXKEHHS BHOBb H3MeHsercs (Ha
3TOT pa3 Ha yroJ a3-360°, paBHbIH BHEIIHEMY YrJay Tpe-
YrosibHHKa NpU BepliHHe J), H MTO3TOMY, KOrAa myre-
HIECTBEHHHUK OTNpaBJsercsd IO MapuUIpyTy «BeplIHHA 3 —
BeplivHa [», HanpaBJeHHe CTPeNKH oO6pa3yer ¢ Halpas-
JenueM o6xona yroa (—ag— a3) -360° Takum stor yroa
COXpaHsleTcsl BILVIOTH KO BO3BpAlUE€HHs NyTelleCTBEHHHKA
B BepwuHy I. [laGbl cTtath JHLOM B Ty CTOPOHY, B KOTO-
Py1o OH HeKOrJa Bbillles, HallpaBasAsCh K BeplIiuHE 2, NY-
TElIeCTBEHHUK MOJIKEeH IIOBEPHYTbCS Ha yroa o-360°,
PaBHBIA BHEINHEMY YIJy TPeyroJbHHKa Npu sepiiude I.
Ilpu sTOM cTpesnka OTCTaHeT elle Ha yroa —a;-360° o
yroa MexXAy ee HalpaBJeHHEM W HalpaBJeHHeM 00Xoaa
CTCPOHBI MeXJRy TouykaMu I u 2, To ecTb C NepBOHAYAJb-
HbIM HalipaBJeHHeM CTPEeJKH, COCTABHT (—a — Ol — o3} X
X 360°. Ilo npuyuHe, 0 KOTOPOA MBI yKe FOBOPUJH BLilIle,
npubGaBuM K 3TOMy BbipaxeHnuio 360° (uiau B paauaHax
2n). Torma yros mnosopoTa CTpeJaku Ipu obxome Tpe-
YroJibHHKA, CTOPOHAMU KOTOPOrO CJAYXKAaT AYr# GOJIbINHX
KPYroB, MOXXHO NpelCTaBHTb B BHIE

(1 —o; — ap — ay) - 360°.
[To dopmysie (1) 3Ta BennuuHa paBHa
24 9
5 4

rae A — miouiaib TPEeyrosibHUKa, 0 nepuMeTpy KOTOPOro
coBepluaercss 00X0M, a S — maoUlaAb MOJHOH MOBEPXHO-
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CTH cephl, TO ecTb S = 4nr<. Pasneaus yroa NnoBopoTa
CTPEJIKH Ha IJIOUIAAb TPEYrCJbHHKA, MBI BHOBb MOJYUYUM
1/r?, To ecTb KpHBH3HY cdhephl.

HMrak, oburarenb cepuueckoil NOBEPXHOCTH, KaK H
courare/b BCAKOrO HCKPHUBJIEHHOTO MHpa, MOXKeT ycTa-
HOBUTb KPHBH3HY CBOEro IpPOCTPAHCTBA, ONpEeAesHB yrod,
Ha KOTOPbLIH IIOBepHeTCs CTpeaKa npu o0xone nepumMerpa
KaKOH-HUOYAL (UTYpbl, W pa3dequB 3TOT yroa Ha IMJIO-
ajab ¢urypol. BoluncneHHasi KpuBU3HA MOxKeT ObITh HE
OJMHAKOBOH JAJs BCeX TOYEK IpocTpaHCTBA U Oyner H3-
MEHSATbCA IIpU NEpexofe U3 OJHOTO MecTa B APYroe.

Jaa nmapaJsiesibHOro MepeHoca CTPeJdKH MOXKHO BOC-
N0JE30BaThCs, HAaNpPUMep, BOJYKOM C TOPU3OHTAJbHOH
Ocbio (rupockonoM). M3 MexaHHWKH H3BECTHO, 4TO TakKOH
npudop COXpaHsieT HampasJjeHue cBoefl ocu. MOXKHO NpH-
MEHHTb W MasITHUK, MOCKOJbKY HalpaBJiieHHe ero KoJe-
Oanuil He m3Mensiercd, PasymMmeercsl, nIpu nepeHoce Tr'upo-
KOMIlaca MJH MasATHHKA B I[POCTpPAHCTBE BJIOJb
UCKPUBJIEHHON [OBEPXHOCTH 4YTO-TO BCe Ke HAOJIXKHO u3-
MEHSiTbCA: OChb THPOCKONA M HampaBJieHue KosieGaHUH
MasTHHKA JieXaT B KacaTeJbHOH MJOCKOCTH, a npu mny-
TEIIECTBUH MO HMCKDHBJEHHOH MOBEPXHOCTH IIOJIOKEHHE
KacaTeJIbHOH IJIOCKOCTH B IPOCTPAHCTBE BCE BpPEMS H3-
Mensiercsi. PasyMmeercs, Te M3MeHEHHs], KOTOpbIie perep-
neBaeT HallpaBJeHHE OCH FHPOKOMIAaca HJAH HalpaBJeHHe
Kosie0aHUH MAasITHHKA, I[IPOHCXOIST TMepHeHIUKyAsIpHO
MTHOBEHHOMY TOJIOXEHHIO KacaTeJbHOH miaockKocTH. Kas
cartesqbHble, HJIH, KaK ellle TOBOPAT, TaHreHIHaJbHEIE, CO-
CTaBJsOIiHe OOOUX HANpaBJeHHH OCCTAIOTCA HeHU3MeH-
HpoiMU. TakoH crnoco6 mapaJsijiebHOro TMepeHoCa CTPeJaKH
BJOJIb HCKPUBJIEHHOH I10BEPXHOCTH (HMEHHO €ro Mhbi H
paccMaTpuBaeM) HOCHT Ha3BaHue [1apaJljieqbHOro Iepe-
Hoca B cMbicae JleBu-UuBHTA B uecTb INPENIOKUBLIETO
ero B 1917 r. mraabsiickoro maremaTtuka T. JleBu-Uu-
euta. (CTporo rosopsi, Takoi THI IapaJijiesJbHOrQ mepe-
HOca OblJ H3BeCTEH W paHblle.)

B navase 1851 r. Ilapuxk of6serena ceHcamusi: BCE,
KTO ellle COMHEBaJCs, MOrJIM HarasiAHO yOeqUuTbcsd B TOM,
yto 3emJsl Bpaiiaercs BOKPyr csoefi ocu. ®usuk Pyxo
noasecus B IlanTeone MagTHuK HauHOil 67 M C rpys3oMm
28 kI'. Corepiuas xosebaHHusI, TPy3 CBOUM OCTpHEM IIpO-
UeDKHUBAJ B IlecKe, TOHKHM CJ0eM IOKDBbIBaBLIeM T[0JI,
colelbl, M Ka)KJAbIH MOr 3aMeTHTb, 4TO HAalpaBJieHue
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KoJIeOaHHH 34 HeCKOJBbKO MHHYT yCIi€eBa€T H3MEHHTHCA.
[Tapuxkane COOCTBEHHBIMH IJa3aMM BHIeNH, KakK 3eMud
nosopaunBaercs nof MaaTHHKom! Ha CesepnoM mnoJioce
octpue MasATHHKAa PyKo 3a 24 yaca ycnesno O6bl OJHH pas
HayepTUTb BCKHO pO3y BETPOB, IIpHYeM B HalpaBJEHHH,
IIPOTHBOMNOJIOXHOM Bpalenuio 3eMau. Ha GoJsee HH3KHX
IIHPOTaX MasATHHK PYKO He CTONL IPOBOPEH — K 3TOMY
MBI celizac ellle BepHeMcd.

Onpir ®yko GbLT NepBbIM MOUCTHHE HATJISAHLIM J0-
Ka3aTeJbCTBOM BpalleHHd 3eMJH. Bce apyrue saddekrsi,
NpH NOMOIIH KOTOPHIX HBITAJHCh JOKa3blBaTh BpallleHHe
3emnu npenllecTBeHHHKH DyKO, OBIIH CTOJbL CJAaOBIMH,
YTO 3aMETHTb HUX MOXXHO OBLJIO, JHLIb TIPOU3BOASA 0OCODO
TOYHble U3MepeHHus. g nyOGJHYHBIX HEMOHCTpalHil IO-
no6unie 3¢pdekTnl He nmoaxoauan. Onwir Pyko Owbli cpa-
3y Ke MOBTOpEeH BO MHOTHX cTpaHax Mupa. MasitHuk
®yKo MOKHO YBHUAETb W B MapuKckoM My3ee HCKyCCTB
H pemecesa, U naxe Bo [IBopue O6benunennbix Hamui
B Hbio-Mopke (nmomapok OOH ot npaBurennctBa [I'oa-
JaHjgun) L.

Ho kakoe orHomeHune uMeeT MasiTHUK DPykKo K reo-
METPHH MCKPHBJEHHBIX moBepxHocTeii? CaMoe Hemocpen-
C¢TBeHHOe, Bpamalomuiics BOKPYr cOOCTBEHHOH OCH 3€M-
HOM 1Iap yBJeKaeT Hac BMecTe ¢ MasiTHHKOM @yKo. Ecau
O6bl 3emasa Oblla HEeNMOABUIKHA, @ Mbl ABHra/JuCh MO HEH
C TOH Xe CaMO# CKOPOCTbIO, C KaKOH OHa YyBJIEKaeT HacC
B CBOeM BpallleHHH, TO 3a 24 yaca MbI onmucaJdH Obl MoJ-
HYI0 OKPYXKHOCTb — o0oumu Bokpyr CeBepHOro moJoca
o napannenu. Panee Mbl yKe yCTAHOBHJIH, YTO IpPH Ta-
KoM o0xoxe cTpeaka, ylepxkHBaeMas TakK, 4YTOOLI OHa
BCe BpeMs OcCTaBajach [apaJjiejbHOH caMod cebe, Mmo-
BEpHETCA OTHOCHTEJNbHO CBOEr0 NepBOHAYAJbHOIO TMOJO-
‘JKE€HHS, U BBIYHCJH/IM YroJ MEXIY HauaJdbHbIM H KOHeEY-
HBIM HanpasJeHHAMH cTpeqaku: (l—sina)-360° rae
o —reorpaduyeckass WHpoTa TOH MapaJjsend, o KOTO-
poit cosepiiaercs 00xoA. Ilockosabky Hac uHTepecyer
YyroJ OTKJOHEHUsS] MeXIy HadaJdbHbIM H KOHEYHBIM II0JI0+
JKCHUAMH CTPEJKH He Ha HeNOABHXKHOH, a Ha Bpallaio«
Ieiicss 3emJje, TO INpHBeJeHHbIH BHIIE YroJ NOBOPOTa

! Opun u3 camnix Goabmux MasTHHKOB Pyko (asiuHoH 98 M)

aemoHcTpupyercs B KcaakuesckoMm cobope B JleHuHrpaze, — Ipunm,
nepes,
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HeoOXOAHMO BulyecTh U3 300", TakuMm c6pas3oM, NJIOCKOCTE
Kosebanufi MasitHuka PykKo croycta 24 yaca cOCTABHUT co
CBOHUM HayaJbHBIM MOJICKEHHEM YroJ

sina « 360°.

ITO 03HauaeT, UTO Ha Halled IIHPOTE IJIOCKOCTh KoJeba-
HUH MasiTHHKa @PyKo MOBOpPAyUBAeTCsl MPUMEPHO BTPOE
MellJICHHEe 4YacoBOH cTpesiKu (ycneBarolied 3a 24 uyaca
Osasncdet obotitn uudep6aar). Ecam uwacoBas ctpenka
uMeeT AOCTATOYHO OOJbIIYIO [AJHHY, TO €€ IBHIKCHHe
MOXKHO 3aMeTHTb HEBOODVKEHHHIM rya3oM. B onoite
Dyko AJMHe YacOBOH CTPEJKH COOTBETCTBYET HOBOJILHO
3HauyuTeJbHasi BeJHYHHA OTKJOHEHUs] OrpOMHOro MasiT-
HUKA OT IOJIOXKEHHST paBHOBECHS.

HpuBuaHa Hawero mupa

Hrax, oburaTesib HEKOH HCKPHBJEHHOH MOBEPXHOCTH,
MOJIb3YysiCh JHUIIb «BHYTPEHHUMH» H3MEPEHUSIMH, BIIOJHE
MOXKEeT YCTAHOBHTb, YTO JKHBeT He B ILIOCKOM, a B HC-
KpUBJEHHOM MHpe, H JaXe BBbIUHCAHTh €ro, KPHBHU3HY,
IJ5 4ero BOBCE He HYKHO BBIXOAHUTb 3a MNpeHesbl 3TOTO
mupa. 'oBopsi 0 Mupe, MBI HMeeM B BHAY HEKYyIO IOBepX-
HOCTb M CYHTaeM, 4TO ee oburatenb Kak Obl IIPHKOBAaH
K HeHd He3pUMBIMH leNAMH. B u3BecTHOH Mepe HMeHHO
TaK OOCTOMUT JIeJIO C JIIOAbMH, XKUBYIUMH HA TIOBEPXHOCTH
seMHoro mapa. M Bce Xe uyeJOBeK MOAHANCA A0 TaKHuX
BLICOT (HE CTOJIBKO B IIPSIMOM, CKOJbKO B IIepeHOCHOM
CMBICJe), YTO OOHapyXkHJa Wapoo6pasHOCTb 3eMJH elle
JO TOro, Kak CMOr CYIHUTb O HEH Ha OCHOBAHHUH CBOHUX
u3Mepenu., Kpome Toro, co6cTBeHHOe 3peHue ybGexaaer
yeJIOBEKA B TOM, uTo BceseHHy10 cocTaB/sieT He TOJBKO
Ta HOBEPXHOCTb, [0 KOTOPOHi OH MOXKET MepelBH-
raThCH.

Mpbl yxe BHIenH, Kak YeJI0BEK H3MepseT KOCMHYe-
CKO€ NpPOCTPAHCTBO — HE JHHEHKOH M He MeDHOH JIeHTOH,
M60 HX OKa3blBaeTc HEJOCTAaTOYHO [J5 H3MEpeHHs
Oo/bLINX paccTosiHHE Ha 3eMJe. I'eomesucr, xemaas yo0es
IUTbCA, UTO TPU TOYKM PACMOJOXKEHHI Ha ONHOH IIPAMOH,
Bu3upyetr ux. IIpsimple, KOTOpOBle OH TNPH 3TOM BHJIHUT,
NpEeACTaBJA0T C000H CBETOBblE JYUH — TAK XK€ KaK H
npsMble, KOTOPbie CTPOSAT acTPOHOME! BO Bcenennoi.
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Eime reomesunctaM OblLJIO H3BECTHO, YTO HpPEAIOJIONKE-
HHe O INpPSIMOJHHEAHOCTH CBETOBBIX JYydYeH [aJIeKo He
BCerja COOTBETCTBYeT HeilCTBHTeNbHOCTH. ONylueHHoe B
BOLY BecJO JHIIb KaxcerTc cjaoMaHHbIM. IIpnuuna MHR-
MOH «IOJIOMKH®» BECJa COCTOHUT B TOM, UTO IIPH Hepexoje
H3 BO3JyXa B BOAY CBETOBBIE JIy4d H3MEHSIOT CBOE Ha-
npassieHne — npesomantorca, l'eofe3uct, npexie ueM
INpDUHATL JONylieHHe O TMPAMOJHHEHAHOCTH CBETOBBHIX
Jayueil, BBOIUT NONpaBKy Ha NpeJoMJieHHe cBera. To ke
JeslaeT ¥ aCTpOHOM, NpOH3BOASA CBOU uaMepeHus BceneH-
Ho#t. CosHeyHble JyuH, MNOpeJgoOMJsAsick B artMochepe
"3eM/H, HCKPHBJSIOTCH, MO3TOMY MBI MOXEM B TeueHHe
HHEeTIPOLOMXKHTEAbHOr0 BpeMeHH Habmionate CosHile gaxe
'TIocJie TOTO, KaK OHO B JEHCTBUTEJbHOCTH CKPBLIOCH 3a
ropu3oHToM. Ilpu HabGMOLEeHNH cBeTU BOJIU3H FOPH30HTA
aCTPOHOMY TIpHXONHTCS BBOILHTb ropasno GoJiee CyIlecT-
BEHHYIO INONpaBKy Ha MpeJOMJeHe cBeTa, yeM BOJAH3U
3€HHTA.

[TpenomyeHne — He eJIHHCTBEeHHAsi NPHUYHHA HCKPHB-
JeHUs1 cBeTOBBIX JyueH, CyumiecTByer MHOXKECTBO IDPYTHX
TPUYUH, OJHA H3 HUX — cHisa TAroTeHusA. CBETOBHE JyuH,
HIYLlHe K HaM OT JaJiekei 3Be3[bl H Npoxoasuie BONH3H
Co/iHIla, HCKPHUBJSIOTCA INOAOGHO TPAeKTOPHUSIM KOMET.
3emMHOMYy HaOJiofaTe 0 KaKercs, UTO Takas 3Be3la He-
CKOJbKO GoJblle cMmeleHa B CTopoHy oT CoJHUa, yeM B
AEUCTBUTEJbHOCTH. ITO HBJeHUe OBLIO IpencKasaHo
ODUHIITEHHOM M IOJHOCTBIO IOATBEPAHJOCH IIPH Ha6mo-
IEHHU COJIHEYHBIX 3aTMEHHH,

BBens cooTBeTCTBYIOLIME MONPAaBKH Ha HCKPHBJEHHE
CBETOBBLIX JyueH, MBI MOXEM BOCIMOJb30BATbCA HMH AJA
IOCTPOCHHSI TPEYTOJbHHKOB B KOCMHUYECKOM IIPOCTpaH-
cTBe. ¥ «MaJjbiX» TPEyroJbHUKOB (pa3Mepbl KOTOPHIX
cpaBHUMBI ¢ padMepaMu Co/tHEUHOH CHCTEMBbl) HE yHnaer-
csi OOHADYXKHUTb OTKJOHEHHS CyMMBl yrjoB ot 180°:
TAKHX PaCCTOAHUSIX KOCMHUYECKOEe TIPOCTPAHCTBO elle
kKaxercsd miockuM. Ho, Kak u3BecTHO, mpennosaraeMmbiil
H30LITOK uau Ae(eKT BO3pacTaeT ¢ yBeJHUYeHHEeM pasMe-
POB TPEYrOJNIbHUKOB, U HE HCKJIIOUEHO, YTO TPEYTOJNbHHUKH,
pa3Mepnl KOTOPbIX CpaBHHUMBI ¢ pa3MepamMu Hamed ['a-
JaKTUKH (uau eule OoJbuie), BHOOJHE MOTYT 00JanaTh
3QMeTHbIM H30BITKOM HJH JedekToM. DTO 03Havas o Obl,
4TO Halwl MUp HcKpuBJeH. CyuwecTBylOT H ApYyrue Koc-
BEeHHble apryMeHTHI, MOATBEPKAAIOUINE TUIIOTE3Y O KPHU-
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BH3He Hallero MHpa. LECAIH 3Ta Trunores3a BepHa, TO
paguyc KpHBH3HBI BceseHHOH cOCTaBasieT HECKOJbKO
MHJIJIMAPAOB CBETOBRIX JIET.

MaremaTtnuecky MOXKHO IIOKasaTh, 4YTO TAKOH MHpP C
MOJIOKHTENbHOH KDPHUBU3HON HOJXKeH ObITh KOHEUHbIM U
3aMKHYTBIM. IJTO — 3aMKHyTOe MPOCTPAHCTBO, MOLOOHO
TOMy Kak cepa — 3aMKHyTasi noBepXHOcTb. Bce BpeMms
ABUrasiCb B TAKOM MHUpe [0 NPSMOH, Mbl B KOHLle KOHIIOB
BepHeMcs B HCXOIHYIO TOYKY, KaK H IPH KPYTrOCBETHBIX
NyTewecTBUAX HA 3eMJe.

Kax mnpencrasuth cebe 3aMKHYyTOe IIPOCTPAHCTBO?
3aMKHYTYyI0 NMOBEPXHOCTh Mbl MOKEM IOMECTHTb B TpeX-
MepHOe NPOCTPAHCTBO U pacCMaTpHBATb CO BCeX CTOPOH,
HO KaK OBLITb C 3aMKHYTBHIM NPOCTPAHCTBOM?

Kax mnocrynur ob6uratenb cdepbl, He CHOCOOHBIMA
HaIVIAQHO IpencTaBUTbh cebe wiap, Kejgasgd HapPUCOBATh
KapTuHy cBoero mupa? OH HauepTUT ABe KapThl (OAHY —
BOCTOYHOrO, IPYrylo — 3alajHoro MoJayllapus) U pasJfo-
MKHT UX PAAOM APYr Cc ApyroM. 3arysiHyB B JOOOH reo-
rpaduueckuii arnac, Mbl 0e3 Tpyna OOHapyXHM B HeM
JiBe TakKhe KapTel noaymapuii 3eMau. I'panycHasi ceTka,
S5KBATOpP M Jpyrue ycJoBHble 0003HAUYEHHUS [103BOJIAIOT
MMOHSATb, KAKUM 00pa3oM cJjaeAyeT OTOXKIECTBJATb APYr C
APYyroM rpaHUUb KaprT.

AHanoruyHeIM 00pa3oM MOXKHO TOCTYIHTb H C 3aM-
KHYTHIM TpeXMepHbIM MHpOM. «Pa3spexeM» ero 1no nmno-
BeDXHOCTH KaKOH-HUOyIb cepnl. Ham Mup pacnazercsa
Ha JBe 4YacTd — JIBa MLuIapa, 3alloJIHeHHHX 3Be3JaMHu H
MJIEYHBIMM MYyTAMH. 3aTeM Mbl MOCTPOUM MOJIENH I0JO-
BUHOK MW IIOCTaBMM HX IMepel coO0OH Ha IHUCbMEHHBIH
CTOJ — ABa INPO3payHLIX rjaobyca, BHYTPU KOTODPHLIX IbI-
JIUHKHM 03HAYaloT cnupaJbHele TyMaHHOCTH. Cepuueckas
OBEPXHOCTb, 110 KOTOPOH MbI pa3pe3anu BceneHHyIo,
BUAHA HA cboux riodycax: 3TO HX HApyXKHas TOBepK-
HOCTb. IIpu Kesanuu Ha MOBEPXHOCTH JIOOYCOB MOXKMHO
HaHeCTH KOODAHHATHHIE CeTKH M YyKas3aTb, KaKHe TOukxu
ITOBEPXHOCTEH COOTBETCTBYIOT APYT IpYTY.

Taxo#t mup nmefictBuTeqbHO 3aMkHyT. Kaxkmoe myre-
1leCTBUe B HEM [0 NPSMOH OKa3biBaeTcHd KPYroCBETHBIM.
IIpocnexXuBasi KPyrocBeTHoe NMyTellecTBHE [0 3aMKHYTOMH
BcenenHno#t Ha Hamefl MoJesJH, Mbl PaHO WJAH MO3JQHO
NMOKHHEM TIpefenbl ofHoro raobyca. Huuero crpamsoro
NpH 3TOM He [POU30HIeT, MOCKONbKY, A00paBluHch 10
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ero rpaHuibl (HapyXHOH HNOBEPXHOCTH), MBI T€M CaMbIM
OKa3biBaeMcsl B OTOXAECTBJIEHHON C HeH TOYKe, MPHHAL-
Jiexalied HapyKHOU IOBepXHOCTH Apyroro rjodbyca, a
IIpH JaJdbHEHIIeM [ABHXKEHUH [0 NPAMOU BHeApSeMCs B
ero ray6unnsl. Ilo cyuiecTBy Takoe INpoHUCLIeCTBHE, KaK
IiepeceueHue HAPYXKHOH MOBEPXHOCTH rA0o0yCOB B Halled
MozesqH 3aMKHyToii BceJsieHHOH, O3HauaeT He O0o0Jblle H
He MEHbllle, yeM IlepexoJ, Yepe3 3KBATOP HJAH HYJ/eBOH
MepHAnaH T1pu nyremectsuu 1o 3emise. I[loBepxHOCTH
CaMOro ceyeHHsI He dBJAfeTcS peaJbHO CYLIeCTBYIOLLEH
rpaduue, oTaensilonleis ogHy uyactb BceneHHON OT APY-
I'OH, rpaHUlell OHA BLIMVIAOUT JIMLWbL HA MOIE/IH.

C UCKpHBJEHHBIM MHPOM, B KOTOPBLIH HAaC MOMECTHJH
ACTPOHOMBI, IIPOHCXOJHUT M €LILE HEeYTO CTpaHHOEe: OH pas-
nyBaetcd. Paccroanusi Mexnay o6bekramu BO BceneHHON
BO3pacTaioT, TYyMaHHble CIIUpAJbHOCTH pasberarrcd, yia-
JAfCh OT Hac U APYyr or apyra. Bce 310 Havamoch MuJI-
Juapael Jer Ha3al, Korja MHp OblI IJIOTHO CXKaTbIM
KOMKOM.

Ho npocaenurs cyap0bnl HaAIIEro Mupa — ylaena acTpo-
HOMHH, 2 HE T€OMETPHH.
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PasnuuyHbie O0ECHOHEYHOCTH

[IpeacraBuM cebe TrOCTHHHIY ¢ OECKOHEUHBIM YHCJIOM
HOMEPOB, «IIEPEHYMEPOBAHHBIX» [0 NMOPALKY

1, 2, 3, ....

Bce nomepa 3aHaTthl. Ilo3fHO BeuepoM mpues:kaer elle
oauH rocth. «CBOOONHBIX MeCT HeT», — FOBOPUT €My
OPTbe, «IDTO HE HIPaeT pPOJaH, — BCTyIaeT B.pPas3roBop
ynpasasoomuil. — [lepecenum rocrs u3 HoMepa | B HO-
Mep 2, rocTs U3 HOMepa 2 — B HOMep 3, rOCTA U3 HOMepa
3 —B HOMep 4 U Tak paJee, a BHOBb IPHUOLIBIIETO IOCTA
IIOMECTUM B OCBOOGOAUBIIHHCS HOMep I».

Cpenn Houu mnpuesxkaer eule 1000 rocreir. «Cpo6oj-
HbIX MECT HeT», — TOBOPUT HM moprtbe. «HeBaxuno, —
Bo3paxKaer ynpasastowuii. — Ilepecenum rocrta u3 Ho-
mepa | B HoMep 1001, roctss u3 HOoMepa 2— B HOMep
1002 u tak maJiee, a BHOBb NMPUOLIBIIUX F'OCTEH OMECTUM
B ocBofonusmueca HoMepa oT 1 mo 1000».

He ycneau Bce rocTH pasodTHCh MO OTBEACHHBIM HM
HOMepaM, KakK B IOCTHHHIly BBaJjuBaercs toamna. Ha atot
P23 BHOBb NPHUOBIBIINX GECKOHEUYHO MHOTO, H MBI 0003Ha-
yuM HX Ay, Ag, As, ... «CBOOGOJHBIX MECT HET», — FOBOPUT
nopree. «Huuero crpaliHOro,—BCe TaK Xe CIOKOeH
yrnpasasiomui. — IepecenuM roctss u3 HoMepa 1 B HO-
Mep 2, rocTd H3 HOMepa 2 — B HOMep 4, rocTs W3 HOMepa
3—3B HOMep 6 H BOOOIIE KaXXJOro rocTsl U3 NOCJAeAYIO-
lIlero HoMepa IIONPOCHM Ilepeexatb B HOMep C BIBOE
GosabuinM yucaoM. Torpa rocreit 4, Ay, As, ... MBI CMO-
JKeM noceJuTb B HoMmepax 1, 3, 5, ...»

JTy 3aHUMATEJNbHYIO HCTOPHIO JIOOHJA paccKkasniBaTb
3HaMeHuThii Marematuk JlaBunx I'uanbepr (1862—1943).
OHa no3BoJifza €My HarJasaAHO OOBSCHHTL CBOHM CJYiIa-
TeJISIM CMBICJI BaXKHBIX IOHSATHH, BBEIEHHBIX B MareMas
THKY I'eoprom Kantopom (1845—1918).

IlocenoBaTeIbHOCTE HATYPAALHLIX HUCEN
l, 2’ 3’ L BN J

6ecKOHEeUHa: ee MOXKHO HPOAOJAXKATh HeorpaHuueHHo. [To-
CJE0BATEAbHOCTb YETHBIX YHCEJI

2, 4, 6, ...
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Takxe O€CKOHeyHa, YerTHBIe YHCJIA COCTaBJAIOT JHIIDb
YacTb BCeX HaTypaJsbHBIX YHCEJ], OLHAKO HX He MEHbUIE,
yeM HaTypaJbHBIX yucea (rOBOPAT, YTO MOUIHOCTbh 4YeT-
HbIX YHCeJ.He MeHbIlle MOHIHOCTH HAaTypaJbHBIX YHCEN).
HeficTBUTENBHO, NOCAEN0BATEABHOCTD YETHRIX YHCET MOXK-
HO PacloJIOKHTh MOJ 10CAeA0BaTeNbHOCTbIO HATYPadbHBIX
yyuceJ TakK, UYTO KaKIOMYy HATrypaJbHOMY d4ucay OyAer
COOTBETCTBOBATh POBHO OJZHO YeTHOE YHCJIO H, HaoOOpOT,
KaXJOMYy YETHOMY — OIHO H TOJIbKO OIHO HaTypaJsbHOe

qUCJAO0:
1,2,3, 4, 5, ...,
2, 4,6, 8, 10, ....

MHaue roeops, Bcex yXKe XKUBYIUIUX B IeperOHEHHOH 10
OTKa3a TOCTHHHIE MOXKHO pa3MeCTHTb JHIIb IO YETHHIM
HOMepaM.

3amucaB B «IBa 3Taxa» yucaa

1, 2, 3, 4, ...,
1000, 2000, 3000, 4000, ...,

Mbl CpPa3y e YBHIHM, UYTO MOIIHOCTb WHCeJN, AEJSHIHXCS
Ha 1000, Takke paBHa MOLIHOCTH BCEX HATYpaJbHBIX
yuces. To Ke MOXKHO CKa3aTb U O HAaTypaJbHBIX YHCJAX,
HauyuHada c 1001:

1’ 2) 3, 4, ¢ vy
1001, 1002, 1003, 1004, ....

A XaK 06CTOUT [e/10 C OO HUTENbHHIMY PAIHOHAMbHBIMH
YHCJAAMH | (TO €CThb C YHCJ4aMH, NPeICTABHMBIMH B BHIE
npo6eit, HanpuMep 7fs, 2/s u TaK Ranee)? 3amnumeM Io-
JOXKHTeNbHBlE palHOHAJbHEE YHMC]a TIOJ HATYpaJbHBLIMH:

1 2 3 45 6 7 8 9 10 11.,.
l/1 l/2 2/1 l/3 3/1 I/4 2/3 3/2 4/l 1/5 5/1 s e

PanuosanbHble yucaa caelyloT APYr 3a APYroM B CTPOro
ONpeNesieHHOM MOpsIAKe: cHayaJa HAYT Bce uucaa a/b,
y KOTOphIX a-b =2, 3ateM uHciaa c a-+ b =3, 3a
HUMH —unucjaa ¢ a+ b =4 u taK panee, a npu QUKCH-
pOBaHHEOM n umcnaa a/b ¢ a4 b = n pacnonaramrcs B
nopsaxe so3pactanus a. (IIpu 3TOM coxpartumbie Apobu
caelyer orGpachBaTh.)
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HTak, MOILHOCTb PAUHOHANBHBLIX YHCen He Oojblle
MOILHOCTH LIEJABIX YHCEJ.

Beckoneunoe MHoOxkecTBO M J/0OOGBIX NpPEIMETOB Ha-
3bIBAETCSl CHETHbIM, eCIH MeXKIy HUM H MHOXKECTBOM Ha-
TypaJbHBIX YHCEJ MOXKHO YCTAHOBHTh B3aHMHO OAHO3HAY-
HOEe COOTBETCTBHE: KaXJOMY HaTypajJbHOMY YHCJIYy COIO-
CTaBHTb ONHH M TOMbKO ONXHMH 3JIeMeHT MHOXKectBa M
M, Hao60pOT, KaXKAOMY 3eMeHTy MHOXecrBa M cormo-
CTaBHTb ONHO H TOJbKO OJIHO HaTypasbHoe unca0. MHaue
rOBOpSI, CUETHBIM HA3bIBAETCS MHOXKECTBO, JIEMEHTH KO-
TOPOTO MOXKHO Das3MeCTHTb B TOCTHHHIe ¢ HOMepamu 1,
2, 3, ... Tak, YTO KaxKjaass KOMHaTa OymeT 3aHATa OJHUM
H TOJIbKO OIHHM 3JIeMeHTOM MHoxkecTBa M.

Bce 6GeckoHeuHble MHOXKECTBA, O KOTOPLIX MBI I'OBO-
puu [0 cux mop, cuetHol. CyulecTByioT Ju gpyrue Gec-
KOHeyHble MHOXKecTBa? (OKasbiBaercs, CYyIIECTBYIOT.
PaccMotpuM Kakoil-HHGYAbL oTpe3ok mpsamod A. On
COLepXKUT OECKOHEUHO MHOro Touek. Jl yTBepxKpalo, 4To
MHOXeCTBO TOuYeK, o0pasywimux orpesok A, He npunHan-
JICXKHT K YUCAY TeX MHOXKECTB, KOTOPble Mbl YCJAOBHJIUCH
Ha3blBaTb CUETHBLIMH.

Ecan Gul KTO-HUOYnb B3AyMas yTBEepPXKAAThb, 4YTO MHO-
XKeCTBO TOYeK, oOpasyiounx oTpe3ok A, BOIpekH MoeMy
YTBEPAKAEHHIO BCe XKe CYeTHO, TO eMy NpHIlI0och OBl pac-
IIOJIOXKHUTb BCE TOUKH oTpe3ka A, He NMPONYCTHB HH OIHOIM
H3 HHX, B BHJle NOC/AeJ0BATE/bHOCTH

al, a2, a3, [

51 mokaxy, 4TO PacHOJOXHTb TAK BCe TOYKH oTpesra A
He yZacTcsl HH MOeMy OINOHEHTY, HH Ji060My Lpyromy
YeJIOBEKY: II0 KpalHeH Mepe OJHa TOUYKa, NpHHAJJIENKaA-
mas oTpe3ky A, oKaxKeTcs NpPONYIeHHOH.

Mtak, MO# MDOTHBHHK IIPHCTYIaeT K IEPEUuUCAEHHIO
TOYeK oTpe3Ka A, a moxka OH 3THM 3aHUMaercs, f IO-
CTPOIO TOYKy, KOTOPYIO OH HeInpeMeHHO MPOIYCTHT.

Moii npoTHBHHK BbIGHpaeT Kakyio-TO TOYKY OTpe3-
ka A u o6o3HauaeT ee a;. B oTBer Ha 3TO 51 BHIGHpaIO
nodorpesok A, otpeska A, He comepxalluil TOUKY @
(mopoTpeskom oTpeska A MBI YCJIOBHMCSL HasblBaThb OTpe«
30K MeHbIlIel AJMHHBI, BCE TOYKH KOTOPOr0o MpHHALJIEXAT
orpesky A). Ha puc. 24 nonotpesox A, nias yno6crsa
n300paxKeH OTHENbHO, B NefCTBHTEAbHOCTH XKE MOJOTpe-
30Kk A; nexur Ha orpeske A. 3areM MOH NMPOTHBHHK
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BoIOUpaeT TOUKY @y Ha OTpPe3ke Ay, Ha YTO A OTBEyalo
BriGopoM nonorpeska A, oTpeska A;, He colepxKauum
TOUKY @y (IToporpe3ok As mnas Gosblueli ICHOCTH H30-
Gpa:xkeH Ha puc. 24 Hazn orpe3koM A. B neficTBUTENbHOCTH
OH TaK e, Kak u Nojgotpe3ok A;, jexur "a orpeske 4.)
Korpa e Mo#l NPOTUBHHUK BLIOMpPAET TOUYKY a3, 1 BHIOH-
paio noporpesok As otpeska Az, He comepKaliHi TOUKY

a, At A2
— —
k } —]
a, A;
Puc. 24.

a;. Tak MBl TpPOXOJKAEM [eHCTBOBATH HEOrPaHHYEHHO
nodro. [Tpu 3ToM KaxkAbId pas

Ant1 0O3HauaeT MONOTPE3OK OTpe3ka Aj,
TOYKA Qn HE NPUHAMIEKHT OTPE3KY An.

Bribupasa CBOH NONOTPE3KH, S CJCKY 3a TEM, UYTOOLI
IJHHA ouepexHOro moxorpeska Anp4; cocrasasyia He 60-
Jee TOJNOBHHBI IJIHHBI IIpeNbayllero noporpeska Anp.
Bce mocTpoenHble MHOH OTpe3kH A, CTArHBalTCA K
HEKOTOpPON TOoukKe c¢. Jl yTBepxKAalo, YTO HMMEHHO 3Ty
TOYKY € MOH IPOTHBHUK HENpPeMeHHO HOJIXKeH IpOImly-
CTHTB. '
JlefAcTBUTE/NbHO, MOXKET JIM TOYKA € COBIAZATh C TOY-
Koii @1? HeT, NOCKOJMBKY TOYKA ¢ NPHUHAMJEKHT OTPE3KY
A,, B TO BpeMsl Kak oTpe30K A; cneiHa/dbHO Obli BHIOpaH
TakKHM o6pasoM, 4TOOBl OH HE cOmep:Kaga TOuKy a;. Mo-
JKET JIH TOYKa C COBNAagaTh C TOUKOH aq? Het, MOCKOJBLKY
TOUKa ¢ IPHHAMJEKHT oTPe3Ky As, B TO BpeMs KaK TOUKa
Gy He TNPHHALIEXKUT 3TOMY OTpe3Ky. IIpoBepky MoxXHO
Obio Obl NpojonKaTtb H Hajnblie, MoxeT JH TOUYKa ¢
COBIIaJaTh C TOYKOH Qjoeo? Ier, mocKoOMbKYy TOUKa ¢ mpu-
Hag/aexXuT OTpe3Ky Ajgpo, 3aBEIOMO HE COAEpIKaLIEMY
TOUKY @jop0. KITak, He OrpaHHuMBasi OGUIHOCTH, MOXKHO
YTBEPKAATh, YTO TOYKA C He COBIIAJaeT HHU C OLHOH H3
TOYEK @;, A2, ..., BBIOpAaHHLIX MOHM NpPOTUBHHKOM. Cie-
A0BaTeNbHO, MOEMY NMPOTUBHUKY He YAAJOCH NEPEUHCIHTD
BCe TOYKH OTpe3ka A, TOUKY ¢ OH BCE-TaKH IPOIYCTHII.
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«f1 Mor 6bl HayaTh C TOYKH C», — BO3Pa3UT MOW NpoO-
THBHUK., (MMeHHO Tak mocTynun uyenoBeK, MOGHBILIHHCS
06 3akmapn cbectb 20 kaprodenud. CpveB 19 u3 Hux #
yyBCTBYysl ce06sd He B CHJAAX MPOrJIOTHTb IOCJAEHIOK
KapTo(pesHHy, 3TOT 4YeJOBEeK CO B3J0XOM 3aMeTHI:
«C Hee-TO MHe W cJe10BaJso Obl HAYaTb».)

Ho, pasymeercs, ecan 6b MOH INPOTHBHHK Ha4al
nepeyncJeHte ToyeK oTpe3ka A ¢ TOYKH ¢, TO f yKasal
Obl HeKkylo APYLYI0 TOYKY, TaKKe YIYUIEHHYIO HM H3
Buly. Kakum 6bl criocoO0M OH HH BLIOMDAJ c4yeTHOE MHO-
’KECTBO TOueK orpe3xka A, MOeMy NPOTUBHUKY BCe PaBHO
He yJracTcss HcyepnaTk Bech 3aliac TOYEK, NPUHAJIeKa-
niux otpesky A.

MoulHocTe MHOXKECTBa TOUYeK, 06pa3ylolMX OTPe30K
A, He MeHbIle MOUIHOCTH CYeTHOro MHOXectBa. B ned-
CTBUTEJbHOCTH K€ MOLIHOCTb TOu€K, [pHHaAJexKa-
U[MX TPOU3BObHOMY oOTpe3ky A, OoJblle MOIIHOCTH
CYETHOr0 MHOXKECTBA.

Bricka3aHHOoe HaMu YTBepXkJaeHHe ObIIO BIlepBbIE
BoickazaHo I'eoprom Kanrtopom. KaHtOop nocraBun BO-
npoc: «CylectByior a4 GecKOHeYyHble MHOXKecTBa, MOLUJ-
HOCTb KOTOPBIX OOJibIlleé MOIIHOCTH CYETHBIX MHOXKECTB,
HO MeHblle MOLIHOCTH MHOXECTB TOYEK, 3alOJHSIOUIHX
orpe3ok npsamoii?» Camomy KaHTOpy Tak u He ynaJnaoch
HaWTH oTBeT Ha 3ToT Bompoc. Opelnek okazajacs CroJb
TBEPAbIM, YTO Ha HeM cJjoManu 3yObl MHOrde MarteMa-
THKH. [locne ynmopHBIX, HO THIETHBIX YCHJIHH pelHTh IIO-
craBneHHyio KaHTopoMm npo6.emMy HAIIIHCh KPHTHUECKH
MBICJISIIIHE JIIOAH, KOTOpPble MNOIBITAMHCh BBIICHHTH, KakK
HMeHHO CJaefyer ee TOUHO (opMymaupoBaTh, H B 1963 r.
ITon Kosu nokasan, uto mpobaema Kaurtopa nepaspe-
tuuMa. TouHee roBops, Ha mocraBaeHHbEE KaHTopom Bo-
TIPOC MOXKHO OTBETHTb M YTBEPIHUTEJNbHO, H OTPHILATENbLHO,
MPHYEM HH TOT, HH JODYrod OTBET He MNPHBOAUT K
npotuBopeuno. Ho 3THM, HaCKOMIBKO MOXKHO CYIHTh, €0
ne ucuepneiBaercd. llo-BHAHMOMY, MBI ellle He HAILIH
«MPaBHJIBHYIO» (QOPMYJHPOBKY KAHTOPOBCKOH NpobJsieMBbl,

HarypanbHuie uncha

BepHeMmcs Tenepb K HaTypaJbHbIM uncaaM. Han Humu
MOXHO NPOH3BOJIUTbL PA3JIHYHble OllepallH, B YACTHOCTH
CKJIaAbiBaTh U YMHOXaTb. [lJjist 3T0r0 HeOOGXOAHMO BBECTH
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npaBuyia (HasbiBaeMble TaKXKe AaKCHOMaMH), KOTOPLIM
JNOJIXKHBLL INMOAUUHATBCS apuMeTHuecKne HAEHCTBHA Hal
HaTypaJbHLIMH YHCJIAMH,

Hanpumep, Mbt X0THM, 4TOGBI cyMMa ABYX HaTypaJ/ib+
HbIX yHuces Obljla HaTypaJbHBIM YHCJIOM, B CyMMe MOXKHO
ObLIO MMepecTaB/JsTb caaraeMoie, a B TPOH3BEIEHHU CO+
MHOMXHUTC/IH, HE U3MEHssS TPH STOM 3HAUEHHS HH CyMMBI,
HH mpousBelieHus. )KenatesbHo, 4TOOBI MBI MOTJIH pacs
CTaBJAATb M packKpbiBaTh CKOOKH. Dbl10 6B BecbMa
yA006HO, ecnd OH CYILIeCTBOBAJ €IHHHYHBIH 3JeMEHT OT-
HOCHTEJNILHO YMHOXEHHS, TO €CTb HaTypa/JbHOE YHCJO,
TIPH YMHOXKEHHH Ha KOTOpOe JM060e Ipyroe HaTypalbHoe
YHCJIO COXPAaHsAI0 OBl CBOE 3HAUEHHE.

Mgul paccMOTpUM JHIIL HEKOTOPble U3 aKCHOM apup-
METHKH HaTypaJbHBIX 4YHCEeJ H IIPeKIe BCEro XOpPollo
M3BECTHBII HAM M3 MNPAKTHKA KommyTaTusHoil (uiu
nepemecTuTeAbHoll) 3aKOH CAONCEHUR

at+b=0b+a.

Jns Bcex /i HaTypaJabHBIX YHUCEJN OH BBIIONHsAETCSA? UTO
MOXHO CKa3aTb 00 accoyuatrusrHom (nepemecTuresbHoM)
3QKOHE CAONCCHUSA

(@+b)+c=a+(b+0),

NO3BOJIAIOLEM TPYNIHPOBATh NIPH BHIYHCAECHHSX cJjarae-
Mble HauboJgee ynoO6HbIM crioco6oM? MOXKHO JIM J0OKasaTh
ero? Benp 3a KpaTkod— B OAHY CTPOKY — popMynom

(@+b)+c=a+0+c)

Kpoercss OGeCKOHEYHO MHOrO COOTHOLIEHHH MeXAYy KOH-
KpPeTHBIMH HAaTypaJbHBIMA UUCAAMH.

Kakum oO6pa3oM MOXKHO [J0OKa3aThb INPaBHJAbHOCTH
6eCKOHEUHOro MHOXKECTBa COOTHOLIEHUU?

IIpexne ueM NpPUCTYNHTb K MOHCKY OTBETOB HAa 3TH
BONPOCH], HEOOXOAHMO TOYHO OIpPEeNeNuTb, B KaKOM
CMbicJe ciaeayeT NOHUMaTh BbipaxeHue a -+ b. Craannl-
Basl ]Ba HATYpaJbHBIX UHC/JAA, MBI [IOJIyyaeM HOBOE HATYy-
paabHOe uuca0, HO Kakoe? UToGH OTBETHTL HA 3TOT
BOIIPOC, Mbl JOJKHBLI OblIH Obl mepeGpaTb Bce BO3MOXK+
Hble nMapbl HAaTypaJbHbIX YHCEJA H IJS KaXKI0H Hapbl Bhl-
YHCIHTb CyMMy obOpasymouiux ee uucen. Kakum obpasom
3TO MOXKHO CHEeNaTh? :
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Pan HarypanbHblx uucesn HauuHaercd ¢ 1. Haa kax-
AOT0 uJieHa PANa HaTypaJbHBIX YHCEJ CYLIeCTBYET OMHH
H TOJIbKO OAHH CJAENYIOUIHH 3a HHM 4JIeH TOTO XKe pAAa,
a JJIs BCeX WIEHOB HATYpPaJbHOro psna, Kpome |, — ofuH
H TOJbKO oauu npenbiayuinii uned. Ilyers n” — aucio,
caenyioliiee 3a n.

Teneps MBI y3Ke OJOCTATOUYHO HOATOTOBJEHBI AJfA TOTO,
YTOOK BBECTH TOYHOE OIlNpeldelNeHHe CyMMbl JBYX HaTy-
DanbHBIX yHcea a -+ b:

at+b=a npu b=1,
at+b=(a-+n) npu b=n'

JTO O3HaAyaeT, YTO YUCIO0 @+ 1 ciaenyer 3a 4HCJAOM 4.
Ecau unciao a -+ n yKe H3BECTHO, TO CJAEAyIOIIee 33 HUM
YUCJI0 DAaBHO CVMMe @ - UHC/IO, CAeAVyIollee 3a UYHCIOM
n. Uaaue rosop4,

at+(n+1)=(@+n+1. (K))

[lonyueHHoe COOTHOLIEHHE BhIpaXKaeT acCOUHaTHUBHBIN 3a-
KOH CJIOKEHHs B uyaCTHOM cayuae: nIpu b=n u ¢=1.

HoKkancem Tenepo accoyuaTUBHbLLE 3QKOH CAONCEHUS
0aa obuweco cayuasn:

a+(b+c)=(a4b)+c. (Ke)

CoortHomienne K; Mbl gokKasanau paHee. CienoBaTeb-
HO, pH ¢ = | cooTHOUeHHe K. BHIITOJIHSETCA.

IlpeaAnosoXHM, 4TO OHO BEPHO IPH € = N U JIOOHIX
@, b, TO eCTb UTO BBLINOJIHSAETCA COOTHOLIEHHUE

a+(b+n=(@+ b +n. (Ka)

BocnoansyeMcsi Tenepb cOOoTHolieHHeM K, NJas HoKa-
3aTeJbCTBA HOBOTO COOTHOUIEHHS

at+(b+n)=(@a+0b)+n. (Kw)

Hns yno6ctBa ycJOBUMCS TOCJE KaxKAOro InpeoGpaszosa-
HHSl YKa3biBaTbh, HA OCHOBAHHH 4ero OHO BHIIIOJIHEHO.

a+t+ b+ n)Ya=a-+ b+ (n+ 1))= (mo onpenenenuio n’)

=a+((b+n+1)= (K))
=@+ 0+n)+1= (K1)
=(@+bo)+n+1= (Ky)
=@+b+@r+1)= (K1)
=(a J b) 4 7’. (mo oupenenenuio #’)



Kakos xe utror? Mbl Hauaau ¢ JOKa3aTeabCTBA CO-
oTHoweHus K, sateM NpPEeANOJOKHIH, UTO BBINOJHAETCS
COOTHOLUeHHe Ky, U, HCIIOJNb3ys 3TO NPEANOJOXKeHHe, H0-
Kasaju coortHowenne K,’. Orciopa ciaepyerT, 4yTO COOTHO-
menne K. BHIMONHACTCS IpU Jl060M c. Tem caMBIM acco-
IUATHBHBIA 3aKOH CJOXKEHHs HATypaJdbHBIX YHCEJ

ad(b+c)=@+b)+c (Ko)

JNOKa3aH.

HM36panHblil HaMH crnoco6 [0Ka3aTeabCTBa Ha3biBaer-
csl 00KQ3aTeAbCTBOM NO UHOYKYUU, TN 3AKJIIOUEHHEM OT
n g n- 1: u3BecTHO, uT0 cOOTHOIIeHHe K| BHINOJHEHO,
Mbl MPEANOJAaraeM, YTO BHINOJIHAETCH COOTHOLIEHHE Ky, H
JOKa3blBaeM, 4TO €CJH Halle NpeJnoJioKeHHe BEepHO, TO
BHITIOJIHSAETCS TaKXe H COOTHOUeHHe Knti. Takum oGpa-
30M, cooTHoOlleHHe K, BBINONHSIETCS NMpH JI060M 3Haue«
HHH HHJeKca N: H3 cOOoTHOWeHus Ky cieayer cOOTHOIlle-
Hue K, n3 K;— cooTHomenne K3 u Ttak fnajnee no Gec-
KOHCUHOCTH.

O6o6uiasi, MbI MOTJIH OBl CHOPMYJIUPOBATH RPUHUUR
NoAHOUW maTemaTuseckol UHOYKYuU.

M3BecTHO, uTo yTBepKIAeHHEe E; HCTHHHO.

[Tpennonoxum, 4ro yTBepxKaeHue E, HUCTHHHO.

JlOKaxkeM, 4TO eCJaH 23TO IPENIOJIOXKEHHE BEPHO, TO
yTBepxKaeHne Eny) Takxke UCTHHHO.

Torna yrBepxkaenne E, ucCTUHHO Npu JIOOBIX 3Hade-
HUSIX HHIEKCa M.

Bocrnonb3yeMcsi Ternepb NPHUHIUIIOM IMOJHOH MaTema-
THUECKOH HHAYKIUH IJ5 KOKasaTeabCTBA KOMMYTATUB-
HO20 3AaKOHa CAOXCeHus IJis1 HATYDPAJbHBIX YHCe.

HauneM c paccMOTpeHHsI 4ACTHOIO caydas: A0KaxKeM

COOTHOUIEHHE
a+1=1+a (L)

IIpu a =1 yrtBepxKneune oueBunHo. Ilpenmnosoxkum,
YTO BBINOJIHSAETCS COOTHOLUIEHHE

n+l=n+1. (Ly)

Torna
n+D)+1=0104+n+1= (Ly)
=14 (n-+1). (KY)

CuoenoBaTeqbHO, cooTHOlleHHe Lp4y TaKkKe BBHINOJHSIETCS,
yto 1 tpeboBasoch moKasatb. MHaue rosops, npoBepus
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ToHO OKa3zasoCh CaMOOYEBHAHBIM) COOTHOIeHHe L, H
NPERNOJNOKHUB, UYTO BHIOAHAETCH COOTHOmIeHHe L,, MH
AOKa3anu cooTHouieHHe Lnyy. TeM caMbiM cooTHOLIeHHE
L, mokasano njg Ja1060ro HaTypaJbHOrO 3HAYEHHA HH-
Aekca a. JloxaxeM Tenepb KOMMYTATHBHBIA 3aKOH CJIO-
JKEHHS] HaTypaJbHBIX YHCea AJa obuiero ciayyas

a—l—b=b—|—a (Mb)

CootHouienne M; coBmajgaer ¢ TOJIBKO 4TO XOKa3aH-
HBIM cooTHOuieHHeM L,. TIpeAnonoxum, uTo BHINMOJNHACTCS

COOTHOIIeHHE
a+n=n-+a. (M,)
Torna

at+m+)=@+n+tl=h+tatl1=
=14+@n+ta)=1+n+a={n+1)+a.

Urak, cootHoumienne M; = L, BepHO, H, NPEANOJIONKHUB,
qTO BBLIMOJIHSIETCA COOTHOIEHHe M,, MBI JOKasaad COOT-
HomeHHe Mny1. TeM caMpiM JOKa3aHO, YTO COOTHOILEHHE
M, BunosHsietcs NpH JIOGHIX HATYpPadbHHIX 3HAYEHHIX
HHIeKca b.

Tenepr MOXHO BBECTH YMHOXeHHe HATypPaJbHbIX
yHceJl, onpeleauTb Yucao | Kak eIUHUYHHHA 3JeMeHT OT-
HOCHTEJNIbHO OIlepalliH YMHOMKEHHHS H BOCIOJAb30BATHCSA
TEMH CJAeNCTBUAMH, K KOTOPHIM NPUBOAAT HOBBIE MOHATHUS.

Onpedenerue.

a-l=a,

a(n-+ 1)=an - a.

[losnb3ysch NPUHIHOOM IOJHOH MaTeMaTH4YeCKOH HH-
DYKUHH, HETPYAHO IIOKa3aTh, YTO NIPOH3BelleHHE ab TeM
CaMBIM OIpeNeNeHO M JiOOBIX HAaTYPAJNbHBIX YHCEJ
aub.

JloxaxeM HEKOTOpbie CBOHCTBa BBEJEHHOH HaMH
onepaluy YMHOXEHHS.

Haunem ¢ mokasarenbCTBA IpaBuUJA

(@ + b)c=ac -+ bc. (N,)

- Coornomedne N; BHIOJHSAETCHI, I[OCKOJABKY a-1 = a,
b-1=0>.
[IpennonoxuM, 4TO BHIIIOJHAETCS COOTHOILEHHE

(@ 4+ b)n=an + bn. (N,)
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Yorna
(@a+b)(n+ 1)=(a+ b)n -+ (a -} b)=(mo ompeneenuio

IIPOU3BEEHHUS)

= (an + bn) 4 (a -+ b).

[ioBTOPHO NpPHMEHHB KOMMYTATHBHBIA M aCCOLHATHBHBIA
3aKOHBI, ITOCJEHee BhIpaXKeHHe MOXKHO IIPUBECTH K BHLAY

(an 4 a) + (bn + b).

[To onpeneseHHI0O NMpPOU3BENAEHUS IBYX HATYpaJbHBIX YH-
ceJl 9TO He YTO HHOe, KakK

an+1)+b{n-+1).

HUraxk, coortuoulenne N,y J0OKa3aHO, e€CJH BBHIIOJHSETCH
cootHoumieHue N,. TemM caMbIM cooTtHouieHHe N. MOXKHO
CUNTATh NOKA3aHHbLIM IIpH JIOOBIX HaTypa/JbHbLIX 3HAde-
HUAX HHAEKCA C.

JHokaxeM, 4TO

l-a=a. (P,)
CoorHomenne P; BBHINOJHSETCA 10 ONPENEJECHHIO IIPOU3-
BeJleHHsl ABYX HaTypaJbHHIX uykces, M3 cooTHoumeHus

l-n=n (P,)
cJelyerT, 4To

f-(n+DH=1l-n+l=n-+1.

TeM caMbiM coOTHOHIeHHE Ppny, a BMECTe C HUM H COOT-
HoiueHnue P, npu JiO60M HaTypaibHOM 3HAaUY€HHH HHIEKCA
Q@ I0Ka3aHo,

Hakonen, poxaxeM KOMMYTAaTHBHBI 3aKOH YMHOKe-
HYUSL HaTypaJ/bHbIX YHCe:

ab=ba (Qs)
[Tpexne Bcero 3ameruMm, uto Q= P, M3 cooTHoumenus
an=na (Qn)

CIEAYET, UTO
a(n+ l)=anta=nata=na-+1-a.

[TocnenHee BbipaxeHHe B CHJIy JOKa3aHHOrO BHILIE COOTs
Hourenuss Ng, 3aNHCaHHOTO Aas caydast a=n u b= 1;

paBHO
(n+ 1)a.
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Takum o6pasoMm, cooTHouieHHe Qn41 CAEAYET M3 COOTHO-«
mwenuss Qn. TeMm campiM cooTHomeHue Qp DOKa3aHO IpH
JIOOBIX HaTypaJbHBIX 3HaueHHAX HHIEKca b.

Llenbie uucna

Hrak, Ha Bompoc, KakuM 06pa3oM MOXKHO J0Ka3aTb Ipa-
BHWJIBHOCTb O€CKOHCYHOrO0 MHOXKECTBA COOTHOILUEHHH, MBI
OTBETHJIU: BOCIIOJIb30BATbCSl METONOM ITOJIHOH MaTeMaTH-
YeCKOM MHIYKIUHUH.

ITOT e METON MOXKHO C yCIIEXOM IPHMEHSITh H B TeX
caydasX, KOrfla HaM HYXKHO OIpeleJHTh GEeCKOHeyHOoe
MHOXKeCTBO KaKHX-TO 3/eMeHTOB. UTOOH onpeneiuTh dn,
MBI TIOJIaraeM

Qi=a N Qu41=0a,0.

TeM caMbIM @, OnpeneNeHO IpPH BcexX HaTypasabHLIX 3Ha-
4eHHdx n. Panee MB aHAJOTHYHBIM 00pa30M ONpENeHIH

CJIOKEHHE!
a+1l=a" u a+4n"=(@+n).

M5l ycTaHOBUNHM NMpaBuaa, KOTOpPbie HEOOXOZHUMO COGJIIO-
JAaTb IPH BHINOJHEHUH ONEpallUH CJHOKeHHUd (BBEJH
aKCHOMBI CJIOXKEHHUs), U BBIBEJIH U3 HUX Apyrue apudme-
THYeCKHEe MpaBuJa.

Onepauusi, oOpaTHas CJAOXKEHHIO (BHIUHTAHHUE), HE
ompeliejieHa B MHOXeCTBe HAaTYpPaJbHBIX YHCe/, NMOCKOJb-
Ky 3TO MHOXECTBO He COLEpPXKHUT OTPHUATEJbHBIX UHCEJI.
s Toro uToOBl MBI MOIJIH ONPENENHTh PA3HOCTb JHOOBIX
ABYX HATypaJbHBIX YHCeJ, MHOXKECTBO HAaTypa/JbHBIX YH-
ces He06X0AUMO PACIUHPHUTh, AONOJHUB €ro HOBLIMH 3JI€-
MeHTaMu. KaxIoMy HaTypaJbHOMY YHCIY A Mbl JOJKHBI
COIIOCTABUTb HOBOE UYUCJIO — 11 W, NPHCOEIHMHHUB BCE HO-
Bble YyHC/A4 K MHOXKECTBY HAaTypaJbHBIX YHUCEN, NOMOJHHTh
ero emnie ofXHUM 3siaeMeHTOM — unucjaoM 0. IlosyuuBuieecs

MHOXKECCTBO UHCEJI
20 uy —2,—1’ 0, 1, 2, e

Ha3bIBAETCH MHOXKECTBOM Yeablx uuceAn.

Ha nennle uncna 6e3 Tpyla nepeHOcsATCsS yKe H3Be-
CTHble HaM KOMMYTATHBHBIH M aCCOLMaTUBHBIH 3aKOHBHI
CJI0KEHUsT HaTypasibHbIX unucesa. s meablx yucesa ompe-
IeJeHBl olepalid YMHOXEHHUS W BbluHTaHHUS. B KauecTBe
C€AUHAYHOrO 3JeMeHTa OTHOCHUTENbHO CJOXKEHHA MOXKHO
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onpeneauTtb Juib yucao U tak, 4ToOh

a-+ 0=a,
a 3JeMeHT —a, oOpaTHBII YUCAY a, TaK, YTOOHI
a—a=0.

Mgl y:ke pacnonaraeM BceM HeOOXOXHMMBIM AJsl TOTO,
yTOGBl BBECTH ONpenesNeHHe aOCOMIOTHOH BeNHYHHBI |4
IleJIOro 4YHcjaa @: abCcoMoTHasi BeHYMHA HEOTPHIATE/Nb-
HOTO YHCJIa @ paBHa caMOMy 4HcaY, & abCcoJIOTHAs BeJiH-
YMHA OTPHLATEJbHOIO0 YyHCJa @ paBHA OOpATHOMY YHCAY
—0q, TO €CTb

lal=a npu a=0,
|la|=—a npu a<O0.

Kaxkue akcrnoMbl Mbl BBeJIH AJs TOro, 4to0nl Han Ie-
JbIMA H HaTypaJbHBIMH YHCAAMH MOXKHO OBIJIO NPOU3BO-
IHThb Olepaluu cJa0XKeHHS U YMHOXKeHHA? CJ/I0XKHB HIH
YMHOXKHB Le/Ible UHCIA, MblgCHOBA IOJNYYUM LeJa0e 9HCIIO.
LISt cnoXeHus:  YMHOXKeHHS LeJIbIX YHCEJI BHITOJIHSAIOTCS
ACCOUMATHBHBIA U KOMMYTaTHBHBIH 3aKOHBI. OTHOCHTE/b-
HO oOllepallid CJOXKEHUS Mbl ONpeNeNuaH eXHHHUHBIH
aneMeHT (udcsao 0) u BBeau NOHATHE OOPATHOTrO 3Jje-
MEHTa, a OTHOCHTEJbHO Ollepaluu YMHOXeHHS BBEJIH
eAUHUYHbIH 3jeMeHT (uucao 1). Ho moxkeM au MH yKa-
3aTb 3JeMeHT, oOpaTHLIH NAaHHOMY LeJOMY YHC/JAY OTHO-
CHTEJbHO YMHOXKEHHS, TO eCTb OIpelequTb Hal LeEJbIMH
yHCcJIaMH onepauuio desenua? Her, mockoapky JAHIb B
pedKux cayyasix IpPH AeJeHHH OJHOr0 LEJOro YHC/Aa Ha
Jpyroe Mbl IIOJy4YUM Iiesoe 4ucao. Ecam Mbl XoTuMm BBe-
CTH [eJeHHe, TO MHOXKECTBO LIEIbIX YHCeJ HeoOXOMHMO
pacIIHPHUTb. TYT-TO W MOSBAAIOTCSA PallMOHAJbHBIE YHCIA,
C KOTOPBIMH MBI YK€ BCTpPeuaJsuch B Hauaje 3TOH IJIaBBhl.
MHOXecTBO palHOHaJbHBIX YHCEN COCTOUT M3 BCeX Ile-
JbIX YHCeJl U YHCEJ, NMPEeACTaBXMBIX B BHIE OTHOLICHHSA
IBYX .LleJblX yucesa. Yucao | Mbl onpenesinaH Kak enu-
HUUHBIA 3Jl1eMEeHT OTHOCHTENBHO ONepaluud yMHOXKEHHS,
YIAOBJIETBOPAIOLIHHA COOTHOLIEHHIO

a-1=a.

PaunnonanpHoe 4yucao 1/a HasbiBaeTcss 06GpaTHBHIM
YUCAY @ OTHOCHTEJNbHO YMHOMKEHUS, eCJH

a'—1—=10
a
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ViTak, Mbl BB&/JIH OCHOBHBLIE NPpaBH/JIa aApHPMETHKH, HO
[IOKa elle He 3HaeM, JOCTATOYHBI JJU OHH, TO €CThb MOKHO
JIMU CYUTATh, YTO MEepeyucaeHHbie HaMH aKCHOMBI OJHO-
3HAYHO ONPEeNeNdIoOT CJI0XKEeHHe U BhlUHTaHHUe, YMHOXEeHHe
H neneHue AJas JwoObix a H b. JJokasareabcTBO A0CTATOU-
HOCTY HALIMX NPAaBHJ [0 CJOXHOCTH HaAaMHOTO IIPEBOCXO-
IUT JI000e U3 NPUBEJEHHBIX BbIlle JOKa3aTeJbCTB, H MHE
He XOTeqoch Obl 0OpEeMEHSITh YUTATENST H3JIULIIHHMH TOX-
POOGHOCTSIMH.

MpocTLie yucna

Yucaa
2,3, b, 7, 11, 13, 17, 19, 23, 29, 31, ...

B psy HaTypaJbHBIX 4HCEJ HAa3bIBAIOTCS NPOCTbIMU, TIO-
CKOJIbKY HX HeJb3s TNPEeACTaBHTb B BHJE NPOH3BEAECHHS
NIPYTAX HATypaJbHbIX uHce]. TakHe yHcaa, Kak

4=2.2, 6=2.3, 8=2-2.2, 9=3.3,...

He SIBJASIOTCS NpocTeiMH. EcaM HaTypaJbHOE 4HCJIO n He
MPOCTOE, TO €r0 MOXKHO pAa3J/IOKHUTb Ha MHOXHTETIH W,
npomoJiKasi pasnaraTb B Cjlydae HeoOXOIHMOCTH Kax-
LI MHOXKHTENb, NPEACTABHTb YHCJO 1 B BHAE IPOH3Be-
JAEHHS MPOCTBIX yHces. YUHcao 1 He cyHTaeTCss NPOCTHIM.

CKONMBKO CyllecTByeT mpocThix yHcea? OO6priBaercs
AU TAe-Hubyab psan npocteix yucea? OmnuH U3 Hauboaee
yacTo NMDHUMEHSEMBIX B MaTeMaTuke cnoco0oB [J0Ka3a-
TEJbhCTBA COCTOHT B TOM, YTO BMECTO NPSMOro yTBEpKIe-
HHSI TNBITAIOTCH [10Ka3aTb MPOTHBOMOJOXKHOE €My VT-
BepxjeHHe. Ecay Takas noneiTka HaTaJlKHBAaeTCs Ha
NPOTHBOpEUHE, TO OTCIOJA, KaK YYHT HaC JIOTHKA, MOXKHO
3aKJ/JIOUHTh, YTO MPSIMOE YTBEPKAEHHE BEPHO.

HMmenno 3THM cnocoO0OM [JokasaTe/bCTBa MBI ceHuac
1 BOCNOJb3yeMcCH.

[TIpeanoJ/ioxKUM, 4TO psJ NPOCTLIX YHCea O6pBIBAETCS.
Torza CymieCTBYET JHIIb KOHEYHO MHOTO NPOCTHIX YHCET
p1, P2, ---» Pr, TA€ kK — HeKoe KOHEUHOe YHCJIO,
CocTaBUM TNPOM3BENEHHE BCEX TPOCTHIX YHCEA U NpHOa-
BUM K HeMy l:

P=pp;... pp+1.

Uucso P Gospllle J06GOT0 U3 NPOCTBIX YHCEJ Py, Po, ...
., Pr. ITOCKOJMIBKY apyrHx NPOCTHIX YHCEJN, KpOMe pj,
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P2, ..., Pr, HE CyllecTByeT, TO I He MOXKeT OBITH MNpPO-
CTBIM YHCJOM, H, CJeJOBaTeJbHO, €ro MOXKHO Npejcra-
BHTb B BHJE€ MNpPOH3BENEHHS HPOCTBHIX yYHCeI, 3aBEIOMO
MOXXHO yTBepXAaTb, YTO KaKOoe-TO MPOCTOe YHCJAO BXOJUT
B pasjaoxenue uucaa P. IlockoabKy yucaamu pi, P2, ...
+.., Pr N0 NPEANOJOMKEHMIO HCUEPNBLIBAIOTCS BCE IPO-
CTble YHCJA, TO yucJa0 P J0/MKHO JeNuThCs Ha OJHO H3
yucesa pi, p2, ..., Pr. Ho 3T0O HEBO3MOXKHO: IIPH JeJEeHHH
yucaa P wa nwob6oe u3 yucea py, p2, ..., Pr MBI TOJY-
YUM OCTaToK, paBHbEIM 1. CyegoBaTenbHO, Hallle HCXOAHOE
npeanoJiokKeHHe 0 TOM, UTO CYLIECTBYeT JHUIUb KOHEeyHOe
MHOK€CTBO NpPOCTBHIX yuceJs, OLIHOO0YHO.

Hrak,

cyuiecreyer 6ecKOHeYHO MHO20 NPOCTbLX HUCEA.
Jta TeopeMa Oblia usBectHa eule Esxkaungy (IV B. mo
H. 3.).

Paccmorpum uncaa Buga 4dn— 1, raen=1,2,3,...:

3, 7, 11, 15, 19, 23, 27, 31, ....

MoXHOo JH yTBEPXKIATb, YTO CPEAH HUX CYyUIeCTBYyeT 6ec-
KOHEYHO MHOTO MPOCTHIX YHCEeN?

Uucaa Buza 4n— 1 HeueTHol. OcTasbHble HeyeTHHIE
yucJa NpPeACTaBUMEI B BHIAe 4n— 3. YMHOXHUB APYr Ha
apyra [Ba 4ucia BUAa 4n-—3, MBIl CHOBA MOJYYUM YHCJIO
TOr0 XK€ BHAa:

(4k — 3) (4m — 3) = 4 (4km — 3k — 3m -+ 3) — 3,

OCKOJIBKY BBbIpaKeHHe, CTofAllee B KPYIJNBIX CKOOKax
NpaBoil 4aCTH, NPU HATYPaJbHBIX R H M NPHHHUMAET JHULIb
HaTypaJabHble 3HaueHHs. CJaeloBaleNbHo, YHCJAO BHIA
4n — 1 Henb3s pas3J/ioOKHUTh JIHIUb HAa MHOXHTEJH BHAA
4n — 3: no KpanHed Mepe OJMH U3 MHOXKHTEJIEH JOJIKEH
6piTh yncaoMm Buga 4n— 1. Pasnaras yHcsao 4n—1 Ha
IPOCThlE MHOXKMTENH, MBI TaKxkKe JOJMXKHB NOJYYUTh MO
KpajiHell Mepe ofHO npocTtoe yuciao Bupa 4n— 1. Takum
o6pasoM, 4Huca0 BUAA 4n— 1 JO/KHO MMeTh 1O KpaiiHeH
Mepe OAHH MPCCTOH [AeaHuTeNb, TaKKe MMM BHJ,
4n — 1.

YMHO:XHUB [Ba uucaa BUAa 4n — | olHO ya Apyroe, Mbl
NOJYUUM

(dk — 1) (4m — 1) =4 (4km — 4k — 4m + 1) — 3,



TO €CTb YHCJAO0 BHIA 4n— 3. CaenoBaTeJbHO, IIPOU3BEAL+
HHe YeTHOrO 4YHUCJA COMHOXHTeJed Buaa 4n—1 umeer
Bug 4n—3. Ilpub6aBuB K TaKOMy NPOH3BENEHHIO 2, MBI
IONy4YHM 4YHCJ0 Buaa 4n— 1.

IIpeanonoxHuM, 4yTo CyIIeCTBYET JHIIL KOHEYHO MHOIO
npocThiX uHuces Bujga 4n— 1. CocraBuM MOJHBIH CIHUCOK
TaKHX YHCeJ:

P1s P2 soes P

ITocko/MbKYy MHE O4YeHb X04eTCsl, 4TOOB MHAEKC B OBla
YeTHBIM, 5 B C/lyyae He0OXOAHMOCTH MOTY BKJ/IIOYHThL YHUC-
JIo 3 B CIIUCOK MPOCTHIX yHCcesa BHAaa 4n— 1 gBaxkael, TO
€CTb NOJIOXKHTb pPy== P2 = 3, pP3 = 7 U Tak pajee. Hucmno

P=ppy ... pr+2,

KakK MBI yXkKe 3HaeMm, uMmeeT BHI 4n— 1, ITo uucao He
MOXKeT ObITh MPOCTBIM, TaK KaK OHO 60Jblle /J0060r0 H3
NPOCTHIX 4YHCeN pi, P2, ..., Pr. llockoaeky uncno P
npeaCcTaBHMO B BHAe 4n— 1, TO B ero pasJjoxKeHHe Ha
NPOCTBIE MHOMHTENH MNOJXHO BXOAHUTbH OJHO IPOCTOE
yHcsao BHAA 4n— 1, BeTpeuvamwlileecss CpeiH YHCEJ pi,
P2, ..., Pr. Ho 3TO HEBO3MOKHO, MOCKOJLKY NpPH JAe/eHHH
yucaa P Ha aw6oe W3 4yucesa piy, P2, ..., Pr MbI IIOJYYHM
ocratok 2. CjefoBaTenbHO, HCXOAHOE MPEANOJIONKEHHE
HeBepHO. Hrak,

cyugecteyer OECKOHEUHO MHO020 NPOCTLIX Ylucenr 8uda
4n— 1,

IlpocThix uncen B#a 4n — 3 TakxkKe GeCKOHEUHO MHO-
ro, HO J0KasaTh 3TO ropasfo TpyAHee. CripaBeAJHuBO H
6oJsiee oOlliee yTBepIKAECHHE:

€CJH HayaJbHBIH WIEH @ H pa3HoCThb d apupmeTHue«
CKOH NIPOTrpPeccHH

a, a+d, a+2d, a4+ 34, ...

HEe HMeIOT OOLMX NenuTesel, TO Cpeiu ee 4IeHOB conep-
XKHTC O6eCKOHeYHO MHOTO IPOCTHIX YHCesa (uucjao | He
CUMTAETCH MPOCThIM).

HokasaTe 3Ty TeopeMy OueHb TPYIHO,
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PauMoHanbHbie U UppauHOHaNbHLIE YHCha

B3siB 0Tpe3oK mpsiMoii, MbI MOXKEM OTJOXKHUThL OTpe-
30K BJABOe, BTpoe U BOOOule B n pa3 OoJsbuiedl AJHHEI
(rme n — n060e HATypaJbHOE YHCJAO), pasaeduTh €ro rno-
nosaM, Ha TPH YyacTH U Ha k uacrteit (rpe k — qoboe
HaTypaJbHoe 4ucao). Hauap ¢ egvHuyHOro otpeska, He-
TPYAHO NOCTPOUTHL OTPE30K AJHHBI 7i/n, Tae m U n— Ha-
TypaJibHble yHucaa. Takue oTpe3KH COOTBETCTBYIOT pallHo-
HaJbHBIM YHCJAaM, KOTOpble, KaK Mbl yXe 3HaeM, obpa-
3yIOT cuyeTHoe MHOXeCTBo. Ho H3BECTHO TakKXKe, 4TO
MHOXK€ECTBO TOYEK, 3aroJHAIWHUX JAI00H OTpe3oK npf-
MO, oOJsamaeT Ooubiied MoUlHOCTRIO. CJenoBaTe/bHO,
CYLLECTBYIOT H TaKue OTPe3KH, QJHHY KOTOPHIX HeJb3d
BHIDA3HTb pAallHOHAJbHBIM YHUCJOM. OHH COOTBETCTBYIOT
TaK Ha3biBaeMbIM HpPpPAIIMOHAJIBHBIM uyHcJaM. MHOXKeCTBO
HPpaUHOHAJbHBIX YHCEJ JOMNOJHSET MHOMXKECTBO pallHo-
HaJbHBIX gucesa. BasdTole BMecTe, 3TH MHOXecTBa obpa-
3yIOT MHOXKECTBO OeliCcT8UTEeAbHLIX UHlceAn.

[TocTpoHTh OTpe30K, AJHHA KOTOPOrO BBIpaXKaeTcd
HppallMOHAJbHBIM YHUCJOM, coBCeM HeTpyaHo. [loab3ysich
TeopeMoil ITudaropa, MoxKHO BBIYUCJIAHTD, YTO AHATOHAJb

KBajpaTa co cTopoHoil 1 paBHa 4/2.Uncio 4/2 Hepa-
L HOHAaJMbHoe. [leHCTBUTENbHO, eC/H Obl OHO OBIJIIO PAlLHO-
HaJbHBIM, TO €CTh NpPeACTaBHUMBIM B BHJE

V2= (*)

C B3aHMHO NPOCTHIMH (TO €CTh HE HMEKILIHMH OTJHYHOTO
oT 1 obuiero genutensi) 4HCJAaMH p M ¢, TO, BO3BOAS B
B KBajapaT 006€ yacTH pPaBEHCTBA, MBI MOJYUHJIH ObI

p?
2 —_ Eé' ’

HJIH
2¢° = p2.

CuaenoBarenbHO, YHCAO p?, a 3HAYUT H ¢2%, 4eTHO, TO €CTh
NpeACTaBHMO B BHE

p=2p’,
rle p’ — HEKOTOpOoe HaTypaJbHOe YHCJO.,
Ho rtorpga
2q2 — 4p,2a
q'=2p"

g3 3ak. 191 05



lakuM obpa3om, g* u, cjenobaTeJbHO, ¢ -— TaKxKe UeT-
Hbl€ yHcaa.

HTak, BOmpekH HCXOAHOMY NPEANOJOXEHHIO O TOM,
YTO YHUCJaAa p H ¢ B3aUMHO NpOCThle, OHH 06a OKasaJHCh
yeTHeIMHU. MIHaue roBopsd, ucxogHoe mMpeanoJioxeHue MpH-
BOJAUT K NpOTHBOpeuHio. CuenoBaTe/bHoO,

x/ 2 — uppayuoHaibHOe 4UCAO.

Ho nam xoTesoch Obl 3HATh GoJbllle: KAKOBa AJUHA 1HA-
TOHa/JW eJuHHyHoro KBaaparta? Heaw3s /M BBIYMCAHTH
A/ 27

[lo onpefieneHNI0 YHCIO 4/2 SABASETCH NOMOMKHTENb-
HBIM pellleHHeM ypaBHEHHS

x2=29.

XoTsl 3TO ypaBHeHHe He [ONYCKAaeT TOYHBIX pelIeHU# B
palMOHaJNbHBIX YHCJAaX, HHUTO He MellaeT HaM HCKaTb
ero npubauxeHHoe pemeHue. [Ipu ymenom noxxone
MOXXHO [0BOJIbHO OBICTPO HAHTH BeCbMa Xopoluee NpH-
O HXKEHHE.

HMrak, HaM HYXHO DOCTPOHMTH KBAajapar, MJOIlaAb KO-
TOPOro B BRIODAHHBIX €JMHHLIAX H3MepeHHs paBHAJAACh
O6bvt 2. IlocTpouM BMecTo KBajapaTra NpPSIMOYIOJbHHK €O
CTOpPOHAMH, HE3HAUYUTEJNBHO OTJHMYAIOIIHUMHCA 10 AJHHE
(mnuHBI Oo6eHX CTOPOH Bhipa)KalTcsi pallHOHAJbHBIMH
YyHCJaMH). '

Ecau IauHY OZHON CTOPOHBI NPSMOYrOJbHHKA BEI-
6pathb

al=1,

TO JJIMHA APYTOH CTOPOHBI JO/KHaA ObITh
b1=2.

ITO euje MJaOXoe MPHOJHKEHHE: AJHHBI CTOPOH 3aMEeTHO
OTJIHYaKTCA Jpyr or japyra. DBoibepeM 0IHY CTOpPOHY
HOBOIO NPSAMOYTOJbHHKA paBHO! NOJYyCyMMe CTOPOH MO-
CTPOEHHOT0 NPSIMOYrOJbHHKA, TO €CTh NOJIOXKHM

] 3
4, = (a, + bl)""“é‘:
Toraga
2 4
b= =73

56



Ilioutaab npsiMoyro/ibHHKa cO CTOPOHAMH °/y H */3 paBHa
2, ¥ no gopme on yxe O6oJbllie HanoMHHaeT KBaJpar.
He noBosbCcTBySiCh JOCTHIHYTBIM, NMPONOJIKHM HallH MO-
ckH. IToctpoum eute OI[HH IIPAMOYTOJNIbHHK CO CTOPOHAMH

F(@+b) =T,
2 24
b3— as 17"

Ero nsomags, Tax e Kak H [JOMAXb NpPeIbAYLIEro
npsMOYroJbHHKa, paBHa 2, a AJAHHBI CTOPOH OTJIHYAIOTCSH
JHLDb Ha !/504. Crenymouiuil npsMOyroibHUK Oy/1eT HMeTb
YK€ CTOPOHBI

(a3 + b3) 408 ’

2 __ 816
a, 577 °

b4=

WX pnveBl OTAHYaOTCs Ha !/ogs416. ITocTpoeHue mnpsimo-
YTOJBHUKOB MOXKHO NpPOAO0aNKATb CKOJAb YrOAHO JIOJrO.
Cropoun (-4~ 1)-ro npsiMoyroJibHHKa CBSI3aHbl CO CTO-
poHaMu n-ro NpsIMOYroJbHUKA COQTHOLIEHHSIMU

]
On+1= 5 (an 1 bn),

2
ap+i1

bn+1 —

Taxoit cnoco6 onpenesneHduss 4ieHOB YHCJIOBOH TOCJEIO0-
BATE€JbHOCTH HA3LIBACTCS PEKYPPEHTHOIM.

ILIMHBL CTOPOH #-TO TPSIMOYTOJbHHKA BbIpaXKaloTcd
PallLHOHAJNbHBIMU YHCJIAMH:

2
an_—-:fl, b _ qn .
dn Pn

JJIMHY CTOPOHH @nyy (1~ 1)-rO NPSIMOYroJNbHUKA MOXK-
HO NpeacTaBUTb B BHIE

Py +2q,
An+1= “Opngn
CregoBarennHo,
D1 =Pnt 205,
Gn+1=2Pnqxn.
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OHGHPIM, HAaCKOJbKO OT/JHYAIOTCA 110 AJHHE CTOPOHBI N-TO
NpsaAMOYroJibHHKa, TO €CTb pa3HoOCThb

_p,—2q,
Pndn

PaccMoTpuM cHayaJ/la 4MC/uTeAb 1poOH, cTOALLEH B mpa-
BOH 4aCTH

ap — 0y

e 2 02
zn = P 2qn .
BesnuHHy 2,47 MOMXHO 3amucaTh B BHJIE
2 9.2 (2 2N2 e 81242 = (12— 9422
o+1— Pryi 2qn+l—(pn+2qn) 8p q —.(pn 2qn) .
CaenoBartenbHO,

Y

n+l

Ho a; =1, nostomy py =¢q1 =1 u 2; = —1. [Ipu no-
CJAENYIOUIHX BO3BEJEHHSX B KBaJApaT MbI MOJyyaeM IpH
Bcex n>1

—_ 2
< ——Zn.

CJaenoBaTenbHO,
1

Pndn '

Pasnocts cropoH 6picTpo yObiBaeT. HUTOOH yOemgHTbCA
B 3TOM, OLleHUM 3HaMeHaTeJb ApOCH, CTOsIed B NMpaBoi
yacTH. BennunHa ¢, yAOBJEeTBOpSET HEPABEHCTBY

an—bn=

an—1_1

qn =2 .
Bocnoas3yemcsi gss1 10KasaTesnbCTBAa 3TOTO HEpaBeHCTBA
METOJOM NOJIHOW MaTeMaTuueckold uHAyKuHU. [lpu n =1
HepaBeHCTBO BuinoJiHAercs. IIpeanonoxuM, 4T0 OHO BbI-
TNIOJIHSACTCS NPH HEKOTOpoM n. Torna, mocKOMbKY pn << 1,

Q1 =20,9,> 20, =2 (2" 71) = 2",
Hepasencteo nokasauo. Ho ecan
=2

TO 3HaMeHaTelb Pndn APOOH an — b, yaoBJETBOpSET He-

paBeHCTBY
o1 ~2

2
p.49,=6.=2""",
a caMa pPa3HOCTb — HEepaBeHCTBY
1

—2M 44
an = b= Pn4n<2 )
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OTcloa BUAHO, YTO C BO3PACTaHHEM 7 OHa JEHCTBHUTEJIb-
HO OLICTDPO YyOBIBaEeT.
JIM¥HBl CTOPOH NPSIMOYTOJLHUKOB Mbl BHIOHpAJH Tak,
YTOOHI
a,b,=2.

[Ipu stoM an(n=1) Heckosbko O6oJblie, a b, — He-

CKOJIbKQ MEHbIIIE '\/2. Hucno 1/2 PacCroJIOXEeHO Mexay
yHcaaMu a, U bn, KOTOpble NMpH AOCTATOYHO OOJBILIOM 7
CKOJIb YTOAHO MaJlo OTJHYAal0TCH OJHO OT APYroro. TakuMm

06pa3oM, 4HCI0 4/2 MOXKHO 3aK/IIOYHTh MEXKAY JABYMS
CKOJb YroJHO OJIM3KHMH pallHOHAJNbHBIMH UYHCJIAaMH, HO
caMO OHO He palHoHaJjbHOe. PauuoHanbHble NpHOJUKE-

HHSL K YHCAY A/2 MOKHO CTPOUTH HEOTPAHHUYEHHO J0JI-
Iro— 10 6€CKOHEYHOCTH.

JI1060e nelicTBUTENbHOE YHCA0 TaKxkKe MOXKHO 3aKJIO-
YUTb MEXKAY ABYMS pallHOHAJbHBIMH YHCJAAMH H, 3axKaB
MEeX/1Y BepXHed M HHXKHeH rpanuileH, onpeneauTb CKoJb
YyrogZHO TOYHO, HO TeM He MeHee NPHOJHKEHHO.

TeM caMbiM MBI OXBaTUJH BCIO YHCJOBYIO MNPSAMYIO,
IIPOCTHPAIOWIYIOCH B 00€ CTOPOHBI 10 OECKOHEUHOCTH.
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CucteMbl cUUCneHus

[TocmoTpuTe Ha puc. 25, BbI BHIHUTE HA HeM, Kak
zanucaau O6bl yucao 1967 ApeBHHH ETUNTAHUH, XKHUTEJb
BaeusioHa, rpek romMepoBCKUX BpeMeH, rpek BpeMeH [le-
pHKJaa, eBpomneell anoxn Kapsaa Benukoro m nam cospe-
MeHHHK. Eruntasmn pacnonoxun Obl cnpaBa HaJeBo
3HaKy, o003Haualollke YHUCJaAO0 ThiCAY, COTeH, AECATKOB H

llﬂﬂﬂ@@@@@I
lHnnNneeee

(L7 (T
XMHHHH FA
&3S
MCMLXVII
1967

Puc. 25.

eaunnu. I'pex Bpemen 'oMepa (ueTBepTast CTPOKa CBep- .
Xy) pacnoJsoxun Obl cjeBa HanpaBo 3HaKH, YKa3bBalo-
Me TBLICAYH, TONYTHICAUH, COTHH, MOJYCOTHH, LeCATKH,
nATepKn ¥ eaHHHUB (TO ecThb yucao 1000, 500, 100, 50,
10, 5, 1). CoBpemenHHuK Ilepukna (nATasg CTpoka CBEPXY)
3anucas Ob uyucao 1967 skoHOMHee, HO HAJS 3TOr0 eMy
noHano6uscs Obl Bechb Tpedeckuit andasBHT (yToObl 060-
3HayaTh uucaa l, 2, ..., 10, 20, ..., 100, 200, ..., 900),
1, aus gouna go 1000, o BHOBb BepHyJcs Obl K GYKBe
o (pasee o6o3HauaBuwiedl 1), OTMETUB €e Ha 3TOT pa3
WTPUXOM. Tak HaspiBaeMble PUMCKHe LUH(PpPb, KOTOPBIMH
yucsno 1967 sanucano B 1IeCTOH CTpPOKe, BpAm JHU HYX-
JaloTCcsl B INOACHEHHWsAX, a HMHIOO-apabCKad 3anuch B IMO-
cJellHel CTpOKe 3HaKOMa BCEM HaM,

s Hac HanboJblUMi MHTepec NpeAcTaB/]seT BaBH-
JIOHCKas 3anuchb yucna 1967, crosimiaa B TpeThed CTPOKe,
CeMb KJIMHONIMCHLIX 3HAaKOB CnpaBa B BHAE TPEYrojdbHH-
KOB, oOpalleHHHX OCHOBAaHHEM BBepX, COOTBETCTBYIOT
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CEMH eIHHHIaM. HeThipe NPHMBIKAIOIIHNX K HHM CJieBa
yrjia ¢ OTYepPKHYTOH BepIUHHOH O3HAYalOT YeThlpe HecAT-
Ka, a KaXObl M3 ABYX CJAEAYIOUHMX 3a HUMH KJHHOMHC-
HBIX 3HAKOB, PAaCMOJIOXKEHHBIX OJMH TNoj APYruM, COOT-
BeTcTBYyeT 60. Hakoneu, KaXablii U3 Tpex YIrJIoB ¢ OT-
UEepKHYTOH BepIIMHOH, N300paxKeHHbLIX cJieBa, O3Hayaer
600. CnoxuB Bce BMecTe, Mbl nmoayyum 3-600 -4 2-60 4
“+4-104+7-1 = 1967. '

BaBujoHAHEe HCNOAB30BAJH HIECTUACCATHUHYIO CH-
CTEMY HE€ TOJbKO JJf 3alUcH 4YHUCeJ, HO U B CBOeH
JeHEeXHOHN CHUcTeMe, MepaXx H BecaX. «C/elbl» HX IpUCTpa-
cTHA K yncay 60 coxpaHuJuch U nonbiHe. To, yTo MH Je-
JIUM Yachl ¥ yIJIOBBIE rpajgycel Ha 60 MHHYT, a MURYTH —
Ha 60 cekyHn, — Hacsenne pepHero BaBunona.

PasyMeertcs, cam no cebe akT, yto ynuciao 60 urpasno
Yy BABWJIOHAH CTONb OONBIIYIO POJib, 3aC/HyKHBaeT BHHU-
Mmaung. Ho eme OoJee 3aMeuaTesibHO, 4yTO A5 0OO3Haue-
Husa 1, 60, 602, ..., a Takxe 601, 60-2 ... u 10, 10-
.60, ... BaBHJIOHSHe HCIIOJAbL30BaJH OJHU H Te Ke CHUM-
Boabl. [IpuMmepnl Takoro poma o0O6GO03HAUECHMH XOpPOLIO
U3BECTHHl W HaM caMUM: B uHucJge 66 onHa uungppa 6 o3na-
yaet 6, a npyrass — 60.

Hama cucteMa cuMc/eHHss Ha3blBAETCS NO3UYUOHHOU.
OpHa u Ta XKe uudpa, CIBUHYTAsT Ha OJHUH 3HaK BJEBO,
yBeJMinyuBaeT cpoe 3Hayenwe B 10 pas, a cABuHyTasg Ha
OIWH 3HaK BNpaBo (NpH CABUTe BIPaBO B CJyyae HeoO-
XOOMMOCTH BBOJOUTCH AECATUYHAS 3ansTasi) — coCTaBJseT
Juiib !/;y oT cBoero mpenpiayuiero sHauvenusg., Cucrema
CYHCJeHHUs, KOTOPYIO NPHUMEHSAAU BAaBHJIOHSIHE, TakKxKe
Obl/1a MO3WLMOHHOM, HO €e OCHOBAHHWEM BMECTO TPHUBLIY-
Horo HaMm umcaa 10 cayxuno yucao 60. Kpome Toro,
JpeBHUe BaBHJIOHSIHE HE 3HANU HYJS, 4TO He BCerjga Oka-
3bIBAJIOCh YAOCHLIM.

C ueM cBfI3aHO nosiBAeHHe uucaa 10 B Ha3BaHuM Ha-
el cucTeMbl cuucaenus? PasyMmeercs, ¢ TeM, UyTO B Ha-
ieM fA3blKe Ha3BaHHA YHCEN OCHOBaHBI Ha HECATHUYHOHU
CHCTeMe, XOTA caMu no cebe OTHIOAb He 00pasyroT N03HU-
IIHOHHOH cucTeMbl: aas obo3naueHust uucea 1, 10, 100,
1000 u 1000000 Mb ucmoJAb3yeM CJOBa, He HMeIOIlne
Mexay coboit Huuero obiero. B ¢cBoio ouepensb «AecsTHY-
Hasg» cucTeMa Ha3BaHWMH, NMPUAYMAHHBIX HALIMMH TDpel-
KaMu paas o0Oo3HaueHWd 4YHuce/, NOSBUJIACh 110 TOH MNpo-
CTOM NpHYyHHe, YTO JIIOAM YYHJHUCHL CYHTATh MO NanabliaM
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PYK # Hor. U yHCTO MaTeMAaTHYECKOH TOYKH 3peHHsI Halla
JlecsITHUHAs CHCTeMa CUYHCJEHHS CTOJb XKe NPOH3BOJbHA
H YCJOBHA, KaK M LIeCTHIECSATEPHUHAS CHCTeMa BaBHUJO-
HSIH.

llBoMyHana cucrema

C MaTeMaTHyeCKOH TOYKH 3peHHS] HauOoJiee ecTecT-
BEeHHOH Obljia Gbhl IBOMYHAsI CHCTeMa CYHCJEeHHs, OMNepH-
pylowas aume gpymsa nudpamu: 0 u 1. Kak Beirasaeno
6n1 uncao 1967 B nBonuno# cucreme? Ha nepBblii B3rJaan
HeCKOJIbKO HEeOObIYHO:

11110101111.

[IpoBepum! ITepBasa enunuila cipaBa o3HayaeT (HLECATHU-
Hoe) uucsao 1, BTOpas — uyucao 2, Tperbd —4, ueTBep-
tafgs— 8 u Tak naJnee. Camas JeBas elUHHIAa O3HAyaer
210 — 1024. «IlepeBoa» necstuyHoro yucaa 1967 — 3a-
Jlaya BeCbMa HeCJIOXKHaf:

1967
983
491
245
122

61
30
]

~

O = W N

Kaxabpl#i pa3 Mbl gejquM odepefHOe YMCJAO HA 2 H 3aMmH-
ChlBaeM pAIoOM ocTaTok (paBHbiii 0 uau 1). Ecou Bce BbI-
NUCaHHble OCTATKHM 3anucaTh He CBepXy BHH3, a CJeBa
Hanpaeo, TO IMOJYYHTCA [JBOHYHLIA MEPEBOJ, HCXOAHOrO
AECATHYHOIO YHCaa.
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A BOHYHAs cHcTeMa Ype3BblyanHO yaoOHa Ha Mpak-
THKe. Tabauubl CJOXKEHHS W YMHOXKeHHsi BHITIALAT B
JBOHMYHOH CHCTeMe Tak:

04+0=0, 0+1=1, 140=1, 141=10,
0:.0=0, 0-1=0, 1.0=0, 1-1=1,

BoceMb paBeHCTB BMECTO ABYXCOT, KOTOPBIE MPUXOIUTCS
3ayuHBaTh HAW3YyCThb B NECATHYHOH cHCTeMe!

Bcesikull, KTo 3HaeT ABOHYHYIO CHCTEMY, MOXKET IIPOH3-
BOJWTL B Hell NEHCTBHSA TaK Ke, KaK B NeCSATHYHOMN:

100101 1000011 1101

+ 11110 — 11110 X 101

1000011 100101 1101
1101

1000001

(3nech peuieHBbl ClelylOllHe MPHMepPbl Ha CJAOXKeHHe, BHI-
yuTaHue M YyMHOxenue: 37 4 30 = 67, 67 — 30 = 37,
135 = 65.) Hukakux TpynHOCTeH He BO3HHKaeT B JIBOHY-
HOH cHCTE€Me H C JAeJleHHeM, YTO BBIFOJHO OT/JHYAeT €€
OT JeCSATHYHOH cHcTeMbl. Heo6Xx0auMo Mulllb KaXKAblH pas
NpOBepSATb, MOXKHO JIH BHIUECTb JAEJUTENb WM Heslb3d, H
3aluChHBaTh B 4yacTHOe B mepBOM cJaydae 1, a Bo BTO-
poM — (. Hanpuwmep,

1000001 | 101

01 o1
110

101

101
101

Hum

He604b110fi 9KCKYpC B CTOPOHY OT OCHOBHOH TEMHI
NO3BOJUT HaM INPOLEMOHCTPHPOBATh BO3MOMKHOCTH, Tad-
Hmipecss B JBOHMYHOM CHCTEME.

Ectp Takas urpa — HuUM, KOTOpas npHLIa K HaM, Ha- -
CKOJILKO MOXKHO cynuTb, 3 Kuras. MrpawT B HuUM Cie-
"Ryomnm o6pasoM. Ha crosne HeCKOJBLKMMH KyyKaMH pac-
K1afpiBaloT cnHykd. JIBoe MIrpoOKOB IO OdYepelH Ae/aioT
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XOonbl. 10T, ubsl O4yepeab MNesnaTh XOJ, 3a0HpaerT CHOHUYKH
U3 Kakou-HUOYAb 00A0fd Kydykn (OH JOJXKeH B3ATh IO
KpalHe!l Mepe OJHY CNHUKY, HO MOKeT 3abpaTh H BCE
CIIMYKH, Jexallue B 00HOU KyuKe). BHIUTpBIBaeT TOT, KTO
zabupaeTr MOCJAECIHIOID CIHYKY.

[IpeanonoxkuM, 4To COHYKH pa3JjOXKEeHbl MO YEeThIpEM
KyykaM: B nepBoit — 10 cnuyex, Bo BTOPpOd — 4, B TPETh-
el — 7 n B ueTBepTOH — 3 CNUUKH. I nesaio nepBbli XON
u 3abupaio Bce 10 cnuuek M3 nepBoil Kyukd. Kaxkoi# OT-
BeTHHII xoi4 mnpenanpuMere Bul? [Ipennosoxum, yto BbLI
3abupaeTe 2 CIMYKH U3 TPeTbe#dl KY4YKH M HA CTOJie OCTa-
IOTCSl OJHA Kyuyka H3 4, gpyras—wu3 5 W TpeThsl — U3
3 cnuuek. 1 3abupar 1 cnHuKy u3 Tnoc/AenHEH KYUKH
¢ 3 cnnukamu. Baw xox? Bsl 3abupaete 2 cnuuKe H3
KYYkd ¢ 5 cnuuykamu. Ha crose ocraiorca ogHa Kydka
¢ 4 cnnukamu, apyrass —c¢ 3 COHYKaMH H OJHA «KyuKa»,
COCTOSIIIas1 U3 OJHOH-eIHHCTBEHHOH cnHukKu. QuepeaHbIM
XOJOM $1 3abupato 2 CNHMYKH U3 KYuKH ¢ 4 CIUYKaMH.
A Bni? Bul cpaertecs.

B ueM XHUTpocTb HIpPhl B HUM? 3anuuieM JaHHLIEe YHC-
aa 10, 4, 7, 3 B ABOMYHOH CHCTeMeE:

10190
100
111

11

B nepsoM crosifle cjeBa CTOUT JHUIb OJHA eNHHHIA, BO
BTOPOM — JIB€ €IUHHIbI, B TPEThEM TPH €IUHHILL U B YeT-
BEDTOM — CHOBa JB€ eIHWHUUL. Mpl BrpaBe yTBepxKIaThb,
YTO 10 KpailiHed Mepe B OJHOM CTOJOLE YHCJIO €JHHHLL
HeueTHO. BcAKuM pas, Korma INBOHMYHAsA 3aMHCh Hayalb=
HOTO packJaja CHHYeK [0 KyukaM COAEPXKHUT o Kpais«
HEH Mepe OJHH CToJiOel] C HEYEeTHBIM UUCJAOM €JHHHL, BbI-
UTPLIBaeT TOT, KTO AesaeT nepBoidl xo4. EMy Heo6xonumo
JHLIb CJAEIHTh 3a TeM, 4TOObI NOC/e ero XoAa 4YHCJI0 eIH-
HHI, BO BCEX CTO/NOUAX CTAHOBMJAOCH yeTHbBIM. Clenan
CBOW MepBBIH X0H, 1 no3zaboruicd o6 3ToM U 3abpaJa Bce
CIHUYKHN U3 nepBOoil Kyuku. Pasymeercs, Bbl yXKe noraja-
JINCb, KAKOU TaKTHKH BBITOJHEEe BCEro MpHAEPIKUBATHCA
BaM: 10CJe OYepeJHOro Baulero XoAa KaXAnlk pa3 m0J-
’)KEH BO3HHKAThb CTOJOel, ¢ HEYeTHBIM YHCJIOM eJHHHIL,
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Ilocae Ballero xoma eJHHHILBI B JBOHYHOH 3aIllHCH YHCJA
OCTABIINXCA CIHYEK pacnpeciaenauJucp TakKi

100
101
11

Bo BTOpOM cTon6lle yHUCAO eNHHHUIL HeyeTHo. { 3abupalo
AB€ CINHYKH H TE€M CaMbIM «CTHpAalO» JHIIHIO eXUHHLIY
BO BTOPOM CTOJIOUE: Ternepb BO BCeX CTONOIAX YHUCAO edH-
HHIL YeTHO. OTBETHBIM XOJOM BHl CO3JaeTe CJeayloliee
pacnpenesieHue eIUHHUL:

100
11
l

Tak, noouepeqHo Aenast XOAbl, MBI TO CO3JaeM CTOJGe]
C HEYeTHHIM YHCJOM eIHHHI, TO yHHuTOXKaeM ero. Krpa
3aKaHYHBaeTCsl, KOrjJa B KaxIOM CTO/0Ie OCTaeTcss Hau-
MeHblllee YETHOE YHCJAO E€IHUHHIl, a HMeHHO (0 eJguHHIL.
HMMeHHO 3TOro MHe H yaaJjoch JOGHTHCS.

Ecan O urpa Hauvnanacb ¢ Tpex Kyuek, cojepxa-
18070

27 = 11011,
b= 101,
17=10001
CMHYEeK, TO NepBHIM Xo4a0M A 3abpan O
20=10100

CIIMYEK H3 NEePBOH KYUKH, U, KaKHe OBl XOIBl Bbl HH Je-
JlaJli, MOH BBIMIPHIII O6GECHEYEeH, eCJAH TOALKO S He CCx
BepIly KaKou-uHrOyap omub6ku. Haobopor, ecsu urpa Ha-
YNHaeTcs ¢ TpeX Kyuek, CodepIKallux

31 =11111,

T= 111,

24 =11000

CIHUYEK, TO HH i, HU KTO-HUOYIb APYTrOH, Menaloluil mep-

BbIH XOJ, BBHIMTpaTb He CMOTLYT, €CJAH TOJbKO Bbl HE J0-
TYCTUTE OLUIUOKH.
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bbicTpee, euwe ObicTpee!

Ckosbko 6yner 7489-91267 OtsevaiiTe OblcTpo, eLie
OvicTpee! Bo3pbMeM cekyHaoMmep H 3aceueM, CKOJbKO Bpe-
MEHH YHIEeT y HaC Ha BBIKJadKH. Mbl Mo)KeM IO NpaBy
TOPAUTLCS, €CAN OKaxKeTcsl, YTO NMPOH3BedeHHe IBYX ye-
ThIDEX3HAYHBIX YHUCeJ HaM YAaJ0Ch HAHTH He 0oJiee yeM
3a MOJNMHUHYTBI: Belb AJs 3TOro HeoOXOAMMO BHITIUCATH
27 nudp!

A ckonbko BpeMeHH noTpe6oBaloCh Obl HaM, 4TOOLI
PELINTh MUJJINOH TaKHX 3aJauek Ha yMHoxeHHe? B oi-
HOM Tony — GKOJIO MOJYMUJAJHOHA MHUHYT. CJjenoBaTedb-
HO, BBIKJAAKH 3aHAJU OBl Y HAC UeNbld rojg—roj, B Te-
YeHHe KOTOpPOro Mbl He MOTJH Obl HH €CTb, HH NHUTb, HU
cnaTb, HU JaxKe MOUYYBCTBOBaTb ceOf yCTanabIMH (Ha 3TO
y Hac mnpocTo He ocTaranoch 6nl BpeMenn!). Kak, no-Ba-
HIEMY, MHOro OBl pe3yJbTATOB NPH NPOBepKe OKA3aJHCh
OBl BEPHBIMU? |

CoBpemMeHHas 3/JeKTPOHHAS BBIUHCJAHTEbHAS MAalIMHA
pemwaetr 3a noaMHHyTel okoJio 10000 Takux 3ajmauek, a
3a uyac — OoJiee MHUJAJHOHA, U 3TO He npenes: Kaxpaoe
HOBOE TOKOJIeHHe MaLIHH CyuTaeT ObicTpee NpeabILY-
mero. B Becbma Hemanekom OyayiieM MamIHHBI CMOTYT
pellath 3a MOJMHHYTHl MH/JHOH TaKuX «NPHMepPOB Ha
YMHOXKeHHe>.

Boaliukaet BOMpoOC: a HY:KHO JIU HAM TaK TOPONHTLCA?

He moran 6bl Bbl HEMHOro nogomaarhb?

[IponsBoauTh BBIUUCJIEHHS — 3aHATHE yBJeKaTeJbHOe,
HO YyTOMHUTeNbHOe, KoTopoe TpebyeT H3pAAHBIX 3arpar
BpeMeHH. YenoBeky cBOHCTBEHHO owwHOATbLCA, H KOria
JIO[H CUHTAIOT, OHH NOBOJBHO 4acTo 3To JAejaloT. A mo-
JIY4UTh HEBEPHHI pe3yabTaT B OOJbUIHHCTRE CJAy4yaes ro-
pasno xyxe, 4eM He HMETb pe3dyJbTara BooOlle.

C He3anaMfATHBIX BpeMEH [Jf BBHIYHCJIEHHH I0OJb30-
BaJINCb Da3JIMYHBIMH NPHCOOCOOJEHHAMH H NPHOOpaMH,
obJieryaoIuMH cyeT. BeiyucaaTe Ha Gymare JI0OAH CTalH
JIUIUb CPaBHHUTEJLHO HeNAaBHO. B JApeBHOCTH M B CpelHHe
BeKa BbIYHCJIEHHS TNPOH3BOAMJH, NepelnBurasd (PHUIIKH HA
CUETHHIX JOCKaX HJIM nepeK/JaaAblBasg WIAPHKH 10 KJIETKaM
a6aka. B Kurae u mnoHblHe noJab3ylOTCA CBOCOGPA3HBIM
«CYeTHBIM NpubopoM» — KHTafickuMu cyetamu., Otaes-
Hble MeXaHWYecKHe CueTHble YCTPOHCTBA MNOSBHAHCL B
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AVIl B. B XIX B. Hawanoce ¢padpuyHoe NPOH3BOJACTBO
MeXanuyeckux cueTHbix MawmunH, B XX B. X MecTo 3a-
HAJU 3JeKTpOMeXxaHHYeCKHe W 3JeKTPOHHbIe BbIYHCJIH-
TeJibHble MAallHHBbI.

Ho matemMaTHka u ee NPHUJOKEHHS PasBHBAJHChL rO-
paszno OHlcTpee, yeM BBIUMC/JAUTENbHble MaluHb. [Ipou3-
BOIHUTb BBIYHCJEHHS BOBCE He O3HauaeT 3aHUMaThCs Ma-
teMaTuko#. Couuttoch X0TA 6bl HA TO, YTO B 3TOH KHHre
Mbl JOBOJIbHO MHOro TOBODHM O MaTeMaTHKe, HO MOYTH
He 3aHHMaeMcs BBIKJaJdKaMH.

PaccMOTpHUM HECKOJbKO NPHMEPOB.

B cBoem Bejiikom Tpyde «MartemaTunyeckue HauaJga
HatypaabHou ¢uaocopuny» HpIOTOH yCTaHOBHJ 3aKOHBI
IABUJKEHHS, Ha KOTODBIX M IOHHIHE 3uKJeTcsl HebecHas
MeXaHHKAa. DTH 3aKOHBI MOXKHO obJieub B OPMYJIL], 3aIH-
caTb B BHUJE TaK HasplBaeMbIX nuddepeHUHANbHBIX YpaB-
HeHHH, a 3aTeM B Tex cJayyasix, Korja TpebyeTcsl BbIYHC-
JIUTb JBH)KeHHe HeOeCHBIX TeJ, pellaTh 3TH YpaBHeHHs.
M3 acTtpoHOMHYecKNX HaAOJIONEeHN U3BECTHHI MONOXKEHHUSA
¥ cKopocTH Tea Haweld CoJHEeUHOH cUCTeMbl B Onpene-
JEHHBI! MOMEHT BpPEMEHH, H TOT, KTO HX 3HaeT, MOXKeT
BbIYHCJIUTb, TJe HaXOOMJHCh W rae OYAYT HaXOAHUTbCH
B J1000H MOMEHT BpeMeHHM mJjaHeThl, JIyHa, KomeTnl. CaM
HpioToH Mor nuiip B o0muX yeprax YOeIHTLCA B TOM,
4yTO €ro TEeOopHsa corjiacyeTca ¢ HabuawmogeHussMH. Hu co3-
natenb «MaTeMaTHuecKHX HauaJ», HU €ro nocjaenoBaTeN
HEe CTABHJIH Nepe] co00H 3asauy onpele]uTh OpOUTYy XOTH
Obl OsuzKamilero K HaM HeOeCHoro TeJfsa, CyTHHKa Ha-
med njaHeTsl — JIyHBI: CJAHIIKOM BeJHK Obl1 06bEM He-
00X0AMMBIX BblyHcienud. OHM He MOIVIH He J0CanoBaTh
10 3TOMY MNOBOJY, MOCKOJLKY B Te BpeMeHa Heo0Xonu-
MOCTb B onpejieleHHH TpaeKTopuu JIyHbl BBI3bIBAJACh
HACYIIHBIMH NOTPeGHOCTSAMH NpPaKTHKHU. TOT, KTO CyMeJ
Obl BHIUMCJHTD TPaeKTOPHUIO JIYHBI, OQHOBPEMEHHO PN
661 BaXXHyI0O npo6JseMy: TOYHble TabOJHIBl [JBUKEHHS
JIyHBI mo3BoJiMAN Obl KanuTaHaM OINpenesiTb MeCTOHa-
XOXK/JAEHHE CyJHA B OTKpHITOM Mope. Takue TabJaHIbl NO-
JIOXKeHHs] HeOeCHBIX TesJ NOABWIHUCH JIHIUh HENAaBHO H
OBl COCTABJEHBHl NPH NOMOIILK HOBBIX BHIUHCJIHTEJNbHBIX
Mamnd., Teopus JBHKeHHS HeOGeCcHBIX TeJ TNPOCTa, ypaB-
HeHHd, ONHCHIBAIOLIHe X ABHXKEHHe, He TaK YyX CJOXKHHI,
HO YUCJEHHOE PellleHHe 3THX ypaBHeHUH TpebOyeT nposeje-
HHS MHJIJIMOHOB apHdMeTHYecKHX onepauui. B npowioM
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BeKe Hal pelueHHeM MNoAoOHOH 3alauyd COTHH JIoJei
JOJIKHBI ObliM OBl TPYAMTHCHA HAa NPOTAXNKEHUH HECKOJL-
kux JeT. HolHe Ty xe 3agauy BbLIYHC/AMTENbHA MallHHA
yCIeBaeT PEeLIHTh 34 HECKOJIbKO OHeH W/IH Helelb.

He cnenyer nymarts, 6yATO Mbl BbhlOpanu HauGoJee
CNOXKHYIO 3ajzayy: Heb6ecHasd MeXaHMKa — elle CpaBHH-
TEeNbHO MpocTtasd obsaacTh. [BHXKeHns BO3AYyUIHBIX Macce
B aTMoc(epe, NMPHJAHBBH U OTJHBLI, 0OTEKaHHE TMOTOKOM
Kopnyca cyiHa MJH KpbljJa CaMoJieTa, BOJAHBI, HCiycKae-
MBI€ aTOMOM HJY PaJlHOaHTEHHOH, BONPOCH 0Opa30BaHHs
eH WJIN JBHXKEHHS KanuTaJOB B KAKOH-HHOYIL OTpac/H
3KOHOMHKH — BCe 3TO ropasno GoJiee CAOXKHLIE MaTeMa-
THyeckue 3apayd. [Ipexne ueM npHUCTYNHTL K PELILHHIO,
TaKHe 3aJlayH 3HAYHTeJbHO YNpoUlaloT, HO U OO0JeryeH-
HBIi BapHaHT TpebyeT CToAb O0JpLIOT0 06heMa BLIYKC-
JUTEJbHBIX paboOT, UTO HJifl HX BBINOJHeHHA NPHUXOLHUTCA
CTPOUTL BCe 6oJlee rpaHINO3Hble U OLICTPOACHCTBYIOLIHE
MallHHBL.

Mp XOTHM TOYHO 3HATh, KakKasi noroxa OyaeT 3aBTpa.
B npunuune mnpejcKka’laHue NOrojbl — 3ajaya BHOJHE
paspemnMasn. Pacnosaras 60AbLIHMH BBIYUCAHTENbHLIMH
MaliHHAMHU, ee MOXKHO DellUTb He TOABbKO «B NPHHIHIEY,
HO M YHcJeHHO. OLHaKo HaM NPHAETCA 3anacTUCh Tepiie-
HHeM: pellleHHe 3a4a4u noTpebyeT OKOAO rojla HelnpephbiB-
HhIX BLIuMCJaeHUH!

Korpa nospexka Ha3aj roJJaH[ikl pedliAy NepeKkpuTh
NJAOTUHONH 3éigep-3e, M, eCTeCTBeHHO, NOHAaAO0H.10Ch
3HaTh, KAaKOH BbICOTH W (OpPMBI A0JAXKHaA OpITh Aamoba.
[TocTpouB yMeHblIEHHYH KOOHIO 3éHgep-3e MW Mojend
pa3MHUHMX [JIOTHH H BOCHPOH3BEAST B YMCHBLIIEHHOM
MacHiTabe JBUXKEHHS BeTpa M BOALL, HCCJAeNOBaTEeNH 3a-
HAJHMCH BLISICHEHHEM TOro, KakK CKasbiBaloTcs Ha Tede
IVIOTHHBl TIDWJIHBBL W OTJAHBL. B03MOMKHOCTH BBLIUHCJIH-
TENbHLIX MallHH B TO BpeMsd ObWiX He CTOMb LHIHPOKY,
4YTOOL OHM MOIJVIH 0Ka3aTh CYHIECTBEHHYIO [IOMOIlb B IIO-
JOGHBEIX HccaeloBaHHsiX., B Hamm gEM npu paspaborke
6oJiee TPAHAHO3HOroO no 3aMuIc/ay npoekTa «leapray no
nepekphiBAHUIO BCeX pYKaBoB B ycTbe Pefina 6e3 npume-
HEHHS BLIYHCAWTENbHHX MAalIHH YyXKe He 060HTHCh. JIHiib
YHCJEHHBIE MeTOIbl NOMOTYT HAaWTH OTBETHl Ha CaMsbIe
pa3HooOpasubie BOMPOCH — OT CO3/1aHUA CXeMbl TeYeHH#
B OIPOMHOH OTKpLITOH yaule, Ha3biBaeMoi CeBepHBIM MO-
peM, 1o BbiAicHeHHS OCOOEHHOCTEll NOBeleHHUs Bce GoJee
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CTPEMHTEeJbHBIX MOTOKOB B CYXKHBaWIUEMCs [0 Mepe mne-
PEeKpBbITHSl pycje TOTO HAM HHOTO pyKaBa pPEHHCKOH
JAeJIbTHI.

Heine Bo MHOTHX CTpaHaX Mupa CHeluanbHble 6I0pO
NOPOBOAAT pPacyeThl, MO3BOJSIOUHEe COCTABAAThL Ha OJiH-
JKaWWHUH IO NPOTHO3bl Pa3BHUTHA 3KOHOMHKH, MPOH3BOA~
CTBa, pbIHKa Tpyna, lieH, 3apaboTHOH mJaaTel, norpeod.e-
HUS, KanuTaJOBJOKEHHH H NpelcKasblBaThb NOCJAeACTBHS
TeX WM HHBIX Mep, NpeanpHHUMaeMbIX NPaBHTENAbCTBEH-
HBIMH opraHaMH. Takue pacueTsl MOXHO Obl1O OB NpO-
N3BOJAMTH U paHblle, HO CKOJbKO BpeMeHH MOHAaA00OHIOChH
Obl A/ NOJIyYyeHusi OTBeTa Ha J1060H H3 IepeyHCJIeHHBIX
Boille BOmnpocoB? K 1980 r. Mpl Morju Obl COBEPIIEHHO
TOYHO IpelCKasaTh, Kak cJenoBano Obl MOCTYNHTL B
1965 r. Jlvwp ¢ nosiBieHHeM OBICTPOAEHCTBYIOLIHX BHI-
YUCJAUTENLHBIX MAlIUH pellleHHe CTOJb CJA0XKHBIX NpobaeM
npro6peso npakTHUecKoe 3HayeHHe.

Ilo oTMeTKe Ha 3KpaHe paAHOJNOKALHOHHOH CTaHUMH
MOMKHO ONpenenuTb PAacCTOsiHHE [0 KOCMHYECKOro Ko-
pabJid, HO He HamnpaBJieHHe Ha Hero. TeM He MeHee, 3Had,
KaK H3MeHAeTCd paccTosiHhe CO BpeMeHeM, HeTPYJIHO BHI-
YHCJHTb OPOHTY KOoCcMUYecKoro Kopadad. g Toro uyToOnl
KOCMOHaBTaM JaTb KOMAaHAY Ha NOCAAKYy, O BKJAIYEHUH
TOPMO3HOH ABHraTe/bHOH YCTAHOBKH M T. M., HYKHO TOY-
HO 3HATh, I'le HAXOJHTCH KOCMHUYeCKHH KopabJjb H Ka-
KOBa €ro CKOpPOCTb B HMHTEPECYIOUIMH HAC MOMEHT Bpe-
MeHH. Heo6xonHMble OJs 3TOro BLIYHCJEHHS HaseMHas
CTaHIHA CJEXEHHA JOJXKHA [NPOU3BOAMThL 3a JAOJAI0 Ce-
KyHAB. CTONb Ke OBLICTPO CAeayeT ONpenesiTb MOMEHT,
KOrja JOJI2KeH OTKPBITbCH 3aTBOP KaMepbl MeXXmnJaHeT-
HoOH craHUuH aaa ¢ororpacdupoanus Jlyus uau Mapca.

Mbl yxe 3amany BONPOC: a HYXKHO JIH HAM TOPOIHUTh-
ca? [locnemHoCTh — NOHSATHE OTHOcUTeNbHOe. Ecau Ha
pa3paboTky naara «[lenpra» noTpeboBanock Gbl CTO JIET,
TO OT TaKOro IpoeKTa HaM Jyulle ObLI0 Gbl OTKa3aThCsl,
Ecan cocraBnsiercsa rocymapcTseHunil miaan ua 1967 r.,
TO MHHHCTDP (MHAHCOB He JOJXKeH TroBOpuTh: «IlomoiK-
nute po 1980 r., Torma s cmory BaM CKa3aTb, Kakoil
HaJor ¢ o6opoTa uesnecoob6pasHo ycTahoBUTb B 1967 r.»
M kocMonaBTaM, BeIyIlHM CYeT BPeMEHH Ha THICAYHBIE
JOJIM CeKYHIbl, HA3eMHBIH LEHTP KCCMHYECKOU CBA3U He
MOXET OTBeTHTh: «llogoxaure MHHYTOUYKY, NOKa MBI TYT
BCe paccyuTaeM».
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ABTOoMaTHI

Bo BTOpoil ri1aBe Mbl NpeasoOXKHIH H3AMIHBIA cnocoo,

NO3BOJIAOMHKI CKOMb YTOAHO TOYHO BBIYHMCAHTL 4/2. Co-
CTOHT OH B cjaeayroueM. Hauas ¢ goBOJMbHO NJ10XOro MpH-

OHXeHus (a; = 1), ™Mbl BBIUHCJsSeM OJHO 3a APYTHM
ynucaa

b‘=a2_1’

@ = (a4 b)),

by = —,

U T. I

H TI0Jy4yaeM BcCe 6osee Y3KHe rpaHulibl, M€KLY KOTOPBIMH

3aKJ/IIOUEHO TOYHOE 3HauyeHHe «\/2.

IToutn Taxk xe BHIJISNHUT U OJHH BechbMa pacnpocTpa-
HEHHBI MeTOJ pellleHUs1 ypaBHEHHH.

3anucaB ypaBHEHHE B BHIE

f(x)=x,

TAe X — HEeH3BeCTHOe, Mbl HaigeM rpyboe NpHOJHKEHHE
3HAaUYeHHUsl KOPHA X, NOJACTAaBHUM €ro B JIeBylO 4acTb ypas-
HEHHA U NOJYUHM X!

[ (x1) = x,.

AHa/IOTHYHO MOCTYNHM C HOBBIM NpPHOJHKEHHHIM 3Haue-
HHEM KODHSl X2 ¥ HaWJeM ero cjenymollee npuOaHKEeHHOE
3HayeHHe X3

f (xo) == x3.
Boo6ue

f (xn) —Xn+1»

¥ ecJy JeBas yaCTh ypaBHeHHs yIOBJETBOpSET onpepe-
JICHHBIM YCJOBHAM (B cjayuae HEOOXOLHMOCTH ee MOXKHO
npeo6pa3oBaTh Tak, yTOObLl OHA YJOBJIETBOPAJIA HYXHHIM
YCJAOBHSIM), TO IOcJefOBaTe/bHble 3HAUEHHMA X5 OYLYT
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BCe MeHbllle OTJIHYarbCcd APYr OT ApYyra H CJYXHTb BCe
6o/1ee TOUHBIM pellieHHeM YpaBHEHHs

f(x)=x.

3anavya MaTeMaTHKa COCTOMT B TOM, uToGnl paspalo-
TaTb MeTO[, MO3BONAKMINANA NPUOJIUKEHHO, HO CKOJb

YrOAHO TOYHO BBIYHCJAATb 4/2 W KOPHH ropasgo OoJiee
c10XHbIX ypaBHeHuil. [IpoBenenne camMux pacuyeToB Ma-
TEMAaTHK MOXET 3aTeM MOPY4YHTb BBIUHCAHTENIO. Bbiuuc-
JINTEJIb IOJI2KE€H 3HaThb TabJIHIly YMHOXKEHHS, a €CJIH B €ro
pacnopsi:KeHWd HMeeTcs BbIUHC/JAHMTEJbHAsA MallluHa, TO
MaTeMaTHK JAaeT BbIYHCJAHTE]IO CJeAYIOLUYI0 HHCTPYKIHIO
(Ha3biBaeMyI0 TaKxke nporpamMMmoil): «Bsectn uuciao a
B peructp Il (menurens), uucno 2—sB peructp 1 (nenu-
MOe) M Haxath KHonky D (nmesjeHue), 3ateMm cTepeTh
YHCJIO B peructpe I, mepeHecTH B 3TOT PEruCTp 4YHCIO
a/b usz perucrpa IIl u waxare KHonky C (c/JoXkKeHHe).
Creperp uHcaa B peructpax [ u lI, mepenectu uucIO
a -+ 2/a u3 peructpa III B peructp I u BBecTH B peructp
II uncno 2. HaxaTte Ha KHonky D. Hucao, Haxonsduleecs
B peructpe III u paBHoe !/3(a - 2/a), 0o6osHauuTh Q,
1I0cCJie 4ero IIOBTOPHUTbL Bce Olepaluu ¢ HOBBIM 3Havye-
HUeM a. BoluncjaeHHs NpeKpaTuTh, KOrja ouepepHoe 3Ha-
yeHne a OyleT OTJHYATLCA OT MNpeAblayluero He OoJiee
yeM B NocJeiHeM 3HaKe (TO ecTb NO JOCTHIKEHHHU Tpe-
OyeMOll TOUHOCTH) ».

Jlna BBIUHCAUTEJNS He COCTaBJAfeT ocoboro Tpyaa Toy-
HO BBINOJHHUTL BCE HACTaBJEeHHA MaTeMaTHKa, NOCKOJbKY
B JEUCTBHUTEJBbHOCTH BBIUHCJHTE/]b YMeeT He TOJbKO Kpy-
TUTb PYuKy apu¢mMoMeTpa H HaxKHUMaTb KHOIKH, HO H
NIPOHM3BOJAUTL HeCpPaBHEHHO OoJee CJOXKHBIE OIllepailny.
HUHCcTpyKUHS BHOJIHE MOHSITHA €My, U B JIOGOH MOMEHT
BpeMEHH OH 3HaeT, UTO CJeAVeT AeaaTh AJsS TOro, 4TOOBI
TOYHO M HEYKOCHHUTEJNbHO BBINOJHHUTL BCce TpeOGOBaHHA
MHCTPYKUHH. Ecii MBI XOTHM JOBEpPUTH BbINOJHEHHE HH-
CTPYKUMWH MallliHe, TO MallHHA AO0JXKHA yMeTb ropasjio
0oJibllle, YeM TOJbKO cyHTaTb. OHa J0JIXKHA «IIOHHMAaTb»
IIporpaMmy, noc/JeJ0BaTeJbHO BHINOJHATDL €€ U CaMOCTOs-
TeJbHO OCTAaHAaBJWBATbCHA, KAaK TOJbKO OyJer NOCTUTHYT
TpeOyeMmblii pe3ysabtaT. C MallMHaMH, CIOCOOHBIMH BbI-
IOJIHATL CTOJIb CJOXHble JeHCTBHUA, MBI HEOQHOKPAaTHO
BCTpeyaJ/JHCh B MOBCEIHEBHON XKH3HH. TakoB, HampHMep,
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aBTOMAT, MPOAAIOILUN [OYTOBbIE MAapKH; YTIOr C TEPMO-
peryafatopom, CHoCOOHBI CaMOCTOATENLHO BKJ/IOYATHCS
H BBLIKJIOUATbCA, CTOUT TOJBKO TeMmIlepaType BBIATH 34
yCTaKOBJIEHHbIE TIpeJle/ibl; NPOUrphiBaTe/b, KOTOPLIH aB+
TOMATHUYEeCKH BBIKJIOYaeTCsd, KOrja 3aluch Ha NJAaCTHHKE
JOXOAHUT [0 KOHUA, H Jaxe MOXKeT IMePEBEPHYTb HJIHU
CMEHHTb NJAacTHHKY. OfHHM H3 nepBbHIX ABTOMATOB Ta-
KO0 poja cTaJsJ TKalUKHH CTaHOK, H300peTeHHBIH- PpaH-
uysom JK. JKakkapom (1752—1834), nas H3roToBJeHHS
TKaHel €O CJAOXKHOH CXeMOH nepelnJeTeHHs HUTEH OCHOBBI
H yTKa. Mbl He BCTPETUM HH OLHOTO TKaya, KOTOPbLIA OBl
BPYUYHYIO [0 3apaHee 3aJlaHHOH CXeMe pa3jBUrajg HHTH
OCHOBBI M TNpOMycKaJ MeXAy HHMH 4eJHOK ¢ HHTAMH
yTKa; paboTONl aBTOMAaTHUYECKHX TKallkKHX CTAHKOB B KO-
HEYHOM cyeTe yNpaBJadAoT nepdokapTel, BeTpeTHB OTBEp-
CTHEe, TPOOUTOE B ONpPeLe/JeHHOM MecTe nep{oKapTthl, phl-
YaXKOK NPHXOAHUT B JABHXKEHHE W pacnoJjiaraeT HHTH OCHO-
Bbl 1 YyTKa B TpeOyeMOlH KOMOUHALIMH.

YnpaBnsiowee ycTpoicTBO H namaATb

BriuncauTesqbHas MallWHa, TPOM3BOAAILAs PacueThl
aBTOMAaTHUECKH, MOMHMO apu@meTuieckoeo Ycrpoicraa,
NOJIXKHA 0o0JsaflaTh ynpasaarouum ycrpoucreom, 3anaio-
IIHM H KOHTPOJHMDPYIOUIHM TNOPSANOK BHIIOJHEHHS onepa-
OUH, U namATbO, XpaHslled HCXOLHble YHCJAOBLIE MaH-
Hble, IPOrpaAMMYy H IPOMEXYTOUHEIE pe3yJ/bTaThl N0 TexX
0P, NOKa HE BO3HHKHET HeOOXOAHMOCTb B HX IIOBTOPHOM
MCNOJIb30BaHHH. MBICJb O CO31,aHHH aBTOMATHUECKOH Bbl-
YHCJHTEJbHOH MAUIKHLI BOEepBHE BHICKAa3aJ adrJHyaHud
U. bs66emx (1792—1871), Ho mocje HanpsKeHHOH pa-
60Tl €My YZAaJoCb c034aThb JHLIb 3KCHOHAT, YKpamiaio-
LM HblHe 3KCcno3ulivio my3es B KeHcuHrtoHe. [lnavam
bB366emxa He cyxaeHo Obilo COBITbCS: OHHM ONEpefHJH
CBOe BpeMs 0e3 MaJjoro Ha uesnoe ctogaerne. OOIWHUA ypo-
BeHb Pa3BUTHS TEXHUKH TOTO BpeMeHH (H, B YAaCTHOCTH,
5JeKTPOTEXHHKH, [eJaBliel JHIIb [lepBbie POOKHe IIaru)
He NO3BOJIHJ OCyllecTBHThL b366emxKy ero nep3kuil 3a-
Mbicesa. 'opaszno 6oabluuii ycmex BbilaJg HA JOJIO aMe-
pukauua I'. Xoanepura (1860—1529), otua paGoTrarniinx
Ha nepdokKapTax BHIUMCAUTENbHBIX MaUIHH, 6e3 KOTOpLIX
B HacTosllee BpeMf He OOXOLHTCSI HH OJHO KpyIHOE
npennpusitue. (BnpoueM, Hesib3s He OTMETHTb, YTO IJIaHLI
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1. Aojyeputa 6Ll HeCpaBHEHHO onpeael/eHHee H pea-
JucTuyHee.) Ho noasuHHBIE nepejoM B KOHCTpYHpOBa-
HUH ¥ MPOH3BOACTBE BBIUHC/JANTEJIbHBIX MALUIHH IPOH3OLIE
JIUIIb TIOCJ€ BO3HHKHOBEHHS 3JIEKTPOHHOH INIPOMBIII/IEH-
HocTH. OfHa 3a ApYyroH CTajdu NOABJATbCA KOHCTPYKIHH
BLIUHCJAUTEABHBIX MAUIHH, B KaxAad cjaedylouias npeBoc-
X0uJa npeablAyulylo — npeBOCXOAUIa He TOJAbKO M0 pas3-
MepaM, HO H TIO MOII[HOCTH, OBICTPOLEHCTBHIO H 00BEMY
namatH. COBpeMeHHble BLIUKCJAHTENbHbIE MalIHHBI-BeJaH-
KaHbl, BLINOJIHEHHLIE Ha MOJYIPOBOAHHKAX W MNEe4yaTHBIX
cxXeMax, N0 CBOMM pa3MepaM 3HayuTelbHO MeHbille BbI-
UHCJAUTEJbHBIX MAaIlINH-KAPJHUKOB [BaAllaTU/ETHEH [aB-
HOCTH.

Hnsi toro yto6bl BBIYHC/AUTENbHAS MallluHa 3apabo-
TaJa, ee Heo6xoauMO cHAOAUTL nporpaMmoil. [Ipeano.o-
JKHUM, 4yTO TpeOyeTcs BEIUHCJIUTH MpousBelenve 24 789 X
X 345. Ecsin Mbl paboTaeM Ha HeaBTOMAaTHYeCKOH BBIUMC-
JINTeJbHOA MallHHe, TO HEeOOXOAHMO YCTaHOBHTb Ha pe-
ructpe 24 789. IloBepHyB pyuky Ha 5 06OpOTOB, MBI
JOJIXKHbBI NepEeHeCTH NOJyYyeHHOe YHCJIO B PErHCTD pe3y.ib-
TaTOB W CABHHYTb €ro Ha OAHH pas3psj BNpapo. 3aTeM
HeoOXO0AHWMO YCTAaHOBUTb Ha perdctpe 24 789 u, noBepHYB
PYUKY Ha 4 o6opoTa, nepeHecTH NMOJYyYyeHHOE YHUCJO B pe-
THCTD pe3yabTaToB, rie, TAKHM 06pasoM, yxke OydeT Xpa-
HHUTBCS NpoOH3BeneHKe 24 789-40, nocse yero CABUHYTH 3TO
IIpOH3BecHYe Ha OAWH pas3pan BrnpaBo. Hakonen, HeoO6-
XOZHMO YyCTAaHOBUTL Ha peructpe 24789 u, NOBEPHYB
pyuky Ha 3 o6opoTa, [epeHecTH NOJYYEeHHOEe YHCJIO B pe-
TECTp pe3yabrartos. Ilocne uero Tam oka)keTcsi 3alHcaH-
HBIM HpoH3BeleHHe 24 789-345.

DJIeKTPOMeXaHUYECKHEe BLIUHCAUTEbHEIE MALIMHbL pa-
6oraloT ropa3go 06oJiee «CaMOCTOATENbHO»: HEOOXOIHMO
JIMIIb YCTAHOBHTb HAa JIBYX peErHcTpax o6a COMHOXKHTEJN
(24789 u 345) m 3atem HaxaTb KHOIKY cO 3HaKoM X
(ymHoxenne). Bce ocranbHble onepaluu (Te Ke, 4uTO H
B CJyyae MeXaHHYeCKOHW BBIUHCAWTENbHOH MAIUUHBI) HDPO-
H3BOJUT caMa MallHHa.

CoBepllleHHO MHAYe HAXOAUT NPOU3BeJeHHEe IJICKTPOH-
Has BBIYHCJHWTENbHAs MallHHa. B Hel HeT HHU PErUCTPOB,
HH JeCATUYHBIX CYETHBIX KoJec, HH pblyaros, HU LHUPP,
KOTOpble HYXKHO yCTaHaB/JHWBAaTb Ha KoJsecax perucrpa
WJIH CYHUTHIBATh. B MalIWHy JHIIb BBOAAT IEPPOJEHTY
HJIY KoJony nepoOKapT, HAXKHMAIOT KHOMNKY, U 2JIeKTpH-
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yecKasi NUIIyliass MallMHKa BBIXOJAHOIO YCTPOHCTBA Has
MeyaTaeT KOHEYHBIN pe3yJbTaT Ha AJHHHOH JIEHTE.

Ha nepgokaprax «3amucaHo» BcCe, O YeM MBI XOTeJH
Obl pacckasaTh MallHHe: YHCJOBbLIe JaHHble, KOTOphble He-
O0XOAUMBl 1JIsl BbIYHCJEHHH, H MOAPOOHAsA HHCTPYKUHS
OTHOCHTEJNILHO TOTO, KaKHe onepauuyn HeoOXO0AUMO MPOHU3-
BeCTH HaJ uHCJaMu IJjis noJydeHuss pesyaptara. Cpeau
BBEJ€HHBIX B MAaLIHHY JaHHBIX MOTYT OBbITb AaxKe lieJble
TabJauLbl Jorapu(MoB, KOTOpble MOHano6ATCA MallHHe,
Korja e npHuaetcs BBIYHUCAATH JOTrapH(PMbl KAKHX-TO YH-
cesq. Cpeny BBeleHHBIX MHCTPYKUHH MOXKeT COAEp¥kaTbCA
nopo6HOe ONHCaHHWe MeTOAa H3BJACYEHHS KBaJpaTHOro
KOpHA WJH pelleHHd CHCTeMbl N JHHEHHBIX ypaBHEHHH C
11 HEH3BeCTHBIMH,

Bosee TOro, HHCTPYKUMH MOTYT BK/HOYUaTb ONHCAHHSA
faxe JIBYX MeTONOB pelleHUA ONHOH H TOH Xe 3aaauH,
a MalllHHa yxXe J0JKHa OyneT, NPHMeHASACh K 06CTOA-
TeJbCTBAM, BbIOHpaTh HanboJ/iee NOAXOASALINA H3 HHX.

Bce, yTo MamunHa cuuTeiBaer ¢ nepdokaprt, oHa Xpa-
HHT B CBoed maMaATH. KaxIoMy H3 HAc C/Jy4yasoch N0Jb-
30BaTbCA MarHuTogoHOM. Mbl 3HaeM, yTO Ha MAarHHTO-
(DOHHOHN MJIeHKe MOXKHO 3amnHucaTb peuyb HJAH MY3bIKY,
3aTeM XPaHUTb H BOCIPOHU3BOAHUTH 3aNluch JO0 TeX IOp,
NOKa OHa He coTpercsa. HeuTo moxoxee Mbl OOHAPYKHIH
Obl, 3arJsHyB B 3/€KTDPOHHYIO BLIYHCJIHTE/bHYIO MAlIHHY
OLICTPO Bpallaolnica MarHUTHLIA 6apabaH, ¢ KOTOPOro
MallluHa 3a [O0JH CeKYHIbl MOXKeT CUUTaTh BCe, YTO Ha
geM 3anucaHo. Ha wmarHutHom OapabGaHe 3alUCBIBAIOT
nporpaMMmy. TaM e MalliHa XPAaHUT U NPOMeKYTOUHbIE
pe3yabTaThl, KOTOPble MOryT NOHAaAOOHTbLCA el B JlaJib-
HeimeM. KpoMme Toro, nJs pe3yJbTaToB, KOTOpble MOTYT
MOHALO00HTbCA OCOGEHHO CPOYHO (HX MOCTYNJIEHHE Ma-
IIHHA MOXKET OXKHAaTb He COTble, a camoe OoJibliee CTO-
TBICAUHBIE JOJH CEeKyHAbl), B MalliHe MNpPeayCMOTPEHO
Jpyroe XpaHuJulle — TaK HasblBaeMas «OblcTpas na-
MATb». 3anHchb B GBICTPOH MaMATH H CUHTHIBAHHe XpaHd-
MUXCA B HeH JaHHBLIX NPOU3BOIHUT 3JEKTPOHHBIN Jyy, a
caMO XpaHuJMile CPOYHOU HHGOpMaLUH- NpeAcTaBjaser
co60il KaTOAHYIO TPYOKYy, HAIOMHUHAIOULYI0O KHHECKOIl Te-
JIeBH30pa.

IlamaTe pasgeneHa Ha fAIUEHKH, a Kaxpaasa sAvelka
cHaGxeHa HoMmepoM — aapecoM. Ilpenmosoxum, yto B
fIporpaMMe CTOUT KOMaHAa: «B3AaTb YHCJIO U3 sAUeHKH
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0400, YMHOXHTL €ro-Ha 2, a pe3yJbTaTt 3anucartb B s4yeH-
Ky 218» (uau, 6GbITb MOXeT, MO0y APYTyi0 CBOOOAHYIO
AYernKy, KOTOPyI0 MallluHa HaHaeT caMma, a ee ajpec 3a-
MHLIET B, APYTyI0O 3apaHee YKa3aHHYIO GYCHKY).

KoneuHbIl pe3yabTaT BbIUMCJIEHHH MaulHHa 3aMHuChl-
BaeT B MaMATH Ha MarHuTHoM OapabaHe, a 3ateM JHOO
OTNeYyaThIBAET €r0 Ha 3JIeKTPHUYECKON NHUIIYLIeH MallHHKE,
JH00 BblyepuHBaeT B BuAe rpaduka. denaer oHa 3to ro-
pasno MejJjieHHee, yeM IPOHU3BOJAUT BbIYHCJAeHUA. Buol-
XOJTHOE yCTPOHACTBO MOXKeT yacaMH neyaTtaTb pe3yJabTaThl,
NOCTynaromue ¢ MarHutHoro 6apdafaHa, XoTd caMH Bhl-
YHCJEeHHsT AaBHO 3aKOHUW/IHCh H MallliHa 3aHsjach pe-
LIeHHeM Jpyrux 3agau. Hapn IOAHHHBIMH  OyMaXKHbIMH
JIeHTaMH, HCHelipeHHbBIMH KOJIOHKaMH LHdp, ¢ HHTepe-
COM CKJIOHAIOTCS (PH3UK M aCTPOHOM, GHOJIOT H 3IKOHO-
MHCT, YueHblil U HHxKeHep. OHH XOTAT 3HaTb, YTO «CKa-
3ajlay MallliHa, COrJiacyloTCs JHU pacyeTol C pe3yJsbrara-
MH HaOJIONEHHH M [NOCTAaTOYHO JU YIOBJCTBOPHTEJNLHO
o0bsCHAeT cO3JaHHAash UMM MaTeMaTHuecKasl TeOpus mnpo-
LEeCCHl, NNPOHCXOAAllHe B NMPHPOAe M OOLIECTBE,

HAsbik oTBEpPCTHUH

O ueMm Moryr coo6uiHTb MalinHe neppoOKapThl HIH
nepdo/1eHTe? ABTOMAaTHYECKOMY TKallkoMy CTaHKy JKak-
Kapa nep¢okapTsl roBOpsAT, B KaKoOH INOCJAeL0BaTeJbHO-
CTH JOJI2)KHbI IOJHUMATBCA HJH ONYyCKATbCH PblUAXKKH AJA
TOr0, YTOOBl HUTH OCHOBBI H yTKa MeperJiesNnch, 00pasys
HYXHbII y30p. Tak Ha3biBaeMoii nHaHoJe — aBTOMATH-
YECKOMY [IHAaHHHO — nep(oKapThl <«IMOACKA3bIBAIOT», B
KaKod MOCJIef0BATeJbHOCTH H C KaKOU OLICTPOTOH MOJIO-
TOYKH JOJIXKHBI yAapsaTh IO CTPYHAM.

[lepdonenta npeacrasaseT co6oil y3KyO MOJI0CKy Gy-
Maru ¢ nNpoOHUTEIMU B HEll OTBepCTAMHU. B Ka)kao#h cTpoke
yMelaetrcss 5 oTBepcTHii. B onaHOI CTpOKe GbIBalOT Npo-
OHTHI BCe S OTBepCTHH, B Apyroil — Hu oxHoro. B ctpoke
MoOXKeT ObITh U 1, 1 2, U 3, u 4 NPOOUTHIX OTBEPCTHS, NIPH-
YeM CTPOKH C OJIMHAKOBBIM YHCJIOM OTBEPCTHH MOTyT OT-
JHYaTbC HX MecTomnojoxenneM, CKOJMbKO pPasHYHbIX
COOOILIeHHH crnocoGHa BMeCTHTb OJHa CTpoKa nepdoJeH-
TBI? YcaoBuMcsl 0603HayaTh OTBEpPCTHe eNHHHUEH, a ero
OTCYTCTBHe — HyJsieM. Torga B OAHOI CTPOKE HaM MoOryT
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BCTPETHTbCA CJeAYyIoUIHe KOMOHWHAUHU HyJed U eIHHHIL
00000
00001
00010
00011
00100
00101

H Tak JaJee, NoKa HaKOHel He AOHJAeM 10 KOMOMHAHUH
11100
11101
11110

11111

YTOo HAanmOMHUHAIOT HaM Takuhe KOMOWHauuu? Hy KoneuHO,
He YTO MHOe, KaK 3amnucaHHble B ABOHYHOH CHCTEMe YHcJa
or 0 no 31. HMrak, onHa ctpoka nep¢oJieHThl BMeIlaer
31 = 2°— 1 BapuaHTOB COOOIIEHHII.

HecaTtuunoe uucao 99999999 B nBouyHOH CcHCTEME
BBHITJAAAUT CJAEAYICIIUM 006pa3oM:

000101111101011110000011111111.

Takum o6pas3oM, camoe GoJibllloe BOCbMH3HAUHOE YHCJO
B NEeCATHYHO{ CHCTEMe MOXKHO 3anHcaTth B BHIe JBajla-
THCEMHU3HAYHOrO YHuc/Aa B [ABOHYHOH cucteme. Ha s3bike
OTBEPCTHH TaKoe YHC/JA0 MOXKHO 3anucaTtb, 3aTpaTHB
31 = 25— 1 BapHaHTOB COOOIIEHHH.

IlepeBon Ha f3bIK OTBEPCTHH JONYCKAIOT He TOJbLKO
yHucna. IlepenymepoBaB OykBbl aJsipaBuTa U 3aMeHHB
KaXXAylo W3 HUX COOTBETCTBYIOUIHM YHCJOM, MOXKHO 3a-
nucaTh OYKBBI B HECKOJbLKHX CTPOKax nepoJeHThl B BHIE
onpeneseHHON KOMOHHAUHH «eCTb OTBEPCTHE» U «HET OT-
BepcTusa». K 26 6ykBam JiaTHHCKOro aJjgaBuTa, K OCHOB-
HBIM CHMBOJIAM, HeOOXOAHMO MPHCOEAUHHUTDH ellle npooben
MEeXJy CJOBaMH, TOYKy, 3andaTyio, TOYKy C 3anstod H
TaK jaJee.

«EcTb oTBepCTHE — HET OTBEpPCTHUA» — JIHIUb OJHH H3
MHOTHX cNGCOOOB KOHKPETHOTO NpencTaBjJeHus abCcTpakT-
HbIX HyJed H efinHul. [lepdonenta aBHKeTCs Mexay 3a-
JKHMaMu NATH KOHTAKTOB, Urpast poJp H3oasatopa. Ecan
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B HeH BCTpeyaeTcs OTBEPCTHE, KOHTAKT 3aMblkaercd H
B UeNnd BO3HUKAeT TOK. TakuM o0Opa3oM, KOHTakT OCY-
LIeCTBJAET MEpPeBOJ] C A3bIKAa «eCTb OTBEPCTHE — HeT OT-
BEPCTHSA» HA SI3bIK «eCTb TOK— HeT TCKay. TeKylWHH 1o
LleMd TOK NPOXOoAUT no CcOMOTKe 3, eKTpOMAarHura, pac-
NOJIOXKEHHOTO BOJIM3XM MAarHuTHoro ©GapaGaHa, NoBepX-
HOCTb KOTOPOrO ycesiHa KpPHCTaJJiHMKaMHu ¢eppura. D/ek-
TPOMArsuT BO3AEHCTBYET Ha KPUCTaJJIMKH Bpauialouiero-
ca 6apa6ana. Kpucrtannuku, Ha KoTopble 3JeKTPOMAarHUT
«CMOTPHT» B TOT MOMEHT, KOrjga 1o ero OOMOTKe Te-
yeT TOK, HAMArHWYyMBAaIOTCH ¥ OCTAIOTCSI B TAKOM COCTOS-
HHH, TO eCTb MaJIeHbKMMH MarHuTHKaMu, Jo TexX IIOp,
1I0Ka MX He pa3MarsHuTAT. Takum oGpa3oM, 3JeKTpoMmar-
HUT 3aHHMMaeTcs MepeBOJOM C $3biKd <«eCTb TOK — HeT
TOKa» Ha $3bIK «HaMarHH4YeHHBIN — lleHaMarHHuYeHHbINY.
ITpu cuutbiBaHud WHPoOpMAUMH, 3anycaHHOH Ha Oapa-
6aHe, HAMATHHUCHHBLIH y4acTok OapaGaHa HHAYUHDPYeT
3J€KTPHUYECKHH TOK, KOTOPbIA MOCTynaeT K APYromMy yaJay
MallWHbl, HANIpUMEp K MepPeKJIouaTe.1to, rje NPpOHCXOIHUT
nepeBOJ C fA3bIKa «HAMAardHUeHHbIH -— HeHaMarinyeHHbIA»
Ha A3bIK «BBIKJIOYEHO — BKJ/IOUeHo». JlamMna Haxaausa-
HUA TnepeBesa Obl TOT JKe «TeKCT» Ha S3bIK «TEMHO —
cseTqao0». Ha sa3biKe KHHeCcKomna TO e caMoOe O3HayaJo
Obl «eCTb 3JIEKTPHUUECKHIl 3apsii — HeT 3JIeKTPHUUEeCKOro
sapana». Pese BocnpHHSIo OB coobllleHHe, NepelaHHOe
¢ MarHuTHoro 6apabana, Kak «KOHTAKT 3aMKHYT — KOH-
TaKT pa3oMKHyT». IlonynpoBOAHLKOBLIE BeHTH/Ib Ilepe-
Besq Obl TO, O yeM eMy I[OBelaJ TOCK, I0-CBOEMY. «eCTb
NPOBOAHMOCTb — HET NPOBOAHMOCTH». Bce y3Jbl MallHHBI
BILJIOTh IO KOHEUHOr'O YCTPOHCTBA, MepPeBOAALLETO Pe3yJib-
TaT M3 IBOWYHON CHCTEMBI B JECATHUYHYIO H BbIAAIOLIETO
ero B JeCATHYHOM BHAe Ha neyaTHoe YCTPONCTBO, T'OBO-
pAT Ha a3biKe «0— 1» U NOHMMAIOT 3TOT A3HIK.

IlepBoHauanbHO nep(poJeHTb HALAK HCIOJb30BaHHE
He B BbIYHCJHUTE/JIbHBIX MAaUIMHAX, a B TeJerpadubix anna-
paraXx. Tekct, 3amucaHHbIl Ha nepdoJeHTe Ha fA3blKe
«eCTh OTBEPCTHE — HET OTBEPCTHA», NepeaaBaJjcs Mo Mnpo-
pogaM uiau B 3¢pup. Ecan B /neHTe oTBepcTus He ObLIO,
TO He Obl10 W 3JeKTpHueckoro chrHana. OTBepcTHe B
nepdoJ/ieHTe COOTBETCTBOBAJIO 3/JeKTPHUECKOMY CHrHaJmy.
Ilepdponenta nossoasieT nepenaBaTh o NpoBogaM H 6e3
IIPOBOJIOB HEe TOJBKO TEKCT, HO H H300paxKeHHs, €CJH HX
IpelBapHTE/JbHO NepeBeCTH HA fA3bIK HYyJeH W eIMHHIL.
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Kak 310 nenaetrca? Ha ¢otorpaduio pasmepom 8 X 16
(pa3Mephl maHbl B CAHTHMeETpAax) HaK/JAaAblBaeTcs pacTp,
pasfeneHHbIH Ha 64 uyacTu no IwHpHHe H Ha 128 yacred
no BbicoTe. PoTorpadus okaspiBaeTc pa3/ie/IeHHOH Ha
64128 = 2'3 kJeTOK, KOTOpble MOXKHO NepeHyMepoBaThb
napaMH YHCeJl: OJHO YHCJIO O3HadyaeT HOMep KJeTKH IO
IIKPHHE, IPYroe — HOMep KJETKH MO AJuHe GoTorpapHu.
Homepamu kJaetok mo mupuHe cayxart yucjaa ot 0 1o
63, HoMmepamMu no aauHe —uyucaa ot 0 mo 127. Pasy-
MeeTcd, 0o6a HOMepa CJeLyeT 3anHcaTb B JBOHYHOH CH-
cTeMe: HOMepa NO IUHPpHHE NPHHUMAIOT 3HaueHHA OT
000000 no 111111, nomepa no naunHe — ot 0000000 no
1111111. I'lecTpas nocaemoBaTeabHOCTh 13 HyJselt U edu-
HHIL 103BOJIsSIeT IHepeHyMepoBaTh KJETKH, Ha KOTOpbIe
pasbuta ¢ortorpaduda. 3ateM (QOTO3/JEeMeHT «IIpOCMaTpH-
BaeT» (CKaHHUpyeT) OAHYy 3a APYrod BCe KJIETKH H onpe-
lesisieT, Kakhe M3 KJAETOK TeMHble M KaKHe CBeTJble.
VimeHHO 3Ty HHGOpPMAIHIO MOXKHO NepeiaTh ¢ NMOMOIIbIO
nepgoJsenTsl: HudopMalksd, MHocTynamooulas Ha BXoJ Ka-
HaJla CBSI3M H CHUMaeMafl ¢ BBIXOZA, IO CYILIeCTBY OCTa-
eTcs HeudMeHHOMH. IHaye 06CTOHT mesio ¢ HHpOpPMALUeEH,
BBOJIMMOI B BBIYMC/JAUTENbHYIO MAaIIHHyY M H3BJeKaeMOH
H3 Hee: BbIUHCJAHUTE/bHAs MallliHa He IIPOCTO NOCTaBJseT
HHQOpPMAUHI OT BXOJa K BBIXOAY, HO U nepepabaTbiBaer
coollieHHble eil JaHHBbIE.

[MepepaboTHa uHdopMaumMu

IlepepaboTKka HCXOOHBIX HAHHBIX NPOHCXOOHT MOCTE-
IIeHHO, MeJKHMH IllaraMy, KaxJbid H3 KOTOPbIX IJIHTCA
OIHY CTOTLICAUYHYIO HJHM La)Ke OJHY MHJ/JIHOHHYIO Cce-
KYHIHI.

CJ/loKeHHe W yMHOXeHHe ABYX TPHAUATH3HAYHBIX YH-
cesl (B JBOHYHOH CHCTeMe) NpeJCcTaBJsieT c060il JOBOJb-
HO CJI0XKHYIO onepauuio. Ilpocrefiline ciydan CJI0KeHHS
H YMHOXKEHHSI IBYX YHces CBeJeHbl B TaGJUIy ABOHYHOTO
CJI0XKEHHSI M yMHOXEeHHS, 0 KOTOPOH MBI yXe TOBOpPHJIH:

0+0=00, 041=01, 140=01, 141=10,
0.0=0, 0.1=0, 1-0=0, l«1=1.
Brluncaas npousBeleHHe IBYX uucesa a@ U b, Kaxjuoe H3

KOTOpbIX HNpHHHMaeT JHIlb 3HaueHus O uau 1, Mbl DOJIXK-
Hbl HaWTH YUCJO ¢, TAKXKe NpUHUMaKulee 3HayeHud 0
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wiaHn 1. Boiuncaaa cymMmy a - O Tex Ke yHces, Mbl MOXKeM
npeACTaBHTb ee B BUJe «IABY3HAuHOro» JBOHYHOrO UHCJa
cd, rpe ¢ — uudpa, croguasa caesa, a d — uudpa, crod-
was cnpaBa. Bce BO3MOXHBIe KOMOWHAUMH 3HAyeHHH
a, b, ¢, d nepeuncaeHnl B caenywuleii TabJaunle:

a b ¢ d

0O 0 O
0 1 0 1
1 0 O 1
1 1 1 O

BMmecto emnuHul v HyJel YCJOBHMCS CHOBa FOBOPHTb
«TOK eCThb» H «TOKa HeT». Toraa yucaawm a, b, ¢, d 6ynyt
COOTBETCTBOBaTb KaKHe-To nNpoBoaHukH. Ecam mno npo-
BOJHHKAM a ¥ b TeuyeT TOK, TO MO NPOBOJAHHKY ¢ TakkKe

——<—_-A\0—A\O—<—— C

. -

a b
Puc. 26.

TeyeT TOK. Ho ecsan xots 6bl 1O OJHOMY M3 MPOBOAHHKOB
a@ U1 b TOK He TeueT, TO He TeUeT TOK H MO NPOBOAHHKY
¢. HeBosbHO HanmpammuBaercs MbICJb O I[OCJeI0BaTelb-
HOM COEJHHEHHWH: B IleNHd ¢ HUMEIOTCA JBa KOHTaKTta, yi-
paBJsseMble, HanpuMmep, pese a U b (puc. 26). Korga no
o6MOTKaM pesje @ U b TeyeT TOK, 3JeKTPOMAarHUTbl BTH-
ITHBAIOT CepJe4YHHKH, 3aMblKalOT KOHTAKTbl U MO lenu ¢
Teyer TOK. Ho ecau xota 6bl B OAHON H3 OOMOTOK a
wiau b ToKa HeT, TO N0 KpaWHeH Mepe OLHH H3 KOHTaK-
TOB PAa30MKHYT ¥ 0O UeNH ¢ TOK He HIeT.

CaoxHee 0O6CTOUT JesJ0 ¢ NpoBoaHUWKOM d. Ecau npo-
BOIHHUKH @ U b HaxoasaTCad B OJHOM H TOM 2Ke COCTOAHHUH
(To ecTb a1M60 1o @ U no b uget TOK, AAO0 NO"a He HAET
TOK M 110 b TakxKe He HIeT TOK), TO U 110 d TOK He HjET.
Eciu xe a u b HaxondaTcss B pa3JHYHBIX COCTOSTHHAX (TO
eCThb MO OJHOMY M3 NIPOBOJHHKOB HJeT TOK, a IPYrow,
KaK TOBODAT CIEeUHaJHCThl, «obecTouel»), To no d TOK
uaetr. KoMy He npujer B rojdoBY MbICJb O Jamie, BKJIO-
yaeMoii W3 JABYX pa3anuHbeIX MecT? Ecau oba BbIKIIOYa-
TeJsisl HAXOAATCS B OJJHHAKOBOM NOJIOXKEHHH (JHOO0 «BKJLY,
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JHOO <«BLIKJ.»), TO JaMia OOoTylleHa. Lc/iH BBIKJIIOUa-
TeJH HAXOAATCA B PA3/JHYHDLIX MOJOKEHHAX, TO Jamma
TOPHT.

Ha puc. 27 nokazaHa peJsiciiHasi cxeMa, aHaJIOTHUHas
CXeMe BKJIOUEHHS JaMIbl U3 ABYX pa3JHYHbIX MecT: 00a
BLIKJIOUaTe sl HaxXoAATCA B OJNHHAKOBOM COCTOSIHMH, IO-
3TOMYy Lenb d pasoMKHYTa M TOK 1o Heft He njer. Eciu
Ke no ogHO¥W M3 06MOTOK a Wau b waer TOk, To cpaba-
THIBA€T JHIIb OAHH 3JEKTPOMArHUT M MOJOXKeHHe <«CBO-
ero» KOHTAaKTa H3MeHsleT Ha NPOTUBOIOJOXKHOE, luenb d
saMbiKaeTcs. Ecau Xe TOK TeyeT U mo oOMOTke @, H 1O

-
a
O/V v 4
d —r -
A ‘/(‘f
- >, o
Puc. 27.

oo6MoTke b, TOo cpabaTsiBaroT 06a 3JieKTpomarHurta, oba
KOHTAaKTa H3MeHSIIOT CBOe IM0JIOXKeHHe, U uenb d CHOBA
OKa3biBaeTCsl pasOMKHYTOM.

M3 aByx BeqWYHH @ M b, NIpUHUMAIOUIUX JIHIIL 3Ha-
yeHuss 0 v 1, HOBYIO BEeJHYHHY X, TaKxKe [pHHHUMAO-
Iyio inuiib 3HayeHus: 0 Win 1, MOXKHO 3anucaTh YeThIPb-
Ms1 criocobamu, Tabnauua

a b x

0 0 x
0 1 x
1 0 x5
1 1 x

NMOKa3bIBaeT, 4YTO BeJHWYMHA X NPHHUMAeT 3HauyeHHd X,
X2, X3, X4, KOria ab osHayaer mapnl 3nauyenuit 00, 01, 10,
11. CyuwecTByioT ueThlpe apu(dMeTHUECKHX MHeHCTBHA.
CrenosatenbHO, JBYM H3BECTHBLIM BeJHUYHHAM @, b HOBYIO
BeJHYHUHY X MOMKHO COMOCTaBUTb |6 pa3jHuHBLIMU CIOCO-
G6amy, ¥ KaXXAblli M3 HUX JONYCKAaeT MpeACTaB/eHHE B
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BUJI€ DEJEMHO-KOHTAKTHOH CXeMbl. DIOpoyeM, HHUKTO He
3aCTaBJsIeT HAC HAYMHATL CPas3y ¢ [ABYX H3BECTIIHIX Be-
JUUMH @ u b. Mpl MoXeM B3fiTb JHIIb OJHY M3BECTHYIO
BEJHUHHY @, MPHHUMAKILLYIO JHWb ABa 3HaueHHs O uiH
1, H CONOCTaBHUTb ell HOBYIO BEJIMUHHY X, TakKxe NPHHH~
Mawllyio Jauub asa 3HavyeHus 0 waum 1:

a X
0 X1
1 x

Caenatb 3TO MOXKHO YeTHIPbMS clocoGaMu: 3HaueHHs X
Ju60 CcOBMaJalT CO 3HaueHUAMH «, Jub6o INIPOTHBOINO-
JIOXXHBl UM (TO e€CTb X NPHHHMAaeT 3HaueHue | mpu a =
=0 unx=0npua=1).

NCTUHHO ¥ nom{HO

Kakue BBITOAB CYJNHT HAM BBeJleHHE HOBOH BE/JHUHHHI,
CTaHeT S$ICHO, €CJAH Mbl YCJOBMMCsA INepeBoAnTb (0 Kak
«JIO}KHO», | KaK «MCTHHHO» M MOHMMATL mox a, b, ..., X
BbICKAa3bIBaHHsl, KOTOpble MOTryT OBITb JHOO HCTHHHBIMH,
au60 noxHBIMHU? IIpu nepepaGotke HHMOpMALKHK H3 ABYX
TAaKNX BBICKA3bIBAHWA BO3HHKaeT OLHO HOBOE COCTaBHOE
BbicKa3biBaHne. PaccmMoTpuM, Hanpumep, cienyioliee Bbl«
CKasblBaHHe:

a. «1 pekaOps — He BOCKpeceHbe».

b: «2 nekabpsi— He BOCKpeceHbe».

x: «] pekalpsi— He BOCKpeceHbe HaH 2 JAeKaOpsa—

He BOCKpeceHbe».

y. «1 pekaOpsi — He BOCKpeceHbe W 2 Jekalbpd— He
BOCKpECEHDbEY.

z: «Ecan 1 pgexalpsi — He BocKpeceHbe, TO 2 1eKabs
Pl — He BOCKPECEHbE».

BroickaspiBanHe X Bcerja HCTHHHO, HE3aBUCHMO OT
TOr0, UCTHHHBI WJH JIOXKHB!I BLICKA3LIBAHHUSI @ H b, MO«
CKOJIbKY M3 JBYX TMOCJeNOBaTeJblbIX HaT M0 KpaHHei
Mepe OjlHa NMPHXOAUTCSI He Ha BockpeceHbe. (YcCJI0BUMCH
BCerjla CYUTaTb COCTABHOE BLICKA3LIBAHHE C COIO30M
«HUJH» HCTHHHBIM, €CJH UCTHHHBI JHGO OAHO H3 BLICKA3bls
BaHHWH a uau b, 6o oba BbicKasbiBaHus.) HaoGopor,
BbICKa3bIBaHHWE I B ONHH FOABl HCTHHHO, B ApPyTHE JOXKHO,
Tak ke ofcTout Aeso K ¢ BhicKasbiBanueM 2. OHO J10XKHO,
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ecan | mexkalOpsd He NMPHUXOAUTCH HAa BOCKpeceHbe, a 2 Ae-
Kabpsi — BOCKpeceHbe, TO eCTh B Te rojbl, korpa 1 ne-
Kabps najgaer Ha cy60o0TYy.

Eule omun mpumep.

«1 nexabps — BOCKpeceHbey.
«PoxnectBo nagaer Ha 1 gekabpa».
«PoxaecTBO majgaer Ha 25 agexkabpa».
«HoBbili rox npuxoautcs Ha 1 sHBaps».
«ITacxa npuxonuTca Ha 2 siHBapAa».

RS SR

B stom cJyuae COCTaBlibli€ BbICKasblBaHHUS

c ud,

a Wi c,

d unu e,
ecau b, To c,
ecau b, To e

BCerpa HMCTHHHBI, COCTABHbLIE€ BBICKA3bIBAHHA

du c,

b u e,

b uam e,
eCcJIH ¢, TO e

BCeraga JOxHbl, a COCTaBHbI€ BBICKA3bIBaHHSA

a uay b,
ayc,
ecqu @, To b

MOTYT HMHOTJa OBITb HCTHHHBIMH, HHOrAa JOXKHBIMU (1O-
cleHee BbLICKa3bIBaHHe JIOXKHO B Te rojbl, Korpa 1 ze-
KaOpsl — BOCKpeceHbe, NMOCKOJIbKY B 3TH TOAbI, €CJu Obl
nocJefHee BbICKa3blBaHHe OblJ0 HCTHHHBIM, POXIECTBO
npuxonuaoch 6ul Ha 1 mekadps).

[Ipenmno/sioKuM Tenepb, UTO 4 W U — JBa BLICKA3bIBa-
HUS, OTHOCHTEJbHO KOTODBIX H3BECTHO JIMIIb, HUCTHHHBI
OHH HJH JOXHBI. DTOro AOCTATOUYHO, uyTOGLI MBI MOTJIH
OnpeaeuTb, HCTUHHBI WJIH JIOXKHBI COCTABHbIE BBLICKA3bl-
BAHUS «U H U», «U WIH U», «ecau u, To v». HelcTsu-
TeJIbHO, BBICKA3blBaHHE «U M U» HCTHUHHO JIMUIbL B TOM
cayuae, ecau 06a BBICKA3bIBAHHS 4 W U HCTHHHBI OLHO-
BpeMeHHO. BbICKa3bIBaHHE «U UJH U» JIOXKHO JHIIb B TOM
cayuae, eciau 60a BbICKA3blBaHUA 4 U U OLHOBPEMEHHO
JNIOXKHbl. HakoHell, BLICKa3bIBAHHE «ECJH U, TO U» JIOKHO
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JdvllbL B TOM cJyuyae, ecjan @ HCTHHHO, a U, HAdOOpOT,
JIOXKHO.

‘BepHeMcsi BHOBb K HYJSM W €JHHHLIIAM: YCJOBHMCH
CTaBUTb | BCIOAY, rje CTOHT «HCTHHHO», H 0 Bcloay, rae
CTOHT <«JIO2KHO». 3HAYEHUAM U H U CBSISKH <H», <UJIH»,
«eCJd ..., TO ...» CONOCTABJAIT HOBble 3HA4yeHHs, KO-
TOpbie NpHBEAEHbl B cjenylolleil Tabauue:

4 v UMV UHIHU €CJH U, TO U
0 0 1

—_— o OO
— O - O

0 1 1
0 1 0
1 1 1

Mbl BHIMM, UTO COIO3 «H» JEHCTBYET TaK XKe, Kak cyd-
GHKC «-KABI» NPH YMHOKEHHH ([BaKAbl ABAa — YeThipe),
MO3TOMY «H» MOXKHO NpPENCTaBHTh NPU NOMOUIH TOH XKe

-
- u
u
__A\o
——V/——
e —c— ————— s e
wo [ AN I P
-
—~ v .
Puc. 28. Puc. 29.

pesedHO-KOHTAKTHOH cXeMBl. B3rsisiHyB Ha cTo.6ell, OMH-
CHIBAIOUINH JEHCTBHUE <«HJIH», HETPYAHO 3aMeTHTb, 4YTO
«HJIN» peajudyercs IMpH IapaJjjeJbHOM COEAHHEHHH
(puc. 28): TOK B Uenu «4 WJAH U» He TeueT JIHUIb B TOM
cjJydae, KOrja HeT TOKa U B OOMOTKe 4, 1 B OOMOTKe 0.

PeneliHo-KOHTaKTHAsT cXeMa, peasusyloulas <«ecaH U,
TO U» H300paxKeHa Ha pHC. 29: TOK B UENH «eCau U, TO
U» He TeyeT JHIIb B TOM CJiyuae, eC/id B OOMOTKe # €CTb
TOK, a B 0OOMOTKe U TOKa HeT.

PeneliHO-KOHTaKTHYIO cxeMy, H300paxeHHYyIO Ha
puc. 27, TakxKe MOXKHO [epeBeCTH Ha $I3bIK «HCTHHHO —
JIOXKHO»: d O3HauyaeT, YyTO BLICKA3biBAHMA @ H b MpOTH-
BOpDEUHBHI.
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CoBceM He 00s13aTeJILHO NIpeoOpas3oBbIBATH JBA BhI-
CKa3blBaHUS B OJHO COCTaBHOe: B3MB JIHLIb OJHO BBICKA-
3biBaHHe, MBI TaKxke MOXKeM TMOJYUHTb H3 HEero HOBOE
BbICKa3biBaHHE — MPH ITOMOLLI onepallid OTpHIUAHHUA HC-
XOMHOIO BBICKa3biBaHHWA. DBbicKasbiBaHHE «He u» olpa-
3yeTcsl H3 BbICKA3bIBAHHUS U CAeAYIOUHM o6pa3oM:

u Heu
0 1
1 O

Pesefino-kOHTaKTHAs cxeMa, npeoGpasyioliass # B <He
u», nokasana Ha puc. 30: ecau no OOMOTKe u He TEUeT
TOK, TO 1O LIeNH «He u» HIET TOK
(KOHTAKT 3aMKHYT); €c/lH XKe II0
oOMOTKe # HAET TOK, TO B LeNHu
«He u» TOKa HeT (KOHTAKT pas3oM-
-t &~ —— <« KHYT).
CJoBa «H», «UJIH®, <eCaH ...,
Pue. 30. TO ...», «He» W TaK jajee Ha3bLIBa-
IOTCSI A02uUYecKumMu c8a3kamu, fo-
CKOJIbKY OHH He ABJSAIOTCA CaMOCTOSAITENbHBLIMU BLICKA3bl-
BaHUSIMH, a JHILIb CBA3BIBAIOT HCTHHHOCTb W JIOXKHOCTD.
Jloruka yaensieT MHOTO BHUMAaHUS M3YUYEHUIO MBILIJIEHHS,
U No3JHee MbI ellle NMOrOBOPHUM 0 AYMAaImHX MallHHAaX.
Ho cHayana HaM Heo6XOAUMO NTO3HAKOMHTLCSA C aBTOMa-
TaMH, YMEIOUWHMH HrpaTbh B pas/jHyHbLIe HIpHL.

Urpalowme mawunHbl

Teneps yxke, 10/KHO ObITb, BCE YUTATENHN JOTaLAJUCh,
noueMy Mbl Tak noapcOGHO pa3bupanu urpy B HHUM. [lpa-
BHJIA HIPbl B HUM H CeKpeT, NO3BOJAIOUIMNA 31ech ObITh
YeMIIHOHOM, CTOJb MPOCTHl, YTO HX MOXKHO OOGBSACHHUTH
llaxe BeCbMa MPUMHUTHBHOHY BBbIUMCAHTENbHOH MaUIHHE.
Kakumu «crnoco6HocTaAMH» [JOJMKHa oOJagaTs, MallHHa
IJs1 TOro, 4TOObl Halld. 0ObSICHEHHUS OKa3aJHuChb HOCTYII-
HBIMHU /151 Hee? OHa HOMXKHA yMeTb MePEeBOAHUTH UHC/A,
3alaHHble € B JAEeCSTHYHOH CHCTemMe, B JABOHUHVIO CH-
CcTeMy, NOACUUTHIBATL UHCJO eJHHHIL B CTOJO6IAX H onpe-
JEeJSITb, UeTHO OHO MWJIH HeYeTHO, H, €CJH BO3MOXKHO,
YMEHbIIATh OAHO H3 YHCeJ Tak, YTOObI UHCJAOQ €ILMHHL
B KaxXJIoM CcTOJ0le CTaHOBHJOCL 4eTHbIM. KaKawifi, KT0
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XOTb HEMHOI'0 pa3OHpaeTCsl B TeXHHKe W 3HAKOM C pe-
JeiHO-KOHTAKTHBIMM cXeMaMH, 0e3 Tpyaa Habpocaer
CXeMY TakKOH MallUHBl, He Tpelywlied O0COOBLIX 3aTpar
PU MOCTpPOHKE.

Opna MawmuHa, urpamuias B HUM, JeMOHCTpPHpOBA-
Jace Ha BcemupHoii BricTaBke B Uukaro Bckope nocse
OKOHUAHHSl BTOPOH MHPOBO# BOHHBI (NO31Hee 3Ty Ma-
IIMHY NoKasbiBaau W B EBpome). Becusia ona okougo
TOHHBI, HO 3TO OblJIa JUIIb BUAUMOCTL: B JEHCTBUTEJbLHO-
CTH MaLIMHY MOXHO OBIJIO [IEPEHOCHTD B ALUHMKE OT 0O0Jb~
oro paanonpueMHuka, Mamvua Besa ce0s no-AXKeHT/Ib-
MEHCKH: OHa Bcerja Mnpepjaraja CBOHM [apTHepam
HCXOJHLIe MO3UILMH, KOTODBIE TOJHUMAJH X LIaHCHI Ha BbI-
urpeiil. M Bce ke B mopasJsionieM OOJBIIMHCTBE Nap-
THH noGeny oaepxKuBaJja maimuHa. Ee mapTHepsl n160 He
BJaje/H ceKpeToM OeCnpOMrpullIHON Hrpbl B HUM, JHOGO,
€CJIM U OBLIN OCBeAOMJIEHBl O HEM, He MOIJIM COCTA3aThCA
C MalIMHOH B OBICTPOTEe cueTa W 0e30MIMOOYHOCTH BHI-
KnagoK. MiMnpeccapio HenpeB3OHJEHHOTO HIpOKa B HUM
BOBPEMSl 3aMeTHJ, UTO CBepxuesJcBeueckas OBICTPOTA,
C KOTOPOH MauinHa NpPOU3BOAHMT HEOOXOLHMBble 1JIS Ouye-
pelHOro X0La pacueThl, yrHeTaolle AeHCTBYET HA 3pHUTe-
JieH, H, 4TOOLl NpeAOoTBPATHTL IpPOBaJ 3aAyMAalHOrO0 HM
NPeANpUATHSA, HCKYCCTBEHHO <«NPHTOPMO3HJ» MAaIIHHY.
Ha kaxkabelfi X04 cBOEro mapTHepa MallhHA OTBeyasaa He
Cpasy, a HeCKOJbKO MOMeIJHB, KaK Obl mocae O00LyMbl-
BaHUS CO3AaBIIEHCS MO3HUIHH.

'oBopsi 06 wurpanbHBIX aBTOMarax, Mpexje BCEro
UMEIOT B BHAY aBTOMAaTbl A/ PAa3/IMYHLIX a3apTHLIX HIP
M JIHIIb [IOTOM BCIOMHHAIOT O MAIlHHAX, YMEIOUIHX HT-
paTh B HUX HA rpoccMeficTepckoM ypoBHe. TaKHe a3apTHBIE
HTpbl, KaK OpeJ WM pellka, KOCTH, pyJieTKa, asTo-
MaTH3HPOBAHBI JULIb HelaBHO. [Ipu oueHb NJMHHOM psine
Opocanuii HedaabliuBass MoHeTa OyleT BhIMagaTh BBEpX
rep6boM CTOJIb XK€ YyacTo, Kak H BBEPX pelneTkoi. B aTom
MOKHO HE COMHeBaThCsl. 3aTO BCE OCTaJibHble JeTaJ/u Mno-
BeJleHHsT MOHETH HeJb3d HpeAcKa3arh ¢ NOJHOH YBepeH-
HOCTbIO, H HMEHHO B TaKOH HeonpendeJeHHOCTH M 3aKJI0-
yeHa «COJIb» BCeX a3apTHuix Hrp. [Hake mnpoHabaronas
3a NJHHHON CepHel OpOCaHHMIl MOHETEHI, HeJb3sl MpelicKa-
3aTh, BbIMAJET JiM OHA NpPH C/AeAyroileM OpOCaHHH BBepX
repO6OM HJIH BBepX pelieTKoi. AHANIOrHYHO OOGCTOHT AE0
H C UTPaJbHBIMH KOCTSIMH HJH C pyJeTkoil. CTOUT Julib
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NOSIBUTBCS KakKOW-HUOYIAb 3aKOHOMEPDHOCTH MexXpay Ha-
yaJibHbIM H KOHEYHbIM [0JIOXKeHHeM KoJieca PYJeTKH B
urpaabHoM 3aje Mourte-KapJso, Kak Takymo pyJ/JeTKy TOT-
yac e OTINPaBsT B PEMOHT.

Bo MHOrHX rocyzapctBax as3apTHLIE HIPHI, JIOOHTENH
KOTOPbIX NOAYAC NPOUTPLIBAIOT OAaCHOCJOBHbIE CYMMHI,
3anpeledsl 3aKOHOM. Baajeablibl HrpaJbHBIX aBTOMATOB
yTBEpIKAA0T, OYATO HCXOA NOJNOOHBIX HMIpP BO MHOTOM
3aBHCHUT OT HCKyccTBa urpoka. [Henn3s ckasaTts, 4To nogo6-
Hble 3asBJIeHHSI MOJHOCTbIO He COOTBETCTBYIOT HeHCTBH-
TeJbHOCTH. UTOOBI MpHUBECTH UrpaJibHBIH aBTOMAT B HAeH-
CTBHE, JIOCTAaTOYHO MeJKON MOHeThl. ABTOMAaThl, KaK mnpa-
BMJIO, OUEHb H3HOIIEHbI, H, HKCTIIEPUMEHTHPYS], HETPYLHO
NMOAMETUTL KaKyI0-HUOyAb 3aKOHOMEPHOCTb B HX paboTe
U Jaxe OOHAPYKHTL BO3MOXKHOCTb BJIHSITh Ha <«XOIbLI»
apTomara. Hanpumep, npu urpe ma aBToMaTte, NOLBEpr-
HYTOM HCCJIeIOBAHHUIO, UTpAIOLIHHA ¢ BeposiTHOCThbIO 60%
MOT BEpPHYTb CBOM A€HbI'H, a NIPU YMEJOH HIpe ero LIaHChl
Ha BO3BpallleHHe 3aTPAaueHHBIX Ha UTPY JEHer BO3pacTaJnH
1o 70%. HMuaue rosopsi, Ha Kax Ayl ONYUIEHHYIO B aB-
TOMAT MapKy Hrpalollui, JedCTBYs Hayraj, B CpelaHeM
Tepsia 40 ndenuuros. [IposABHUB H3BECTHYIO CHOPOBKY, OH
MOI' CHH3HTb mnotepu a0 30 npeHHUroB Ha Mapky. B neit-
CTBUTEJBbHOCTH CaMBIM HCKYCHBIM CJieAyeT CUHTATh TOro
HIPOKa, KOTOpPbIH BOOOLIe He HrpaeT, MOCKOJbKY ero cpel-
HUH TPOUTPHIII 3aBeAOMO paBeH HYJ 0. BrnpoueM, yxe
HEOJHOKPATHO BLICKA3LIBAJUCh TNPENJOKEHUST BMECTO
TOTO, YTOOBI BeCTH Ge3HamexHYyI0 00pbOy C HrpaJbHBIMH
aBTOMaTaMH, 00513aTb HMX BJIaJeJblieB BbiBELIHBATh Y
KaxaIoro aBToMara 00bsiBJeHHE, ThAe Obl B SIBHOM BHJE
TOBOPHJIOCh, KaKOBbl B CpeJHeM IOTepH MpH HUrpe Ha-
yraj H npH HCKYCHOH urpe. D10 Obli0 OBl HauboJee AeH-
CTBEHHBIM CpeJCcTBOM GOpbOBI C TOH HamacThlo, KOTOPYIO
IpeCTaBJsIOT UTpasJbHble aBTOMATHI.

Urpa B ueT u Heuer

A ceityac peup noiimer 06 aBTOMAaTax COBCEM HHOIO
pora. Mrpa u3BecTHa mom Ha3BaHHeM ueT U HeueT. Hr-
palT B Hee BABoeM: Hrpok A u urpoxk B. O6a ogHOBpe-.
MEHHO MO0KAa3bplBalOT APYT ApPYyry MoHeTKy. Ecsau Ha su-
1leBOH cTOpoHe 0GeHX MOHeT OKa3biBaeTcsi repd, To BHI-
urpuiBaer A. Ecim Ha nHMLEeBOR CTOpOHe OLHON MOHETHI
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OKa3bIBaeTcst rep0, a Ha JIMIEBOH CTOPOHE JPYroH MoO-
HEHTBl — pelleTKa, TO BLIMTPLIBAET

CaMu 1o cebe mIaHChl HFpOKOB A u B Ha BLIMIpbILI
paBHbl. Ho npu urpe B yeT M HeyeT JIOBKOCTb PYK U CO-
00pasuTEJbHOCTh HUrPAIOT JaJeKO0 He IOCJEIHION pOJb.
Hanpumep, eciu B HacTOABKO TJayH, YTO MONEpeMeEHHO
nokasopipaer rep0 W pellleTKy, TO HUrpoKy A AJas TOro,
yroGbl BLIUTPaTh, NOCTATOYHO JHIIL [OBTOPSTH XOMBI
cBoero naptHepa. Ecam Takylo raynocTh coBepliaer urpok
A, To urpok B obecneunBaetr ceGe nobeany, nOBTOPsis BCe
XObl MPOTHBHHUKA «HAOGOPOT», TO eCThb MOKa3blBas Apy-
I'yi0O CTOPOHY MOHeTHl, ueM A. Pasymeercsi, cToJb raynoi
TAaKTHKH He mnpuzaepxkusaercs HHUKTO. Ho 1 HeGosbuION
ONJIOLIHOCTH JOCTaTOYHO, uyTOOW Mpourpath GoJiee XHT-
poMYy NpPOTHBHHKY. TOT M3 UrPOKOB, KOMY yaaetrcs pac-
KPBITh 3aMbICeJ CBOero napTHepa, MoJgyuyaer Npeumylle-
ctBo. Orciloga caenyer, yTo Jiydille Bcero Boofule He
NpUAEPXKHUBATLCS OIpeAeJeHHOro IJaHa, a I0Ka3blBaTh
rep0 U pelleTKy Hayral, cl1yuaiHblM 06pa3oM: Bellb €CJIH
Yy BaC HeT IJ1aHa, TO ¥ PAaCKPBITb €ro HEBO3MOXKHO; €CJ/H
urpatb OeCCHCTEMHO, He MPHAEPKHUBAACH KaKOH-1u60
CXeMBbl, TO mapTHep 6eCCHJ/JEH BOCIOJb30BaTbCsl OGHApY-
JKeHHOH MM 3aKOHOMEPHOCTbIO B CBOUX HHTepecax. On-
HAKO MOCTHYL MOJHOH OecnopsiioOuHOCTH B XOmax He
Tak-To Jerko. Ecau urpa mnpogosnxaercsi HOCTATOUHO
A0JIT0, TO UTPOK, CaM TOro He 3aMeuasi, HauMHaeT OT/ha-
BaTh NpeANOYTeHHEe TeM HJIH HHbIM X0JaM — B pacrnpene-
JICHHH rep0OB M pelieTok OOHApPYXKHMBAIOTCA HEKOTOPHIE
3aKoHOMepHOCTH. OfHAaXKAbl HECKOJbKHUX JIOAell nornpo-
CWJIM BBHIMUCATbL Hayrana pan uyuced. M utor’xke? B mosay-
YEHHBIX N0C/JeJ0BaTEJbHOCTAX «CJAYUaAHHBIX® YHCEJ BBIS-
BUJINCH BNOJIHE 3aKOHOMepHBble I[OBTOPEHHSI OTIeNbHBIX
rpynm uuces, CBA3AHHBIX C JHSMH pOXKIEHHS, HOMepaMH
AOMOB, TeJe()OHOB H TOMY NOAOOHOE.

CBOJCTBEHHOI JIOAAM CKJIOHHOCTBIO K 3aKOHOMEpHO-
cTH Hekorja Bocno/ab3oBajca K. Illennon. Ou nocTpoun
MallHHY, HIPaBUIYIO B YeT W HEyeT C YEJOBEKOM H BBIHT-
pbiBaBUIyI0 B cperHeMm 60% mnaptuil, XoTs wrpa BeJach
YeCTHO: UIAHCHl HA BBIUTPHIII MAMIMHBI M Hrpoka OBblIH
paBHbl. BmecTo TOro utoGbI NMOKa3biBaTh MalllMHe repod
WU pelleTKy, yenoBek BBoaua B Hee | uau 0. Kak To/b-
KO Ye/IoBeK HaxKMMaJ COOTBETCTBYIOUIYIO KHOIKY, MalliH-
Ha cooOlliana CBOY OTBETHBIN XOA: HOKa3bIBaJIa B OKOILKE
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U nan 1. Ecan o0a nmapTHepa npedbsiBJASIIH APYr APYry
ONHO H TO XK€ YMCJO, TO BHIMIPbIBaJa MallliHa, B IPOTHB-
HOM cJayudae nobeantenem o6bABJASAACT uesoBeK. Yeaosek
Iesajl HeCKOJIbKO XO[0B, a MAallHHA 3aluchiBajla BCe
npoucxojsilee B cBoen mnamaTH. HekoTtopoe Bpemd
CIIyCTsl MOCJI€ HayaJjJa Urpbl MallluHa aHaJHu3HpoBaJia Ha-
KOIJIEHHBI ONBIT W IOBeJeHHe MmapTHepa, a 3aTteM HC-
noJib30Basa OOHApYKEHHble €I0 3aKOHOMEpPHOCTH NPOTHB
Hero. ManinHe c ee NpPOYHON MaMATBHIO H CINOCOOHOCTLIO
MOJIHHEHOCHO MNPOH3BOJAUTL BBIUMCJEHHS yAaBaJoch pac-
KphlBaTh TalHble 3aMBIC/Ibl CBOUX MapTHEPOB, KOTOpHIE Te,
CaMH TOro He cO3HaBas, NbITAJHCh NMPETBOPUTHL B KHU3HD.
O6esonacuth ce6Gs npuH Urpe ¢ MAaUIHHOH MOXKHO OBIJO,
JIUUIb UCKJIOUHB «TalHble» 3aMBLIC/IbI: HanpuMep, HapTHep
MOr TallIKoM 6pocaTh MOHETY H B 3aBUCHMOCTH OT HCXOJa
6pocanus HaxKUMaTh JH60 KHONKY «0», JHOO KHONKY «1».
Kcrath ckaszaTbh, UMeHHO Tak noctynaja Mamuna LleH-
HOHA B HayaJie Urphl, KOrJa OHA ellle HeJO0CTaTOYHO 3HaJa
CBOEro nmapTHepa H Ha BCAKHUH CJAYyUail MbiTasach CKPHITh
OT HEro CBOH «3aMBICJIBIY,

Meton Moute-Hapno

Mrax, Mbl BHIACHWIH, 4TO MaiunHa IllenHoHa monxkHa
YMeTb He TOJBKO CYHTATh, HO M UTPaATb B OpJia HJH pell-
Ky 1 paboTaThb He TOJbKO B 3aKOHOMEPHOM, HJH, KaK elle
rOBODPAT, AeTEePMHHUPOBAHHOM, HO U B CJYUYaHHOM peKIHi-
Me. Mamuna IlleHHOHa mO/JXKHaA BJAaNeTb HCKYCCTBOM
IPOU3BOANTL CJYydalHble I10CAE0BATENbHOCTH HyJieh U
eannun. To e MOMXKHO CKa3aThb He TOJIbKO O MallluHax, I10-
CTPOEHHBIX JJIsT TOro, YTOOBl HUrPaTb B PA3JIMYHBIE HIDPHI.
CyumecTByer HeMaJ/J0 MPAaKTHYECKHUX MPoOJeM, HACTOJILKO
3alyTAHHBIX W CJAOXKHBIX, YTO JAE€TEPMHUHHUPOBAHHBIH MOJ-
XO[ K UX pelleHHI0 cOnpsiKeH ¢ OOJBUIUMH TPYAHOCTSIMH
HWIn 3aBeloMoO obpeueH Ha Heyaauy. [Ipu peurenun mo-
NOOHLIX 3a/a4 BBIUHCJUTEIbHOH MalllMHe He OCTaercs HH-
yero JApPYyroro, Kak HrpaTtb B cCJaydanHyio urpy. Taxkon
MMOAXOA K pelleHHI0 3ajlau HasbiBaeTcsi merodom Monre-
Kapo.

PaccmoTpum ofguH mpumep. DJeKTpudyeckasi ceThb pac-
CUMTaHa Ha ONpeJleJeHHYI0 CPeHIOI0 Harpysky, HO ee Ha-
rpy3ka 3HAUWTEJbHO Bo3pacTaeT B 4Yacol Nuk. [lepuonn
NIOBBILICHHOTO pacXxofia 3JeKTPOIHEpPruH, Kaxk MpaBHJO,
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XOpoloO HsBCCTHDL. TdROBDLI, HaAllPXMCDP, SHMMAOHE DBCHECDa,
KOTJa IMPOMBIILIJIEHHble NPEANPUATUHS ellle MPOAQJAKAIOT
paboTy, HO y¥XKe BKJIOYAeTCs OCBelleHHe YJHUI, KBApTHP,
cBeTOBas pekJsama. Bmecte ¢ TeM HabJ04alOTCsT U He-
OXKHU/JAaHHBblE TMHKH PAacXoja 3JeKTPO3IHEePTHH, BbI3BAHHBIE
cTeyeHHeM caydalHBIX 00CTOATe/1bCTB, HAPUMEP BHe3al-
HbIM HacCTYyIJIEHHEM XOJO0J0B, 3acCTaBJSIOIINX KHTEJeH
ropojia BKJIOYATh 3JEKTpHUecKne oborpeBarenu, H IOKa-
30M B TOT XKe Beuep CEHCalMOHHOH TeJsenepefadyd, KOTO-
PYIO CMOTPHT MHOXKECTBO Hapoja. DJeKTPOCTaHIHsl OKa-
3bIBAETCSl [eperpyKeHHoH, U Hanps:KeHne B CeTH MaLacT.
BBLIUHCJAHTL 4acTOTY MOAOOGHBIX HexeJaTeJbHbIX NMeperpy-
30K — 3ajlaya MarteMaTtunka. Ero noixoa Kk peli€HUI0 Mbl
paccMOTPHUM Ha HECKOJbKO 060Jiee NpPOCTOM IMpHMEpeE.
IIpeanosoxum, 4TO HAC HHTEpPECyeT paboTa 3JeKTPOCTaH-
I1H, o0cayKuBawled OOWHUDPHYIO CeTh 3JeKTpOodHUUPO-
BaHHBIX XeJe3HblX aopor. HexXesatespHasi Meperpyska
MOKET BO3HHKHYTb, €CJH BCJAEACTBHE HEJIOCMOTpPa B rpa-
(¢ HKe ABUNKEHUS WIN CJAYyUYalHOro ONO3JaHuUs B OJUH U TOT
K€ MOMEHT BpeMeHH OYAyT TporatbCa C MeCTa OueHb
MHOrO 1moe3fioB. Takoro OBbITh He AOJXKHO, MO3TOMY Ha
OOJIbINON 3JEKTPOHHOH BBIYHC/IHTENHHONH MallihHe 3apa-
Hee <«IIPOUTPBIBAIOT» IPpaUK ABHIKEHHS IO BCEM Yy4acT-
KaM JKeJe3HOJLOPOKHON CeTH, mpuueM B OpOrpaMmy BBO-
JSIT BCEBO3MOKHbIE ONO3/1aHHus, pacnpene/ieHHble IO Bpe-
MeHH cJydyahHblM 00pa3oM, W paCCUHUTHIBAIOT BO3HHKAIO-
I{YI0O TIPU PAa3JUYHLIX CHTyalLUsX MEeperpysky 3JeKTpo-
cTaHuuH. Tak 4HC/AeHHbie METOJbl MO3BOJISIIOT H3yyaTh
noTpeOGHOCTH B 3JEKTPOIHEPTruH MPH MHKAX HATPY3KH U
TIO3BOJISIIOT yKe CO 3HaHHeM Jena pelarb BOMNPOC O Bbl-
60pe MOUIHOCTH NPOEKTHPYEMOH 3JEKTPOCTAHIIHH.
[IpourpoiBanne Ha MallWHe «UTPyLIEYHOU» CHTYALHH
nHaspiBaetcs: mModeauposaruesm. Hanpumep, MOXHO cocra-
BHTb CXeMYy HapOJHOI'O X03AHCTBA, Ile OfHa OTPAacCb IIPO-
NW3BOAMT, Apyrad mnortpebasier, OLHa INpoJaer, Apyrad
NOKynaer, rae OTPacjH B3aUMOCBSI3aHbLI H B3aHMO3aBHCH-
MBI, H YUeCTb B INpOrpaMme pasJjiMuHble cAydyaiiHbe PakTo-
pol. MamuHa, KOTOpPOIl @pPUAETCS MOAEJNHUPOBATH 3Ty
CXeMy, AOJI2KHA YMETb HrpaTb B cJyualiibie urpnl. s
3TOro efi He 0053aTeJIbHO YUYHUTbCS MrpaTh B OpJia HJH
peiky. BopluncauTe/bHBIE MAIIHHB YMEKT NPOH3BOAHTH
XUTPOYMHeHIHe cay4YaiHble NoC/aAel0BaTeJbHOCTH ¢ 3apa-
Hee 3afaHHLIM paclipefieleHueM HyJed U eJHHHL.
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Il],eTepMMHMpOBaHHIale BblYHCJIUTECJNIbHBIE MaLUHbBI

PasauyaioT JAeTepMHHHPOBAHHbIE BBIUHCHHTE/btILIE
MallliHbl, nepepabaTbiBaiolllie BBOAUMbIH B HHUX Marte-
pHaJ TakK, YTO KaXXJblH CJAeAYIOLMH luar B NpeBpallleHuH
HCXOJHBIX JaHHBIX B OKOHYATEJbHBIH Pe3yJbTaT LEJHKOM
onpenessiercs npeAbAyIUM LaroM, ¥ BepOSATHOCTHBHIE
BBIYHCJ/IHTE/NbHble MAUIMHbI, B KOTOPHIX nepepaboTKa BBO-
JUMOr0 MaTepuaJa 3aBHCUT OT CJAy4alHOro 3JeMeHTa.
B meTepMHHHDPOBAHHBIX MAalUWHAX KOHEUHBIH pe3yJbTaT
MOJIHOCTbIO OMNpenendeTcd TeM, YTO MOCTYMHJIO Ha BXOX
MalldHbl. Ec/ii BBECTH OJHH H Te XKe HCXOJHble JaHHbIE B
JBe JeTepMHHHPOBaHHble MAaIHHBI-SJH3HELbI, TO 00e Ma-
{IMHBI BBIZAAYT oAuHaKoBbie HH(pel. Haobopor, ecan ma-
LIMHA HCMOJIb3YeT KaKHue-TO CJaydaliHble ieMeHTHl, TO NpH
OJHUX H TeX XKe HCXONHBIX AaHHLIX OHa OyJeT BLIAABATh
TO OJAHH, TO JAPyro# pesyabTaT, NOJ0GHO TOMY Kak MNpHu
BHITATHBAHHH OWJETHKOB B JIOTepee HEBO3MOXHO JBa
pa3a MoJy4YdTb OAHHAKOBYIO MOCJE€N0Bare/JbHOCTh HOME-
POB. “ |

Crenyer 3aMeTuTb, YTO CTPOTO JETePMHUHHPOBAHHAS
BBIUHCAMTENbHAS] MallyHa — He Oojiee yeM abGCTPaKTHOE
nouatie. Owu6aThc CBOHCTBEHHO HE TOJABKO YEJOBEKY.
MaumuHpl Takxe MOryT 3TO AenaTb. CoBpeMeHHasi BHIYUC-
JUTEeJbHAS MalldHa, BHIMOJHAIONIAS B CEKYHAY MUJIJIHOH
ornepauuii, BpeMss OT BPEMEHH MOXKET <«HEHOTJSAETb» U
NPONYCTUTb OAHY H3 HHUX, KOHTAKT MOXKET He 3aMKHYThCH,
3JeKTPOHHAas Jamna — He c¢paboraTb, NOJAYIPOBOIHUK —
neperpetbcad. Takue c60ou CKa3biBalOTCHA, XOTHA H He3HAYH-
TeJhHO, HA KOHEYHOM pe3yJbTaTe U H3MEHSIOT €ro, XOoTs
HCXOJHble JaHHble OCTaloTCs HeusMeHHbIMH. Ha npakTuke
He CYyLLecTBYeT BhIYHC/AUTEJbHBIX MalUUH, KOTOPbIE MOXKHO
O6biIo Obl Ha3BaThb AETEPMUHHPOBAHHBIMH B CMbIC/IE JaH-
HOrO BBIIIE OMNpejiesieHusl, HO NpelncTaB/adaTh cefe TaKylo
MallMHy KakK a0CTpakuHio BIOJHE NONYyCTHMO.

Henp3s He oTMeTuTh elle OAHO BeCbMa INMPHMeEYATe/b-
Hoe 06CTOATeNbCTBO: MU POBLIE MOCAEN0BATENbHOCTH, IO~
pPOXKJAEHHbIE BIOJHE JeTePMUHHPOBAHHBIM 06pa3oM, BHell -
He MOTYT BHIMVISIAETb CAyYafAHBIMH IOCJE10BaTENAbHOCTIMH,
Hanpumep, npeanosoxuMm, uTO MalluHe 3aJlaHO BOCh+
MH3HAYHOE YHCJIO @ W OHAa AOJXHA VMHOXHTbL €ro Ha 23,
pasnenutb noJdyueHHoe npoussenenue Ha 108 - 1 u 3a-
NHCaTh OCTATOK B BHAE HOBOro uuciaa 4. Ecau yuciaa a
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BBIIIUCATh OJHO 3a APYyruM, TO OHH 00Opa3yior nocaeno-
BaTeJbHOCTb, B KOTOPOH Heldb3sd OGHApYyXUTb HHKaKOH
sakoHOMepHOcTH. Pacnonaras 3anporpaMMHpOBaHHONR Ta-
KUM 00pa3oM MalUHHCH, MOMKHO OTKPbITh HCOPHBIA JOM
H YTBEePXKIAA&TDL, UTO UIpPa, npepjaraeMasi BHUMaHHIO ‘fioce-
TUTeNeH, JHlIeHa 3JeMeHTa cJaydyaiHoctd. BriiaBaemas
MAallUHON YHCJA0Bas MOCJAEN0BATENbHOCTL 00pasyercs o
BIIOJIHE ONPEAES/JeHHOMY 3aKOHY, U TOT, KTO MOXKeJaaeT Co-
pBaTb 0aHK, NOJIKEH JIUlUIbL B TeueHHe HEKOTOPOro BpeMe-
HH NpoHalbJonaTth 3a uepenoBaHueM uudp, utrobLl 3aMme-
THTb CKDBITY® 3aKOHOMepHocTb. M Bce ke nomo6HOe
yTBepKIeHHe CJiedveT DPAacClUEHUTb KaK MOILIeHHHYECTBO.
OOGHapyXXHUTb CKPHITYI0O 3aKOHOMEPHOCTb UepeJOBaHHS
nHdpP MOKHO JHIIL B TOM cjaydae, eCJlHd BOCIOJAb30BaTHCA
ropasao OoJgblliell BBIYHCAHTEJNbHON MAaIlHHOH, 4YeM Ta,
KOTOpasi MPOU3BOLHUT IocjenoBare]bHoCTb. OGHAPYKHTD
3aKOH, 10 KOTOPOMY MallWHa meyartaeT O4YePEeJHOH UJieH
NOCJAEeN0BATENbHOCTH, «HEBOOPY’KEHHOMY» UeJOBEKy HE
nox cuy. IJs1 Hero uuc/jaoBas nocJaef0BaTeJbHOCTb CTOMb
JKe cJayuaidHa, KaK HCXO0J 3amycKa pyJeTOYHOro KoJeca B
Monrte-KapJso. Emy kaxercd, 6yato Bce HHPPBI UMEIOT
OJHHAKOBbIE UWIAHCHI Ha MOSIBJIeHHE H BCe 3aBHCHT JHUIb
OT Cayuas.

Uro penawor peTtepMUHUPOBAHHLIE BLIYUCAUTENbHLIG
MaLMUHbI ?

Mnun (uto ropasmo BaxKHuee): uero He HeJawT AeTep-
MHHHPOBaHHbIEe BBIUMC/AHUTENbHBIe MaUlHHBI? Ha 3T0T BO-
MPOC Mbl JafuM CTPOTUH MaTeMaTHYeCKUHA OTBET, HO NpeJi-
BapUTeJbHO HaM HeoOXOIHMMO YTOUHHTbH, uTG cCJenyeT
NOHUMATh MOA JAEeTEPMHHHUDPOBAHHOH BBLIYUCJAHTEJbHON Ma-
muHo#. Onpefenenne NeTePMHHUPOBAHHON BbIUMCJHTENb-
HOA MAauiuHbl JOCTATOYHO OOIEero U BMeCcTe ¢ TeM IOCTa-
TOYHO MPOCTOro THHA BHepBbie chopMyaupoaa AnaH
Teiopunr (1912—1954). B uecTb ero HbiHe Takue MallH-
Hbl TIPUHATO Ha3plBaTh MaulnHaMu ThiopuHra.

Mamuna TelopuHra no/mKHa yMSTh YHTaTh H MHCATh.
Uurtaer oHa 6yMaxKHylo JIeHTYy, pa3Je/leHHYI0 Ha KJETKH,
M muiieT Ha 3Tok xe JeHTe. C 0AHON CTOPOHLI ieHTA Orpa-
HUNEHa, ¢ JpYroi — npoctupaetrcss A0 OECKOHEUHOCTH.
B xaxknoft kaerke MoxeT crosith aubo 0, mubo 1. Mamu-
Ha 3HaeT 3THU UHPpbl: ymeeT UX yuTaTh H nucatb. CBOHM

103



«TJla3oM» oHa o0o03peBaeT KJETKY |, pacnoJoXKeHHYIO
NPAMO MO Jy4y 3peHHUs], U B 3aBHCHUMOCTH OT TOro, KakKas
nudpa BnMcaHa B 3TY KJETKY, KOMaHAyeT JeHTe JHOO
«Briepenl», Jaub60 «Haszan», yroOel 0003peThb CAEAYIOLLYIO
WM €1pellblAYIIYI0 KJAeTKy. MauinHa MoXer BHucath B
oGospeBaemyio Kjaetky 0 uaum 1, a Takxe, cTepeB cTOf-
IIMH B KJeTKe HyJib, 3aMEHHTb ero eJHHHLEH, HiIH, Hao60-
pOT, CTepeTh CTOSLIYI0 B KJeTke €INHHHILYy U 3aMEHHTb
ee HyJeMm. Uto npeaunpuMeTr MAIIMHA, 3aBHCHT He TOJbKO
OT COAEpPKUMOro 0603peBaeMOH el0 KJIETKH, HO H OT «BHY-
TPEHHEr0o COCTOSIHHUSI», B KOTOPOM OHa Haxoxutcsa. Mauiu-
na TeiopuHra MOJKeT HaXoAUTbCH B KOHEYHOM YHCJE Ta-
KHX BHYTPEHHUX COCTOSHHH: Sy, ..., Sn.

HeckoJibko ynpolleHHO MOXKHO NpeAcTaBuTh cebe, UTO
HyJu BooGuwe He nuwmytcd. HyJaaMmu cayxkar nycTeie KaeT-
Ku. Takum o6pa3oM, BnucaTb HyJb B KJAETKYy O3Hayaer
An60 HHyero He paenaTb (ecau o003peBaeMasi MAlIHHOH
KJeTKka nycra), JAubo CTepeTb CTOALLYI0 B KJETKE elIu-
HULLY.

Mauiyna TelopuHTra MOMKET NPOHU3BOAHTL CJAELYIOLIHE
NEeNCTBHUS:

1) Bnucatp WITPpUX B 0603peBaeMylo KJAETKYy (ecad B
KJIeTKe CTOHT UITPHUX, TO MallliHa OCTaBJseT ero 6e3 us-
MeHEeHHH), ycJA0BHOE 0603HaueHue onepauuu I;

2) creperb wWTpuXx B 0003peBaeMOi KJeTKe (eCnaH
KJeTKa Iycra, TO MallliHa ocTaB/isieT ee 0e3 U3MEHEeHHil),
yca0BHOe 0603HaueHue onepauuu 0;

3) CABHHYTb JIEHTY Ha OJIHY KJeTKy JaJjblie H 060-
3peTb CAeAYIOUIYIO KJeTKy, yCA0BHoe 0003HaueHHe ore-
pauuu -;

4) caBUHYTB JIEHTY Ha OJHY KJeTKYy Ha3al u 0603peTh
NPEABbIAYLIYVIO KJETKy, YCJA0BHOe OO0O3HaueHHe omnepa-
Uuu —;

D) mnpexae yeM 00603peBaTbh HEKOTOPYIO KJIETKY, Iie-
peliTH B HOBOE BHYTpeHHee COCTOsIHHE S;; ycJoBHOE 060-
3HayeHue onepauun S;.

bymaxunas JieHTa He orpaHuuyeHa B MOJOXKHTENbHOM
HanpaBJeHUU — Blepeln. B oTpuuatesbHOM HanpaBJeHHH
JIEHTa OrpaHMYeHa HeKOTOPOM HauyaJbHOH KJAeTKOH. IIpo-
KpyyuBas JIEHTy Hasaja, MallliHa He MOJKeT «mepeliar-
HYyTb» uepe3 HauyaJbHYI0 KJAETKYy H, NOHAS IO HEe, oCTa-
HaBauBaerca. Korja maluuHa npucTynmaeT K paboTe, Ha
OyMakHoO#l JieHTe B KOHEUHOM UHCJE KJIETOK yKe MOryT
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C¢TOAATH IWITPHXH. | a3 MaumiyHbl HanpasJ/JeH Ha IepBYIO
KJeTKY, caMa MalliluHa HaXOJUTCAd BO BHYTPEHHEM COCTOSI=
pud Si. B nanbpHeiimiem mamuna paGoraer aBTOMaTHyes
cku. Ecan MalivHa mocsie KOHEYHOro 4uc/a IaroB ocTas
HaBJUBAeTCs, TO Pe3y/JbTar ee JesiTeJbHOCTH OTpaxkaer
JIeHTa, B ONpeJeJieHHbIe KJETKH KOTOPOH BIHCAHO KOHEY=
HOE YHCJIO LITPUXOB. Takoé pe3yabTaT TPYAHO HAa3BaTh
HHTEPECHBIM: KOHeYHOEe YHUCJ0 3HAKOB MOXKHO HamucaTh U
OT pyKH, He npuberas K ycJjayram aBromara. ['opasmo uH-
TepecHee cJy4ay, Korga MalluHa pabGoraer 6e3 OCTaHOB-
ku. B 3TOM caydae oHa MOXKeT nocTerneHHO 06pa3oBaTh
6eCKOHEUHYIO MOC/e0BATENbHOCTb HYJedl M eAUHHUL, Ha=
NpHUMEpP 3amnucarth 4Yucao 7 B ABOMYyHOH cucreMe. Ocobo
NoJdYEePKHEM, YTO MalliiHa MOXCeT MOPOINHTbL GECKOHEYHYIO
NIOCJAe0BATEeJAbHOCTL HYJeH u eAuHull. Mpbl OTHIOAb He
yTBEpXKJAaeM, YTO MallhHa HEempeMeHHO OOANHA TPOU3«
BECTH Takylo TnocaeJoBaTeabHOCTh. HeTpyaHo npenacra-
BUThb cebe cjyuay, KOrga MalluHa, BOIHCAB B OXHY HJH B
HECKOJIbKO KJEeTOK Mo eAHHHUE, MPH MOCJeAYIOIHX X0AaX
COTpeT BCE, 4TO OHa BmucaJsa, 3aTeM CHOBA BIHIIET U CHO-
Ba COTpPeT M TakK JO0 OeckoHeuHocTH. B 3TOM cayuae Mul
He MOXEM YTBEPXKAaTb, YTO Ha OYMaKHOHU JleHTe BO3HHK-
HeT OeCKOHeuHas 4YHC/J0Bas NOCAEN0BaTeJbHOCTb. Takoe
yTBepKAeHHe 000CHOBAHO JIHLIb TOrAa, KOTAA B HEKOTO=
pblii MOMEHT BpeMeHH Mbl MOXEM CO BCEH omnpene/eHHO-
CTbIO YCTAHOBHUTb COAEPXKHUMOE Ji000H KJIETKH M y3HaTh,
4yTO B HeH HamUCaHO: HYJb HJH eJAHHHUA.

[Ipumep I. Maminia HaxonuTcss BO BHYTPEHHEM
cocroanun S. Ee peakuuio Ha «BHellHHE pa3ipaKu-
TeJH» MOXKHO 3amucaTth B CJAENYIONeM BHJE:

S0—+ 1S, S1—-+08.

ITO 0O3Hayaer, 4YTO, YBUAEB B 0603DeBaeMOH KJeTKe
HYJ/Jb, MallWHa BOUIIET B CJAELYIOUIYIO KJIETKY eJIH-
HUIY, 4 YBUJEB B 0003peBaeMoil KJeTKe eJHHHLY, —
BIHUILIET B CJAEAYIOUIYIO KJeTKy HyJ/ab. Ecau po Haua-
Jla paboThl MaluHbl OyMaskHas JeHTa myCTa, TO Mas
IxHa, AeHCTBYS aBTOMAaTHYECKH, MOPOXKAAET OECKO«
HEYHYI0 NOCJAe0BaTeNbHOCTD

010101 ... ,
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Ecnan e B MnepBOH KJETKE CTOMT €IHHHIIA, TO Ma-
IHHA NopoxkJaeT OeCKOHEUHYIO NOC/eL0BaTeNbHOCTD

101010 ...

Ilpumep Il. Paccmorprm maluinny, noBTOpsio-
IYIO 3aaHHYIO0 KOHEUHYIO UYMCJAOBYIO NMOCAeN0BaTe/b-
HOCTb B JI0OOM yKazaHHOM eli MecTe JIeHTH (Hamnp-
Mep, 3amHChiBalOUIyI0 MNOCJAeJ0BaTENbHOCTh-KONHIO
Cpasy mocJje OKOHYaHHA MOCAeN0BATeJNbHOCTH-OPHIH-
HaJaa). IlpeanmoaoxuM, 4TO HCXOAHAs TNOCAENOBa-
TeJbHOCTh, COJleprKalasd n 3HAKOB, 3anucaHa B KJeT-
Kax ¢ 4YeTHbIMM HoMepaMu 2, 4, ..., 2n U HaMm
TpeOyeTcs BOCNPOU3BECTH €€ KOMHI0O B KJeTKax C HO-
MepaMu 2n -+ 2, ..., 4n. KneTku ¢ HeyeTHBIMH MOpPsiA-
KOBBIMH HOMepaMHu Mbl N0 Mepe HaZoOHOCTH OyneMm
HCIIONb30BaTh JJIfi <«YEPHOBBLIX» BBHIKJAAAOK. B o006e
KJETKH C HEYEeTHBIMH HOMEepaMH, HelmoCPeLCTBEHHO
NpPUMBIKAOlMe X TeM KJeTKaM, B KOTOPbIX packsap-
THPOBaHLI YjleHbl 3aJaHHOH MOCJAeL0BaTeJbHOCTH, TO
€CTb B KJETKH ¢ HoMepaMu 1 u 2n -1, Bouiiem Io
eIUHHLIE, O3Hayaollell HayaJuo H KOHell

MaiinHa MoOXeT HaXOAUTLCA B CEMH BHYTPCHHHUX
cocrostHuax: Sy, ..., S7. Ee peaxkuus Ha «BHeLIHHE
pasipaxureany 3afaHa COOTHOUICHHSAMH

SIO"'—>"—"—'SI,
Sll—)++1_s?.’
S0 =>4+ +S;, Sol —> 4+ + S,

S50 =+ 4 S, SO0—>++S,,
Sl — + 4 S;, Syl = + + S,
S;0—>1—0-—-3S,, SO—>1—1-—-38§,,
Ss1 =+ + S;, Sl =+ + S,
S70_->_—Sl’

S;1 > ——38,.

B HayajgbHbIi MOMEHT MallHHA HaXOIHUTCS BO
BHYTPeHHEM COCTOSTHMH Sy M 0003peBaer IUTPUX B
nepsoit ksnetke. Ha S;1 ona orBeuaer xojom
++1—3S8,, TO ecTh BIHCBIBAET €NKHHUIY B TPEThiO
KJIEeTKy, 0603peBaeT BTOPYIO KJETKY H MePEXOJHT BO
BHyTpeHHee cocTostHue Sz O3HAKOMHUBILKCH C COZLEP-
XKHMBIM BTOPOHM KJETKH, MallHHA «BIVISALIBACTCA» B
NATYIO KJIETKY H NPH 3TOM NEPeXONHUT B COCTOsIHHE S3,




€CJIn BO BTOPOH KJIETKE CTOSI/I HYJb, H B COCTOSHUHU
Si, eCIH BO BTOPOH KJIeTKe crosJJa exuuuna. Teu
CaMbiM MallliHa 3aMOMHHAeT CONEPKUMOE BTOPOil
KJaeTku. HyJuab, cTOAUE B nATOH KJIETKe, O3Hayaer,
4TO MallliHa ellle He AOllJa JO KOHLA 3aLaHHOH Io-
cnepoBatenbnocTH. Ha S0 u na S,0 mamuna pea-
THpYeT, BO3Bpallasch K CeIbMOH KJTKEe H COXpaHad
HEeH3MEeHHbIM CBOe BHyTpeHHee cocTostHHe. To XKe ca-
MO€ TNOBTOPACTCHA U B CeAbLMOH, M B JAEBATOH H BO
BCeX OCTaJbHbIX KJAETKaX C HeUYeTHBIMH HOMePaMu 0
TeX 10p, MO0Ka MallliHa He NOUJET A0 KJETKH, B Ko-
TOPYIO BIUcaHa eIHHHLA, 03Hayaiollast, 4TO Malluua
Jollzla 10 KOHILla 3aJaHHOH rmocJ/enoBaTeabHOCTH. Ha
Ssl u S.1 B (2n + 1)-it k/eTKe MalmipHa OTBeuaer
TIpOABHKEHHEM Ha 2 KJeTKH Brepel, mepexojs Ha
5TOT pa3 BO BHYTpeHHee coctosHue S; (U3 S3) HIU
Ssr’sns Si). B (2n 4 3)-it xaetke CTOUT HYJb (KJET-
ka nycra). OOHapyXUB ero, MalliiHa cOBeplliaeT B
3aBHCHUMOCTH OT TOTO, B KAKOM H3 IBYX BHYTPEHHHX
COCTOSHHUN OHA Haxoxurcs, Jaudbo xog 1 —0— 8o,
au6o xon 1 — 1 — S;. Mnaye rosops, Mauivna B~
ceiBaeT B (2n -+ 3)-10 KJeTKy eAHHHLY, KOTOpas Io-
HanoOHUTCSA B AaJibHeHlleM, OTCTyMmaeT Ha OAHY KJeT-
Ky Hasal, mepeHoCuT B (2n - 2)-10 KJIEeTKy cojmep-
J)KHUMOE€ BTOPOH KJeTKH M, OTCTYNHB Hasaj elile Ha
OJHY KJIETKY, MePEeXOAHT B cocTosnue S7. B (2n4-1)-i
KJeTKe MallgHa of6HapyxKuBaeT enuHuny. Ha Ssl
OHa OTBeYaer, OTCTyNast Hasajd Ha 2 KJETKH, INOCJe
yero B I0Jie 3peHHsT MauluHbl OKasblBaetTcd (2n—1) -4
KJeTKa, a cama MalUHHa MO-NpexKHEeMYy OCTaeTrcsd BO
BHyTpeHHeM cocTtostHuu S7. B (2n — 1)-# kJerke oHa,
BoOOIlle TroBOpsd, OOHApyKHBAET HYJb, OTCTYIAeT
Ha3aJ ellle HA 2 KJETKH, HO NMPH 3TOM MEePEXOJHUT BO
BHyTpeHHee cocTosiHue S|. Tak MaiiuHa <«IATUTCA»
0 TeX Mop, NoKa, HaKOHell, He NOXOAHUT A0 €JHHHIIbI.
ITO NpOoH30HIeT, JUILb KOrjga MaiuHa aobepercs IO
TpeThel KJIeTKH. 3aTeM OHa MOBTOPUT BCe Onepanui,
yTOOBl MepeHecTd B (2n -+ 3)-10 KJAETKY COLepKUMOeE
TpeTbell KJeTKH. Tak OyAeT NpopoJiKaThbcs A0 TeX
Nop, NMOKa BO BCe NMPOMEXYTOYHble KJIETKH C HeyeT-
HbIMH HOMepaMH MauidHa He BmuuieT eAuHuUbl. He-
TPyAHO YyOeduTbCsl, YTO 3aTeM MalluHa 06e30CTaHo-
BOYHO MNATHUTCS H, HAaKOHell, NOXOAHT [0 [epBoOi
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KJACTKH, ITOCJAE HETO OCTdHABJAUBACTCH ., KOIIMA 3d4AdH-
HON KOHEYHOU I10CJI€L0BATEJbHOCTH MOCTPOEHa.

Hawy maumuny HerpyZHO ObiJI0 ObLI yCOBeplIEH-
CTBOBaTb TakKuM o006pa3oM, YyToObl MO OKOHYaHWH
paboTLl OHa CTUpaJa BCE eIUHHUILbI, BIIHCAHHbIE €10 B
KJETKH C HEYETHbIMH HOMEDaMH.

Ilo-eupuMomMy, ABYX mNpHBENEHHBIX MPHMepOB JOCTa-
TOYHO JAJSI TOro, 4ToGB 4YWTaTeab YBepoBaJd B CrHOCOO-
HOCTb MalluH TbIOpHHTra BBLIMOMHSATHL UeThbipe apUPMeTH-
YeCKHX JEHCTBHUS, U3BJIE€KAThb KOPHU W pelllaTb YpaBHEHHA
- CTeNeHH C LeJbIMH KO3(puiHeHTaMHd, TO €CTb BhIH-
ChIBaTh pellleHHs TaKUX YpaBHEHHIl B BuJe OeCKOHEUYHbIX
HerpepriBHBIX npobeit. KoadpuuneHTol ypaBHEHUS MOXK-
HO BBECTH B MalluHy, NPeACTaBAB HX B BUJE ABOHYHBIX
yycesJ Ha OyMaXKHOHW JieHTe; TpaHully MeXAy Ko3bduiu-
eHTaMH MOXHO YyKas3blBaTh YCJA0OBHOH MeTKOH. Ilosoxku-
TeJbHOCTb HJH OTPHULLATENbHOCTb KOI(PPHULUHUEHTOB MOKHO
3anaBarb, HanpuMep, BIHCHIBAS JBe YCJIOBHble METKH B
KJIeTKH C HeUeTHBIMH HOMepaMH, a NoJ 3aMUCh CaMHUX KO-
5QPULKEHTOB OTBECTH JHIb KJIETKH ¢ YeTHbBIMH HOMe-
paMu.

HeTpyaHo Taxk:Ke ykKa3aTbhb <«KOHCTPYKUHIO» MaIlHHBI
Teiopunra, pasaaraipouleir Jw000e BBOLUMOe B Hee HaTy-
paJibHO€ YHCJAO Ha NPOCTbie MHOXKHUTEAU, MAILUUHBI, BIIH-
ChIBAIOUICH JBOHYHOE pa3JOoKEHHe YyHlJa Tt UIH e, WIH
MAaUIHHbI, BBIYHCASOULEN Jorapu¢m ULeaoro HJAH aJre-
Opauyeckoro 4ucija, TO eCTh pasJjarawlei jorapupM s
OeckoHe4YHyl0 HenpepbiBHy10 ApoOb. K 3TOH XKe Karero-
PUH MallMH OTHOCUTCSI W MallldHa, BHlYucasmoulasa Ttab-
Juubl jorapupmMoB (Hanpumep, ABaAuaTU3HAuYHble JOra-
pPU(DMBL LeJbIX YHUCEeT).

MoK HO CripoCcuTh: HalaeTcd JIM Kakas-HUOyOp 3ajayva,
KoTopasa Oblja 661 He Mo cusiaM MauinHaMm Toiopunra? Ha
3TOT BOINPOC MbI OTBETHUM 4yThb II03’Ke, a IOKa 3ajajuM
elule OAWH BONPOC: MOXKHO JIM CYHTAThb MAWHHB ThiOpHH-
ra caMblM OOIIMM THIIOM JAETePMHHUPOBAHHLIX MalllKH,
KaxKoi TOJIbKO cyulectByeTr? Ka3ajoch 6bl, UTO NPUAYMATh
MaluHbl «Bo0Jee o0niero Tuna» CoBCeM HETPYIHO: Tako-
Bbl, HanpuMep, MAaLIUHbBI, YMEIOLUIUe YUTAThb M NHCATh HE
TOJILKO HYJH W €IUHUIbI, HO U APYyrHe 3HaK{, MalluHbl C
HECKOJbKUMH OYMa:KHBIMH JIEHTAMH, HECKOJIbKHMH <«IJia-
3aMu» (CYMTBHIBAIOL(MMH YCTPOHCTBAMHM) H Tak JaJee,
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Taxkue MamIHHBI MOTYT OKasaTbCg OoJiee YXOOHBIMH B pa-
60Te u ObICTpPee NPOU3BOAUTL HEOOXOMHUMbIE AelCTBHUS, HO
BCe, YTO CYMeT clAejaTb OHH, CYMEWT CIeaaTb H Ma-
muHel TelopuHra. JIio6oi andaBUT ¢ KOHEYHBIM YHCJIOM
3HaKOB BCerjla MOXKHO 3aMeHUTb aJ(aBHTOM, COCTOSLIHM
Juilb U3 ABYyX 3HakoB: 0 u 1. Bce, uTo 3anucano na ne-
CKOJIbKHX JIEHTaX W NPOYUTAHO HECKOJABKHMH «IjIazaMu»,
MOXKHO 3aMHCaTb HA OJNHOH JIEHT€ M NPOYUTATb OJHUM
rina3oM. TouHOro ompeneneHHs TOrO, 4TO CJAelyeT Ha3bl-
BaTb JAETEPMHHHUPOBAHHOW BBIUUC/AMTENLHONH MaLUMHOH B
obuleM cjayuae, He cyulectByeT. He uMess TouHoro ompe-
Jle/leHUd, HeJlb3sl JO0Ka3aThb, YTO MamuHbl ThIOpHHra «BCe-
MOTryILLU», TO €CTb YMEIOT BBINOJHATH BCe Onepauuu, BbI-
HoJIHgeMble JI000H CKOJIb YTOAHO CJIOXKHOH HeTepMUHHPO-
BaHHO! MawuHOKH. C APYro#l CTOPOHBI, ellle HUKOMY He
yAAaJ0Ch ONUCATh AeTePMHHHPOBAHHYIO MallHHYy, KOTOpas
66l 10 WHPOTE AHana3oHa NPOU3BOAHMBIX €l0 OolepaluH
NpeBOCXOAHAa MalluHEbl ThIOpHUHTa, 1 MaJOBEPOSITHO, YTO
TaKyio MalluHy Korja-HuOynb ypactcss Haltu. CraenoBa-
TeJIbHO, Mbl MOXeM C MOJIHbIM OCHOBAaHAEM CYHTaTh, YTO
JeTeDMHHHPOBAHHBIM MalllMHAM JOCTYIIHBI JIHIIL Te OIe-
pauuy, KOTopble AOCTyNHL MawipHaMm Teropuura. [lombl-
TaeMcs YCTaHOBUTbL Bce Tumbl MaluiuH ThlOpHUHra u nepe-
HYmMeposars ux.

JIto6asg MalllnHa NoJHOCTBIO H3BECTHA, €CJH MbI 3HaeM,
KaK OHa pearupyet Ha /06y kom6uuauuio S,0, 1, S50,
Sz1, ..., SnO, Snl, To ecTb Kak MauinHa OyJeTr BECTH
ce6s, KOrja, HaXoAsICb BO BHYTPEHHEM COCTOsIHHH S;, oHa
yBuauT 0 uau 1. YcaoBuMcA 3anHCHIBATL KAaXAYIO peax-
yuto Tak, uToObl 0003HaYE€HUS BHYTPEHHHUX COCTOSIHHU S;
i B KoHune. CaMu peakuuu yHOPSAOYHM CJeNYIOU[HM
o6pasom: peakius Ha S0, peaxkuus Ha S;l, peaxiys Ha
S20, peakuus Ha Szl u T. . Bhinucanusie B TakoMm To-
PSAIKE peakUud Ha30BeM XAPAKTePUCTUKOU MalllMHBbI.
ITpo6eabl HaM He HYXKHBI: Pa3jMYHble HHAEKCH y S; yka-
3LIBAIOT JIHIIL HAa TO, Tle 3aKaHUYUBaeTCd OAHA H HayH-
Haercs Apyras peaxkius.

XapakTepUCTHKU MaIUHH NepeHyMepyeM NpPH MOMOLIH
crnieninanbporo xoda. ConocTaBuM CHMBOJAM

0, la +’ T Sl’ SQa 83’ 84) o v
UX KOOJUHPOBAHHDBIE o6o03HayeHus
0, 00, 01, 10, 11, 000, 001, 010, ...,
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AJld KOTOPBIX YCJIOBHMCA OCTABJAXATD MCCTa C HETHbIMH HO<
mepaMu. Ha mecrax ¢ HeueTHbIMH HOMepaMu B 0OOILeM
ciyyae GYLYT CTOATH HyJdU. HUTOOGH OTHENHTH ApPYyr OT
Apyra JBa CMeXHBIX CHMBOJIa, BMECTO npobena 6yaem Ha
YEeTHbIX MecTaX BIHCHLIBATb Mepej CTOSLIUMH TaM CHMBO-
Jamu eaununy. llosp3ysick KOOOM, MOXHO ONHCHIBATh
pasnuuHble peakuuu. OKOHUaHHE peaKUUU HETPYyIHO Ofn-
pelesuTh 1o MOoSBJACHHIO S

KomupoBaHHOe OmHCaHHe MallpHbI M3 npuMepa |
KMeeT, HalpuMep, CAeAYIOUMIHA BHA:

1001100011011001101101.

STy NocJeN0BaTeNbHOCTb HYJEH W eHHUI] MOXKHO IIPOYHU~
TaTb KaK 4lCJOo, 3alHCAHHOE B JBOHYHOI cucreMe (B 1e-
CATHYHOH CHCTEME OHO COOTBETCTBOBAJO Obl YHCAY
2 504 681). TakoB xkodosoui HomMep malinHbl U3 npuMepa I,
ITociie KomoBOro HoMepa, OTAENHB €ro TPeMsi eIHHHLIaMHU
(komMOuHallMell eNHHHL, HHKOrJa He BCTpeualouleicss B
3amUCH KOJOBOI'0O HOMepa MallldHBI), 3amullieM MOCJaeNo-
BATeJbHOCTb UUuPp, cTOsmlyl0 HA OyMaxKHOW JeHTe (HUC-
XOIHBle NaHHble). B pe3dysnbrate MBl IMOJYYHM KOJOBbIA
HOMEDp, MO3BOJSIOUIHA YIOPSAOUHTH, KOMOHHATIUH «Mallld-
Ha -}- TeHTa C UCXOAHBIMH HaHHBIMHY». s MamiuHbl, npo-
U3BOJAAAIEH GECKOHEUHYIO MOCAeJOBATENLHOCTh

010101 ...,

KOJIOBbIH HOMEDP B KaTaJjJore MalluH, CHaOXKeHHBIX JIeHTOH
C MCXOAHBIMH JAHHBIMH (Haqa.nbﬂble JaHHble MJAKC MPOo-
rpamMmma), Obi1 OB paBeH

10011000110110011011011110,

AJIS MallpHbI, IPOH3BOAsAIIEHl OECKOHEUHYIO IIOCJEA0BAa-

TeJBbHOCTD
101010 ...,

KOJLOBLIM HOMED Obl1 OBl
10011000110110011011011111.

Mrak, Bce koMOuHAUHM «MallnHA - JeHTa ¢ HCXOAHBIMH
JaHHBIMHY» NONY4YHu/Iy Obl cBO# Komobiii HoMep. [To komo-
BOMY HOMepy HETPYAHO y3HATb XapaKTEPHCTHKY Malld-
Hbl, a TaKXe BOCCTAHOBUTb ee OnucaHue («NOCTPOHTH
MallMHY») W 3aNUChb HA JIEHTE C HCXOAHBIMH JaHHBLIMH.
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-OJHaKo 3TO OTHIOAb HE€ O3Hayaer, OyATO J0bOOe HaTy-
paJbHOE YHCJIO, 3aNHCaHHOe B JABOMYHOU CHCTEMe, BCTpe-
YaeTcd CpeiH KOJZOBLIX HOMEpPOB KOMOHWHAIHH «MalliHa -
-} 1eHTa C HCXOAHBIMH AaHHBIMH», JlaxKe ecJau Kakoe-To
HaTypaJbHOE UHCAO0, 3allHCAHHOE B JBOHYHOM CHCTEME,
BCTpeYyaeTcsl Cpeld KOLOBLIX HOMEPOB B KaTaJiore KomGH-
HaluA «MalllHHa - JeHTa ¢ HCXOAHLIMH JOaHHBIMH», TO
3Ta KOMOHHaUus He 0053aTeJbHO JOJI2KHA MPOHU3BOAHMTD
' 0€CKOHEUHYI10 YHCJIOBYIO MOCAeI0BATENAbHOCTE. B TOM cay-~
yae, KOrja JABOWYHAs 3amuCb HaTypaJbHOrO yucjia COB-
najgaeT ¢ KOAOBHIM HOMepoM KOMOHHaUWH «MaluHHAa--
-} JIeHTa ¢ HCXOAHBIMH JAHHBIMHY», IPOU3BOAALIEH GECKO-
HCGYHYIO YHCJOBYIO MOCJAEeN0BaTe/NbHOCTh, €ro Ha3blBaioT
KOJOBLIM HOMEpPOM 3TOH MOCJAeLOBATEJbHOCTH. Tak Kaok-
Ooli 6eCcKOHeuHOoll nocaedo8aTeAbHOCTU Hyreld u eOuruy,
KOTOPYIO MOJMCET NOPOJUTL MAQUUUHQA, Mbl CONOCTABASEM
KOHeuHblll KoJo8blll Homep. DoJiee Toro, ogHa u Ta Xe
NoCJAeIOBaTebHOCTh MOXET HMEeTh Jake HECKOJIbKO KO-
HEYHbIX KOJOBBIX HOMEPOB, MOCKOJbKY OAHY U Ty Ke Oec-
KOHEUHYIO MOC/JAeL0BaTeJbHOCTL MOTYT NPOU3BOAUTL pas-
JIMUHbIe MAaUlWHbI, 3alpaBJeHHbIE JIeHTaMH C HCXOJHBIMH
JaHHBIMH.

Ecan KooOBEIH HOMEp MPOU3BOAUMON MaIUHHOH OecKo-
HEYHOH MOCJeN0BaTeNbHOCTH 3alaH, TO HAHUTH MNOCAENO-
BaTeJbHOCTb coBceM HerpyaHo. OTbICKaB B KOJOBOM HO-
mepe MeTky 111, paspgenum ero Ha KOHOBBIH HOMeEp
MallHHbBl K 3aMIUCh HCXOAHBIX JAHHbIX Ha OyMa:KHOH JeHTe,
3Hasi KOAOBBIA HOMep MallluHbl, BOCCTAaHOBUM ee XapakTe-
DHCTHKY M Te€M CaMbIM <«IIOCTPOMM» caMy Maiuuny. Ha-
KOHell, BBeJleM B Hee JIEHTy C HCXOAHBIMH JaHHEBIMH, H
MallyHa 3apaboTtaer.

IlpencraBuM cebe, 4yTO mepes HAMHU KaTaJjor BCeX Npo-
H3BOJAHMBIX MAalIMHAMH MOCJAEN0BATEeJbHOCTEH HYyJEH H
eIHHUIL. YTIOPSI0YHM 3TH NOCAEAOBATEABLHOCTH NPOCTO IO
HX KOJOBOMY HOMepY. HexkoTopbie u3 1oc/ieroBaTeNbHO-
cTeit OYIyT BCTpeyaTbCsl B KaTaJjoTe, He OJHH, a HeCKOJb-
KO pas, HO JJ/If HalUHX LeJeH 3TO HecyllecTBeHHO. [JiaB-
HOe, YTO HAalll KaTaJor MOJHLIA: HH OJHA NMPOU3BOAUMAA
MallyHaMyu O€CKOHEYHasi MOC/JAelOBATe/NbHOCTb B HeM He
npomnyluieHa.

[Tosab3ysachk TepMuHOMOTHER Ta. 1, MOXKHO CKa3aThb, YTO
MHOXECTBO MPOH3BOAUMBIX MAaIUMHON  GeCKOHEYHBIX
MHCJOBBIX MNOCJAeAOBaTeabHoCcTeH c4eTHo. Ho Kaxkiaomy

111



MATEMATHRY HKM3BCECTHO, Y10 MOWHOCIDb MHOMKCCTBa BCECX
6ecKOHeUHbIX YHCJOBBIX I[OCJdel0BaTeNbHOCTEl 6oJee
MOII[HA, YeM MOILHOCTb -CUeTHOro MHOKecTBa. CJaenoBa-
TeJNbHO, CYLLECTBYIOT TAaKHe MOCJAEL0BATEJNIbHOCTH HU3 HY-
Jei W eIHHHIL, KOTOpble He MOXKeT NpOH3BecTH Jjalobas
MalllMHa, KakKyhe Obl HCXOAHbIEe JaHHble Mbl HH 3aNHChIBAJH
Ha ee JeHTe. [lOKa3biBaTh 3Ty MaTeMaTHUeCKyl0 TeopeMy
B 00I1leM BHAE He HYXXHO: Mbl IIPOCTO NMOCTPOHM NpUMep
TAaKOH «HeMAaLIHHHOH» IOoCJed0BaTeJbHOCTH.

[MocnegoBaTeNibHOCTb, KOTOPYIO HE MOryT
MOCTPOUTb MALUUHbI

Hexkoropble HaTypa/abHble uucaa N cayKaT KOLOBLIMH
HOMEpPaMH NPOU3BOAMMBIX MAallMHAMH NOC/A€J0BaTelbHO-
creft uyae# u egunul. [lycts Cy — nociel0BaTeNbHOCTD
c xonoBLIM HoMepom N. Ecawm natypasbHoe uucio N He
coBnajgaer ¢ KOJOBbLIM HOMEPOM HHM OJHOH M3 INPOU3BOAHU-
MBIX MaLIHHaMH [ochaefoBarenbHocrell, To Cny TakiKe
MOXHO NMPHAATb CMbICA: YCJOBUMCH CUHTATh, YTO B 3TOM
ciyuae Cy mpejacTaBasieT NOCAeL0BaTENbHOCTh, COCTOS-
IIyI0 K3 OJHHUX JHIUIb HyJdel (NONyTHO 3aMETHM, YTO Ta-
Kas IOCJeJ0BaTeJbHOCTh TaK¥kKe MNPUHALJMEXHUT K UYHCAY
TI0C/IeJOBATEeJNbHOCTEH, NPON3BOAUMBIX MAaLUlWHAMH). 3a-

nuueM nocjenoBatenbHocTu Cy, Co, ... OAHY NOJ APYTOI:
C,:aid, a), a, ..., ad, ...
C,:a?, a?, o, ..., a, ...
Cs:a, ap, af, ..., a®, ...
C, :a, o, ap, ..., alP), ...

Beaunuunsl a{) 31ech 03HAYAIOT HY/IM U eluHuNbL. Kaxnas

CTPOKA mpejcraB/aser coOOOH MNPOU3BOAHMMYIO MAallHHAMH
N0C/e0BAaTeNbHOCTD. JI106as U3 NPOU3BOAMMBIX MaLUHHOMH
NIOC/IeIOBATEJILHOCTEH COBMNAaJaeT ¢ KakKOH-TO CTPOKOM.
Paccmorpum jauaroHas]p Hallei OeCKOHEUHOH TabJu-
LI, HAYUIYIO U3 €€ JeBOro BEPXHEro yrJja B NPaBblil HHXK-
HUA yroJs. 3aMeHHM BCe CTOfllMe Ha JAWAroHaJud HYJId
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eANHKIaMy, a BCE€ €IHHUIBl — HYJ/JAMH. IVABI noJgy4yuM I11o-
€/eJ0BaTC/IbHOCTD

D:dly d2: d3’ sy dp,

1, ecan a9 =0,

rae d; = .
AC i 0, ecmun ald=1.

IMocnenosarenpHocts D 3aBegoMoO He cosnagaeT HU C OI-
HOH M3 CTPOK Tabuuubl. [deACTBUTENbHO, NOCAeL0BaTEb-
HocTh D He coBnajgaer ¢ noctaenosatesbHocThio Cy, 1no-
CKOJIbKY Y HHX Pa3J/InuHbl NEepPBbIE 3JEMEHTBI, C MOCJaeL0-
BaTebHOCTBI0 Cy — MOCKOMbKY 3aBEIOMO OTJAHYAETCH OT
C, BTOpPLIM YJIEHOM,..., C IOCJenosaTelbHOCThi0 Cp —
NIOCKONIbKY oTinuaercss ot Cp o xpakinest mepe p-M usie-
HOM.

Htak, nocaenorarenpbHoctb D He coBllafasT HU C OJi<
HOW M3 CTPOK BbINKCAHHOW HAMM TAOJHLbl, a NOCKOJIbLKY
Tabanla COASPXKUT BCE NMPOU3BOAUMbBIE MalllHHAMH YHCJIO-
Bble IOCJEI0BaTeJLHOCTH, TO MocJegoBareJbHOCT D
MAaIUIUHLl TPOU3BECTH He MOTYT. TeM He MeHee NOC/Ae0Ba+
TelbHOCTb DD He siBJsieTcd c/aAy4yaiHON, BO3HHKAIOUIEH, Ha-
npuMep, NpU 3alHCU UCXOL0B OeCKOHeuHoW cepuu Opoca-
Huil MOHEeTH: D — BIoJIHE «AeTepMUHHPOBAHHAA» (HECTY-
YanHas) nocaef0BaTelbHOCTD.

ITocTpoeHHbll HAMM NPUMEP NOCAEN0BATENbHOCTH, KO-
TOPYIO HE MOXKET IIOCTPOUTb HHKaKasg MalliuHa, — Pe3y/b-
TaT BeCbMa CTpPaHHBIH, ropa3go O0oJiee CTPAHHBIH, UeM
MOKHO OblL10 OBl LyMarTh.

YHusepcanbHbse MalluHbl

JloKa3aHHyI0 HAM{ TeopeMy Mbl COUJIH CTPAHHOH MO~
TOMY, UTO JaXe YHUBEPCANbHbIE MQUIUHBL, CIIOCOOHBIE
(ecau BBeCTH B HUX JIEHTY C COOTBETCTBYIOLUM 00Opa3oM
NnoAOOPAHHBIMH UCXOMAHBIMH JAHHABIMH) TOCTPOUTH JIO0YIO
NpOMU3BOAMMYIO MAIIHHAMH NOCJAEA0BAaTENbHOCTD, HE MOTYT
npou3BecTy nocaegosarenpHocts D. He Gynem noiTathed
BBHIMUCHIBATL B IBHOM BHJI€ XapaKTEPHUCTUKY yHHBEpCab-
HOH MaluHbl. Takux mONLITOK He npealpHHHMAJ HHKTO,
M Mbl JIMIIb HampacHo notpatuiau 6bt BpeMma. Ho npunuu-
N{albHOE YCTPOHCTBO YHUBEPCAJbHOH MAIWIHHBI MOXKHO
onucatb 6e3 0cobObIX TpyHAHOCTEN.
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Ecan yausepcaJsibnas MallliHa JOJ2KHA BbIITHCATh NP0
A3BOJUMYIO MAallHHAMH YUCJAOBYIO [OCAECHOBATENLHOCTD C
KOIOBbLIM HOMepoM N, TO 3TOT KOJOBBIH HOMep He0OX04u-
MO HaHECTH Ha JEHTY C HCXOAHBIMH NAHHBIMU. YHHBED-
cajibHasi MalllMHa, Haiaa Mmerky 111, pasbusaer ABOHU-
HyIO 3anuch 4ucaa N Ha KOLOBBIA HOMep HEyHHBepcaJb-
HOM (creuHaJbHOH) MaLIMHBI ¥ 3aNUChb HCXOAHBIX JaHHBIX
Ha JIGHTe, BBOAMMOH B CI€IMAJBHYI0O MalIHHYy, — YCJO-
BUMCS Ha3blBaTb 3Ty JeHTy BropuuHoi. OcMorpes mnep-
BYIO KJIETKY Ha BTOPHYHOMU JeHTe, yHHBepcaJJbHass Mallly-
ra oOHapyxuBaeT B Hell JubGO HYMb, 1U0O0 eAnnHuly. 3a-
TeM OHa paciuu¢poBbiBaeT NepPBBIH OTPe30K KOILOBOrQ
HOMepa CHelnnaJbHOH MaUlMHBI H YCTQHAB/AHBaeT, KAaKHM
o6pa3om Ta pearupyer Ha S;0 uam S;l. BuinonHuB 3TH
QnepaluHy, YHUBepcalbHasi MalliHa Y3HAET, KaKyl0 KJerT-
Ky BTOPUYHOU JIEeHTbl JOJIXKHA PacCMaTpPUBaTbh ClelUab-
Hasl MallHHA N0C/e MEePBOH PEAKLUHMH H B KAKOM BHYTpEH-
HeM COCTOSIHMHM S; Ta HaXOJUTCS. YHHBepcaJJbHas MalllHHA
pacmncppOBbIBaeT elle OIMH OTPE30K KOAOBOI'O HOMe-
pa crneuuaJpbHON MauluHbl, 4TOOB! Y3HATH, KAKUM 00pasoM
cneunanbHass MawiunHa pearupver Ha S0 mam S;l. Ilpo-
J0/IXKad Noc/jael0BarelbHO, OTPE30K 3a OTPe3KOM, pac-
wHdppoBbIBaTH KOLOBBIH HOMEep CIlelHaJbHOH MalUUHBI,
YHHBepCaJbHas MallIMHA NMOCTPOUT YHUCJIOBYIO NMOCJIeLOBa-
TEJbHOCTb C KOJLOBBIM HOMepoMm N.

Uto e MelllaeT YHUBEPCAJbHOH MallUHE INOCTPOHTh
BLINMCAHHYI0O HAMHU BbllIe YHCJIOBYIO IOC/AEN0BATEIbHOCTD
D? Benp aas 3Toro ei Hy>XKHO JIHLIb CTPOUTh OJHY 3a
npyroii nocneposarenabHoctH Cy, C,, ... (mpHueM Kax-
AYI0 TIOC/eN0BaTeNbHOCTh — HE MOJHOCTbIO, a JHUIL OO
JHaroHaJbHOrO 4jieHa), a 3aT€M 3aMeHHUTb KaX[AblHd ujeH
AuaroHanbHON nocienosatenbHoctu all), al?, af), ... Ha

MPOTHBONOJOXKHOE YHUCJIO, TO €CTb HYJb— Ha €JHHHULY H
eIMHHIY — Ha Hyab. Onepauuu, HEOOXOAMMBble HJisT TIO-
CTPOeHHs NocjaenoBaTeabHocTH [, coBceM MpocThl H JO-
CTYNHBl «Pa3yMEHHIO» YHHUBEPCAJbHOH MAaUINHBL, €CJaH
cHAOAUTb €e COOTBeTCTBYIOUIMMH HMHCTPYKUHUSIMH, 3aiu-
CAaHHBIMH Ha JIeHTe C HUCXOAHLIMH LaHHLIMH.

M TemM He MeHee MBI [0KAa3aJjH, UTO TOCAeJ0BATENb-
HocTh D HEBO3MOXKHO NOCTPOUTHb IPH NOMOIIH MAallHHBHI,
He nporuBopeuur Ju OJAHO APYromy? .

HeT, HHMKaKOro HNpPOTUBOPEUHS MEXAY AO0KA3aHHBIM
HaMH YTBEPXKAEHHEM M KaxXyllleHcs NPOCTOTOH mocTpoe-
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HHU] TIOCJeNOBaTeJbHOCTH [J) He BO3HHKaeT. KVIHCTpyKiuwm,
sK0Obl MO3BOJIFIONINE YHHUBEPCAJbHOH MallWHE IOCTPOHTh
BCE WIEHBl JHaTOHANbHON nocaenosatenbHoctn  all), af?,

a'®, ..., cCOBCEM He TPOCTHI.

YuusepcanbHasd MalllHa CTPOUT TOCHAEAQBATEJb
poctb Cp. Mamuny HHTEPECyeT OKOHUATeAbHOe 3HAUeHHe
YyJIeHa a(pm, CTOSILIETO Ha p-M MeCTe B MOCJeN0BATeNbHO-

ctH Cp, TO €CTh 3HAUEHHE, KOTOPOE NMPHHHMAeT BeJHUYHHA
a(p”’ rnocJe TOTO, Kak MallMHa 3aKOHUHUT NOCJAEAHION Ole-

panuio ¢ 4HCJIOM, CTOSILUM Ha pP-M MecTe B INOC/Ien0Ba-
teabHocTH Cp. Ho p-e mecto «He ycrnoxkausaercsi» IL0-
BOJIbHO MOJTrO: MallliHa TO YTO-TO BIIHCBIBAeT, TO YTO-TO
BLIYEDKMBAET, U 3HAueHHs, NpHHUMaeMble a{?), HHKaK. He

«cTabunandupyorca». Kakum o006pasoM yHHBepcaJbHad
MallHHa Yy3HAeT, NPUHAA Ju p-i uied al” nocsenosa-

TeapHOCTH Cp OKOHUATeIbHOE 3HAUEHHE H C KaKOro Mo-
MeHTa 310 npousouio? Ilpeanonoxum, 4To HA p-M MecTe
JIOBOJILHO MIOJITO CTOMT HYJb MU eauHuna. Kaxum obpa-
30M MalllMHa OTNpPEedeNHT, COXPAHUTCA JU YHUCJIO, cTOsllee
Ha p-M MecTe, HaBcerja HJM ellle U3MEHHUT CBOe 3Haue-
nue? Eciu p— KOLQBBII HOMEp HEKOTODOH MPOH3BOIH-
MOfi MalIMHAMH NOCJAeJ0BATENbHOCTH, TO, HAUHHASL C He-
KOTOPOrO MOMEHTa, NHaroHajbHbeifi wien a¥) «ycrokawu-

BaeTcs» — NPHHHMAET CBOe OKOHUaTeNnbHOe 3HayeHue. Ho
Korja HMMeHHO Hactynaer ycrnokoenne? OTBeT Ha 3TOT
BONpPOC HeOOXOAUM JI5 TOrO, UTOOL MalllHa MOTJa yCTa-
HOBHUTb 3HaueHHe a!”’ W, ompeleJuB TeM caMblM dp, me-

peitn kK p- 1. ECJIH p He SABJASeTCS MOPAAKOBBLIM
HoOMepOM (B mepBOHAuaJbHOM CMBIC/]I€) HU OAHOHK M3 Mpo-
H3BOJUMBIX MaIlUMHAMH [OCJe/loBaTeJbHOCTEH, TO a‘pp’

cuMuTaeTcs paBHBLIM HyJ0. Jloas 10 ouepenHoro yuc/aa p,
MallliHa JOJI3KHA yMeTb HaXOIAHUThL OTBET Ha BOMPOC: COB-
najgaeT OHO C KOJNOBBbIM HOMEPOM OJHOH M3 IIPOH3BOJHM-
MbIX MAallHHAMH T[OCJeJ0oBaTeJbHOCTEH MJAH Het? [aa
9TOTO B MAIlMHY C CAMOro HayaJa Jo/KHa ObITb BBeJeHA
nporpamma, mo3BoJisiiollas el HaxXOOHTb OTBeT Ha 3TOT
Bonpoc. MaluuHa, ymeollas OTBeYaTh HA MepeyHcsieH-
Hble BONPOCH, MOTJa Obl BHIIHCAThb MNOCJAEL0BATE/b-
HOocTh D. MBI Ke TOMLKO yTO Aokasanu oO6paTHOe: HHKa-
Kasi MalipHa He MOXeT IpPOU3BECTH MOCJe0BaTe/ b+
HocTb D.
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Uro orcoaa cilepyer? A TO, 4TO Hesb3s MNOCTPOHTH
VHHUBepCaJbHYIO MalUlMHYy, KOTOpas MorJaa Obl pa3pewiarh
Bce noacOuble Bonpochl. Kak Obl Mbl HH KOHCTPYHPOBAJIH
YHHBEPCaJbHYIO MallXHy, BORPOC O TOM, Y€MYy PaBEH 3Jie-
MEHT a(pp) nocinenosaresbHocTH Cp — HYJIIO WK eLUHHIE,

CCTaHeTCd IJIS1 Hee Hepas3pelinMbiM, CKOJMbKO Obl OHA HH
paboraJsa. Bnpouewm, BnoJsiHe MOXKeT CJAyYyHTbCS, 4TO ue-
JIOBEK, HabJJoalcuui 3a paboToi MalinAbl H3BHE, NyTEM
KaKNX-TO OCTPOYMHBIX YyMO3AaKJIOUCHHI CMOXKeT paspe-
KT BONPOC O TOM, ueMy paBeH uiaen a'? nocaegosa-

TeJbHOCTH Cp. MBI yTBepXKAaeM JHWb, UTO 3TOT BONPOC
HepazpemuM Insg mMauwuH. He uckawoueno, 4to Bompoc
BIIOJIHe pa3pelluM APYrUMH, He MALIUHHBIMH CPpeJCTBaMH.

HTak, HayaB ¢ TaKWX KOHKPETHBIX Bellel, KaK BBIUHC-
JiUTe/NbHble MAUIHHbI, MBI JOWJAHA A0 BeCbMa a0CTPaKTHLIX
paccyxpaenuii. Ho ato euie ne Bce.

Hekorna aymanu, 4To MOXKHO IOCTPOUTh TaKyio Ma-
IIMHY, KOTOpasi CMOXKeT peliaTb MaTeMaTHYeCKHe 3alauH
CIeAyIollero THIA: OCTAHeTCd JM HaBCerfa Ipu NOCTpoe-
HuM GeckoHeuHo# mocnenoBateabHocTH Cp Ha Mecre p-rO
yjaeHa yucao 1 uau yucsao 0? Takue BOMpPOCH HeNb3s pe-
1iaTh NPHU NOMOUIM MauIWH, OTBeThl Ha HHUX HEOOXOAHMO
HCKAaTb B CTPOTHX MaTeMaTHUYeCKHX “M0Ka3aTesbCTBaX.

MareMaTHuecKoe [10Ka3aTelbCTBO COCTOHUT M3 KOHeu-
HOH MOC/eJOBATENbHOCTH BBICKA3blBAHHUH, KaXAOe€ U3 KOs
TOPBIX fABJAsieTCH c/aelcTBUeM npeibayuiero. Ilpu moxa-
3aTeJibCTBe OYePeJHOr0 BLICKA3LIBAHHS MaTeMaTHK UMeeT
MpaBO BOCNOJb30BATbC KOHEUHBIM YHUCJIOM I[IpaBHJI, Ha-
3bIBAEMBIX MpaBHJIaMH BbIBOAA. IJTH IPaBH/a BIOJHE
¢opMaabHbl ¥ MO3BOJSIOT 110 BHEIIHEMY BHJIY MBYX Bbl+
CKa3plBaHHH Y3HaBaTh, BBIBOAWUMO JIU U3 HUX TpeTbe BHI-
CKa3blBAHHE.

[IpennonoxuM, 4TO HaM yHajocb HAaHTH KOJ, NMO3BO-
JAIOIIHA 3anucaTh J60e MaTeMaTuyeckoe BbIpaxkeHHe,
M6y dopMmyay u Jao60e BhiCKasbiBaHUe B BHIe Habopa
Hysneil ¥ eAuHHL. Torza kaxaoe MaTeMaTHYeCKOe BbIpa-
XKeHHue, Kaxaaa popMysa n Kaxaoe BbICKAa3bIBaHUE MOJY-
yaT CBOH KOJOBBIH HOMep, 110 KOTOPOMY 0€3 TpylLa MOXKHO
BOCCTAHOBHTBH CKPBITOE 32 HUM MaTeMaTHUYecKoe Bbipaxe-
Hue, GOpMyay HIM BbICKasniBaHue. Kaxnoe pokasartenb-
CTBO TaK¥Ke IOJydaeT CBOH KOJOBLIH HOMEp, COCTaBJ/IEH-
HBIH U3 KOJZOBBLIX HOMEPOB BXOASIUIMX B HEro BbHICKA3bIBa-
HHH TaK Ke, KaK paHee Mbl COCTaBJSI/IN KOJNOBBIH HOMep
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MallliHbl U3 KOLOBHIX OOO3HAUYEHHUH €€ XapPaKTEePUCTHKU U
HCXOJHBIX NaHHbiX. B3siB /M1060e HaTypaJbHOE YHUCAO, IO-
[bITaeMCsl BhISICHHTb, H€ COBMajaeTrT Jii OHO C KOJOBLIM
HOMEPOM HEKOTOPOro MaTeMaTHUeCcKOro BhipaKeHus, ¢op-
MYJBbl, BBICKa3blBaHHA MJHM JAOKasaredbcrBa. s TtOro
ytoObl MalUlMHa MOIJia 3aHHMAaThCs NMOJAOOHOH MaTeMarTH-
KoH, HaM cJeayeT OOBACHHUTb ejl, KakKuM 00pasoM OHa
JloJI2KHa OolNpelesiTh, UTO O03Hayaer (M O3HAYaeT JIH UTO=
Hubyab) 3ajaHHOe yucao. Mamnna Moxer cHopMyaHpo-
BaTh BhiCKa3biBaHue «YuC/JI0 X coBnajgaeT ¢ KOLOBBIM HO-
MePOM HEKOTOPOro YTBepPXKAEHHS» W 3aTeM IIPOBEPHUTH
€ro HCTUHHOCTb Iipu J1000M 3HauyeHuu ¥. He cocrasaser
TPYJa NpOBepKa HCTHHHOCTH IpPU JNI0O0OM 3HAYEHHH X H
TAKUX BbICKAa3bIBAHUK, Kak, Hanmpumep, «Hucao x cosmnas
JlaeT C HOMEPOM HEKOTOPOro BbICKA3LIBAHHSA, COAepXKa-
LIEro OJLHY IepeMeHHYIo» HJIu «BbiCKa3blBaHHe C KOZO-
BbIM HOMepPOM [okKa3yemMo». Ho MamumHa MOxKer orneua-
TaThb BBICKa3biBaHHe (), raacsilee: «Bbicka3biBaHHe C
KOJOBHIM HOMEPOM X He J0Ka3yeMO» (HEmOCpPeACTBEHHO
[IPOBEPUTb €ro HUCTHHHOCTL MPHU JI0O0M 3aJaHHOM X Ma-
UIdHA OPOCTO He B COCTOSIHHH, NMOCKOJbKY AJAS 3TOro e
lnpuuiaoch OBl MepelGpartb BCe A0KAas3aTesbCTBa M BBIAC-
HHTb, He NO3BOJIAIOT JIU OHU YCTAHOBHUTL HCTHHHOCTHL BHI-
CKa3bIBaHUS C HOMEPOM X).

PaccmorpuM BbickasbiBanue @ noapobuee. Ilyets ¢ —
ero KomoBbld HoMep. BrickasbiBanume Q cOaepXKHT OLHY
nepeMeHHyl0 x. Ecap BMeCTOo X Mbl MOACTAaBHM ¢, TO IIO-
JYUHTCS BbICKasblBaHHe, He COAep:Kaillee HU OJHOH mepe-
meHHod. O603nauum ero P. CrnpaumuBaercs, J0Ka3yeMo
JI1 BhICKa3biBanue P?

BrickasriBaHue P BO3HHKaer npu NOACTaHOBKe B Q
BMECTO INepeMeHHOH X KOJOBOro HOMePa ¢ BBICKa3bIBa-
Hug Q. CrhepoBaTenbHo, BbhiCKazbiBanue P 3KBUBAJIEHTHO
caenywomemy: «He nokasyemo, uTo BbICKAa3biBaHHE C KO-
JIOBBIM HOMEPOM ¢ He J0OKa3yemo». TakuMm o6pa3om, Bbl-
cKkaspiBaHue P COepKHUT yTBEpPKIEHHE 0 cBOeH coGCTBEH-
HOM HelOoKa3yeMocCTH. SICHO, 4TO Takoe BbICKa3biBaHHE HE
nokasyemo. JlefcTBUTeNbHO, eciu Obl 0HO OBIIO JOKa3sye-
MO, TO Mbl MOIVIM Obl JOKa3aTb €ro HeI0Ka3yeMocCTb, UTO
NPOTHBOPEUNUT CaMoMy BbickaswiBaHuwo. CleloBaTtesbHO,
BhICKa3blBaHHE He JI0Ka3yeMo, XOT{ H ONPOBEPTHYTb €ro
TaKKe HEBO3MOKHO: K BBIBOJAY O HexokadyeMoCTH P Mbl
NPHILJIM NyTeM JIOTHUECKUX PacCykKJICHHUH.
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Hrax, Mbpl 00HapyXu/au BBICKA3bIBAHHE, KOTOpoe Ma-
IIMHa He MOXKeT HU J0Ka3aTb, HA ONPOBEPrHYTh. Ecau Obl
MalllpHa CTaJjla J0Ka3biBaTh OJHO 34 IPYTrHM BCe BO3MOXK-
Hble BbICKAa3bIBaHHSA, TO Cpelly HHX HUKorjga Obl He BCTpe-
THWJIOCb HHM BBICKa3biBaHue P, HH ero OTpHLAHHE,.

BrnipouyeMm, MBI MOXeM YTBepPXKJ1aTh 3TO JHIIb C H3BECT-
HBIMH Orosopkamu. K BBIBOLYy O HeLOKa3yeMOCTH BbICKa-
3blBaHus P Mbl NPHULIM, paccyX)aas OT TPOTHBHOIO:
MHaue BbICKA3blBaHUe H €ro OoTpHLaHue OblId Obl JA0Ka-
g8yeMbl OJHOBpeMeHHO. BbiBOA O CyllecTBOBaHUH Hepas-
pellIMMBbIX [JI MalliiH BbICKA3blBAHWH OBbLA IOJYYeH B
NnpeanooXKeHn, 4YTO MallHHa He MOXKeT [0Ka3blBaTh
NPOTHBOpPEYHUBLIEe BhiCKa3blBaHUS.

3to 3namenntas teopema K. I'égens (1931) o Hepas-
pelinMOCTH. Mpl nbITaNHCh BeCbMa CXAaTo HaMeTHUThb
€exeMy ee JoKasaTeabctBa. [locne cTONB HanpsKeHHbIX
YCUIUH oOpartuMcs K MeHee aOCTpakTHOH 00JlacTH U IIO-
CMOTPHUM, KaK TaM pellaercs BONPOC O BO3MOXKHOCTAX
BBIUUCJAUTENbHBIX MAaLIHH.

LlaxmaTHbie aBTOMATHI

Ham yXe npuxoausaoch CTPOUTb MaLlHHY AJIS HUTpbl B
HuM. Cpesaarb 3T0 OblJIO AOBOJNILHO npocto. IIpo6osasu
Mbl 00OyuaTb MallMHBLL M as3apTHbIM urpaM. Ho cyuie-
CTBYIOT ellle M TaKHe HrPH, Kak waxmatbl. VX Henb3s
OTHECTH K YHCJAY as3apTHBIX HIP, XOTA as3apT He UyXK[Q
mwaxMaTtucraM. OHM BIOJIHE MOTYT coBepwaTth ownbou-
Hble XOJIbl CAMM H HCIOJb30BATH OLIHOKH, COBeplIEHHbIE
X naptHepamMy. [l GeCIpPOHIPLIILIHON HIPBl B HEM Tpe-
OyeTcsl 3HATb JHWb <«DOPMYJy ycrnexa» H yMeTb Ipa-
BUJILHO CUMTATh. B 11axmartax takod (opMyJibl He Cylle-
crByeT. BarasgHys Ha HauaJbHyiO MO3UUHMIO HA LIaxMmar-
HOH JOCKe, HEBO3MOXKHO [IPeJiICKa3aTh, KTO BbIUTPHIBAET —
yepHble WM Oe/ibie — M 3aKOHYHUTCHA JH 1PH [PaBHABHOMK
urpe naptus BHuubio. [IpaBaa, cyuiecTByer Tak HasniBae-
Mas llaXMaTHas TeOpHHA, HO OHA IEJUKOM 3MIHPHUHA.
Jliobas maxMaTHas naprusi BCerfa npeictaBaser co0oi
HOBYIO, ellle He pelleHHyw 3a4audy, [O3TOMY HIrpaTh B
[IaxMaTbl HECPAaBHEHHO HHTepecHee, yueM B HHUM, I'Je BCe
3apaHee H3BECTHO.

Vpesi co3manus IaxMaTHLIX aBTOMAaTOB OYeHb CTapa.
O Ttaxkux aBTOMatax MeutaJu euie ¢uaocopst XVII B,
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A yxe B AVIIl B. noasusiuck nzodOperarenu, Hadasilue
(TPOUTH I1aXMaTHble aBTOMAaThl, IPHUYEM OJHH MPUYY LJIH-
Bee Apyroro. HaunbGonbuiell cnaBoll nonb3oBaacs aBToMar
B BHJe TypKa B udaJMe, Kypswero kaaesasH. HMrpan asro-
MAaT JLOBOJIbHO CHJIBHO H OJepxKuBaj nobedy OOUTH Haj
BCeMH JKUBBIMUM MapTHepamMH, ¢ KOTOPbIMH'eMy HOBOLH-
JIOCb BCTpeyaTbCAd. DJIEKTPOHHBIE MO3T B TO BpeMsi elle
He OblJ u3obpereH, U AJA9 Wrpbl B 1IaxMmaTtsl Obla HeoO-
XOOHUM «uejoBeuecKuil sjnemeHT». M meiicTtBuTenbHo, cpe-
J1 HarpoMOXKIeHUS MceBaoannapatypsl B aBroMare nps-
TaJICsl YeJOBEeK MHUHHATIOPHOrO CJIOXKEHus:, NeJaBlUUHA 3a
TypKa BCe XOHbl.

SMeKTPOHHDLI MO3r, YMeIOI Wi Urparth B IIaXMaThl, He
CO31aH U MOHbIHE, H BPAMd JIH CTOUT 3aTPAuUBaTh CHUJIH U
CpeACTBa Ha KOHCTPYHPOBaHHE «MAalIHHbBI-UIaXMaTUCTa».
Onnako 3aaymarbcsl HaJ TeM, KaKHMM JAOJXKHO ObITb YCT-
pPOUCTBO TaKoH MaumluHbl, cTouT. Pasymeercs, rosopsi o6
YCTPOUCTBe, Mbl HMeeM B BHAy BHYTpPEHHee YCTPOHCTBO
Malluubl. BHelide OHO BoIMMAAeN0 Obl, Kak OOJbLIOH
wkad. B XVIII B. waxmaTtHOMy aBTOMaTy NPUXOLUIOCH
NpHAAaBaTh yeJsioBeyeckoe obsnuybe, HulHe HHKOMY HE NpH-
XOJAHUT B rosoBy TpefoBaThb, UTOOL aBTOMAT, NPOJAAIOUIHA
NOUTOBBIE MapKH, MO BHellHeMy BHAY NOXOAWJI HA NOYTO-
BOT'O CJYy¥Kallero.

[Ipexne Bcero maxmatHas MalldHa AoJ/KHA Oblyia Obl
Collep:KaTh KaKHe-TO AueHKu (pene, 3JeKTPOHHbIE JiaMIlbl,
NOJyNpPOBOJAHHUKORBIE AHOMALI), COOTBeTCTBylOUlHe 64 mo-
JISIM IaxMaTHOH A0CKH U 32 durypam. Ecad HA KaKOM-TO
noJie CTOUT GuUrypa, TO A4eHkH, COOTBETCTBYIOLUIHE 3TOMY
nonio u ¢urype, coenuHsawTcd. OILHOBPEMEHHO OTKPHI-
BAIOTCSl «JBepu», BeAyLiWe K NOJA9M, KOTODble TaHHAfd
Gburypa gepkur noia yaapom. Ecau aroit ¢purype nperpa-
JKJIaeT nytb apyrag ¢urypa, TO ABLpH, BedylUHe K IMO-
Ad9M, 00 KOTOPBbIX HaHHas ¢urypa He moxer nobpatbcs,
dakpoiBatorcad. Pasymeercqa, MamuHa [0JMXKHA OBITh
ocBeJloMJieHa 000 BceX NpaBHIax UIrPbl B l1axMarThl, O po-
KHPOBKax, O B3SATHH (HUTyp HA NpOXOide, O MaTe U Mare,
O HHYbHX IIPH BeYHBIX LIaXaxX U TOMY NOJOOHOM.

HyHO /M yaAuBAATbCS, YTO MalluHa, crnocobHas BMe-
CTUTb BCIO LIAXMATHYIO NPeMyIpoCTb, uMesa Obl BHYLIH-
TeJbHBIe pasmepbl U BecbMa CJA0XKHOe BHYTpPEeHHee YCT-
poHcTBO. 3arasiiyB NOJA KPBIIIKY WIAaXMATHOrO aBTOMATa,
MBI yBHAeJNH Obl KaXXyUIHHCA XaoC KJAeMM H TIPOBOJIOB,
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B JE€HCTBUTEJbHOCTH CMOHTHPOBAHHBIX B THlaTeJbHO MPO-
AyMaHHOM nopsake. Ho He o TpyAHOCTAX MOHTaxa nou-
IeT cedyac peub — C 3TOH UYMCTO NMPaAKTHUECKOU 3ajauei
CIipaBHUTCA JIOO0H TEXHHK.

[IpennonoxumM, 4To BCce TPYALHOCTH NPEOJOJIEHH U Iie-
pel HaMH MalIWHA, YMelOHlas Urpath B IIAXMaTbl. ITO
O03HayaeT, YTO MallyWHA 3HAeT BCe NPaBH/Ia HUIPbl B LIAX-
MarTbl, yMeeT UX NPHUMEHATb U NPOTECTYeT, Korja ee mnapr-
Hep HapyllaeTr npasuaa. Bo BceM ocrajbHOM OHa YCTy-
naer J000My UeJOBeKy, €IBa BbIyuHBLIEMy I[IpaBHJa
HIPHl B LIaxXMaThl U MOCJAe HenpoLO/IKHTEJNbHOH TpeHH-
POBKH peluuBIlUeMy ChIrpaTh CBOIO NepBylo nmaptuio. [Ipe-
XJe ueM chejaTb OouepeLHOH XOJ, HAaUMHAIOUIWH IIaxMma-
THCT MOXET TNOPa3MBICJHTb, H, CKOJb Obl HEYKIIOKHUMH
HH OBbIJIM ero XOIbl, BCe Ke OH IOAIOTOBJIEH K NapTHH
Jyuyile, yeM MalllKiHa, KOTOpasd BOOOLle JHIISHA opraHa
MBIIIJICHHS ¥ B Jy4llleM ¢Jyyae CiocoOHa BLIOUPATh XOAHI
Hayral.

bBeccMbIC/IeHHO BUHUTD MaUIHHY, €CJIH B UrPe OHA YCTY-
naer faxe HaYHHAKOIIEMY WIAaXMATHCTY: MBI CAMH HOJXK-
Hbl ObliIN Obl 103a00THTHCHA 00 YyCTPOHCTBE, MO3BOJAIOUIEM
el Ha /M000H XOJ NPOTHBHHKA OTBEYATb HAUJAYULIHM H3
BO3MOXKHBIX X0m0B. MIMeHHO Tak MBI MNOCTYNHJIH, KOH-
CTPYHPYSl MalUWHy JJ5 Urpbl B HUM. FIMEHHO Tak HYXKHO
TIOCTYNHTb U C IUAXMATHBLIM aBTOMATOM.

Hauia 3azaua Oyler BbINOJHEHa, ecJad HaAM YAACTCS
pa3paboTarth peneHHO-KOHTAKTHYIO CXeMY, TO3BOJSIOUIYIO
BHIOUpATh HaWJAy4Yllnd B JA2HHOHM MO3WULUHUW HJAM MO Kpai-
Hell Mepe He CJHMIKOM NJoXxoit xoA. Ilpu urpe B HUM Bce
00CTOAJI0 OUeHb INPOCTO: XOPOILIUH XOJ Oonpenensacs On-
HUM apudMeTHUYECKUM NPaBUIOM, H KOHCTPYKTOpPYy OCTa-
BaJIOCh TOJILKO MEPEBECTH 3TO NPABUJIO HA A3BIK peJieHHO-
KOHTAKTHBIX CXEM.

CoBepllleHHO HHAfl CHUTyalUsl BO3HHKAET NPH aHaJHu3e
Urpbl B 1IaxMaTthl. TeopHs Hrpbl B HUM IIOJHOCTBIO M3«
BeCTHa, LIAXMATHON XKe TEOPHHU NPOCTO HE CYyLIeCTBYeT.
To, YTO NPUHATO Ha3bIBATb LIAXMATHOH TeOpHeH, mpes-
cTaBaser COOOH B [JeHCTBUTEJNbHOCTH CBOJ TaKTHUYECKHX
NPHEMOB ¥ TPaAMUIUH, ObITh MOXKeT OIIMOOYHBIX OT Ha-
yaja 1 Jo Konua. Eme ma 3ape XX B. moJgaaraji, 4To
HepBbIH XOX caedyeT AeslaTbh KOpPoJaeBCKOH nemkod. Hulne
CTPEMSTCS OTKPBITH BbIXOA (pep3to. BnoJsiHe BO3MOXKHO,
Y10 06a npaBuJa HEBepHbI M UCTHHA 3aK/il0UAETCH B YEM-
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70 HHOM, l1O-HACTOxAUICMY €LIC HUKCM HE OTKPbITOM H HAa-
CTOJBKO NPOTHBOpeyallleM IPHUBBLIYHBIM TpPeACTaB/AEHUIM,
YTO TOTO, KTO OCMEJIHTCH KOrja-HuOyIdb HrpaTb I[0-HO-
BOMY, COUYTYT Oe3yMILeM.

Mtak, miaxMaTHON TEOPHH He CYLLECTBYET, XOTSl Mbl H
HaMepeBa/JUCh BBECTH ee B MallnHy. PasyMeercs, HallluM
njaHaM He CyXJAeHO cOblTbcA. TeM He MeHee JOAM Tpel-
' JIOUUTAIOT UTPaTh B LIAXMAaThl, HE UMEIOLULHE TEOPHUH, A HE
B HHUM C ero noJHOHW 3aKOHUeHHOH Teopueil. bBonee Ttoro,
HMEHHO OTCYTCTBHE TEOPUH INPHIAET lIaxMaTaM 0coOyio
NpPHUB/JAEKATEJbHOCTb.

IllaxmMaTHO! MallMHEe He OCTaeTCsl HHUYero Jpyroro,
KaK noJpaxaTh WI1aXMaTHUCTYy-4eJOBEKY: OHa HO0JXKHa 00-
AyMBIBaThb CBOH Xolbl. Kak aTo genate? Tak XKe, Kak 3TO
JleJ1aeT 4yeJIoBeK. A KaK OH 3TO Je/aer?

«OH ayMaeTr» — TakOH OTBET BPAA JIH YAOBJETBOPHT
HAaC, NMOCKOJbKY He NMO3BOJSAET HM Ha LIar NPOJABHHYThCS
B OOyueHHH 3JIEKTPOHHOro Liiaxmatucra. I'opasno GoJblie
NoJiIe3HOH HHGOPMALUKH MBI CMOTJIH Obl H3BJIEUb, €CJAH OBl
OTBeT rjacuj: «PasMblllIfg, 4eJOBeK NPOAO/AKAET IIaX«
MaTHYIO NapTHIO, HO MIPH 3TOM He NPUTPATHUBAETCA K (U«
rypam. OH urpaer Ha BooOpaxKaemoii m1axMaTHOU JOCKe,
rjie MOXKeT B34Tb Hazajl J00H MOKa3aBLIKHCH Heyxay-
HbeIM XoA. IIpu 3TOM OH Hrpaer He TO/NbBKO 3a ceOd, HO U
3a CBOEro NPOTUBHHKA, HMHUTHUPYS €ro Xolbl. YesoBek
aHaJu3upyeT HECKOJbKO BAPHAHTOB M OCTaHaBJWBaeTCH
Ha TOM, KOTOPBI [O ero MnpeacTaBJeHUAM CYJHT Hau-
O0oJblide npermyllecTsa. JIup nmocse 3TOro yenoBek co-
BepllaeT Ha peaJlbHOH HOCKEe NePBBIA XOA M3 oToOpaH-
HOr'0 BapHaHTa».

Tak Ke J0oMXKHA MOCTynaTh M MallMHA: MPOUTrPLIBATH
BHYTpH ceOs Bce BapuaHTol. IlpennonoxuM, uro B Jai06oi
MO3HIUH MAallMHA OUEHHBAET JeCiATb BO3MOXKHEIX TMpoO-
JOJIKEHUH M KaXXIbIH BapUAHT NPOCMaTPHBAET HA JECATh
XO0JI0B: HSTh CBOHMX M NATb NPOTHBHHKA. Toraa oOilee
UHCJIO Pa3MHUYHBIX X0JA0B paBuo 101 = 10°000 000 000.
Ecain Ha oOuH XO4 Mbl JaauM €U OJIHY CTOTHICAUYHYIO
JIOJII0 CeKYHJbl, TO 3TO O3HAa4YaeT, YTO HaJ OuYepedHbIM XO-
IoM MamipHa Oymer aymarthb ueanifi genb. Cpok, 6e3yc-
JIOBHO, CJAHILIKOM JIOJTHH.

Mpl NpeanoJoXuay, YTo B JIOOOH NO3HIKH MalldHa
ouenuBaer 10 Bo3aMOXKHBIX npoaoJsxkeHnd. Heav3a au no-
BOJILCTBOBAThLCS MeHbIIHM? B HEHCTBUTENBHOCTH YHCJIO
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BO3MOXKHbIX NMPOAOIKEHUH ropasno 6oJblile, H, 4TOOB RABI4
6paTth w3 HuX Jauub 10, maminHa AoAXKHA ob6JagaTh He-
KUM KpuTepueMm. Pasymeercs, KpuTepuii oTbopa HOJKEH
XPaHUTbCA BTaiHe OT mapTHepa, ¢ KOTOPBIM Hrpaer Mma-
IIHHA, B NPOTHBHOM CJyyae mapTHEp MOXKeT JIerko Mno#-
MaThb e€e B KaKywo-HuOyAb JoByWKY. Ho cyliecTByer eme
OIHa TPyAHOCTh. MauinHa HO/MKHA 3alUCHIBATh aHAJIHU3H-
pyeMble el0 BapuaHThl, n00 B MPOTHBHOM cJyyae oHa He
cMorsia Obl CpaBHHUBATh HX, NMPEXJE YeM OCTAHOBUTb CBOH
BbiOGOp Ha JyuuieM (c ee Touku 3peHHd). Ha marHutHOMR
JIeHTe MOXKHO 3anucath npuMepHo 100 3pakoB Ha KBal-
paTHbIf caHTHMeTp. Ecian A4 3anucH Kaxaoro xoaa tpe-
6yerca 3atpatuth 10 3HakKOB, TO AJA 3anHCH IMpPOCMaTpH-
paeMblx Mamuaoil 10 xomoB moHamo6GuTcsi MAarHMTHAas
JeHta aamHo#i 1 xm m wupunoi 100 M. OnepupoBath ¢
TaKO¥W «MaMATbiO» OblJIO Obl HEBO3MOXKHO.

Ho ato eme He camasi Gonbliass TpyAHOCTb. Kakmm
oOpa3oM MoxeT MalinHa, aHaam3upysa 109 BO3IMOXKHBIX
XOIIOB, OIpeeNnsATh Jydlide H XyAmue u3 Hux? Kakumu
TNpUHUMIAMH OHAa pPYKOBOACTBYeTcss mnpu oTbOope? Kax
YCTaHABJAMBACT, YTO TOT HJHM HHOH XOA Hauayyluud? Bcee
o6CTOUT OYEeHb NMPOCTO, KOTJa Kakue-TO U3 npocMaTpuBae-
MbIX BADHAHTOB NPHBOAAT K MaTy, HO Tak OblBaeT JHIUb
B PeIKHX caydasix. Beiurpeiml ¢purypnl ujaH KadectBa ro-
pa3no meHee ybexputesed. KpoMe Toro, eciu NpOTHBHUKY
M3BECTHO, YTO MalllHA, HAaYWHAdA ¢ NATOTO XO0Ja, JKHBET
HaJexaA0d Ha B3sATHE QUrypbl, O MOXKET, pa3nrpaB ram-
6ut, 6e3 oco6oro Tpyaa o6MaHyThb ee.

HMtak, Mbl npulyin K HEYTEIUUTENbHOMY BLIBOAY: HaM
He yJIacTcsl NOCTPOUTHL MallUHy, KOoTopas Obl AEHCTBH-
TENbHO HIrpasa B waxmarthl. M Bce e Mbl 3HaeM, UTO ye-
JJOBEK HIpaer B IllaxMaThi, XOTH HEH3BECTHO, KaK OH 3TO
nenaet. [IpoBeneHHbII HAMU «aHaJau3» OeHCTBHH IIaxmMa-
THCTA NIPH UTPE B 1UAXMAThl AAJE€KO He MOJOoH. Mbl yeM-To
npeHebperau. Bonpoc B TOM, 4eM xKe?

ITouemy uyenoBeky He npHXOAMTCA mnepebupatnh 1010
pasquUyHBIX XOJOB, NpeXJAe 4eM OH CAeJaeT OouepeaHOH
xon? OTKyla ueoBeK MOJY4aeT HeJOCTAIONLYI0O MaIlHHe
uupopmanuio? lllaxmatuct 3a BpeMs miaxMaTHbIX Garta-
JU# HaKanJuBaeT ONBIT U XPAHUT €ro B CBOEH MaMsATH.
Bce sicHo: mMallHHe TakXe HYXHa naMsTh, KOTopas Ha-
KanauBaaa Obl BeCb HYXKHbIM ONbIT U AaBaJja Obl COBET B
cJyyae HeOOXOIHMOCTH.
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HemoBedeckud MO3r cocToMT npuMmepHo u3 10%° kne-
TOK, Ha3biBaeMblX HelpoHamMu. He npuxoauTtcs u medrarthb
O TOM, YyTOOBl cO37laThb HEYTO I0J00HOe cpelcTBaMH Co-
BpeMeHHOR TexHuKH. [as pasmeuteHns 100 sueexk na-
MATH HeobXxoAuMa, KakK Mbl MOJACUHTAJNH, MarHuTHas mo-
Bepxnocte pasmepamu 1000 XX 100 M, uTO coBepilleHHO
HepeasibHO. KieTkH desioBeueckoro Mosra ropasio MeHb-
e JeKTPOHHbIX sgueek nmaMsATH. HelpoHbl onepupyior He
C 3JIGKTPOHHLIMH JlaMIIaMH M NOJYNPOBOXHHKAMH, a C MO-
JeKyJaMu — MOJIEKYJIOi NMPOTEeHHa, NPUKPEIJICHHOH B OIl-
pelesleHHOM MeCcTeé K MoJeKyJse puOOHYKICUHOBOH KHUC-
JIOTHL.

Co3pnartelu MHHHATIOPHBIX S4€eK M KOMIAKTHONH Ma-
ITHHHOW NMaMsATH OJEePXKHUBAKOT OLUH 3a APYTHM Bce OoJsee
KpylHble ycnexH. M Bce xXe B 3TOi 06/1aCTH TEXHHKE ellle
JOJr0 He yjaacTcs JOTHaTh npupoay. Bmpouem, Her HH-
KaKOH HeOOXOZHMMOCTH KOMHPOBATb UEJOBEUECKHH MO3C
ienukoMm. Ilpecienyiorcs GoJsiee CKPOMHBIE ILeNH MO-
CTPOUTH NEHCTBYIOUIYI0O MOAENb JHUIb TOH yaCTH MO3ra,
KOTOPO# YeJIOBEK MOJIb3yeTCHA, urpas B wmaxMmarbl. UTobbl
yuTaTeNb MOT YSICHHTh MOJJMHHHBIE MaciuTabwl OTCTaBa-
HHUS HCKYCCTBEHHOTO Mo3ra OT €ro eCTeCTBEHHOro IpoTo-
THIA, YIOMSAHEM JHIIb O TOM, YTO 00beM MaMATH OOJb-
IIOH COBPEMEHHOH BbIYHCJAUTEJbHOH MALUUHBI NPUMEPHO
paBeH o6beMy naMATH JOXKAeBOro uepss. st Hrpel B
1axMaTsl 3TOro SBHO HeJOCTaTOYHO.

Ho He Oyazem mnapate pyxom! Ilpeanonoxkum, uto
npobjeMa CO3JaHHsI KOMIAKTHOH NMaMATH pelleHa W. Ma-
IUMHA obJlajfaeT naMATbIO, 06'beM KOTOPOH CPABHUM C ma-
MATbIO yesoBeKa. MamipHa MOMHHT BCE ChITPAaHHbIE €I0
NapTHH U BCE aHaJHU3bl, NPOBEACHHbIE €10 BO BpeMs 3THUX
napTdil U Ha gocyre. [as 3Toro mMauinHe noTpe6oBanach
O6bl KoJioccaJsibHasi MmaMsThb, HO MBI COTJIaCHBI TNOHTH HAa
BCE€ M MpPENOCTAaBUJIM el TaKoe THTFaHTCKOE XpaHHUJHIILE
nH(popMalud. BecTpeTup Mo0yi0 MO3HUUKHIO HA LIaXMaTHOH
JOCKe, MalllHHa HauyWHaeT pPLIThCA B CBOEH NaMATH H,
eC/qIM el yHaercs HAHTH TaKylo Ke IIO3HMIUI0, YUTAET
CBOH IpeXHHe 3allUCH M JHLUb IOC/]e 3TOro COBeplliaeT
OuepeHOH XOJ.

BuiTe MoOxKeT, KOMYy-HHOYAb U3 YHTaTeNEl NMOKaXKeTcd,
YTO yXK Temnepb-To npobjemMa cO3gaHus LHaXMaTHOH Ma-
. IIMHBI pelleHa. YBel! o KeJaHHOH Ie/IH TO-NpEXKHEMY
elile oyeHb paJjeko. Ho kKoe-uero Mbl BCe Ke JOOGUIHCH:
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Heped haMH HauddJla BbIpHCOBLIBATLCHA HCTHHHAA TPYIN-
HOCTb. ['MranTckas# namsTb, KOTOpPOH MBbl HaleJWJaH Ma-
IIHUHY B CBoeM BooOparkeHHH, oKasanach H3auiIHen. Ma-
IIMHA He H3BJIeKaeT HH MaJjejlled MOoJb3bl H3 TOTO, YTO
MOXKET YCTaHaBJUBATb IOJHYIO TOXKAECTBEHHOCTb IIO3H-
IHH, B KOTOPOH €M NPEACTOHUT CAeJaTb OYepeiHOH XOI,
C mosHulueH, yxe BcTpeuaBilieHca el panee. Ecam or-
BJeubCqd OT MO3UIHHA, BO3HUKAWUIUX B TpPaaHIHOHHBIX
nebTax, TO BEPOATHOCTh BCTPETHUTh 3a BClO IIaxMmar-
HYI0 KH3Hb JiBe OJHHAKOBRIE, IO3WULUHH Upe3BHIYAHHO
MaJsia. HakonJsieHHblii MaUiuHOW ONBIT, BCe MapTHH, KOTO-
pble OHa CTOJb TIATeJbHO 3amHChbiBaeT B CBOEH MaMsiTH,
NOHaAO0ATCA €l KpaHWHe penko.

MauivHa HeJOCTaTOYHO XOpOLUO NOApazKaja yesoBe-
Ky-utaxmatucty. OH HHUKOrjJa He XPaHHT B CBOEH MaMSITH
ChIrpaHHble UM napTvu ueaukom. Illaxmarucr orbupaer
B KaXXJOH mapTuu HauboJee CYLIECTBEHHOE M ONyCKaer
BTOpPOCTeNeHHble AeTajH. McKyccTBO 3anoMHUHATbL BKJIIO-
yaeT B ce6f U HCKYCCTBO 3a0BIBATb.

[Ipusenem npumep. Haunrawuiemy maxmartucry, Ko-
pOJII0 KOTOpOro na c¢7 ¥ najibe Ha €8 B ONHOH H3 ChIl-
paHHbIX UM NapTHH OJHOBpPEMEHHO YrpoxaJ KOHb IIpO-
TUBHUKa Ha a8, HeJsierko 3a6bITh NOCJAEJ0BABLIVIO NOTEPIO
KayecTBa, [laxKe Korja NpouyHe JeTajsH I[O3HLUH, CJIO-
JKHBIIEHCS Ha IIaxMaTHON JNOCKe, U3IJIAASATCH M3 ero na-
MATH. HayvHaowyi maxmMaTiHCT W3BJAEK YPOK H3 MOCTHUT-
[Ied erc HeyJgauyw M 3HaeT, Kak NapHpoBaTh aHaJOruu-
HYI0O yrposy, eCjgH oHa BO3HHKHeT B JajbHehuleMm. Haiu
IIaXMaTHLIA aBTOMAT HE3HAKOM C INOHATHEM <«aHaJOTHYy-
Hag yrposa». Ilo/Hoe coBnajeHue WM HeCOBHAJEHHE NO-
SHLHUI — BOT BCe, YTO OH Crnoco0eH BocnpuHHMaTh. Ecau
B OJHOH M3 MNOCJeAVIOUWUX MapTHH KOHb NPOTHBHUKA
CHOBa OyleT yrpo)katb ABYM (UrypaMm Hallero maxma-
THUCTa, OH cyMeeT H3GaBUThCA OT «BHJIKH», laxKe eCJH Ha
IIaXMaTHOH JOCKe CJI0XKHUTCS COBCEM HHas MO3HLUS, YeM
B nepBhlil pa3. MalmuMHa MOXeT 4TO-TO HU3BJeub H3 Ha-
KOnJeHBOro el onbiTa JIHIIb TOrAa, Korjga Ha maxMaTHOH
JIOCKe CJO0XKHTCA MO3UILHsA, 10 MeJbyalUIuX JeTajell COB-
najgarwouas ¢ BcTpeuaBuleiica paHee. Mcnosab3oBanue He-
IIOJIHOTO COBNAaAeHHs, AaHaJdOTHH, AalCTPaKIHH, YMeHHe
OT/JINYaTh CYLUECTBEHHOE OT BTOPOCTENEHHOro COCTaB/sfeT
OTJAUYUTENbHbIE OCOOEHHOCTH YEeJ0BEUeCKOro MBIUIJIEH U,
Bce 3t0 MBI ynycTuAM W3 BHAY, AHAJIU3HPYS MDY
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IaxMaTHCTa - yesoBeKa. COBpeMeHHble aBTOMAThbl CKOH«
CTPYUPOBAHBl TaK, 4YTO OHH MOLYT pacno3HaBaThb JHIIb
MOJIHOE TOXKJAecTBO. B 3TOM HX cuaa u caabocTh.
ABTOMAT, NPONAIOUIHHA CUTAPEThl, HACTOJAbKO caabGoyMen,
.YyTO OODBABHUT «3a0aCTOBKY», €CJH BMeCTO MeJKOi MO-
HETbl B HEro ONYCTHUTb KpymHyio GaukHoty. Heobxomumo
Obl10 GBI CO34aTb aBTOMAaThl COBEPILUEHHO MHOTO THUMA, HO
JLJIS1 9TOTO CHAyaJja Mbl AOJXKHBI IOHATH, YTO, COOGCTBEHHO,
o3HayaeT nopoOue, aHanorusi, abCTpakuusd, CYLLECTBEH-
HOe, BTOPOCTEINEeHHOe U T. I.

B HeKOTOpBHIX MarasmHax M3y4yalOT CTATHCTHKY MOKY=
natejefl U MOACUMTHIBAIOT YHUCJO BXOAALIHX M BBHIXOISf«
mux nocerurenein. (Kcratu ckasatb, HEeH3BECTHO NOYEMY,
HO BXOJAAUIMX OKasbpiBaeTcss Ooabule.) Koe-rae nioned,
33aHUMAIOUIUXCSH TAKHUM I[OJCYETOM, 3aMeHHJJIH 3J/1eKTDOH«
HBIMHW CUETYHKaMH, NPOUlyNbIBAIOIWIUMY MOKynaTe/jell He-
BHUAMMBIMH snyuamu. B He6Gosbliux Kade U 6aHKaX yacto
MOKHO BHJETh LIBeiapa, npeaynpeiuTesbHO OTKPbIBaIO~
Llero mnepej MNOCETUTENSIMH BXOAHYIO aBepb. B ero oG-
3aHHOCTH BXOJIUT HE TOJBKO BECTH CYET NMOCETHTEJASIM, HO
M MpUBETCTBOBaTh HMX. ECam 1uBefinap BeX/HB, TO MPH
BUJIe JlaMbl OH HempeMeHHO n00aBUT K oObluHOMY «J[06-
phiii jneHb» YUYTHBOe «MajaM». MHe HeONHOKpPAaTHO NpH-
Xonunoch 6bIBaTh B MOAOGHBIX Kade, H, NOMKEH CKa3arTh,
s HM pa3y He BHAeJN, YyTOOB LiBeHUap, AEHCTBYIOUIHA
MOYTH aBTOMAaTHuyeckKH, oumnbed. (To, uro mBeHAuap He
JejaeT pas3fiMuudgd MEXAY NOYTEHHOH JaMOd U IOHOM Ae-
BYLIKO#, OJIT Hac He CTOJb CYLIeCTBEHHO.)

He uckniouyeHo, uTo HAlIW KPUTEPHUH CTOJNbL Ke Mpo-
CTHl, KaK KDHUTEDHUH, KOTOPBIMH IMOJib3yIOTCH NTHUbL H
3pepu. CBOIO HOrafKy MBI MOIJIH Obl NIPOBEPHTb JKCIie-
pHMEHTaJbHO, [OKa3biBasg MNOJOMNLITHOMY (oTorpaduu
pasJMYHBIX YacTeHd 4e/JOBEYECKOro Teslla H OmpalluBafd,
KOMY OHH NMpHHAAJe}KaT — MYKUHHEe HJH KeHuuHe. [lef-
CTBYSl TakuM o06pa3oM, HaM YyJajocb Obl OOHApYKHTH
Ba)kHeilne Kputepun. Ecaum ux oxkaxkercs CJAHIIKOM
MHOTO, TO HAaJeATbCA Ha TO, YTO HaHJeHHble KPHTEDHH
yJIacTcsi BBECTH B MalIHHy, He NpuUxoauTcA. B stom cay-
yae Mbl OyAeM BBIHYXIEHBI NPHOETrHYTb K JPyromy Me-
tTomy. PaccraBuB nepefl MalliMHOM rpynny JIOAeH, MH
OG'bACHHM MaIlllHHe, KTO M3 HHUX MY>KYHMHA H KTO JKeHs
nina. Konnekuuio doTonopTperos, HajnexamuM obpa-
30M THIIM3HPOBAHHBIX M MepeBeJeHHbIX Ha SA3LIK MAUIHHHI,
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BBeleM B naMsTb aBToMarta. b cJaydyae HeoOXoauMOCTH
MalIMHAa MOXeT H3BJieub COOTBETCTBYIOULHA IODPTPET H3
apxuBa M, B3TNSHYB Ha HEro, CpaBHUTL C HOBBIM JIHLIOM.
Pasymeercs, MallMHa JA0JI:KHA yMeTb YCTAHaBJAUBaTh He
TOJILKO IOJIHO€ TOXKJeCTBO CpaBHHBAE€MBIX NOPTPETOB, KO
H HX CXOJCTBO, TO €CTh alcTparupoBaThbCH OT HeCyUIecT-
BEHHBIX YepT M BBIAENsSTb rJaBHble. [l19 3TOro MallHHY
HeoOXOAMMO HAYyHTh OTAHYATh MYKYHH H KEHIUIHUH,
npHuyeM «oOpa3oBaHHe», BO3MOXHO, NpPHIAETCS TMPOJOJ]I-
JKHTh H IIOCJIe TOro, Kak aBTOMAaT 3alMeT MecCTO IIBeil-
napa y asepeit kKade. Ecan mammua owubercs, ee yc-
JIOBHO HAXaXyT, ¥ 3TO COGbITHE HAaBCEerja OCTaHETCd B ee
naMsaTH. Tak, NMOCTeNeHHO COBEpLIEHCTBYS CIOCOGHOCTH
MalIHHbl, MBI B KOHIle KOHLOB [OJYYHM aBTOMAT, YMeEIO-
LA 6e30mKBGOUYHO, ¢ NEpPBOTO B3rJAAA OTIHYATH MYXK-
YHH OT XKeHUHH. Ho caMoe raaBHOe nipu 3TOM OYyIeT TO,
YTO Mbl HayuuM MallKHy BbipabaTbiBaTh aOCTpaKTHBIE
AOHATHA.

O6pa3oBanue abGcTpaKUHMH MAalUHHHBIM  HHTEJJIEK-
TOM — BaxHas ¢unocodpckas npobsema, uMerwlas npakx-
THYeckoe 3HayeHHe. Bo MHOTHX KOHCTPYKTOPCKHX OI0po
yXKe ceduyac pa3pabaTblBalOTCS NPOEKTH MalliHH, yMelo-
HIHX UMTATh MEeYaTHBIH H nae PYKOMHCHBIH TeKCcThHl. Ecau
MallHHa pa3bupaeT MOH NOUEPK H MOXKeT Tak nepepabo-
TaTh TEKCT, YTO ApPyrag MalllHa BO3bMeTCH [epeneyarath
ero, TO OTHnajaer HeoOXOAUMOCTb B yCJyrax CTeHOrpas
¢pucTtku-MamuHucTKU. Kakum o6pasoMm cekperapro yua-
eTcs pacliH(pOBBIBATL MOH 3aMHCKH, €CJAH HH OLHA H3
HUX He moxoxa Ha apvrywo? [loka eule He cyuiecTByer
MallHHbl, CIOCO6HON IMpopesaTth TO, YTO €XKEQHEBHO C
JETKOCTBIO fesiaeT CcekpeTapb. A Takume MallHHbl OYEHb
HYXKHbl — MANIHHBI, yMeloUlMe YHTaTh YeKH, ajapeca, Te-
Je(OHHbIE CIIPABOYHHKH H TOMY NOLOCHYIO «JTHTEPATYpPY».
KoHCTpYyKTOpaM HHKakK He yAaeTc HayyHTb MalUlMHbl YH-
TaTb TEKCThI, HaneyaTaHHble HAa NHIIyUIed MaIIHHKe HJIH
TUIIOTPAQCKUM CHOCOO0OM, MNOCKCJABKY MexXay OyKBaMH,
KOoTOopble KaxXyTcsd HaM OJMHAKOBbIMH, B [AEHCTBUTE/b-
HOCTH HMeloTCHd HebGousbliuie pasnauyud. OIHHAKOBHIMH
OYKBbI NpEeLCTaBJIAIOTCS HaM JHLUIb NOTOMY, YTO Mbl 00-
JlagaeM crnocoOGHOCTbI0 aGCTParupoBaTbCsd OT HECYIeCT-
BEHHBIX AeTaJed, XOTA ¥ He MOIJVIH Obl OOBSICHHTb, YTO
CYUIECTBEHHO U YTO BTOPOCTEINEHHO,
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Briclliee pocTHXKEHME HALIUX KOHCTPYKTOPOB B Ha-
cTosililee BpeMs — MaIllUHa, aBTOMaTHYECKH MeyaTalolias
TeKCT, KOTOpHIfi 3alaH el Ha nep¢okapTax Hau nepdo-
Jentre. EnuHcTBeHHOE, yTO TpebyeTrcs COOGIIHTL el AGC-
NOJIHUTENbHO, — NpaBHaa nepeHoca. OpHako maxe 3TO
OKa3bIBAeTCsl JOCTAaTOYHO CJOXKHOU 3amayei. MamluHbL,
yMelolire NnepeBoAHTb ¢ OJHOTO A3blKa Ha Apyroil, Haxo-
IATCS €llle B CTafuM H3Y4YE€HHsI, HO Hal CO3JaHHEM 3JeK-
TPOHHOTO NepeBOAYHKA TPYLHUTCS MHOXKECTBO JIOAeH pas-
JIUYHBIX CMENHaNbHOCTEH OT JHHTBUCTOB 10 MaTeMAaTHKOB.

Cospanne MaluHbl, CIOCCOHOH OT/IMYATh MYXKYHH OT
JKEHIUIHUH, OTHIONb He fABJAETCS aKTYyaJlbHOH Npo6JeMOH.
CKoHCTpyupoBaTh Takylo MaluuHy ObLIO OB CpaBHH-
TeJbHO npocTo. I1oCTPOHTh WIAXMATHYIO MalliUHy Hecpas-
HeHHO TpyaAHee. Ee Heo6xoaMMO HayyHTb aBGCTPaKTHOMY
MbILI/JEHHIO, HO HHKTO He MOXKeT cKa3aTb, KaK IPOUCXOJHUT
ripottecc o6paszoBaHus abCTpaKIUUU, XOTHA KaxKAblH 3HAET,
YTO O3HayaeT 3TO CJI0BO. MalllmHa cTaBHT nepex HaMH
CJA0XKHYI0O (uaocopckyio npobjemMy, MOCKOJAbKY OHA
OXOTHO HayuuJach O6bi 00pas3oBblBaTb aOCTpakUUH (Kak,
BIIpOYEM, U MHOTOMY IpPyroMy).

Ho npexncrasum cebe, yro npobjeMa pelleHa, Bce
TPYAHOCTH NPeOJOJIeHbl U IOCTPOEH aBTOMAT, CIOCOOHBIH
pacno3HaBaTb U abCTparHpoBaTh OT KOHKDETHBHIX JETa-
Jel MO3ULHMHK NOoJdA, HaXoJAlLuecs MoJ yAapoM KOH#A, a
TakKe 00pa3oBhLIBaTh Apyrue aGCcTpakTHbie MOHATHSA, KO-
TOpbie He0OOXOAHMBI CHILHOMY 1axmartucrty. Hasosem ra-
Kot aBTomar Kawucc. o Toro, xak Kaucc ceirpaer cBoio
epBYyI0 MapTHIO, OH He OoJiee YeM HEONBITHbIH HOBHYOK
B maxmarax. Wrpas ¢ Kauccom B wmaxmarsl, Mbl 00Yy-
yaeMm ero. Ecan Kauncc urpaer xopoluo, To nmoJyyaetr Or
Hac noowipenne. Ecnu oH jpenaer HEBEpPHBIH XOH, TO Mbl
€ero HakasbiBaeM. KaucC ouyeHp [pHIEKHBIH YUeHHK.
CTOHT HaM OCTaBUTh €ro OJHOTO, KaK OH IOrpyxKaeTcs
B aHaJu3 CHIPAHHBIX NapTHH. BpemeHu y Hero MHOrO:
OH MOXKEeT LEeJHKOM MNOCBATHUTbL cebsi wwaxmaraM. Kawuce
He CIIUT, He YMbIBAeTCH, He YUCTUT 3yObl (HX y HEro HeT),
eMy He HyxXHo Gpurtbcd. Iluraercs Kawucc saexktpuue-
CKHM TOKOM, KOTOPBIH MOCTynmaeT K HeMy OecrepeGONHO.
O neMm 3a60THTCA cHellHaJbHBIA C/AYXUTENb, CTHDAIOWNH
NblIb ¢ ero noBepxHocTH. Ecam Kawucc 3abonieer, K ero
-ycJayraM Bpay — CIenHaJucT no 3/JeKTpoHHKe. [10BO/bHO
ckopo Kancc no cHie Hrpnl NpeB3OHAET CBOEro yuHTeld,

197



MNOCKOJIbKY TOT MOXKET YACJAATb laXMaTaM JHOIb Y9aCTb
cBoero BpeMeHH. CBepxuesoBeueckoMy reHuio Kaucca ne
COCTaBHT TPYHAa BbIMIpaTh LIAXMAaTHYI0O KODOHY MHpa.

Ecnu maxMarthHoe o6pasoBanue Kancca Mens oco-
OeHHO He HHTEpecyeT, TO § MOry NOCTYNHTb HHaye: IO-
CTpPOMTbL JBa aBTOMarta, co3aTh He ToJbkKo Kaucca, HO
n Kanccy. Hexopomo, uto6si Kawncc Bce BpeMms ocTa-
Bajcad B onuuouectse. HMrpas, Kancc u Kaucca Oynyr
o0yuaTb ApYr Apyra Tak e, Kak o6yvaloT Apyr Apyra
B COBMECTHBIX Hrpax 6/H3HelH. MM H3BecTeH JHIIb ONHH
BUJ NesATe/NbHOCTH, BeloMa JHIIb OJHAa CTPacTh — LiaX-
MaTel. KoHcTpykTopel He BJoxkHAH B Kauncca u Kauccy
OpraH peBHOCTH, HEHAaBHUCTH WUJH JIO6BH. B paBHOH Mepe
Kance ¢ Kanccofi rapaHTHpOBaHbl OT HEOXKHIAHHOIO IO-
fIBJIEHHSI Y HUX HeXKeJaTeJbHOIo MOTOMCTBA.

Korna uesnoBek urpaer B IaxMaThbl, OH pPa3MBILLIAET.
Moryt nu muiciute Kaunce u Kancca?

MoryT nu mawnHb MbicauTh ?

Ecnyn nop «MblulieHHeM» NOHHMAaTh BCIO pa3Hoobpas-
HYI0 YMCTBEHHYIO OeATeJbHOCTh ye/loBeKa, TO Ha MOCTaB-
JICHHBII BOIIPOC INpHAETCA [AaTh OTPHIULATENbHBIH OTBET.
Kancc v Kancca — ypesBriuafiio y3kHe ChnenHasuCThl, HX
OTpaHHYEHHOCTb BO MHOIO pa3 MPEBOCXOJHT OrpaHHYeH-
HOCTb CaMbiX Y3KHX CIELIHAJIHCTOB Cpeau JIOHeH.

Kakne O6bl MalIHHBI MBI HH KOHCTPYHUPOBAJIH, OHH
Bcerna OyayT cnenunanucramH. MmenHo y3kas cnenua-
JU3alus B KaKOU-TO OAHOH 006JiacTH MO3BOJIIET MalllH-
HaM pas3BHBaTb [AefATEJbHOCTb, IPEBOCXOAALLYI0 yYesJoBe-
ueckne BO3MOXxHocTH. Ecnu Tpebyerca co3paTh HeyTo
JIOCTOMHOE Ha3biBAThCA 4YEJOBEKOM B MOJHOM CMBbIC/IE
3TOro CJioBa, TO BOBCe He Tpebyercs o6paulaTtbcst K KOi-
CTPYKTOpPaM JAOpOrocTosili¥x MawmuH. MeTon, ZapoBaH-
HbIH NPHPOJIOH, MO-NIPEKHEMY OCTAETCS CAMbIM AELIEeBHIM
H B HalllW IHH, KOTrJla MOYTH BCE IIPOH3BOJCTBO HAaXOJMHUTCS
B pyKaX CHELHaJJHCTOB, NMOJB3YeTCH TeM XKe BCeoOIIUM
NpU3HaHHEM, KaK M BO BpeMeHa Apmama u EBHL

Ho ecnn orpanuuuThCs pacCMOTpPEHHEM HIPbl B Llax-
MaThbl, TO BC€ K& MOXKHO CIIPOCHTh, MOXKHO JIH Ha3BaTb TO,
yro fAesaloT Bo Bpemsi Hrpbnl Kauncce u Kaucca, mMbiuie-
HHeM. «A mouyemy GBl M HeT? — OTBeTHJA Obl 5. — Kancc
n Kancca — cu/ibHble LWIAXMATHCTBHI U BLIUIPBIBAIOT CBOH
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naptuyd HE HyaAOM, a IIpH IIOMOLIK TOHHOLO anaditi3da, MadJQ
yeM OT/IHYAIOILLErocs OT aHaJ/Ju3a, NPOBOAHMOro Ilaxma-
THCTaMHU-JIIOABMHU»,

Taxoit BrIBOg MHOrHM He HpaBuTcsl. OHH CKJIOHHBI
CUHTaTh, YTO MbILJIEHHE CONPOBOXKAAETCS HEKHM TaHHe
CTBEHHBIM mnpoleccoM. DbITb MoOxKeT, 3TO M TakK, HO He
MeHee BEePOSITHO M TO, YTO IMOAOOHBIe B3IJALBE OLIH60Ys«
ubpl. Korjga gymaer KTo-TO APYrod, s BOCIPHHHUMAIO JIUIIb
coobllaeMblit UM pe3y abTaT (MHOrAAa JHIIb yXaeTcAd 3as
METHTh Ha JHIe cobecelHHKA MUMHYECKYIO Hrpy). Mbice
Jgllle MAalIHHB BBIZAIOT HaM pPe3YyJabTaT, KOTOPBHIA IO
KauecTBY HEOTJNHUHM WIH JaxKe IPeBOCXOJHT INPOAYKT
MBILJIEHHST yesioBeKa. Ecau KTo-HHOYynb He MOXKeT 000is
TUCb (€3 BHEIUHHX CHMIITOMOB MbIIJIEHHS, TO HE COCTaB«
JseT TpyJa npunartb MauinHe o6auk Muicaurens Pozaena,
HaJe/IUTh ee JO6OM, KOTOPBIi OHa MorJa Obl MOpPUIHTH,
WAH nJeyaMu, 4ToOBl OHA MoOrja IMO0XHMalb HMH B
3aBUCUMOCTH OT TOTO, 4YTO HMEHHO TpeOyeTcA B 2aJlaHHbBIA
MOMEHT. SICHO, YTO Takue TpeGOBaHHSA CMEIIHHI,

A KakK OOCTOHUT [es0 ¢ CaMOCO3HaHUeM MalIHHbI?,
IDTOro 1 He 3HAlO, MOCKOJbKY He HMeK HH MaJeliliero
IpeACTaBJICHUSI O TOM, UTO TaKoe camMocCo3HaHue, MOXHO
JIU HHTEePIpeTUPOBATh CaMOCO3HAHHe KaK maMmare? Ecau
Ja, TO MalllMHa B BHICOKOH Mepe HajesieHa CaMOCO3Has
HHeM. MoxeT ObITb, CAMOCO3HAHHE HAIJEXHUT HHTEpIpes
THPOBAaTh KaK  CHOCOOHOCTb  MPOHM3HOCHThL  CJIOBA}
«j1 ecMb»? Torga mMbl BMOHTHpyeM B MAaLIHHY MAarHUTOs
(pOH, KOTOPBIA N0 HECKOJIbKY pa3 B JIeHb OyJICT MPOH3HO+
cuTh Maruueckyio dopmyny «$I ecmb». BhITh MoxkeT
CaMOCO3HaHHe O3HayaeT HeyTo Gosbluee? BecbMa npasios
nonoOHOe NMpeanosoKeHHe, U He HCKJIOYEeHO, YTO HMEHHO
NIPY U3yUYEHHU MALIHH Mbl CTOJKHEMCS ¢ HEOOXOAUMOCTLIO
HOBO{ HHTEpNpETalHH CaMOCO3HAaHHS.

MamnHa cpaBHMMa C YEJJOBEKOM BO MHOTHX OTHOLIEe
HuAX. Ho uesioBeK MBICJAHUT LeNeyCTPEMJIEHHO, KaK TOBO=
pSIT HaM IICHXOJIOTH, a MAallWHE 3TOro He faHo. Mpl Mos=
J)KeM HaJeJMHUTb MALUNHY CNOCOOHOCTBIO MBIC/JAHTD IleJies
ycTpeMJyeHHo. MamnHa 6yjaeT He TOJMBKO HAEHCTBOBATH
IIOCJE€A0BATENbHO, 1IAr 3a 11aroM, TILATEJbHO aHaJIH3H+
pysl BCE TPOU3BOAHUMBIE NEHCTBHSI, HO U MBICJAHTbh «HAO4
6opoT», npeacTasids celd B ONpeNeseHHOM IOJOXKEHHH
B 6yaylieM M CBfi3piBad nyTeM OOCparHblX paccyxkies
HHH cBoe Oynayllee ILOJOXeHHE C TeM, B KOTOpPOM OHA
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HaxonuTcss B JAalHbid MOMEHT. IJTO W €CThb IleJieycTheu-
JEeHHOCTh. My, ObITh MOMKCT, LeJieyCTPeMACHHOCTh O3HaA
yaer Heuro Govibliee?

Haxoneu, renb3s ne ynoMfaiyTb 0 CBOOOAE BO.TII —
npodaexe BeChbMa «KO10uelly, 6GCYyMaTh KOTOPYO MOK-
HO [0Ar0o H 0e3pe3yabrartiuo. Uto Takoe csobdopa BO?
B Kaxix c¢ayyasx Mbl TOBOPLM, 4T0 uea0pek C50607eH
B NPHHATHH CBOHX peleHui? Mie Kamercd, B Tex C.Iy-
yasx, Korjaa o: Aesgaer He B TOYHOCTH TO, 410 Mbl CT HEro
OXUJaeM, KOILd ACHCTBUA €ro HeIb3s NPEeACKa3aTb C
VBEPEHHOCTbIO. ITO 1eCcOXOAEMOC, HO He [JOCTaTOuHOe
ycJ0BHe ¢BoOOALI BOJH. ECau g He MOrYy HeJdxoM H No.l-
HOCTBIO NOJIOMHUTBCA HA 4YeJOBEKa, €CJAH OH HHKOrjaa He
BejeT ceOsa Tak, Kak XoTejqoch Obl MHe, eCaAu OH Koaeh-
Jetrcd, Kak ¢Jirorep Ha BeTpy, TO s1 HA30BY ero He CRO-
O6oaHbLIM, a paboM cBOMX cTpacTed. He ou ynpas.aser uauy,
a oHM Bcelesio npaBAT UM. Kakos ke uror? Yegosek,
obnapawiiui cBoGOLONH BOJAH, He HNOJXKEH 3aBUCETh OT
MOHX NpeACcKa3aHUil, HO He J0JKEH U OblTb HE3aBUCHMBIM
OT HUX.

Hauta mamuna He o6aapaer cobomon Boad. Ona
TOYHO BBLINOJIHSIET TO, YTO Mbl MOTJIM Obl (XOTSI H MO3JIHO)
npejacKasaTh: HAXOAUT JAYYIIUHA X0 B JIOOOH INO3HIHH.
Uto66l oGsagate cBOGOAOH BOJIH, OHA JOJKHA Oblia Obt
B OoJibLIel CTeNeHH MNOXOAMTb HA YeJOBeKa, MH10JXKHA
Obls1a Gbl yTPATHTb HENOrPElIMMYH0 TOYHOCTb CBOMX XO-
JOB. BpeMs OT BpeMeHnU MalllHHe NpUILJIOCh Obl JenaTh
csabble XOObl MM JaKe HapyLiaTb NIpaBUJa UTPHL B LIAX-~
matel. MHorpa Mammua posikHa Gbl1a Obl KosaebaTbcd,
UpeKe 4eM COIJIAaCHThCHA HA NMPOBeleHHe MapTHH, HHOTAA
B CepeluHe UIpbl— mnepeMeliusaTtb (QUIYpHl Ha JHOCKe,
Bce atu pefictBust MauinHe cienoBano Ob COBepllIaTh He
C/JIMLIKOM YaCTO U HE yepe3 IpaBHUIbLHBIE NPOMEKYTKH
BpeMeHd. MomeHT BpemeHH, Korja MallnHa HayHHaeT
NpOsABAATL CBOOOAY BOJH, [OJIKEH ONpeaetaTb HAaTUuHK
cJHyyadHblX yucea. [locTaTOYHO MU BCEro CKa3aHHOro M
TOro, yToObl NpHU3HATb 32 MAIUUHOH CBOOOAY BOJIH, HJH
cBoboja BONH O3HauyaeT Heyto GoJibuliee?

Ilpu3naky, o KOTOPHIM MBI CPAaBHHUBAJIH YeJoBeKa H
MalINHY, MOIJIH NOKa3aThCA MOBEPXHOCTHHIMH., HUTO npos
H3oul10 ObI, ecay O6bl HAM yAAJ0Ch raybxKe 3arJsHyTb B
Mo3r yenoBeka? YUTo NpoOMCXOAHUT B 3JEKTPOHHOM MO3TY,
H3BeCTHO JOCKOHaAbHO, OTHOCHTeABHO /M0G0 ero je-
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Tadarn ClICcna/ueT MOMMCET Chdladlb, [LWid HEPO OlHa CJYyz2KHT,
ZA{1IBOA MO3r 1o cBoeil CJ0XKHOCTH BO MIOrO TbICAY pas3s
NPEBOCXOAUT 3JeKTpOHHBIH. C/l0XKHOCTh MO3ra CToJb Be-
JHKa, 4TO OT/[AeNbHbIMH TOHKOCTAMH €r0 CTPOEHHA HaM
pEXOAUTCS npeHeGperath. Muoroe H3 TOro, 4YTO MBI
3iHaeM O (PYHKUHMONHPOBAHUM MO3ra, H3BECTHO JHIIbL B
ofuux ueprax. Mosr coctout npumepno u3 1010 kierox,
Ha3piBaeMbIXx  HelpowaMu. Ouu  006pasywT OrPOMHYIO
«MEeDeKJIUaTeNbIIYIO» CXeMY — HEPBHYIO CHITEMY, MO3BO-
JiISIIOULYIO YeJIOBEKY M KUBOTHAIM COBEpLIATL LesneycTpem-
JIEHHble M OocMbICJeHHble aeficTBus. Ilepek/aouarenH
HEPBHOH CHCTEMBl — HEHPOHbl — TaK Ke Kak peJsie, 3JeK-
TPOHHO-BaKyyMHbIe TPYOKH HJIH NOJAYNPOBOAHHKI, MOTYT
HaXO0AHUThCA B IBYX COCTOAHUAX — BO3OYXKAEHHOM ¥ HEBO3-
6yskpeHnoM. Jliobble nBa HelipoHa cOeAHHEHBbI C TPETbUM
TaK, YTO OH mMepepalbaTbiBaeT HX COCTOSHUSA MO CXeMe Of-
HOH H3 JIOTHYECKHX CBA30K: «U», «HJH», «ECJH..., TO...».
BriyucautenbHas MammnHa — HECOMHEHHO 60JblUIOe Uy IO.
HepBHas cucrema — uyno Benukoe. Mcxona m3 toro, 4to
Mbl 3HA€M O MEHbIIEM 4Yyje, MOXHO NONBITAaThCH Jyulle
nouAThL GoJiblilee,

[lo cpaBHeHHIO C uyeslOBeyeCKHMM MO3roM 0O6BeM Ia-
MATH JaxKe CaMbIX GONBIIHX M3 COBPEMEHHbIX BBIUHCJIH-
TeJbHBIX MallluH HeBenukK. Ho mawuHbl ellle BuIpacTyT.
Byner nu cosgmana yHuBepcaJibHas JoKasbiBawoulas Mas
liMHa, cnocoGHas [10Ka3aTh BCe, UTO MOXKeT JA0Kas3aTh
Jgrbas apyras MallnHa, UM [HaXMaTHBIH aBTOMAaT, Cpas:
HHMbIA TIO CHJIe UTPBl C LIAXMaTHCTaMHU-AIOAbMH? B 370
TDYAHO noBepuTb. Ha nyTH K co3paHHI0O TaKHX MalluH
BO3HHKAIOT TeXHHYECKHEe Tpo6JeMB TOJOBOKDPYXKUTENb-
HOIl c10XKHOCTH. K TOMY :Ke cyliecTByeT HeMaJo ropasjio
00.1ee BaXKHBIX 3ajau.

Ctousio M yaeasTh CTONBKO BPEMEHH MEpPEUHC/IEHHIO
TOro, 4TO MAalIMHA MOMXET AesaTh JHIUIb B HallleM B00O-
paxenun? Ho Beab uncna v Gurypsl Takxe CyLECTBYIOT
JUullb B HalieM BooOpaxXeHWH. Jliogu 3amHTepecoBaJICh
UMH panblle, ¥ 4ucaa U (QUrypbl HBIHE NPEBPaTaIHUCh
B CpPCACTBA, NO3BOJSAIOUIHE YesIOBEKY MOHATh U NOKOPHTH
npupony. Taxux cpencts MHoro. OOHUM M3 HUX CAYXKIT
BbiUMC/AHTEbHAA MalllMHA — peanbHad Malluya, Hayduc-
JAwas 3apaboTHYIO IJAaTy W yhopapJ/asooulas KOCMHye-
CKiaM KopalbjeMm, M MallHHA, NJeHAOWAsd HAaUly MBICAb
B ~XpolAAiolas Halle BOOOpaxKeHue.

5*






| naga 4

AsbyHa HHU3HK




| EHETHMYECHHN HOZ
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Causiine cnepmiis ¢ sIHLEKNETKOH oOnpeleaseT Bce
HaCJACLACTBCHUBIE NMDU3HAKY HOBOTO CYilleCTBa. KDOXOT-
10N, MUKPOCKOUKMYECKH TeCHOM MDCCTPAHCTBE  KUIeThLil
pauepTad cnpescdenyrtii naad. llpy KaxjaoMm Jederild
KJETKH Oif KORrEpyercs, yToObl BCsiK4sl KJeTKa 3Hala, 3
yeM CCCTCHT ec 3ajaua. B 3TOM CTpOHTEILHOM ILIQie
saparee npenycMOTpeno, Kakue uepThl y HOBOro cyulie-
ctea Oyrvt ofwuMi ¢ ero cobparbsimMy no OHOJOrH!IA-
CKOXV BHAY ¥ HaKie occOLie NpHMeTEl OTNYar €ro oT
MHCTCUICASINLIX «POACTREHRUKOBy, Tax, B mMOex n.laie
3aniCcaHo, YTO $ uejOBCK, a HE aHeMOoH, He ameba, ie
nesyas NTHILLA, Ile IpecMblKalolileecs, He Kolka, Tay yxa-
3aH0, KakK JOJKHBI PYHKIHOHHUPOBATHL MO MBbIULbI, [2-
YyeHb, HEPBLI, NpeLonpeie/icHbl CNOCOOHOCTL BULETH H [O-
BODHTH, LBET KOXH, BOJOC U TIJa3, Myxuuua s HId
JKEHUINHA, JeBlIa WIH «NpaBuiay, NAJAbTOHUK WAH aHade-
THK, — CJIOBOM, MHOIOYHCJ/ICHHBle TOLPOGHOCTH MOELO
TEJIOCJ0XKEeHUsE, 0OOMeHa BelleCTB U MCUXHYeCKOI'o CK.Iajaa.

B ocnose MHOrooOpasHbIX NPOSIBJEHHH KHUBOIl NpH-
pOAbI JIeXKUT MHOroobpasue PopM nporeurosg (6ETKOB).
ITo cBoell XMMHWUECKOW CTPYKType NPOTEHHBbI TNpPeAcTas-
JSIIOT COOOU N/UHHBIE Lenu (B AEHCTBUTENbHOCTH Jaxe
He OfMHAapHLle, a NBOHHBIE) amuHoKucaoT. HTtoObl 1O.IY-
UUTh MOJIEKYJY aMHHOKHUCJOTHI, JOCTATOYHO B MOJIEKY.1€
KaKOU-HUOYNb XKUPHOU KHUCJOTHI
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3aMEHUTb 4TOM BOJOPOMAA, HE BXOASAMIUA B THIPOKCHJb-
Hyio rpynny —OH, na amunopaauxkan —NH,. C Toii c1o-
pOHBI MOJIEKYJbl, [Je HaXOAUTCA alWBbHag Trpynna
—COOH, amuHokucaora Benper ce6a Kak Kucaora. C Toit
CTOPOHBI MOJIEKYJIBl, Tie HAXOAUTCA amuHorpynna —NHo,,
aMHHOKHCJ0Ta BejeT cebs1 KaK ocHoBauue. [loatomy amu-
HOKHCJIOTHI MOXKHO CBA3bIBaTb B AJMHHBIE IENOYKH. Tak
BO3HUKAIOT MPOTEHHBI, COCTOSLIHE H3 COTEH H COTEH Thl-
CAY aMHHOKHCJIOT.
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MOXHO TIpeIcTaBHThL cede MHAIUOHBI Pa3aHYHLIX
AMHUHOKHUCJOT. JIBagmaryd M3 HHX Bblllajga ocoCasi yecTh—
OuITh «KUPNHUYUKAMH», H3 KOTOPbIX IOCTPOEHBI IPOTCH-
Hbl, OJHH M Te Ke J[BaJUaTb aMHUHOKHCJIOT JJ5 BCekl
opranHyeckod npupoaut ot Gaxrepuit no Homo sapiens.
IT0 cyacTaAHBOe OOCTOATEILCTBO NMO3BOJIsiET HAM LOAACP-
MHUBATh CBOIO JKH3Hb, YIOTpeOJaAd B MHILY APYrUX UieHOB
BEJAHKOT0 COOO0LIeCTBA KUBBIX oOpraHu#3dMoB. CrnocobHo-
CTbIO CHHTE3UPOBATb aMHUHOKHC/AOTHI NOJ [AEHCTBUEM CBe-
Ta H3 BO3/Jyxa 006JanarT Julb pacTeHusd. Heobxopumbie
HaM aMHHOKHCJOTBHI Mbl [0JYyYyaeM OT pacTeHUH JHCO He-
IIOCPeACTBEHHO (ecAM Mbl BererapHamilbl), Ju60 KOCBEH-
LBIM nyTeM (ecqau Mbl ynorpebJsieM B MHILY MSCO XKH-
poTiblX). M3 aMHHOKHCIOT Mbl JOJIXKHBI CHHTE3HPOBATh
CBOH NpOTeHHbl. « KHPNMHUUKH» PA3NHUYHBIX COPTOB YK./a-
IbIBAKOTCA B LENOYKH, OT/HUAIOUIHECH APYr OT Apyra H
M0 YHUCJAY KHPNUYHUKOB, H IO NOPALKY, B KOTOPOM OHH
CJACNYIOT APYr 3a APYroM, H 00pasylT MGJAEKYJbl PO~
TEHHOB — Kak Obl ABaAlaTHOyKBeHHBblE «cJOBa». CTPyK-+ .
Typa OJHHX IPOTEHHOB C COBCEM KODOTKOH IEeMOuYKOH
NOJIHOCTbIO H3BeCcTHA. TakoB, HanpHUMep, HHCYJIMH, HI-
palolHiA Ba)KHYI0 pOJb NPH pacllelJeHHH B OpraHu3Me
yraesogopooB. Oka3anoch, 4TO WUHCYJHH OJHHX MJEKO-
NHTAOUNX OTJIHYAETCA 10 CBOEMY CTPOEHHIO OT HHCYJHHA
apyrux MJaexkonurtamomux. [Iporeunbr ¢ 6ojiee AJHHHON
YyrjiepoaHON LEeNnOYKOH OTJIHUHbLI Jake y HHIMBHIYYMOB,
NpUHALJICKAUIHX K OJHOMY H TOMY K€ BHAY.

B crpouTesbHOM mNJNaHe, cOoLep:KalleMcss B OIJOJ0-
TBODEHHOH KJeTKe, 3aluCaHo, KakHM 00pa3oM HOBOE
CYLIeCTBO JOJIXHO CHHTE3HpPOBATb CBOHM NpOTeHHH. Ha-
CJARACTBEHHDIA CTPOUTENbHBIN [IJ1aH XPAHUTCA B TaK Ha3bi-
BaeMbIX XpoMocoMax (y uesoBeka ux 46), KOoTopble NpH
foJsiee ONIM3KOM pacCMOTPEHUH pacnamaroTcsl Ha TLICSUH
OTpe3KoB. KaKAbli Takoli OTpPe30K COOTBETCTBYeT Kas
KOMY-TO HacCJeJCTBEHHOMY CBONCTBY. DTO He UTO HHOE,
Kax Odesokcupubonykaeunosole kucaotor (JJHK), cTpyks
Typa KOTOpbIX Obl1a yCcTaHOBJAeHAa YoTcoHOM H KpukeMm
B 1952 r. Mosekyant JHK wumeior ¢opmy cnupadei,
TOUHEe, NBOHHBIX CnHpaJiell, coCTaBJEHHbIX U3 HeBOILIIOro
yucna «KHPMNHYMKOB®», NBYX NMHPHMHIHHOBLIX OCHOBAHHH
(THMMHaA M 1IMTO3WHA) MW JABYX NYPUHOBEIX OCHOBAHUH
(adeHUHA W TVaHWHA). DTU yeThipe OCHOBAHUS pacnoJas
raiorca B MoJsekyse JHK B BecbMa npHUYIIHBBLIX
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KoMOuHauuax. Kaxnayioo wmoJgeryny AHK Moxno pac-
CMaTpuBaTh KaK JJIHHHOE CJIOBO, COCTABJEHHOEC JIUIUb H3
yeThlpex MOBTOPAIOIIHXCHA OYKB.

HMmenno puOOHYKJIEUHOBbIE KHCJAOTHl YIPAaBJSIOT CHH-
Te30M NPOTEHHOB. (YCJIOBUMCS B AajbHeilieM 0TOpachl-
BaTh NPHCTAaBKY «ae3okcu». Ilpexne uem puboHyk.ien-
HOBble KHCJIOThl 3aUMyTCH CHHTE30M MNPOTEHUHOB, OHil
NoABeprHyTcd elle ogHON OoJiee cepbe3HOH Tpaucdopma-
I1UA.)

Hacnencteennaa wuHopMauus, 3aKOJAHPOBAHHAA B
pPHOOHYKJIEHHOBBIX KHCJAOTaX, Nepegaercd jaaJjblie ABOS-
KuM o6pa3oM. Bo-riepBbix, OHa KONUPYETCH NPU KaxKIAOM
JIeI€EHHH KJIEeTKH, BO-BTOPBIX, IPH CHHTE3e NPOTEHHA Npo-
HCXOIUT nepeBo] MH(POPMAIIUH C f13bIKA, HCIOJAb3YICIero
yeTblpeXOyKBeHHbIH aji(paBUT (A3BIK PUOOHYKJIEUHOBLIX
KHCJIOT), Ha f3blK, UCNOJb3YIOWHA ABaauaTHOYKBEHHb ]
angaBUT (A3bIK MPOTEHHOB). Bnpouem, BCTpPeuaroTCsl B
NPHPOLE JKHBble CYIIECTBA, 3HAKOMBIe JHIbL C NEPBHIM
SI3bIKOM: 3TO BHPYCBHI, NOUYTH I€JIHKOM COCTOsIiiNie H3 PH-
OOHYKJIeHHOBbIX Kuc/aOT. [lonagas B KJAeTKH CBOEro HOCH-=
Te/sfl, OHW HaXOAdAT B HHX HEOOXONUMbIH MaTepuas H
HauUHAIOT Pa3MHOKAaThCA.

Hasg KonmupoBaHWA NPUpPOAA MpuayMasa BecbMa Xu-
TPOYMHBIII MeTola. PHOOHYKICUHOBbIE KHCAOTH NPEACTan-
JSAIOT COO0H ABOHHLIE CrUpaJy, MOJOBHHKH KOTOPBIX OT-
HOCATCA JPYr € JPYry KdK HEraTus 4 MNO3UTHB OJQHOU H
TOH ke portorpaduu. [IpoTus HUTO3UHA BCerpa pacrnosa-
raeTcsi ryaHuH W, Hao60pOT, NPOTHB THMHHA — QJEHHUH,
Korpa Bo3HukaeT HeOOXOAUMOCTb B CHATKH TOYHOMH KOMHH
C MOJIeKYJibl PHOOHYKJIEUHOBOM KHCJOTbI, ABOWUHAA le-
MOYKa pacnajgaercss no JJAUHe, a KaXaasg [0JOBKHHKA
BHOBb JOCTpauBaeTcsd A0 ABOMHOM CcIHMpaJ/ii, C NO3UTHBA
eyaTaercss HeraTus, C HeraTHBa — IO3HTHB.

Bropoi#i cnoco® nepefaun HacJaeICTBeHHOH HH(pOpMa-
MY HECKOJIbKO CJIOXKHee: OH pelcrasJ/sieT coboi mnepe-
BO/L C fI3blKa PHOOHYKJ/EHMHOBBIX KHCJIOT, HCIOJb3VIOIEro
yeTHIPeXOYKBEHHBIH aJ/(paBUT, Ha fA3bIK INPOTEUHOB, HC-
NOJb3YIOMUN ABaAlaTHOYKBEHHBIH aadaBuT. COOTBETCT
BHe MEKJIYy TeM U IPYTrUM $I3bIKOM yCTaHaBJIHBaeT HEKUH
Kon. bnoxuMukaMm NpHILIOCH HEMAJIO MOTPYAHUTLCH, Npes
XKIe yeM YAaJoCh €ro pacKphiTh.

BosmoxHO sn BoOOlle 3anucaTtbh B YeTbIpeXOyKBEHs
HOM an¢aBHUTe BCIO HH(OpMALHIO, NpeACTABUMYI0O B ali-
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¢asure u3 20 Oyks? OkasniBaercs, nMoxoOHasag 3agaua
Briosie paspemnmMa. Bosee Toro, Jiwo6oe CJIOBO, Hamnpir-
Mep, HEeMeLKOro f3blKa, HCIOAL3YIOUIEro OOLIYHBIH Ja«
THHCKUHA asdaBur ¢ 26 OyKBaMH, MOXKHO [eperaTh
a3bykoit Mopse, comep:Kaueil auilb 2 OYKBBI: TOUKY
tTupe. [IpaBuabnHee 6bi10 Gbl cKasaTh, uTo asbyka Mopae
conepKUT 3 OYKBbI: TOUYKY, TUpe H npobes, MNOCKOJbKY
6e3 npobesa Mbul Obl He 3HAJH, TJe HayuHaeTCcd U 3aKail-
yuBaeTcqd KOMOHHAIUS TCUSK M THUDe, nepefawomias Ty
HUJIH UHYIO GYKBY JIATHHCKOro af¢aBuTa.

O kogne Ku3HY MOXKHO 6bLIO OB CKa3aThb, UTO 3TO KOX,
He cojep:xKawun npobenos. Bo3Huxaer Bomnpoc: cyule-
CTBYET JIH TaKOH KOMA, U eCJaH Aa, TO KaK ero MmoCTPOUThH?

Hoavl, He coaepiawme npobenob

ITycts a, b, ¢, d — yernipe GyKeHl, 06pasyouue anda-
BUT pUGOHYKJIEHHOBBIX KucaoT. HazoreMm duepammord yno-
pSANOUYEHHYI0 mapy Takux OykBs, Hanpumep ab, dc, cc.
Ynopsagouennyiwo Tpoiky 6ykB, Hanpumep cda, bbc, aaa
VCJIOBUMCSI HasbBaTh Tpuepammoi. [lonpobyeMm Hauath C
tpurpamm. Ilpennosoxum, uro kaxroil u3 20 6yks o, 8,
v, ... ajJpaBuTa HPOTEHHOB COOTBETCTBYT OJHA TPUTpaM-
ma. Muaue roeopsd, pns toro urebol u3 20 aMHHOKHC/IOT
BbIOpaTh OJHY W NPY CUHTE3€ NPOTEUHOBOH LENOYKH pac-
NIOJIOKHUTh B HYXHOM MecTe, HeoOXOJHMO B3fTb TPU DH-
GOHYKJIEHHOBBIE KUCJIOTH U BBICTPOHTb B LIEMOYKY B OIpe-
JeJieHHoN mnocsegoBateabtoctu. [losayunsuwniica xonx Oy«
JACT BBITVIAAeTh, HanpuMep, Tak:

abc =a,
dda =9,
chd =,
bda =298

H T. 1. K coxasnenuio, AJa nena — mepeBojla ¢ s3blKa
pHOOHYKIEHHOBLIX KHCJAOT HA f3BIK NMPOTEHHOB — OH He-
npurojleH. Takoe «pHOGOHYKIEHHOBOE» CJOBO, Kak

abcbdabdaddacbdabcebda,

IO 3aMUCH B <«IPOTEMHOBOM» ajdaBuTe BHIrAAAen0 Obl
caeayouuM o6pasom:

ad00pfpyad
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Barinanys uHa 14, 1o n 16-10 OyxBbl mepeoro c¢Jjaosa, He-
1PVAHO 3aMEeTHThb, UTO H3-3a CJAHsHUS Tpurpamm y = cbd
i o = abc o6pasoranack Tpurpamma bda, coorseTcTByio-
11as1 B IPOTEHHOBOM anadasure 6ykse 0. TpmpaMma bda
MOXKeT NPHBECTH K cOO0I0 B CHHTE3e NPOTEeHHa: aMHHOKHC-
JIOTA MOXKEeT MOMNacTh B IENOYKY W HAPYLIHTL CTPOHHbIE
TIPOMOPHHUU BCEH CJIOKHOHN MOCTPONKH MOJSKYJIbl NPOTEH-
Ea. Tak Jaerajdb TOJIOBOJOMKH, CX0XKad M0 HAPYXKHBIM
OYepTaHHAM ¢ ADPYroff Kerasiblo, oNas HE Ha CBOE MeECTO,
MOXKeT momMeiuaTtb Bceit c6opke. OrcyrcTBHe npobesoB —
TpefoBaHHe OUYEHb KECTKOe, W YIOBJRTBOPHUTHL eMy He-
Jerko. Bosuukaer matemaruucckas 3ajada. Kak Jyutue
ee chOpPMYTHPOBATH?

M3 yernipex 6YKB a, b, ¢, d Bcero MOKHO COCTaBHTH
4% = 64 tpurpamMmmbl. VI3 aux HyxkHo ortobparh 20 Taxux
TpurpaMM (o6pasylomux cucreMy S), 4To ecau TPUrpam-
Mbl Xy2 1 UVW TpUHaLJIeKaT CHCTeMe S, TO HH TPUTPaAM-
Ma Yyzu, HA TpUrpaMMa 2uU He JNOIKHBI MPHHAINEXKAThH
cucreme S. (Ilepemennsie x, Y, 2, 4, U, W 03HAYAIOT JIIO-
6bie M3 6YKB a, b, ¢, d.) CyliecTByeT Ju cACTEMa S ¢ Ta-
KHMH CBOHCTBAMH?

Ilpexxze Bcero 3ameruM: eCJH TpPUrpaMMa xyz IMpH-
HAJJEXHUT CHCTeMe S, TO TPHUTPAMMBbl Y2X H 2XY HE MOTYT
npuHagiexats S. B uactroctu, Tpurpammel aaa, bbb,
cce, ddd oTHOCATCA K YUCJAy 3anpelieHHBIX. B HameM
pacnopsixkenuu ocraercs 64 — 4 = 60 rpurpamm. M3 sio-
6bIX TpeX TPUTPAMM XYz, Y2X, 2xXYy cucreMe S MOXKET IpH-
HajJexaTb auilib onHa. CnegoBaTesibHO, YCJIOBUE OTCYT-
cTBUSl npobesoB MPHBOAHT K TOMY, UTO CHCTEeMa S conep-
>Kut He OGosiee 20 tpurpamm. Becbma mHOrooGemarouge
BLHIMISIIHT COBMAajeHHe 4HCeJ: MBI CHOBA BCTpedyaeMcCs C
yucaom 20.

Chopmynanpyem eme pa3 MareMaTHuecKyl 3ajnauy,
pelieHHeM KOTOpPOH Mbl ceffuac 3aidMmeMcs.

Peuwexne sapauu

Sadaua. Hazosem tpurpaMMolt ynopsafoueHHY0 TPoHi-
Ky OYKB, COCTABJIEHHYI0O H3 3/JeMEHTOB ueThipex0yKBeH-
Horo aJndasura a, b, ¢, d. Cucrema S tpurpamMM Ha3bl-
BaeTCs KOJIOM, €CJH H3 TOro, uTo

TPUrPaMMBbl X4¥Z ¥ UUVW NpHHAJIexKaT S,
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caelyerT, 410
TPUrPaMMEl y2u W ZUU He npuHanaexar S.

Tpebverca mocTPoUTh BCE KOIL!, COOEpXKAalllHe MAaKCH-
MaJisHoe uuceso (20) tpurpavi.

Ilpeanosioxui, uto Had yAa.lech NOCTPONThL Kom S,
00NazalouIui BCEMU HVZKNKIMU cBolicTzaMu. Paccyvorpum
cledyioulee.

YyrBepxaenue 1. iI3 xamxzoro nabepa, cocrod-
plero W3 TPexX TPUTPAMM X452, y2X, 2Xy, cucreme S npu-
Ball1exHT PCBHO OLHA TRHIpPamMMa, ecjJHd TOIbKO He Bhi-
NOJILAETCH PABeNCTBO X==y==2 (B 3TOM CJyyae HU OJHA
U3 TPeX TPUIpaMM le npuBapiexur S).

To, yto cucrteMe S MOkeT NpuHaLiKaTh He OoJee
OLLCIT TPUTDAMMLI M3 K2XA0ro AONMYCTHMOTO Hadopa,
CJAEAYVET HenoCPEACTBEIHO 13 TpeboBaHHd 00 OTCYTCTBHI
npobeaoB. [lockoabky cyuiceTByer Juilb ABaaunaTb Habo-
POB TpUrpaMM, TO OJHA TPUrpaMMa W3 KakKJoro Hadopa
AoJ/:KHA npurHaaaexars S, ubo B S [0MKHO BXOAHTH
20 TtpurpamwM.

Onpenenenue . O60o3nauuM Sy MHOMKECTBO TpH-
rpaMy, B KOTODbIX X CTOHT B cepeline, Ly — MHOXeCTBO
OyKE, CTOSIHX B TpUTPaMMax H3 MHOXecTBa S, cieBa
oT X, H Ry — MHOxecTBO GyKB, CTOSIIIHX B TPUrpaMMax
M3 MHOXKeCTBa S, crpaBa oT X.

YrBepxaenue 2, Ecain OykBa u# IpHHALJIEKHT
MHOoXKecTBY Ly, 6yKBa U — MHOXecTBY Ry, npuuem OYK-
Bbl U, U HE PaBHLI OJHOBPEMEHHO X, TO TPHUTpaMMa uUXU
NpHHANIEKHUT cHcTeMe S.

JlelicTBUTEIbHO, N0 NPEANOJJOKEHNIO NPH 3aJAHHBIX ¢
H p CYWIEeCTBYIOT OnpefeseHHble TPUTPaMMbl

gxv u uxp u3 S,
NpuuyeM TPHIPaMMBb
Xvu U vuxX He mpuHajpaexar S.

CrnenoBaTesnbHO, MO JOKA3aHHOMY Bhillle YTBEPXAEHHIO ]
TpUrpaMmma
UUX TIDHMHAJJEXHUT S,

4YTO U TpebOBAJSOCH AOKA3ATh.

Onpenenenune 2. Begem coxpauteHHHH cnocod
3aliCH 3JIEMEHTOB MHoXKecTBa S,.. BpinmuniieM mnocpeauue
OJHYy HNOJA JApyroil uyerthbipe pa3a OYyKBY X, CJI€BA — OAHY
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MOA JApyrod OYKBbI, NpUHANJNENKAUIHE MHOMXKECTBY Ly,
cnpaBa — TaK¥Ke OJMH NOJ JPYTUM S3JEMCHTHl MHOXe-
crea R,. Hanpumep, ecnu mHoxKectBo Lp cOCTOUT H3 OYKB
a, b, d, a mHoxectBo Ry — u3 6ykB b u ¢, To S, Oyaer
GolepKaTh cJelylollne JieBble H npaBble AHATPAMMBL:

ab

bb
bb
bc

ab

8 Hallla COKpallleHHAs 3anuch OYHAET UMeTh BHA:

abb

bbc
Se = db
b

[MonuMars 3Ty 3amuch HaMJIEXKHUT CAEAYIOUIMM OGPa3oM.
UTo6bl MONYUYHTb BCE YWJIEHLI MHOMKecTBa Sp, HEOOXONHMO
COGT@BUTH BC€ BO3MOXKHBIE TPUTPaMMBl, ¥ KOTOPHIX JeBad
6ykBa B3siTa u3 JeBoro croJsbila, npaBas — U3 TNPasBoro,
& cpenHeil 6ykBo#l Bbi6paHa OykBa b. 3anpeuieHHo# sB-
AsieTcs Jullb Tpurpamma bbo.

YrTBepxaenue 3. Eciu OykBa X mNpHHAAJEKHT
fin60 mHOoXKecTBY Ly, 1160 MHOXKecTBY Ry, TO MHOXKECTBO
Sx 0ycTo (He COAEPXKUT HH OJHON TPUrpPaMMBI).

IIpennosiokuM, uTo OYKBA X He NPUHANJIECKHAT HH MHO<
KecTBY Ly, HH MHOXeCTBY Ry, a MHOXK2CTBO Sy comep-
JKUT 10 KpalHeH Mepe OJHY TPHIpaMMy, HAllpHUMeEp UXU,
npuyeM 4 %= x. Torjga TpUrpaMmbl UXX U XXU He NIPHHAM=
jJexar cucreme S. CiaenoBarenbHO, N0 YTBepXKIeHHIO |
TpUrpamMMa xux JoJ/nKHa npuHaanexarb cucreme S. Ho
5TO TNPOTHBOPEUHT HCXOAHOMY TIPEAINOJNOXKEHHIO O TOM,
4TO TPUTPAMMa UXU NpHHAIJIEKHUT cucreme S.

YrBepxaenue 4. Hu onna aurpamMmma pg He MO«
KeT BCTpedaTbCs CpelH TPUrpaMM, oOpa3yiouluX CHCTE-
My S, OlHOBpEMEeHHO CIpaBa H CjeBa.

Ilpenanonoxum npotuBHoe, [IycTh TpUrpaMmel

pgx W ypq npunamiexar S. (4.0

Ecau 6b1 B cucreMe S Halujach TpUrpaMMa, oKaHYH<
Baloulasicsi OyKBOH Y, HalpuMep UVY, TO, CONOCTABIAA €@
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C TPUrPpaMMOH pgx, Mbl Obl NIPHULIH K NPOTHBOPEUYHIO, NO-
CKOJILKY TpUrpaMma ypg He Morja Obl nmpuHajjiexartb S
BONpeKH npennosioxendto. CnenosarenpbHo, B cucreme S
He CyLIeCTBYeT TPHTrpaMMBbl, OKaHuMBawllelica OYKBOHU Y.
AnasorHuHbBIM 00pa30M MOXKHO IIOKa3aTb, YTO B CHCTe-
Me S He CymIIecTBYeT TPUTpaMMbl, HaunHalomencs: ¢ 6yK-
Bbl X. OTClofa caenyer, 4to x = y.
JlaJsee, pja KaxJI0TO 2 TPHIPAMMbI

XX2 1 X2ZX He IpHHaAAAe)KaT S.

ITo yTBepxaenuio 1 npn 2 = ¥ oTciona claelyer, uTo TPH-
rpaMma
2xx npuHagnexur S. (4.1)
Kpome Toro, TpurpaMmul
2Yyy W Yyzy He npuanagaexar S.

Ilo yrBepxpaenno 1 npu 2 =y 370 o0311auaeT, 4TO TPH-
rpaMma
Yyyz npuHagneRuT S. (4.2)

B uacrnoctu, noxcrasasgs B (4.1) 6ykBy y, a B (4.2)
OyKBY X BMeCTO 2, NoJiydaeM: TPUTpaMmMa

Yyxx TIPUHHALJIEKUT S, (4.3)
YYyx TPHHALIEKUT S. (4.4)

M3 (4.1) n (4.4) cnenyer, uto NpHU 2 = X TpUrpaMma
yXxz He TNPUHALJIEKHUT S, (4.5)

aus (4.3) u (4.2)— urto npu 2 = y TpUrpaMma
2Yyx He OPUHAIJIEXKHT S. (4.6)

[Tonbaysace yrBepxaenueM 1, saknawouaem u3 (4.5) u (4.6),
4yTO TIPH JI0OBIX 2 7= X, 2 =~ y TpUrpaMmma

X2y NpUHAAJIEXUT S.

Ho 3To npoTHBOPEUHT AOK23aHHOMY paHee yTBepPXKIEHHIO
O TOM, YTO HH OJHA TpUrpaMma H3 S HE MOXKET HauH-
HaThCs ¢ OYKBBI X H OKAHYHBATHLCA OYKBOH Y.
ChnenoBaTeNbHO, BBHICKA3aHHOE HAMH NPeNNoJoXKeHHe
(4.0) neBepno. Tem cambiM yTBepKaeHue 4 N0Ka3aHO.
YrBepxaenne 5. Byka x He MOXeT OJHOBpPEeMEH-
HO IpHHAANeXaTh MHOXKecTBaM Ly u Ry.
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JLefICTBHTEJbHO, B TPOTHBHOM cCJly4ae AHUTPaMMa XX
BcTpeuasnach Ob cpenin TpurpaMmM, o6pa3yrouHX CHCTe-
My S OlHOBpeMEHUO W CNpaBa, U cJdcBa (BONPEKH yTBEep-
KACHHIO 4).

CaenoBaTenbHO, MHOXKECTBO Sp, NpHBeAeHHOE HAMHU B
KadyecTBe NpuUMepa B onpelesieHHH 2, HE CYLIeCTBYeT.

YrBepxanenne 6. Ectu v npuHagiexut Rx u u
npHHalAeXUT R, (npuueM 4 %= X), TO 4 TIPUHAAJEKUT
Takxke L,. '

[lo npenmosnoXeHu0 xX M Xy BCTpPeyaloTcs B CHCTE-
Me S Kak npaBbie guarpammbl. ClieloBaTenbHO, MO0 yTBEP-
KAeHnio 4 KoOMOUHAUNA XX U XY HE MOT'YT BXOLHTH B TpH-
rpaMMbl H3 S KaK JeBble gHarpaMMbl, U, TaKuM 06pa3on,
TPHTPAMMBI

XXU W xux He npuHaAgexar S.

Ho torma no yrBepxneuuio 1 Tpurpamma
uxx MpUHAAAEKHAT S.

Ho 310 u o3nauaer, uTo 6ykBa 4 NpPUHAAJIEKHT L.

YrBepxnaenue 7. [lycts Sy — He mycToe MHOXKe-
cTBo. Toraa mo yTBepXAeHHI0O 3 OykKBa X HOJKHA MNpH-
HapnexaTh Ju60 MHOXKeCTBY Ry, JHO0 MHOXKecTBY Ly
[Tpennosoxxum Aaa onpeneeHHOCTH, UTO X MPHHAMIEKHT
MHOXKECTBY Ry O603HauuM Sy, lx, rx YHCIO 3JIEMEHTOB B
MHOXecTBax Sk, Lx, Rx. V13 yTBepxaenns 6 ciaenyer, 410

r.<<l,+ 1.
[lo yrBepxaeHuio 2
Sy=1y°r,.

OGo3HayuM Sy 4YHUCIO TpUrpaMm H3 Sx ¢ AByMs ofuHa-
KOBbIMH OyKBaMu. Torzaa

s.=1_+r —1.

Ecaun x npnnagnexur Ry, TO rx, L, Sx 1 S% MOTYT NIpHHH-
MaTb camoe 0oJblliee CJAeAYIOUHe 3HaAUEeHUA:

r,= 4321321210
3333222110
5,—12963642210
s’= 6543432210

Y

142



(rivay B nocdaenHeM ¢Toa0He COOTBETCTBYIOT TYCTONMY
MIIOKECTBY S..)

Cucrema S conepuisnt posio £0 1purpams, 127 u3 nnx
coaecpikai no 2 omuuaxonplx Oyxsu. TakuMm cGpazox,
JOJA B BLIHOJTHETECS COGTHOWEHHS

9y

! o .
S, 8y 4 8, + 8, =120,

o I 19
S Tbu+scl L2

C veeroM X ML HOdVIAeM L19 YeThipeX YHCed Sg, Se, Sby
Sq JHINL CIEIVICHME HaGonsl AONYCTHMBIX SHaYennn:

I 12, 6, 2, O;
. 12, 6, 1, I
. 12, 4, 4, O0;
IvV: 9, 9, 2, O0;
V: 9, 9 1, 1

’ ’

M, pasyMmeeTcs, Bce HaOODEl, BO3HHKawouue H3 HabOPOB
I1—V npu nepecranoBke OVKB a, b, ¢, d.

Paccmortpum cayuaii [: sq = 12, s¢ = 6. Ilpu sq = 12
HaxoauM: rq = 4, lg = 3 #n

ada

bdb
Sd:cdc

dd

NJI0C BCe BO3MOXKHbIE IepeCTaHOBKH JIeBbIX H INpPaBbIX
6ykB. B TpurpamMmbl paccMaTpuBaeMoro MHoxkecTBa Sg
aurpaMmbl ad, bd, cd Bxonar cnesa. Ilo yrBep:xKaenuto 4
9TO 03HayaeT, UTO OHH HE MOTYT BXOJLHUTb HH B OJHY AH-
rpammy cucteMmu S cnpapa. CienoBaTenbHO, 6yKBa d MO-
)KeT BXOJAHTL ClIpaBa B TpUTpaMMbl, oOpasyloliye cHCTe-
My S, JHIIb B TOM c/lydae, €CJid 3TH TPUrPAMMbI NIPHHA -
JNexar MHoxectBy Sg. Kpome toro, da, db, dc Bxouast
KaK TpaBble JHrPaMMbl B TPUTPAMMbl MHOXecTBa Sq-
CnepoBaresbHo, da, db, dc He MOryT BXOAHTb KakK JI€Bbi€
AurpaMMbl B TpurpaMmbl cucteMbl S. Takum ob6pasow,
6ykBa d He MOMKeT BXOAHTb B TPHIPAaMMBl CHCTeMH S
€JeBa H BooOGlle He BXOIHT B TPHrPaMMbl CHCTEMEHI S, HeE
DPHHaJJIeXallHe MHOXECTBY Sq.
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1IpH S, = 0 HaxoauM: rq =93, lg=2n

aca

bech
cC
C

TJII0C BCe BO3MOMKHbIE MEePeCTAHOBKH JIEBBIX H IPABLIX
GykBs. Ilo anasorun ¢ npuBeAeHHbIMH BbIlIE paccyxkie-
HUAMH 3aKJ/Jar4aeM, uTo OyKBa ¢ He BXOJHUT B TPHIrpaMMbl,
cbpasylomue Mmuoxecrnsa Sp # S,. B cnyuae I npu s,=2,
rg =2 u lg =1 MHOXKecTBO Sp MOXKET HMETb JHUUIb CJECs
AVIOLIUNA BUL:
aba
bb
b
b

MJII0C BCe BO3MOXKHblE MepPeCTaHOBKM JIeBLIX H IpaBhiX
OyKB, a MHOXKecTBO S, mycro. B cayuae II, xoraa s =
= S, = 1, MHOXecTBa Sp U S, UMEIOT CJAedYIOLHHA BHMI}

ab aa
bb ba
b a
b a

IIpaBbie U JieBbie OYKBH 3/1eCh TakXkKe paspellaercs nepe-<
CTaBJAATb, HO JHWb OAHOBPEMEHHO B Sg H B Sp, NOCKO/b=
Ky B IPOTHBHOM cjayuae aurpamma ab sxoausna Obl B TPHU+
rpaMMbl CHCTeMbl S cripaBa H cJeBa.

Paccmorpum cayuair 111 ¢ s = 4. C TouHOCThIO AO
MepecTaHOBKH MPaBbIX H JeBLIX OYKB TPUTpPaMM MOXKHO
IPEANONOKHTh, YTO MHOXKECTBO R. coaepXHT OYKBY Cu
Ecan 6ykBa b npunamiexuT R, To no yTBepxieHHio 6
OykBa b OJHOBPEMEHHO NPHUHALJIEKUT M MHOKECTBY Le.
CaenoBarenbHO, TpUTPpaMMbl, 00pasyloliue CHCTEMY S, He
MOTYT cofepxKarb aurpammy cb cineBa u aurpammy bce
cipaBa. 3TO 03HayaeT, 4YTo B TPpurpaMMmax CcHCTeMbl S
6yKBa ¢ He MOXET CTOATb pAgoM ¢ OykBoi b. Takum 00+«
pasoM, coceasiMu OYKBbl b MOTYT OBITh JHIIb GYKBHI @ 1 b,
Ho Torga HaunboJibliee 3HAYECHUE Sp HE NpEBBIIaAN0 Obl 2,
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B TO BpeMsl Kak B cJyudae lll JOJI2KHO BBINOJMHATHCA pa-
BEHCTBO §p = 4. M3 noJiyueHHOro NPOTUBOPeUUs CAeLyeT,
uro 6ykBa b He NMPUHALJEXKHT MHOXKeCcTBY R, # MHOKe-
cTBa S, U Sp COCTOAT H3 3JEeMEHTOB

aca aba

bc bb
cc c¢b
C b

NJI0C BCE BO3MOXKHble MEePECTAHOBKHM NPABbIX M JEBHIX
OVKB.

B cayuyae IV BbinosHsiioTcss paBeHCcTBa Sq == S = 9.

TTpeAnosioxKuM, YTO MHOXKeECTBO Ry cojepxut GykBy d.
Ecnu 661 6ykBa ¢ npuHamjexasna MHOXKeCTBY Ry, To 1o
VIBEpPXKASHHIO 6 OHA npHHaagexana 6bl # MHOXKeCTBY La.
Ho Toraa, xak cpasy BuaHo, 6ykBa d Bxoauaa Obl B TPHU-
rpaMMbl MHOXKecTBa S, m cnpaBa, u caeBa. ITocKoJabKy
OvkBa ¢ BXOAUT JUGO B MHOXecTBOo L., au60 B MHOXKeE-
CTBO R¢, TO Sc << 6. DTO HepaBeHCTBO NPOTHBOPEYHT pa-
BEHCTBY Sc = 9, KOTOpOe HOJIXKHO BBINONHATLCA B pacs
cMaTpuBaeMoM cJyudae, [Mo3TOMy OyKBa ¢ He MOXET IpH«
HajUiexKaTh MHOXecTBy Ry Mrak, MuoxectBa Sg # Se
COoepKaT CAeAYyIOInHe 3JAeMEeHTDI:

ada aca

bdb bcb

cd cC
dd dc

IJIIOC BCE€ BO3MOXKHbIE TepecTaHOBKM IIPaBbIX H JieBbIX
O6yks. B tpurpammer cucrembl S purpammsl ad, bd, ac, ba
He MOTYT BXOJWTb CIpaBa, a Aurpammel da, db, ca, ¢b —
ci1eBa. CnenoBarenbHo, 6yKBbl ¢ U d He MOTYyT BXOJHUTh
B TPUrPAMMbl CHCTeMbl S, He TNpHHALJIeNKallHe MHOMXKes
ctBaM S. u Sg. Takum o6pasoM, npu Sp = 2, S = 0 MHO-
3KeCTBO Sp COMEPHKHUT 3JeMEeHTHI

aba
bb
b
b
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a B clyyae V IpH Sy == Sqg — | MHOXKecTBa Sp U O, —
3JIEMEHThI '

ab aa
bb ba
] a
b a

n0C 0ObluHble NepPecTaHOBKY PAaBbIX H JeBbiX OYKB.

CnenctBue. Urak, cobepem BoeludH) BCE MCJIyHEH-
Hble pesyabTaThl. [lonHoe peinenue 3agaun HMCET Cle-
LYIOLINUHA BUA:

I ada aca aba a
bdb bcb bb a
cdc cC b a
dd C b a

IT ada aca ab aa
bdb bcd bb ba
cde cC b a
dd C b a

IIl ada aca aba a
bddb bc bb a
cdc cc ¢b a
dd c b a

IV ada aca aba Q
bdb bcb bb a
cd cC b a
dd dc b a

V ada aca ab aa

bdb bcb bb ba
cd cC b a
dd dc b a

Ilns nosnydyeHHs] NOJHOTO CMHCKA JONYCTHMBIX TpH-
rpaMM Heo6XOJHMO HNPOH3BECTH e€lle JONOJHUTENbHbIE
onepaluu:

1) npousBoJibHbIe TepecTaHOBKH OVKB a, b, ¢, d;

2) mepecTaHOBKM TPAaBbIX M JeBbIX OYKB B KaXXHAOM
MHOXKecTBe Sy, npudeM B cayuae Il nepecraBisaTh OYyKBHI
B Sy u B S, paspeuiaercs Jullb OJHOBPEMEHHO, B CJY-
yae III Takoe e orpaHnueHyne HaKJIaJAbIBAETCs HA nepe-
CTAHOBKY JIEBbIX H NpaBblX OYKB BO MHOXKECTBaxX S¢ H Ss,
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B ciyuae IV — Bo muoxectBax Sq u S¢ u B ciayuae V —
BO MHOXeCTBax S. H Sa.

Takum o6pasom, B cayuaax | u Il tpurpammul pacna-
natorcs Ha 8 Tunos, a B cayuasax I, IV, V —na 4 tuna,
C ToYyHOCTHIO O nepecTaHoBOK OYKB a, b, ¢, d Bcero mno-
JiydaeTcd 28 pelleHHH.

YTBepxaeuue 8 Mb Aokaszaaum JHllb, 4TO pelle-
Hisl 3afauu (KoJbl, CoAep:Kalllye MaKCHMAaJbHOE YHCJO
TPUTPAMM), €CJH OHH CYILIEeCTBYIOT, COAepPXKaTCs Cpelu
NOCTPOEHHbIX HaMu 28 cucteM TtpurpamMM. Heob6xoaumo
eule y6eAuTbCs B TOM, 4TO BCe 28 CHCTEM IEeHCTBUTEIbHO
SIBJIAIOTCA KoldaMu 6e3 npobenos. Ilposepka 3atoro ycnao-
B! HAaCTOJILKO JIerKa, 4To Mbl INpPeJoCTaBJisfieM ee 4YuTa-
TeJ10.

SaKknioueHune

MoxHO /M yTBepKaaTh, YTO OAHO M3 28 MOJydYeHHBIX .
HaMH peuleHHll CAyXHUT a30yKoH XH3HH? ITOT BONPOC
OTHOCHUTCA K KOMIIETEHIIMH He MaTeMaTHKa, a caMod IpH-
poabl. IlocTraBHB 3KCNEepHMEHT, Mbl MOXKEM 3a1aTh €A BO-
NPOCH, U €CJAM OHH Pa3yMHbl, TO NMPHUPOAA AACT HA HHUX
pa3yMHble OTBEThI.

MoOXHO JIHIWIb ¢ yBePeHHOCTbIO CKa3aTb, 4TO B JeM-
CTBUTEJbHOCTU mepefaya HacJeACTBEHHOM HHPopMaLHH
IIPOUCXOAHUT He cToJb npocto. [losyueHHble HAaMHU pe3yJib-
TaTbl IPOCTH! UL NIOTOMY, YTO Mbl UCXOJIMUM U3 MPOCTHIX
npeanosoxeduil. Ho tak an npocto AelcTByeT npuponaa?
Her, yxe cefiyac ynanocb BBLISICHHTb, UYTO HacCJeJICTBEH-
Hble NIPU3HAKHU nepelnatorca 6oJiee CI0XKHBIM nyteM. Haii-
NeHHOe HaM{ pelleHHe CIHIIKOM KpacuBoO, 4YTOOLI ObITh
BepHbIM. Ho 006 3TOM BpSif /M CHAEANyeT CoXajgeTb: Belb
Mbl -:32HAJNHCh pelleHHeM MaTeMaTH4eCcKOH 3ajauu Jullb
JAJ1s1 TOro, 4toObl MOpa3BJeybCs, a YMEHHne pa3B/ieKaTbCs,
HECOMHEHHO, BXOAUT B a30YyKYy KU3HH.
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HenpepbiBHaA aeopmauusa OyKB

C Tex mop Kak MBI HAY4YWJHCb YHTATbh, KOMY H3 HAC
He ciayuasocb npuumMarh OykBy X 3a O6ykBy U. Ho B
3TOH IVIaBe HaM TipuAercss no3albblTb IOYTH BCE, UYEMY
HaC YYUJIM B nepBoM Kjaacce. Hanpumep, cTOUT JuIlUb pac-
npsiMuTb GVKBY J, Kax oHa npespartnTtcs B 6yksy [. Tlorc-
3HBIUIMCbL yyTh GoJiblIe, MBI CyMeeM mpenpaTuTb B [ Gyx-
Bbl C, S, u U. CrokTh aKilib OTOPOCHTH NONEDEUHbBIE yen-
TOUKH Ha KOoHUax OykB L u V, Kak X Taxxe MOXKHO Oy et
npespatuthb B I. Ileperuys 6ykny I p3azabt, ML HCIyUnM
OyKBHl Z uan N, a neperuyB TpuKAbl — O6yxBel M nian W.

Jeso B ToMm, uTO OYK3Hhi

¢, LJ L, M N, S UV, WZ (1)

006/1a1a10T OJHUM BaKHbIM CBOIICTBOM: OHM TONOA02UE-
CKU 5KBuBaAeHTHbL. VIX MOXKHO HaJIOXKMThL ORHY Ha ApY-
ryto. IIpaBna, Aid 3TOro oka)Kercss HeNOCTAaTOYHBIM HII
napaJ/jiiesbHblH CABUT, COBMEU{AKMHE KOHTPY3HTHBIE Tpe-
YyrOJNbHUKH, HH mnpeocOpa3oBaHue noAobus, pacraruBalc-
mee HJId CXKHMaillee reoMeTpuueckue QUIyphbl, HU A2iKe
NIPDOEKTHPOBAHHE, TMepeBOJsAlllee OKPYKHOCTh B 3JLJIHIC,
Hanoxurps moboie aBe OykBbl (1) IZpyr Ha gpyra Ham
yaacTcd JUllb B TOM CJyuae, €CIi Mbl UX HenpepbBHO
zepopMupyeM.

C 6yxBoit O y Hac Huuero Obl He BBILIO. Ec/ii 661 Mbl
3aXOTeJIH HaJOXKHUTb ee Ha OykBy I, To HaM OBl NPUILNCCD
cHagana aub6o mnepepesatb OyKBy O B KaKO#-TO TOuxe,
Jub0 CNJUIHTh €e Tak, uToObl pa3fiiuHble TOYKH OyK-
Bbl O coBnmaJsu ¢ ofHOH H TOH e To4kod O6ykBbl I. Ho Hu
paspes3artb, HH CIJIIOIIMBAaTh OYyKBbl He paspeuiaercs.
Bbyksa O Ttomnojormuecku He 3KBUBaJjJeHTHAa OykBe I, a
TakXe BceM ocTaiabHbiM OykBaM paga (1). HaoGopor,

OYKBbI
D, O (2)

TONOJIOTHYECKU 3KBHBaJeHTHb. K JApyromy TtomoJioruue-
CKOMY THNY NpHHANJIEXKaT OYKBbI

E,F, G, T, Y. (3)

OHH TakKe TOMOJIOTHUECKH 3KBHBAJEHTHBI HPYyr APYrY.
Hanpumep, aocratouno B3ATb OykBy E 3a «nepeksanu-
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Ky» M IIOBepHYyTb BCIO OykBy BIpaso Ha 90°, Kak, pacri-
HYB HJH CXKaB OTHeJbHbie ee 3JeMEHIbl, Mbl IOJYYHM
6yksy T. Ewe npowe npespatuts 6ykay E B Oyksy F.
B3siB 6ykBy G 32 TOpH30OHTaJbHYI UepTOYKY H pacnps-
MHB HCKPHBJIEHHYIO 4aCTb OYKBBHI Tak, uToObl OHa pacro-
JOXKHJIACh MO BEPTHKAJH BHH3, Mbl CHOBA I0oJay4HM OyK-
By T. Pacnpamus «poras, ropuauine y OykBul Y, Mbl TaK-
xKe 0e3 Tpyna npeobpasyem ee B 6ykBy 1. K mpu Bcex
3TUX NpeBpalleHUuaAX Mbl HHYETO He CKJEUBAJIKM U HE pas-
pesaau. Ecau y ncxonHoft 6YKBbl Kakue-TO B¢ TOUKH He
COBMAaJAH, TO U Y KOHEUYHOH OYKBH COOTBETCTBYIOLIHE HM
IiB€ TOUKHM HE cauBanuch B OAHY. Ilpu HempepbiBHOH Je-
¢opmauuu oHo#l OYKBBI B IPYTyl0 paspbiBbl M CKJICHBA-
I'HS HAXOAATCA Mok CTporuM 3anpertoM. FiMeHHO mosToMy
FH oIHY U3 OykB (3) Hesnb3d NpeBpaTHTb HH B ONHY H3
6vkB (1) umau (2). BykBa T W Apyrue TONOJOrMYECKH
3KBUBAJICHTHbIe ell OyKBbl 00/1aJal0T ONHOH OTJIHUYHUTE/b-
HOH OCOGEHHOCTbIO: TOYKOH, U3 KOTOPOH BHIXOAAT TPH OT-
pe3ka. Hu y onHoit us 6ykB (1) uam (3) Tako#l TOUKH
HeT. Ho 310 eme He Bce. ¥ GyKB

K, X (4)

HMeeTCsl TOouKa, U3 KOTODOH BBIXOAAT ueThipe OTpesKa.
ITosatomy 6ykewl K, X Tomosiornueck# OT/JHYHBI OT OYKB
(1), (2), (3), xoTa OHM TOIOJIOTHUYECKH 3KBHBAJEHTHBI
Apyr Apyry. ¥ GyKBb

H (5)
eCcTb 2 TOYKH, U3 KOTOPBIX BBIXOASIT NO TPH OTpe3ka. ATa

O6ykBa o6pasyeT OTHAEJbHBLIA TOMOJOTHUYECKHH THN: OHA TO-
TIOJIOTMYECKH 3KBHBAJeHTHa JHULIb camoil ceGe. bykna

P, (6)

Tax ¥Xe Kak u OykBHl (2), COAepXKHUT 3aMKHYTHIH yyacTOK.
Ona TonoJsioruuecKkd KBHBAJEHTHA OKPYKHOCTH HA HOXK-
K€ H M03TOMY OT/JHYHa oT O6YKB (2). Bykshl

Q, R (7)

MOYXHO TpPEeJACTaBHTb B BHJE OKPYXKHOCTH C ABYMS HOXK-
KaMH, BBIXOAAIIUMHU H3 OQHOU U TOH Ke TOYKH, OYKBY

A (8)
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= b BhJC€ ORPYymHOCTH C ABYMHA HOKKAMH, BblXOIAULINMHA
M3 IBYX pas3/auuHbIX ToueK. HakoHeln, 6yKkBa

B (9)

TONOJIOTHYECKH 3KBHBAJCHTHa JABYM CKJ/JIECEHHBIM B OI[HOﬁ
TOYKE OKPYZKHOCTSAM.

feomerpuna ¥ TONOROrKA

I'eometpust o3HauaeT u3mMepenue 3eMJH, U, XOTH JIOIH
JOBOJBHO OBLICTPO HAayuHJIUCh abCTparupoBaTbCcs OT 34-
Jay, C KOTOPBIMHM OHH CTAJKHBAJHCh HA U3MepsieMOon 3eM-
Jie, TIPOILJIO JiBe C TOJOBHHOH THICSIUM JIET, MpPEXJAe ueM
reoMeTpsl BHOBb 3a8HS/MUCh n3MeperuaMu. Ho Tyt xak pas

P:ic. 31, Puc. 32.

NOSIBU/JKCH F€OMETPHUH, B KOTODPHIX elle WJia peub O TCY-
Kax, NpsiMbIX U IJIOCKOCTAAX, HO HU CJIOBCM He YIOMHHA-
JHCb pAacCTOSAHUS W Yrabl, MOAJEKAallye H3MEPEHUIO.
B aTux reomeTpusix nmo-npexHeMY MOJIb30BaJNHCh JIHHEII-
KOH, HO 0e3 CaHTHUMeTpPOBO¥ IIKaJbl. B HameMm Bexe
TeOMeTpHl, YXe YCOeBIIHe OKOHYATeJILHO OTKa3aTbCA OT
JIMHEHKHY, cHauasa poOKo, a 3aTeM BO BCO MOIIL CBOEro
rosioca 3asiBuJu O cebe Kak o ... IJOXHUX XYJNOXKHUKAX, He
YMEIoUMX OTINYaTh OTPE30K KpuBo# (puc. 31) or npsimo-
JIHHeHHOro OTpesKa, a 3aMKHYTYIO JHHHIO, H300paxeH-
HYIO Ha pHUC. 32, — OT OKpyKHOCTU. HoByl0 pa3HOBUI-
HOCTb IeOMETPHUH HasBaJHu Tornoso2uel.

HapThl

Hrpa, koTopo#l MBI 3a0aBJs/AHCh B HauyaJie 3TOH IJia-
Bbl, epeBQAs INyTeM HenpepuHBHoOHM AedhopMalLUUd OLHY
JaTHHCKYI0 OyKBY B JpYrylo, Has3bIBAeTCs TOMOJOTHEH
kpuBbiX. [TogHuMeMmcsi Teneph Ha OAHY CTyNE€Hb W 3aH-
MEMCSl TOTIOJIOTHEH TOBEPXHOCTEH.
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Ha noBepXxHOCTH CPepbl MBI CMOTPHM KaK Ha MpoTO-
THN BCeX MOBEPXHOCTEH, HO Hall BBIBOJ CJHIIKOM IOocHe-
mwed. Jloaroe BpeMs JIOAM CUMTAJH, YTO XKHBYT Ha OrpoM-
nioM KpyrjaoMm naucke. M pmeficTBuTesbHO, OKPYKHOCTb —
ripexpacHeiiias u3 Guryp, KOTopble MOXH0 NMOCTPOUTh HA
NMJIOCKOCTH, €CIH KTO-TO 3aXOueT HauepTUTh KapTy MHupa.
Fopa3fo cjloXKHee HAYPTHThL KapTy 3aMKHYTOW MOBepX-
roctd 3emau. O ToM, KaK 3TO AR/aaeTcs, Mbl HEMHOIO pac-
ckasaju B raaee l. 3eMJ10 MBICAEHHO pazpes3aioT BHOJb
3KBATOpPA Ha CEBEepHOE M KNKHOS MOJAYyLIapHsd WIH BAOJb

D C

B

A . D
Puc. 33.

HYJIEBOro MepuAllaHa — Ha 3anajiHoe ¥ BOCTOYHOE MOJY-
wapud, u3obpaxaiorT ob6a nNoJAylIapdsd Ha NJIOCKOCTH B
BHUJIE KPYTOB U pacmnoJfaraiT o06e KapTHHKH pAnoMm. ToukH,
JlexKallue Ha 3KBaTOpPe WJH Ha HYJeBOM MepHaMaHe, OKas
3bIBAIOTCSl TPU 3TOM JBaXIbl HAaHECEHHHIMH HaA KapTy:
UM COOTBETCTBYIOT TPAHHYHBbIE OKDPYXKHOCTH MOJYILIADUH.
YcnoBubie o603HaueHns («ounudpoBxa») Ha obpese Kap-
Thl MOKAa3bLIBAIOT, KaKHe TOYKU CAeAYeT OTOXKAECTBJASTh.
Kapma saByx mnoaymapuit npefacraBiser coboil He 4TO
HHOE, KaK MOJAeJb noBepxHocTu cepnl. Ha kaprax, Bbl-
YepyeHHBIX B MEPKAaTOPCKOM NPOeKUHH, MOBEPXHOCTh
3eMmnu nsobpaxaercsi B BUIe nNpsaAMoyrosbHuka. Bee Bepx-
Hee OCHOBaHHE NPSIMOYroJbHHKA COOTBETCTBYET OJHOMH-
€IMHCTBEHHOH TOUYKe 3eMHOH MoBepXxHoCTH — CeBepHOMY
NOJIIOCY, BCe HiKHee ocHoBaHue — lOxHoMy mnoJsiocy.
Toukn Ha npaBoM H JeBom o6pe3e KapTel COBMNAJAIOT,
€CJIM JIeXKaT Ha OJHOU U TOH Ke reorpadruecKkon LIUPOTE.
Ecnu Ham noTpebyercss n3o6pas3uTh Ha NJAOCKOCTH MOJAEND
TeTpasApd, MOBEpPXHOCTb KOTOPOro Takxke 3aMKHYyTa, TO
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Ipouie BCEro noCTaBuTb TETPA3AP OLHOH IpaHbLIO I1a NJI9-
CKOCTb M Da3BepPHYTb Ha Hee TPH OCTaJbHbie I'DAHH
(puc. 33). Kapra (unu pasBepTKa) moBepXHOCTH TeTpa-
31pa uMeeT BUJ LWIECTUYTOJbHHKA, U OTOXKAECTBUTD y4yacCT-
KU CPaHHLbl HE ILpeldcTtasJqasaer Tpyda. [HakoHel, MOXKHO
He OrpaHUyHBATLCA COCTaBJCHHEM OIHOM OD30pHOH Kap-
Tbl [NOBEPXHOCTH U COCTABHTbL aTaac ¢ NOJAPOOHLIMU Kap-
TaMU OKPECTHOCTCH ee Touek. HacTuuHoe /M NOJHOE CO-
OTBETCTBHE MEXK/AY OTASAbHBIMU KAPTAMH arJjaca U MecCrT-
HOCTBIO MOMOraeT yCTaHaBJ/IMBATb PAa3/IHYHbIC YCJAOBHbIE
0003HaueHHS, Ha3BaHusi HACEJEUHLIX TIYHKTOB, PEK, MO-
peHl, a TaxkxKe KOOPAHHATIYIC CETKYy — Mepuaualibl U Ia-
paJienu.

Mpumepbl noBepxHocTE!

Y6enHpIINCh B TOM, UTO 3€MHasi MOBEDXHOCTb o op-
Me OTJHYaeTcs OT KPYyrJoro AUCKa, JAd oO0paTUMH CBOH
MOMBICJILl K NpeKpacHedile#li M3 3aMKHYTBHIX IOBEpXHO-
crefi — K chepe. C Touku 3peHHUSA TONOJOTHU OOJbIIHH-
CTBO T€J, C KOTOPBIMH HaM INPUXOAUTCA CTAJKUBATHLCA,
UMeloT QopMy cdepbl (mpuyeM He TOJBLKO reoMeTpHue-
CKHe TeJsia, HO M Haiue cobcTBeHHoe TeJso). laxe rosops
O MHKPOMHPE, YeJ0oBeK mpelcraBaser cebe 3JeKTPOHHI,
NPOTOHBI W KBAaHThI CBETa B BHUj€ KPOXOTHLIX WADPHUKOB.

PasymeeTtcs, cpean Haiuux coceled no BcesneHHOR He
oboulIoch 6e3 BO3MYTHTENS CIOKOHUCTBUA. MBI nMeeM B
Baay Kosblia CatypHa. Ilpeanodoxum, uTo obuUTaTe/b
CaTypHa 3aXxoTesJ HauepTHUTb KapTy cBoero Mupa. KoJib-
110, Ha KOTOpOM OH cOpetaercs, oburatenb CatypHa pas-
pesan Onl BAOJAb MepuAunaHa. Ho 3Toro HemoCTaTOUHO:
noJyuu/acs Obl LMJAMHAP, ¥ JUIST TOr0, yToOBl €ro noBepx-
HOCTb MOKHO ObLJIG Obi pa3BePHYTb Ha IJIOCKOCTH, HeoO-
XOAUMO NPOBECTH ellle OJUH pa3pe3 BAOJb 00pas3yolleH,
TO eCTb BJO0JIb MapaJj/enu KoJblla, HA KOTOPOM obuTaer
nau apyr ¢ Carypna (puc. 34). Kapra Mupa nogayuunnach
Obl B ¢opMe NPSIMOVIOJNIbHHKA CO CTOPOHAMH, OTOXKJIECT-
BJIGHHBIMHM CaMblM HeOoXHAAHHBIM oOpa3om (puc. 35).
Touku Ha nmpaBom u JeBoM ob6pe3ax KapTel COBNAAAIoOT,
ecsay JiexkaT Ha OJHOH M TOH XKe caTypHorpaduueckoH
[IMpOTe; TOYKH HA BepXHeM U HuKHeM 00pe3ax coBmna-
HaloT, ecyin JleXar Ha oAHOH U TOH ¥Ke caTypHorpaduue-
CKOH J0JITOTe,
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~ MareMaTHKH Ha3bIBAlOT TaKYI0 MOBEDXHOCThb TOPOM.
'?"'y;choeH TOp uHade, yeM cdepa. Hanpumep, Ha Tope
MOXHO HAYEPTUTD OKeaH, a B OKeane pacnoyiokHuTh OCTPOB
¢ JBYMS 3aMKHYThIMM OeperoBLIMH JIHHHSIMH, He HMelo-
MU O0HX ToueK. Takod ocTpos H3oHpaxkeHn Ha puc. 36:

g b c 0
a+ ' . +Qa
a b ": 0
Puc. 34. Puc. 35.

cylla 3alTpUXOBaHa, a4 OKeaH OCTaBJieH OesablM (caenyer
HMEeTh B BHY, UTO OKeaH COCTOWT JIHUIb M3 OJHOIO «Ky-
CKa» — OH 3aHMMAaeT C8A3HYN YacTh IIOBEPXHOCTH TOpa).
Ha coepe uto-1mb60 mnogobHoe HeBo3MoxkHO. OcTpoB B
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“
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Puc. 36. Puc. 37. '

OKeaHe ¢ 03epoM, PACNOJOXKEHHBIM B LeHTpe, HMeeT 2 Oe-
pera: BHYTpeHHHH M BHelliHu#. YacTh 3eMHO mMOBepXHO-
CTH, 3aHUMaeMasi B 3TOM cJiyyae BOJOH, HeCBSA3HA.

Eme GoJsee CJA0OXKHBII BHI HMeET MOBEPXHOCTb IIpH-
CTaBHOM JecTHUUH ¢ p -4 1 cryneHbkaMu npu p > 1.
(IIpy p=0 u p=1 Mb noayuaeM JecTHHUH C 1 u 2
CTyNeHbKaMH, NOBEPXHOCTb KOTOPHIX TOIMOJOIHYECKH 3IK-
BUBaJIeHTHA mNoBepXHocTH cdepsl U Topa. «Pora», Koro-
PuiMM OocHauleHnl pedopMmuposanHas cpepa H TOp, C TO<
N0JIOTUYEeCKOA TOYKH 3PEHHUS HeCYL[eCTBEHHhL.) IJTO —

155



HeuyTo HOBoO€. Na TakoH NOBEPXHOCTH MOKHO Ha4YepTHUTh
OCTPOB B OKeaHe ¢ p - 1 GeperoBoiMH JHHHAMYU, HE UMELO-
IuMH o6ux Touek. Tako# ocTpoB H300paxkeH HA puc. 37,
rje cnpaBa nokasaHa cywa (oHa 3allTpHXOoBaHa), a cJje-
Ba — OKeaH, M SCHO BHJHbI OeperoBbie JIMHUH, OTHAEJAIO-
ILHe BOAY OT CYUIH.

B rtonoJiornn Takue nmoBepXHOCTH NPUHATO HAa3bIBATh
nogsepxroctamu poda p. Chepa — noBepxHocTp pona 0,
TOp — MOBEPXHOCTL pona |

[loBepxHOCTH poJa p MOXKHO mnpelAcTaBuTb cebe cje«
aylouiuMm o6pasom. [IpocBepanM B wiape p CKBO3HHIX He-
nepecekarlinuxcs kananon. [loBepxHocTs ocTaBiieics ya-
CTH WIapa, KaK HETPYAHO MOHATh, OYAET TOBEPXHOCTHIO
pora p. CuenoBaresbHO, TOBEPXHOCTh YEJOBEUECKOro
TeNa, ecMM MMEThb B BHULY HE TOJbKO TMOBEPXHOCTH KOXK-
HOrO NOKPOBa, HO U CJAKH3UCTYIO 000JIOUKY MHLIEBOAE, Ke-«
Iy 10YHO-KUIIEYHOTO TPAakTa M APYLHE KaHaJjbl, MOXKeT
C/AYXKHTb MPHMEPOM MOBEPXHOCTH BeChbMa BRICOKOI'O poja.
MoXHO yKa3aTb U MHOTHe JDVTHE DeajibHO CYLUIECTBYIO-
[I¥e TeJsia, orpailyeHHble OTHIOAb He c(hepooOpasHON No-<
BEPXHOCTBIO,

Ho npoposXuM Haulle 3HAKOMCTBO C 3aMKHYTBIMHU MO+
BEPXHOCTSIMH HHOTO (HeHyJeBoro) pojaa, ueMm chepa. On«
HOH M3 TAaKHX NOBEPXHOCTEH sABJAETCd TaK HaspiBaeMmad
npoeKTu8Has NAOCKOCTb. Ha oOBIYHOH IJIOCKOCTH OJHH
napel NpsSMbIX IepeceKalTcsd, Apyrue — napaJfenbHble —
He HMMEIOT ToueK mnepeceueHuss. TpygamMu MHOIHX HCCe«
foBaTeJsell yaaaoch JoCTHYb 6oJiee MPUATHOTO OLHOOGpa<
ausi. I[TonmosHUM NJA0CKOCTh HecOOCTBEHHBIMH, MJH OecKo-
HEUHO yJaNeHHbIMH, ToukamMu. Ha Kaxao#h npsamo#l Je-
KUT 00Ha HecoOCcTBeHHAs Touka. [lapanienbHble npsMbie
He HMET APYyrux oOliuX TOYeK, KpoMe HecOOCTBEHHBIX,
IpUYeM BCeM TMapa/jelbHbIM NPSAMbIM [TPHHAAJEKHT
OlHa W Ta Xe HecoOcTBeHHass Touka. [aK, Bce TOPHU3OH<
TaJibHble NpsAMBbIE HA PUC. 38 «NPOXOAAT» uyepe3 OAHY H
TV e HeCOOCTBEHHYIO TOUKY, BCE€ HaKJOHHBIE TIpPSMble
Takke NPOXOAAT uepe3 OJHY HecoOCTBEHHYIO TOUYKY, OT-
JIMUHYIO OT TOH, KOTOpas NPUHAAJNCKHT IOPH30HTAJABHBIM
npAMbIM. BepTuKajbHble npsiMble NPOXOAAT Yepe3 TPEThIO
HeCOOCTBEHHYIO TOYKY, HE COBHAAaloulyl0 HH C OJAHOH M3
IBYX MepBbIX HECOOCTBEHHHBIX TOUeK, W Tak jaaJjee. Bce
HecoOCTBeHHble TOYKHM JieXaT Ha OAHOH — HecoOCTBEH-
HOH — MpaMOH,
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Ha naocKoCTH, NONOJHEHHOH HECOOCTBEHHOU MNPSIMCH,
mioOble B¢ HecoBmajalolye NnpsMble nepecekaiorcs pos-
o B OJHOH TOYKe: HenapaJujiesbHble NpsiMble — B cO0-
CTBEHHON, WM KOHEYHOH, TOYKe IJIOCKOCTH, mapaJJielb-
pple — B HecoOcTBeHHo# Touke. Heco6erBennas mnpsamas

v 7 A\
Z ; i v
[}

A i
Puc. 38. Puc. 39.

nepecekaerca ¢ Jio6cH cOGCTBEHHOH NPAMOH B IpHHALJIe-
sKallell TOH NpAMOH HecoOCTBeHHOH TouKe. [IpaAMbie Ha
IIPOEKTHBHOH NJOCKOCTH 3aMKHYTHI. lBUrasce no npsaMon
Ha TNPOCKTHBHOU MJOCKOCTHU B
6eCKOHEYHOCTb, MBI BO3BpaTH-
JUCb Obl B HCXOAHYIO TOUKY.
HarnanHo MoxHO npeacra-
BUTb cebe, 4YTO MBI MPHUILIH
O6bl Tyma, OTKyJa BBIIJIH, C
Jpyrodl CTOpPOHBI, M3 MPOTH-
BONOJIOKHOH  OECKOHEYHOCTH
[(puc. 39).

TaxkoBa npoekTuBHad mJjo-
CKOCTb. UTOOGBI HAuepTUTL ee
KapTy, NoABepTHEM MJIOCKOCTh

HeOOoJbLION pedpopManmu. i 3
CtaHyB nJIOCKOCTh, TepeBe- |
IeM HecOOCTBEHHYIO TNPSAMYIO

B NIpeJlesibl KOHEUHOTO, IIe OHA Puc. 40.

Kak OBl cTaHeT cBoeo6pas-

HBIM FOPH30HTOM. [luaMeTpanbliio NPOTHBONOJOKHEIE TOY-
KH HOBOSIBJIEHHOI'O TOPU30HTA OTOXKIECTBJIeHHl. JlBUrasich
IO NpsIMOA B OAHY CTOPOHY M <«CKPBIBLIHCh 32 TOPH30H-
TOM», MBI TOTUYAC Ke «TOSIBUMCS» H3-3a TOPH30HTA C NPO-
THBOMNOJOXHOH cTOpoHBI. KapTa npoekTHBHOH NJIOCKOCTH
BLITVISIAUT TaK, KakK nokasaHo Ha puc. 40, — Kpyr c¢ oto-
XK IeCTBJEHHBIMH ANaMeTPaJbHO TPOTHBONOJOXKHBIMH TOY~
KaMH rpaHH4yHOil OKpyxHOCTH. Hesb3sl He NIpPH3HATH, YTO
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TOUKH FPAHULIB CKJACSHLI MEXKAY coO0M (OTGHKALSCTBJIEHD!)
BeCbMa XHTPOYMHBIM crioco6oM. OfHAaK0o peann3oBaTh MO-
AeJb MPOEKTHBHONA MJIOCKOCTH OOLIYHLIMH CPEICTBAMH He-
BO3MOXKHO, abCTpaKTHas Ke ee Mojesb Oe3ynpeuHa.

[TpoekTuBHAS IJIOCKOCTb COBCEM He IOX0XKa Ha Te Mo-
BEPXHOCTH, C KOTOPBIMM HaM TIPUXCLHUJIOCH BCTPEUYATHIA
paubwe. OHa 3aMKHyTa, HO 3aMKHyTa MHaye, 4YeM MNpH-
BLIUHBIE 1aM nmoBepxHocTH. Hapucyem Ha KapTe NpOeKTHB-
HOrO MHpa y3Kylo peuky (Ha puc. 40 oHa 3alITPHXOBZ-
Ha). ¥ MpoeKTUBHOW peku ecTh Juillb oauH Geper! Ilyre-
LIECTBEHHHK, COBEpPLIAIOIUNA KPYTOCBETHOE MyTellecTBHE
Ha TemJoxXoe, OTNPaBAdAsCh U3 NYyHKTa 4 (B BepxHed ya-
cty puc. 40), Buen 6seck Mafka i mo nmpasoMy OOpTY.
BepuyBuiich Hasal (400paBlIKCh A0 NYHKTA @ B HHXKHEH
yacTu puc. 40), oH yBuauT 0JIeCK TOro e Masgka [ 1o Je-
BOMYy Oopty. BeTpeualtomune ero npysbs, He oTJyyaBLine-
ci M3 NOMY, K CBOEMY YAHBJIEHHIO 3aMeTHAT, YTO Ha IliX
npusTeNe nary0HO cKa3a/iuChb TATOTH JaJjibHero pemca.
On craa 6ykBanbHO «caM He CBOH»: U3 OOBIYHOIO YeJO-
BEKa, NpeANoYHTaBLIero AeNCTBOBAThL IIpaBOH PyKOH, npe-
BpaTHJICS B JIeBIUy, cepAle y Hero Obercsl cnpasa, cTpe-
KM 4acoOB JBHXKYTCS B MPOTHBONOJIOXKHYIO CTOPOHY, a 4TO-
Obl OTApauTh MJAJIOMHHATOPH, 6apallkdy 60JATOB €My
MpUJAETCA KPYTHTb B Ty e CTOPOHY, B KOTOPYIO paHblile
HMX KPYTHJH NpH 3aapauBaHuu. YUToObl BO3BPATHTHLCS B
CTapoe COCTOSIHHE, NMyTelIeCTBEHHHUKY MPHIIOCh Obl MpPO-
AeNaTh elle OJHO KPYroCBETHOE NYTEIIeCTBHE N0 MPOEK-
THBHOH NJIOCKOCTH.

[ToBepxHOCTH, Ha KOTOPBIX MPOUCXOAAT CTOJb He-
OObIYHbIE SBJICHHS, HAa3bIBAIOTCH HEOPUEHTUPYEMbIMU.
[TpoekTHBHAS NIOCKOCTh — HE €NMHCTBEHHAsT HEODHEHTH-
pyemas mOBEpPXHOCTb. KaXnol 3aMKHYTOH oOpHeHTHpYe-
MOI TOBEPXHOCTH (& TaKHe MOBEPXHGCTH MhI NOJHOCTBIO
1IePEYUC/IN/IN) COOTBETCTBYET HEODHEHTHPYEeMblHl «JIO0Be-
COK». MBI orpaHHyYNMca ynoMHHANHEM 05 3ToM HeBe3biH-
TepPeCHOM 00CTOSiTeJbCTBE U MepefiieM ceidyac K JAPYyromy
BOIIPOCY.

[MoBepxHoCTH B UEeiOM

A uT0, COGCTBEHHO, MBI HA3bIBAEM TOBEPXHOCTHIO?
Ha stor BOnpoc mbl ycneau OTBETHTH elile [0 TOTO,
KaK OH OblI 3ajlaH: OTJHYHTEIbHAST OCOGEHHCCTh HOBEPX-

158



focT! COCTOUT B TOM, YTO OKDPECTHOCTH JIOOOU €€ TOUKH
MOXKHO oTOOpPa3luTh HA KapTy.

CMBICJI IAHHOIO HaMU ONpeleJieHUs1 TIOBEPXHOCTH IMO-
A€3HO YSICHUTb HA mpuUMepax «HenosepxHocTeh». Cdepa
Cc TOPYAUIUMH U3 Hee «XBOCTHKAMH» — KDHUBBIMH — YK€
fge OyJIeT IOBEPXHOCTbIO: A/ TOLO 4TOGBI H300pas3uTh HA
KapTe OKPeCTHOCTh TOYKH, B KOTOPOH K cdepe mpukpern-
J4eTcsl XBOCT, HaAM NPULIOCH OLI NMOABECUTh AHAJOrHY-
HBIF <«IIPUAATOK» W K COOTBETCTBYIOWIEH TOYKE KapThl, a
KapTy C XBOCTOM Jaxe NpH KeJaHuuW Helb3sg Ha3BaTh
kaprol. [IBe cdeprl, ckie-
eHHble B OJHOH TOYKe, TaK- a & b
ske He 00pasyloT IOBepXHO-
CTH, TOCKOJBKY B MNPOTHB-
HOM CJyyae HaM TPUILIOCh
Obl OTOXKJECTBUTb Ha JBYX
0ORYHLIX KapTaX Mo OJHOH
TOYKe, OKDECTHOCTH KOTO- ¢
pHX HE COOTBETCTBOBAaJH
6u1 apyr apyry. (Ecau kro-
HuOyIb yuTaeT 3a 3aBTpa-
KOM rasetry # CJay4auHo
YPOHUT KamneJbKy Mela Me- .
KAY ABYMS CTpaHULIAMH, TO Puc. 41.
ra3eTHble JUCTH CKJ/elTCH,

HO H TakKylo <«caMoJeJKy» H3 OyMarum He/b3sl Ha3BaTb
Kaprod.) SlcHO Takxke, 4TO €CJAH Mbl XOTUM IOJAYYHUTH IO-
BepXHOCTb, TO ABe chepbl HE PEKOMEHIYETCs CKJAEHBATh
BAOJIb KAaKOU-HMOYJb JHHUM WM y4YacCTKa IOBEPXHOCTH,
THOCKOJIbKY OKPEeCTHOCTDb JIMHUH CKJIEHKH HJIH Kpas NoBepX-
HOCTH «KOHTaKTa» JABYX cdep Henab3s HAHECTH Ha KapTy.

AHanornuHO OOGCTOUT H€J0 H CO CJASAYIOLMM MpHMe-
poMm (puc. 41). OToXKIecTBUM Te TOYKH, PaCHOJOXKEHHbIe
Ha rpaHulie KPYIJoro AHUCKa, yrJOBbie KOOPIAHHATHI KOTC-
pux orsimuarorcst Ha 120° mau Ha 240°. Touxku Ha Kpaio
MHCKA NPU 3TOM OKAXKYTCHd KaK Obl CKJICEHHBIMH B Tpyll-
b, KaXJass U3 KOTOPbIX cOZepXKut nmo 3 Touku. To, BO
HTO mpeBpalaercs JUCK MPH TAKOM OTOXKJECTBJEHHHU Ipa-
HHYHLIX TOYeK, He OyJeT NMOBEPXHOCThIO: KpUBAS Ha «IO-
BepxHocTH» uMeer 3 OGepera BMecTO JAByX, Kak IoJa-
raercsi Ha Kapre.

rITak, moBepXHOCTL — 3TO aTjac KapT C ONpeleseH-
HBIMH TNpaBHJIaMH OTOXKIECTBJEHUSL HEKOTOPBIX TOYEK,
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b OKpPeCcTHOCTH JI000H CBOEH TOUXKH MOBEPXHOCTbH JAOJKHA
ObITH YCTPOEHA TaK, 4TOOBI 3TY OKPECTHOCTh MOXKHO OBIIO
HAHECTH Ha KapTy. 3aHUMAsCh COCTABJEHHEM KapT, MbI
BCTPETHM Pa3JIMYHbIe THOBI TOYEK, KOTOPHIE HebeCnoJJe3Ho
6biio Obl Hay4yuTbCA pacrno3HaBaTh. Buyrpenneld Ha3bl
BAaeTCs TOYKA MHOXKEeCTBa, CKOJb YrOJHO MaJjas OKpecTs
HOCTb KOTOPOH LENHKOM COJIEPIKUTCH BO MHOoXKecTBe. Tou-
Ka MHOXeCTBa Ha3biBaeTcsd 2PaHuuHOl, eclu ee OKpecT-
HOCTb COJEPKUT KaK TOUYKH CaMOro MHOXKECTBA, TaK H
TOUKH, He NMPHHAJJIEKAINHEe MHOXKECTBY (€C/Ad MHOXKECTBO
UMeeT rpaHully, TO 'PAHHYHAS] TOUKA NMPUHAIAEKHUT eH).
HaxkoHel, Touyka HasbIBaeTCd WU30AUPOBAHHOLU, ecsin ee
OKPECTHOCTb LIEJTHKOM COCTOHT M3 TOYEK, He MpHHaANexX a-
ILUX MHOXKecTBYy. PazymHo nmoTpeGoBaTh, 4TOOBl KaxKnaas
TOYKAa MHOXKECTBA MO KpahHeH Mepe Ha OJLHOH KapTe
Oblia BHYTpeHHell TOYKOH. IDTO NO3BOJMMIOC OBl €IUHBIM
B3TJISIIOM OXBAaThHIBATh €€ OKPECTHOCTh. EC/M TOuKa BCTpe-
YAeTCsl HA HeCKOJIbKHX KapTaX, TO ee OKPeCTHOCTH B TOM
BuJle, KAK OHHW NMpPHUBEAEHB HA KapTaX, OTOXKAECTBJAAIOTCA
Tak, Kak »3Toro TpeOylOT MNpaBujia OTOXIECTBJEHUS,
(Ecan Touka oxasniBaeTCsl BHYTPEHHeH Ha ONHOM KapTe
H IPAHUYHOH HA APYrom, TO OTOXKAECTBUTb yJaeTcs JHUIIb
YacCTb OKPECTHOCTH BHYTPEHHEH TOYKH H OKPECTHOCTb rpa-
HU4HOH Touku.) PasyMmeercs, BHyTpeHHHE TOUYKH OJHOH
M TOH Ke KapTbl HUKOrJAa He OTOXKAECTBJSIIOTCS, TOCKOJb~
Ky OPH TakKOM OTOXKJECTBJAGHHH KapTa nepecrana Obl
ObITb KapToH.

Haxkonen, Heo6xoaumo eme onHo TtpeboBaHue. I[To-
BEpXHOCTh JoJI:KHA ObITb CBSAISHOW, a He COCTOSATH, HANPH-~
Mep, U3 ABYX oThaenbHbiX cdep. Kak ato mposiBasiercsa B
cTpoeHuu arsnaca? Haunem c¢ xaptel 1. Ha nelt nam mo-
JKET BCTPETUTBCA TOYKa, KOTOpasi HaHeCceHa TakXe Ha
Kapto 3, 7, 11. Ha kaprte 3 Mbl 06HapyKUM TOUKY, Ipef-
cTaBJeHHyl0 Ha kaprax 1, 11, 12, na kapre 7 — ToOuky,
BcTpeyawlyoca Ha kaprax 1, 12, 14, ua kapre 1l —
TOUKYy, HaHeceHHyI0 Ha kaprax 1, 3, 14, 19. Kopoue ro-
BOpA, K Kapre 1 npuMbIKaloT (nepekpuiBasich ¢ He#) Kap-
Tl 3, 7, 11, xk xapre 3 — kaptul 1, 11, 12, K Kapte 7 —
kaptol 1, 12, 14 u Tax panee. Ilpononxkas myreiiecTsue
MO0 CTpaHULAM arjaca J0CTAaTOYHO AOJTr0, Mbl CMOXEM B
KOHLle KOHIOB golOparbcsi Lo J1000# KapTel araaca,
B sToM u cocrour TpeboBaHUEe, KOTOPOEe HAM NpPeACTOHT
HaJOXKUTh.
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Atsac Moxer colepxaTb OeCKOHEYHO MHOro Kapt,
MoxerT 0KasaTbCfl, HampuMmep, IPHU PACCMOTPEHHH IO=
BEPXHOCTH NPHCTABHOH JIECTHHIB C 6€CKOHeYHO GOJbLINM
YyuCJIOM MepeRJaJHH, 4YTO OOOHUTHCh KOHEYHBIM YHCJIOM
KapT npocto Heab3fd. Eciu Xe NOBEPXHOCTH MOXKHO OTO=
6pasuTh B aT/lace, COCTOSIEM M3 KOHEYHOTO YHcaa KapT,
TO TaKasl MOBEPXHOCTb HA3BIBAECTCHA 3AMKHYTOU.

MuorooGpasus

B ToM, 4TO MBI IOBEeAAJIU UMTATENIO, IO CYLECTBY CO<
AepKAaTCsl TOYHbIE ONpeAeseHUsI TONMOJOTHHI MOBEPXHOCTEH
H, B 4aCTHOCTH, 3aMKHYTOH mHoBepXHOCTU. Ilpu XKenanuu
M TOMY, U IPYrOMYy OIpele]eHHI0 MOXKHO Oblo Obl npH-
JAaThb CXKAaTbIH BHJA, HO BMECTO 3TOr0 MBI XOTSl Obl HEHa-
JOJINO JOJIKHEL 3arJIsIHYyTh B BBICIINE PAa3MEPHOCTH.

B raaBe 1 MBI IO3HAKOMHUJIHCL C 3aMKHYTHIM Ipo-
CTPAHCTBOM: MOJe/db ero HaM YJaJioch NOCTPOHThb, B3SIB
JABa IIapa U OTOXKJECTBUB HX NOBEPXHOCTH. [LoOpaBIINCh
BO BpeMsi NyTelecTBUsl 110 TAKOMY IIPOCTPAHCTBY A0 rpa-
HULBI OJHOTO Ilapa, Mbl TeM CaMbIM OKasajuch Obl Ha
rpaHuile APyroro: B caMOM 3aMKHYTOM NIPOCTPAHCTBE HH-
KaKHX TPAHHYHBIX NOBEPXHOCTEH He CYyLIecTBYerT.

Ecau MBl 3aXOTHM COCTaBHUTL ONHCAHHE MPOCTPAHCTBA
TEMH K€ CPEeJCTBaMH, YTO U OINHCAHHUE NOBEPXHOCTEH, TO
IJIOCKHE KapThl HAM NPHAETCHA 3aMeHUTb 00beMHBIMH, Ha-
npumep raobycamMu HJIH KyOGaMH, M COCTaBHUTb aTiac
TaKHX TpeXMepHHIX KapT. B ocrajbHOM aTjac npocTpaH-
€¢TBa JOJKeH Obll Obl YAOBJAETBOPATH TeM Ke TpebGoBa-
HUAM, KOTOpPblE Mbl YCTAHOBHJU [JISl 4TJIACOB NOBEPXHO-
creii. To, UTO y HAC MOJY4YUJIOCH OB, B TONOJIOIHH NPHHSA-
TO Ha3blBaTh MHO2000pa3uem. IlpuMepoM MHOrooGpasus
MOXKET CAYKHTb 3aMKHyTO€ IIPOCTPAHCTBO H3 TJaBhHl |
(paBna, atyac, COCTOSILIMM JIHIIL H3 JABYX cdep, HeoO-
XOJHMO HECKOJIBKO PacClIHpUTh, TOCKOJbKY Kaxjaas TOYKa
IpOCTpaHCTBA AOJIXKHA H300paxkaTbCsl BHYTPEHHEH TOU-
KON 1o KpalHel Mepe Ha OJHOH «Kapre»).

Paccmorpum apyroi npuMmep MHorooSpasusa. BospMeM
IIap, BLIpe2kKEM H3 HEero KOHIEHTPHUYECKUH MIap MeHbIIErq
paguyca U OTOXKAECTBHUM TOYKHM BHYTPEHHEH U BHEIIHEeH
noBepxHocTell o0Opa3oBaBlieics HoJ0H chepuueckoil 060
Jouku. HanpuMep, MOXKHO OTOXK/JAECTBUTb TOUKH BHYTPEH=
Hed ¥ BHelIHed IMOBepPXHOCTeH, JieXKallHe Ha OJHOM
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AnaMeTpe Mo OAHY CTOPOHY OT LieHTpa (TakoBBHI TOYKH a H
a’ Ha pHC. 42), WK TOYKH BHYTPEHHEH H BHEUIHEH [OBEPX-
HOCTEl, JieXKaliue Ha OJHOM AHAaMeTPE IO pasHbie CTO=
POHREI OT LieHTpa (TakoBH TOUKH a U @’/ Ha puc. 42). He-
TPYJAHO TNOKa3aTh, UTO 3TH JiBa crnocoba OTOXAECTBJAEHHST

Puc. 42. Puc. 43.

TOYEK Ha TPaHHYHKIX TOBEPXHOCTAX chepuyeckoi o0Oo-
JIOUKH TPHBOAAT K PAa3JHYHbIM MHOro06pasusM.

OTto0OpareHna OHPYHHOCTH Ha cebs

[TosichuM Tenepb, UTO Takoe TOMOJOTHS, HA IPYyroMm
npumepe.

Paccmorpum oxpyxunocts C ¥ orobpasum ee Ha
camoe cebsi, TO eCTb CONOCTABUM KaXKJIOH TOUKE € OKPYK-
Hocth C Ipyrymo HJAH Ty Ke CaMyl0 TOYKY ¢’ OKpPY>kKHO-
ctu C. Touka ¢ HasbiBaeTcsi Mpoo6pa3oM TOYKH ¢’ (OTHO~
CHTENIbHO 3aJlaHHOr0 HaMKu OTOOpa)kKeHus), a Touka ¢’ —
006pa3oM TOUKH ¢ (OTHOCHTEJbHO TOTO XK€ OTOOpa)KeHus).
O6pa3 oxkpyxHoctu C coBnagaer ¢ CaMOH OKpYy>K-
HocTbio C, X0Ts 06pasH OTJeNbHLIX TOYEK He 00f3aTeb-
HO JOJIKHBI cOBnajaTtb ¢ npooOpaszaMu: npu oTobOpazke-
HHUH TOYKH MOTYT nepeMelaThes N0 OKpyXHoCTH. Kax o
TOUKe ¢ OKpyXKHOCTH C MOXHO NOCTaBUTh B COOTBETCTBHE
VyroJl @, KOTOphIi OOpa3oBaH C HEKOTOPHIM BbiIGOpaHHBLIM
HanpaB/JeHHEM paJHyCOM, INPOBENEHHBIM B TOUYKY € U3
neHTpa okpyxHoctd. CoOTBETCTBHE MEXAY TOYKAMH OK-
PYXHOCTH H yIJ1aMH MOXHO 00paTuTh, U KaXXAOMY YIay o
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‘GOIIOCTABUTL OMpeJeJIeHHYI0 TOUKY ¢ OKpyxHOCTH C. Ta-
'KO€ COOTBETCTBHE HA3LIBAETCS 83AUMHO OOHO3HAUHLLM.
- OtoGpaxeHue, Ipu KOTOPOM KaX[bll yroJ o repexo-
JIMT caM B cebs, Ha3blBaeTcd TOXASCTBeHHbIM. MeHee
IPOCTO YCTPOEHO OToOpa)KeHWe, mepeBojsulee NPH JIO-
6oM o yroa o B yroa o -+ 10°. Ono npencrasnasier co60H
He 4TO HHOe, KaK NOBOPOT OKpyxKHOocTH Ha 10° BOKpyr
nedrpa. CoBceM HHaue BHINVISAUT OTOOpa)KeHue, nepeBo-
aauiee a06o# yroa & B 2¢, to ectb 0° B 0°, 30° B 60°,
180° B 360°, Ho 210° B 420° = 60° u Taxk pmaJnee. B orau-
yye OT NPBIABIAYHIMX OTGOpaKEeHHWH yIBOeHHe yrIyaa He
B3aUMHO OJHO3HAYHO: PasJHYHblE TOYKU-NIPOOOpasbl Ie-
pexoisaT B OJIHY U TY XKe TOuky — ob6pa3. OrobpaxeHue,
nepeBojsllee JNIO60H yroa o B 3o, Takxke He B3aUMHO
OIHO3HAYHO: MPoo6pasbl, yryibl KOTOPbIX OTJIHUYAIOTCH HA
120° unu Ha 240° npu yTpOeHHH yria NepexoisT B OLHY
H TY €& TOUKY.

OrobpaxeHue, eperoAsiiiee yroa o B YroJa na, MOXK-«
HO paccMaTpuBaTh Npu JwOOM ILeJOM, HO HelIpPEMEHHO
ueJa0oM, 3Havenun n. Hanpuwmep, snauenue n = 1/, Heno-
IyCcTUMO MOTOMY, uTo yriasl 0° u 360° cooTBeTCTBYIOT O1-
HOI M TOH K€ TOYKe OKPYXKHOCTH H HOJKHBI UMeTb OJHH
H TOT Ke 00pa3, a NnpH «0TOOpaXKeHHH» o —> /o0 OHH ne-
pexoxuau Obl B JBe pas3JHuHble TOYKH OKPYKHOCTH, COOT=
BeTCTBYIoIHe yryiaM 1/;-0° = 0° u 1/,-360° = 180°. 3aro
YUCAYy N paspellaeTcs IpuHAaBaTh JwObe Liesible OTPUILA~
TesibHble 3HaueHusd. Ilpm n = —1 wmbl nosayvyaem otobpa-«
JKeHHe, nepeBofsniee ni0060H yroa o B YyroJa —ao. JTO He
YTO HHOE, KaK OTpaxKeHue OKPY:KHOCTH C OTHOCHTENBHO
ee AuaMerpa. Taxoe oroOpaKeHHe B3aUMHO OJHO3HAYHO.
IIlppy n = —2 Mbl CHOBa mnoJyyaeM He B3aWHMHO OIHO-
3HayHoe orofOpazxKeHHe, HO OTJHUHOE OT OTOOpaKEeHHI
npu n = 2. AHaJOrHuHOe YTBEPKJEeHHE CIPaBeLJIUBO IIPH
A1060M 1esoM 3HaueHHH n. Ecam TOuka, COOTBETCTBYIO-
mas yray o, npoberaer okpyxHoctb C oauH pas, To ee
0bpa3, COOTBETCTBYIOLUMH YIJYy no, Npoberaer OKPYyK-+
Hocth n pa3. Ecian npeacraBum cebe okpyxkuocts C B
BHJle PE3MHOBOrO KoJedKa, HaJeToro Ha KpyrJaylo Jaepe-
BSILLIKY, TO noc/je OToOpaXKeHus o —> fal KOJbIL0 OKaXKeTCs
HaTAHYTBHIM Ha AEpeBSlKY B 7 CJ0eB, HABUTHIX JHOO B
OLHOM, JH6O B ApyroM HamnpasjeHHH. 3HadyeHne n =0
TakkKe nonyctumo. IIpu n = 0 Bca okpyxHocth C 0TO-
Opaxaercsi B 0HY TOYKYy ¢ o == 0°
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PasyMmeercs, oTOOpaxKeHUSIMH o -> o, OTHIOAb He HC*
YyepneiBaloTcsl Bce oroOpaxeHus oxkpyxuoctu C Ha cebs.
Hars:xenne pe3nHOBOTO KoJiblia, 00Jieraloniero Kpyriayio
NepeBsIlIKY, MOXET MeHSITbCS OT OLHOH TOUKH K APYyroH.
KoJsieuko Moxer Takxke cobupaTtbcs B ckaaaxu. Henbssd
Julib paspbiBate ero. Ha MareMatruueckoM s3bIKe 3TO
TpeGoBaHHe BbIpaXKaT Tax: OToOpaKeHHe JOMKHO OHTH
HenpepoleHbiM, Gau3khe npoobpasbl npu OTOOpaAXKEHHH
JOJXHbl MepexoauTh B O6Ju3kue o6passl.

3-360° 3+ 360° - e e e e

2:360° 2-360°

1-360° 360°

o° 360°
Puc. 44. Puc. 45.

OGos3nauuB HenpepbiBHOE oToOpaxeHue [, H300pasuM
ero B Buje rpaduka (puc. 44). Ilo ropusonTaJbHOH OCH
ot UM yrisl oT 0 no 360°. Ilpu pacemorpennu o6pasos
YAOOGHO BLIXOAUTHL 32 3TH NpeaeJbl U AONYCKATb YIJbl HE
TOJBKO Gosblie 360°, Ho n Menpiie 0°. Ecan f(x) — o6pas
yria o, TO OTJIOXKHM [0 BepPTHKAJHU OTPE30K NAuHO# (o)
(BBepx npH [(a) > 0 u BHu3 npu (o) << 0) u orMeTuM
ero KoHen. Hauas ¢ yrsa 0°, mocTpoum Takue OTpe3ku
A5 Bcex yryoB, KOHIbI OTpPe3KOB 06pa3yioT HEKOTOPYIiO
kpusylo. Ecau [(a) > 360°, To MH He GyAeM NpPHBOAHUTH
yroJ K HHTepBaJgy, 3ak/aoueHHoMy Mexay 0 u 360° a npo-
JAOJIKHM OTpe3oK 3a 360°, YAJMHHHB €ro B HYXKHOE YHCJO
pas. Jlunuio f(o) = 0° Takxke paspemaerca nepecékarsb,
nepexojsd NpPH 3TOM H3 OGJACTH NOJOXKHTENbHHIX f(a) B
06J1acTh OTpHIlATENbHREIX ().

I'paduk Hamero orobpaxeHuss OyleT HelnpepbIBHOM
xkpuBoi. Jasa rtoro urob6u f(0°) u f(360°) coorBercTBO-
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paJii OJHOH W TOM 2Ke TOouke OKpyXHoctu C, GyHKIUHA [
JOJIXKHA UMEThb BHJ

[(a) = na (n — nenoe uuciao).

[Tpu Takom BuiGope f yroa n-360° Bcerma KparteH yriay
360° = 0°. I'paduk orobGpaxenus f: o —> no uMeer BHA
npsaMod (rpadux Ha puc. 45 coorBercTByeT n = 3). [Ipn
OTPHLIATEJbHOM 3HAYEHUH M NpsMasi He NOJAHMUMAaach Obl,
a najgana BHHU3, npu n = 0 npsamasg Oblia Ob TOPH3OH-
taabHol. Orobpaxenus (o) = na B orauuue ot orobpa-
JKeHHus, rpauk KOTOPOTO MNpencTaBJjieH Ha puc. 44, He
UMeIOT cKaanoK. HerpynHo Buaerh, uTo KoneOaHHUAM KPH-
BOH Ha pHc. 44 COOTBETCTBYIOT CKJIAAKH OTOOpaxeHHd [

Crenenb otoOpayeHusn

Hawm xoTesoch O6b1 KaKUM-HUOYAb 00pa3oM MOCTPOHUTh
kjaaccuduranno orobpaxkeHnd oxpyxHoctw C Ha ceb4.
JlBa otoOpaxKeHusi NMpHHALJIEXKAT K OLHOMY H TOMY Ke
KJacCy, €CJH HX MOMKHO HeNpepHIBHO IepeBecTH IpPyr B
JIpyra, TO eCTb ecJH OILHO OoTOOpaxkeHHe NOJyyaeTcsl U3
JPYroro npu HenpepeiBHOM npeoOpa3oBaHuy. DTOT NMpHH-
uun Kjaaccupukauuu orobpaxeHuit, npeasoXeHHbBIH ToJ-
JanjackuMm marematukom J1. 3. {. bpayspom (1910), okas
3aJicsl HeOObIYaHO MJIOJOTBOPHBEIM B TOMOJIOIMH. MIMeHHO
C Hero 1o CyLIeCcTBY HayaJic COBPEMEeHHbIH 3Tan B pasBUs
THH 3TOH 00/1aCTH HAYKH.

HenpepbiBHOMY npeo6pa3oBaHUI0 OTOOPaKEHUST COOT«
BETCTBYeT HenpepwlBHAsS Nedopmanus ero rpapuxa. ITox-
Bepras rpaduxk oroOpaxKeHus HenpephBHON nedopmauni,
HeoOXOIUMO JIHUIUb CAeJUTh 3a TeM, 4yToOHl yrianl 0° u 360°
¥uMeaH ONMH M TOT XKe obpas. Caeposarenbno, f(0°) u
f(360°) HangneXuT CABUrAaTb OJHOBPEMEHHO W Ha OIHY H
Ty 3Xe BeJHUHUHY.

fIcho, uto 3Hauenus yraos [(0°) u f(360°) ceasaunl
Mex 1y co00H COOTHOILIEHHUEM

F(360°) = f (9°) - n - 360°.

3
Ilenioe uncsio n HaswiBaeTCs cTenenbro 0Tobparxcenus. Ta-
KiM o06pa3oM, cTeneHb BBEIEHHOro HaMu paHee orobpa-
KEeHHs
| [ (@) =na
paBHa n.
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- Ilpu HenpepniBHOH nedopMaunu OoToOpakeHHd | 3Ha-
uwenns f(0°) u f(360°) u3MeHAIOTCS Ha OAHY H Ty Xe
BennunHy, CienoBaTesbHO, IPH HEnpepblBHBIX nedopma-
IHSIX CTeleHb OTOOpaKeHHd COXpaHseTcs HeH3MeHHOM.

Ecnu oroGpaxeHust fo ¥ f1 HMeIOT paBHYIO CTeNeHb 1,

TO HX MOXKHO HENpepbLIBHO MHepeBecTH Jpyr B JApyra
cjaenymoumuM obpazom. Kaxaomy 3HaueHuo f, 1ipuHanie-
XalleMy eIUHHYHOMY HHTEpBaay (TO €CTb YAOBJETBOPIO-
memMy HepaBeHcTBaMm 0 <<t << 1), n awbomy o u3 C co-
nocraBuM orobpakenue f;(o), BO3HHKAIOUIEro NpH pas-
HoMepHO# Jedopmanuu otobpakeHus fo(a) mo dopmy.ie

fi (@)= (1 —1)fo(a) + £f (a).

Ilapamerp ! MOXKHO paccMaTplBaTb Kak BpeMs, B Teue-
HHe KOTOPOTO MPOMCXOAUT nepopmauus. Ilposepum, ymno-
BJeTBCpsSeT Ju ortobpaxeHHe [;(o) nOpeanosoKeHH!O
o ToM, uTo obpasnl yrjoB 0° m 360° [ro ects f(0°) u
[(360°)] mo/KHBI OT/inuaThCcst HA BeJHuUHHY 71 -360°:

f+(360°) = (1 — 1) f4 (360°) + #f, (360°) =

= (1 —7o(0°) + (1 —t)n - 360° + £f, (0°) 4 2n - 360° =
= (1 —1)fo(0°) F¢f; (0°) + n - 360°=
= f,(0°) 4+ n - 360°.

Wrak, npu awb6om ¢ obpasb f:(0°). u f:(360°) coorser-
CTBYIOT OJJHOM H TOH Ke Touke OKpyxkHocTH C.

(3ameruM, 4TO ecaH oroOpaxKeHHe [; onpeneseHo co-
oTHouleHHeM fi(a) = na, TO onHcaHHAs HAMH HeMpephiB-
Hasd JedopMalus CBOAHTCA K pasrJaxKHUBaHUIO CKJa-
IIOK.)

HiTak, Mbl 10Ka3aau caeayloliee yTBepKaeHue:

0sa ototpascenus okpyxcroctu C Ha ceba npunadaie-
HAT K OOHOMY KAQCCY 8 TOM U TOAbKO 8 TOM CAYHAE, eCAU
OHU 064a0010T 00UHAKOBBIMU CTENEHAMU.

B uacrtHocrn, nwoboe oTobpaxeHne OKpyxHocTH C
MOXKHO HenpepbiBHO AedopMUPOBATh B 0TOOpaKeHHe, mne-
peBoAdILEee BCIO OKPYKHOCTb B OAHY-CAHHCTBEHHYIO TOUKY
JIMIb TOTJA, KOrja ero creneHb pasua 0°

Ipyroe onpepenenue creneHu oToOparKeHus

MoxHO 11 aHAJOTHYHBIM 00pa3oM OINpelNe/]HTh Henpe-
pHIBHBIE OTOOpa)eHHs1 nmoBepxHoctH cdepol S Ha ceba?
OxasmiBaercsi, MoxXHO. Heob6xoauMo Jullp HHaue onpene-
JIUTh CTE€NeHb OTOOpaXKeHHsl,
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Onpenenenne CTENeHH OTOOpaxKeHHs1 OKpPyxkHoctH C

ma ceb6s OCHOBAHO HA TOM, YTO, BBelsl TPALyCHYIO CETKY
Ha OKPYXHOCTH, Mbl MOXKEM pa3BepHYTh €€ Ha NPSIMOH U
nocTpouTh rpadux orobpaxennd. Ilponenars 310 Ha no-
BEPXHOCTH c(ephl HaM He ydacTCs.
t OmHAaKO HUYTO He MellaeT HaM BBECTH APYroe (3KBH«
BajieHTHOe TEePBOMY) oOmnpelesieHHe CTeneHH oTobpaxe-
Hud okpyxkHoctu C Ha cebs, KoTopoe AonyckaeT o6odies
HHe Ha CJyuaii IOBEPXHOCTH cdephl S.

ITycth g — otoGpaxenue okpyxkHoctu C Ha cedd, 3a«
JlaBaeMoe COOTHOMIEHHEM

g(@)=na (n— uenoe uyucyo).

Toukn OKpPYXKHOCTH, COOTBETCTBYIOLIHE yrjiaM o, 3Ha«
AqeHAS KOTOPBIX otadualores va pfln|-360° (p =0, 1,...
w..y |n| — 1), npu oToGpaxennn g nepexomar B OJHY,
B Ty xe Touky. OOpa3 OKpyxX-
HocTH C MOKPHIBAET OKPYXKHOCTh
C posHo |n| pas. Tak Gyner ne T
npy Jo6oM orobpaxeHun cre- J-360°
TeHH Nn: ecJH 0TOOpaXKeHHe HMes _
€T CKJaJKy, TO HEKOTOPhIE TOUKH 5, zeno
OKDYXHOCTH HOKpPHITH 6oJjiee n

~

(o

i .
]

|

|

|

i

pa3. 10 3aMeyaHHe NOKa3biBaeT . |

TaKXe, KaK HaM HalJexKHT mo- [7°3860 ! i

CTynaTh INpPH INOACUeTE YHCIA ==t
npoo6pa3oB HAaHHON TOYKH. Kax- .
g+ -=++ ++3607

JIOMY npooGpasy yHoOHO NMpHIIH«
caTh 3HAaK: MOJOXKHTEJbHBIH, ec-
Ju npoobpa3 OblJl NOKPHIT IMpH
06X0J¢ OKDYXKHOCTH B IMOJOXHTEJbHOM HalpaBJeHHH
(MpoTHB 4acoBO# CTpPEJKH), H OTPHLATENbHBIH, €C/H, MO«
KphiBas TOYKY, Mbl JBHTAJIMCh B OTPULATEHLHOM HaMpaBs
aenun. Kak 310 BHIMISLAMT Ha rpadHKke OTOGPaxKeHHUs, MO4
Ka3aHo Ha puc. 46. UroOn HaiTH npoo6Gpasnl yriaa 180°,
MB POBEJH FOPH3OHTAJbHLIE NIPSIMble, COOTBETCTBYIOLIHE
180° 4+ m-360° (m — uesoe uyuca0), H HALIH HX TOYKH
nepecevenus ¢ rpadukom f(a). CooTBeTcTBYIOIUE 3HA+
YEeHHA CJAYXKAT PElleHUAMH ypaBHEHHUSA

f (@) = 180° + m - 360°.

Ha puc. 46 ux socemb. Touku nepeceuyenusi, B KOTOPHIR
KpuBasi BO3pacTaer, CACAYeT CYHUTATh MNOJOKUTEAbHLIMH,
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TOYKH IepeceuyeHHsi, B KOTOPbIX KpuBas yObIBaeTt, — OTPH4
nateabHbIMH. TOYKH, B KOTOPBIX KpuBas [(a) Kacaercs
NpOBEAEHHBIX HAMH FOPU30HTAJBHBIX NpsMbIX 180° 4 m X'
X 360° mnpu nojcyeTe yHcaa npooOPa3OB HE YYHTHIBAIOT-
ca. Ecam nmoacuurath uuciao npoobpasoB yraa 180° no
3TOMY NpaBuay, 1o noayuurcsi b — 2 4 0 = 3 npoobpa-
3a — POBHO CTOJIbKO, CKOJIbKO JOIYCKaeT CTeneHb oTobpa-
XeHHus. _

[IpumennB 310 npaBuao K o0pasy J000H TOYKU IIPH
oToOpaxKeHuu

g(a)=na (n— uesoe uncjo),

Mbl OOHapyKHM, 4TO 4HCJO npoobpa3os B TOYHOCTH paBs
o n (a He |n|). Eciu HenpepblBHO H3MEHATHL oTOGpaXKe-
HUE, TO Y HEKOTOPBIX TOUeK Npoo06pa3bl MOTYT MOSBJSATH=
Cd U KcYe3aTh, HO BCETLa JHILUb NapaMu, NpuYeM OJHH U3
npoo6pa3oB Napbl COOTBETCTBYET IOJNIOXKHTEJNbHOH TOuKe
nepeceuenns rpauka OTOOpaXKeHHS C TOPH3OHTAJbHOH
npaMoOH, a APYrof — OTPHULATEJbHON TOUKE rnepeceyeHns
(ecan mcyesaeT WJHM NOABJASAETCS JHIIb TOYKA KacaHus,
TO TNpPH ToAcYeTe 4Yucjaa npooOpasoB OHA HaeT HYJeBOH
Bknan). Takum o6pasoM, npu HenpepniBHOH Aedhopmauuu
oTOOpaXKeHuss 4ucjao npooOpaszoB J0O0H TOYKH cOXpas
HAeTCcd Heu3MeHHbIM. II0CKOJIbKY Bce HenpepbiBHBIE OTO-
Opa:keHust creneHu n okpy:kHoctH C Ha ce0d MOXKHO 11O~
JYYHThb HENpPEPLIBHOU AedopManued u3 otrobpaKeHus

g(a)=na (n— 1nejoe 4ucJo),

TO CIIPABEIJIHBO caelyiollee YTBEPKAEHHE:

CTeneno O0TOOPANCEHUS PABHA HUCAY npoo6pasos Ar-
6oil Touxku, ecau npu nodcuere npoobpazos mor 6ydem
YUUTLIBATEL UX BHAKU. '

Hawe onpepeseHne cTeneHu OTOOPaXKEHHsl elle He
BrosiHe crporo. HerpyaHo npencraButh cebe oTobGpaxe-
HHSI, Y KOTOPHIX HMeeTcs OECKOHEUHO MHOI0 CKJAaJoK,
pacnoJsarawpuuxcst sce 6osee tecHo. Ilpu Takom oroGpa-
XKEeHUU Yy TOYKH MOXKeT ObITb 0€CKOHEYHO MHOro npoobpa-
30B. Kak npousBoauth noAcyer, ecjiu IJIOCOB H MHHYCOB
6ecKOHEYHO MHOTO, HHKOMY He H3BecTHO. OOBIYHO mOCTY-
naror caeaywoumuMm ob6pasom. OrobpaxkeHnue [ 3aMeHSIOT
CHauaJ/Ja MaJio OTJIHUanIuMcs oT Hero orobpaxkenuem [/,
rpagpuk KOTOPOro KyCOUHO JIMHEEH, U NOACUUTHIBAIOT YHC-
J0 npooGpa3oB KakoiH-HUOYAbL TOUKH npu oTobpaxenuu [’
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[(craBiiee yXKe KOHEYHBIM). JaTeM IIpPOBEPHAIOT, HE 3aBH-«
CHT JIM BBIYMCJIEHHAs CTeneHb OTOOpaxKEeHHs OT BhIGOpa
npubJIHKEeHHs, TO €CTh OCTaeTCA JH OHA HeM3MEHHOH NpH
saMeHe OToOpaxKeHusi [° Ha 3KBHBaJIeHTHOE eMy OTOGpa-
skenne f”. Mbl orpaHnuuMca cIeJaHHLIMM HaMH 3aMeua-
HUSAMH U He OyJeM BXOAUTb 37ech B HoJiee TOHKYE JeTajJau
noJcueTa CTeneHH oToOpakeHHsi ¢ OECKOHEUHBIM YHUCJIOM
CyXaloLNXcsl CKJ/Aal0K.

Orobparennn ctepbl Ha cebs

Tenepb MBI pacnoJiaraeM BceM HeOOXOAMMBIM, UTOOLI
NPUCTYIIUTb K PACCMOTPeHHIO oToOpaxeHul f cepnl S Ha
ce6a. Ham Oymer ynoOGHee npencTaBadaTh cede NOBEpX-
HOCTb S He B BHJE MCKPHBJEHHON mOBepXHOCTH cdephl, a
B BHJIe TIOBEPXHOCTH KaKOr0-HHOYIb MHOTOrpaHHHKA, Ha-
npuMep TeTpasjpa. I'paHnm Terpasgpa Mbl pasobbeM Ha
Gosiee MEJKHE TPEYrOJbHHUKM.

3agaluM TIO MOBEPXHOCTH S OpHeHTAIHIO (CTos Ha
OPHEHTHPOBAHHOH NMOBEPXHOCTH S, Mbl CMOXKEM OTJHYUTH
HanpaBJeHHe <«HaJeBO» OT HaNpaBJeHHS <«HANpaBO»).
Kaxnpiii U3 MeJKHX TpPEYroJAbHUKOB, HamnpuMmep Ttpe-
YrOJbHUK abC, NOJYYHT NPH 3TOM OIpeJieIeHHOe Hanpas-
JeHue obxoxa: aubo abca, nubdo acba.

OTHOCHTENLHO OTOGpaXKeHusi | mpedfosioKHM cHaya-
Jla, 4TO OHO NEePEeBOJHUT TPEYrOJbHUKH OILHOr0 pa3bueHus
NIOBEPXHOCTH S B TpPEYroJbHHKH, BooOLle TroBoOps, ApY-
roro ee pasbuenusi, IpHueM cyKeHHe oTOOpakeHHd [ Ha
KaKJIbIi TPEYyro/sibHUK B OTIEJNbHOCTH JOJ:KHO ObITh Oa-
puyentpuueckum (cM. takxke raasy 6). Ilocaennee o3na-
gyaeT, 4TO0 ecau a’b’c’ — obpas TtpeyroapHHKa abc mnpwu
oToGpaxKeHnH f, To LEHTP TAXKECTH TpeyroabHuKa a’d’c’
coBmajaer ¢ o0pa3oM IeHTpa TAKECTH TpPeyroJbHHKa
abc. TToacuntaeM 4uuca0 TIpOO6GPA30OB KAKJAOTO TPEYroJibe
HHKa-00pasa, npunucas npoobpasam oOmnpefieseHHbie 3Ha-
Ku: Oymem cuuraTtbhb npoobpas .abc rtpeyrosibuka a’b’c’
NOJIOXKHUTENbHBIM, €CJAH OPUEHTAIUs TPEYTrOJbHHKOB abc u
a’b’c’ copnamaloT, U OTPHUILATENbHBIM, €CJH OTOBpaxKeHHe
[ M3MensieT OopHeHTAllHIO TPeyroJbHHKa abc Ha NPOTHBOs
LOJIOXKHYIO.

HerpynHo noHATb, 4TOo mpu ortoGpaxkeHuu [ Bce Tpe-
YroJbHHKa-o6passl UMEIOT OIAHHAKOBOe 4HC/aI0 npoobpa-
30B (ecad mMpH nojcueTe NpooOGpa3OB NPHAEPKHBATHCA
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BBEJEHHOrO0 HAaMU IlIpaBuJjia 3HAKOB). LCAHW MBI B3AyMaeMm
IIpOTAHIUTh KaKOH-HHOYIb TPEYrONbHHK INOJ CKJaJKoH
OTOGpaskeHHs], TO YHCJIO ero npooGpasoB MOKET BO3pas
CTaTh MJH yYMEHBILAThCS, NPU 3TOM BCerja MNOJOXKUTE/bs
HLIe ¥ OTpHUIlaTeJbHble Npoodpa3bl OYAYT BO3HHKATH HJH
Mcye3aTb NMOPOBHY.

CyMMy npoo6Gpa3oB J1000r0 TPEeYroJbHHKA, B3ATHIX C
¥X 3HaKaMH, Mbl CHOBA Ha30BeM CTeleHbI0 OTOOpaxke-
Hus f. [loka crenenp oTo6paxkeHus onpenesena JUllb JJ5
oToOpaxKeHHs [, TepeBOAsSUIEr0 TPEyroJbHUKH OJHOIO
pa36ueHHsi MOBepXHOCTH S B TPEyroJbHHKH, BOOOILE ro-
BOpS, APyroro paszOueHHsi TOH Ke NOBepXHOCTH. HTOOLI
OnpeledHTh CTeneHb OTOOpaKeHHd A TPOU3BOJBLHOIO
HeInpepbIBHOTO 0TOOpaXKeHus [, HeoOXOZHUMO, KaK H B CJy-
uae oTOOpaKeHHH OKPYKHOCTU HA cels, MONLITAThCA MPH«
6/1KEHHO 3aMeHHTh [ ApyruM orobpaxxeHueMm [’ W moxas
34Th, 4TO JI00OE 3KBHBAJEHTHOE NPUOAHNKEHHE NPHBOAUT
K OJHOMY H TOMY K€ 3HAuyeHHIO CTeNeH# oTOOpaKeHHUd.

Hakonen, Tak e Kak H B cijayyae oroSpaxkeHuil
OKPYXKHOCTH Ha ce(d, MOXKHO [0Ka3aTh, YyTO ABa 0Tob6pa-«
JKeHHs OJNHOTO H TOTO Ke KJjacca (TO ecTb aBa oTobpa-
JKeHHs, NepeBoAUMbIX IPYr B Apyra HenpepolBHOU Aedop-
Manued) o6sanaloT OOHOH U TOH XKe CTeNneHblo H, Ha0GO-
poT, ABa oOToOpa)KeHUs C ONMHAKOBBIMH CTeNneHAMH
npHHaAJIexXaT OJHOMY KJjaccy.

[Tycte Tenepbp S cHOBa o3zHauaer cthepy. ToxaecTseH-
Hoe oTtoOpaKeHHe, OCTaBJAIOLlEe HA MECTe BCE TOUKHU
chepbl, umeet ctenenb 1. OtobpaxkeHue, craBsilee B CO-
OTBETCTBHE KaXKJI0# TOYke chepbl ee aHTHNOA — AHAMeTs
paNbHO TPOTHUBONOJOXKHYIO TOYKY, MMeeT creneHp —I,
NOCKOJbKY H3MeHsieT opueHTtauuio chepsl S. CymiecTByer
JHIIb 0JHO oToOpaxeHue creneHu 0. OHO NepeBOAUT BCIO
chepy S B Kaxkylo-TO OJHYy TOYKY, TakkKe NpHHAIJexka-
myo S. Oro6paxeHHe CTEeNeHH 7 MOMKHO MOJYYHTh IO
clepywoumemy penenry. Ilpencrasum cefe, uto S — no-
BEPXHOCTb 3eMHOTO llapa, u nepeBelleM JIOOYIO ee TOUKY
B TOYKY C TO#l K€ WIHPOTOH U N-KPATHON AOJTOTON. K-
BaTop U BCe napaJjuieiun orobpassarcs Ha cebs, npuueM
TaK, 470 06pa3 Mo6oil napananenH nokpoer ee n pas. llpu
TaKOM OTOOpaXKeHUM KaxKJ1as TOuKa 3eMHOH NOBEPXHOCTU
‘(kpome Cepepuoro n HO:KHOro 10J410COB) HMeEeT B TOU-
HOCTH n npoo6pa3oB (Bce MpooOPasbl {IOOMKHTE/IbHB)
O6pa3s chepul S NMOKpPLIBAET €€ n pas.
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Tlpu HenpephIBHBIX Npeobpa30BaHHAX CTENEHb 0TOOpa«
eHHS OCTaeTcsl HeU3MeHHOH. B dacTHoCTH, TOXKIEeCTBeH-
Hoe oToOpaxkeHHe (MMemwllee CTeleHb 1) HeBO3MOXKHO
nepeBeCTH HelpepbhiBHbIM npeobpasoBaHueM B oToOpaxke-
HHe, NIPH KOTOPOM 00pa3 cdepbl He NMOKPOET KaKylo-HHU-
Gyab TOYKY c@epbl S, NOCKOJbKY CTeneHb OTOOpaXKeHHS,
OCTAaBJISIIOLIEr0 HEKOTOphle TOYKH cdepol 06e3 KpoBa,

Puc. 47.

pasHa 0. HarasinHo 3TO MOXKHO npeicTaBHTh cebe cJe-
AyoumnuM o6pasoM. JlepeBAHHLIM WIap NOKPLUIM TOHKOMU
pesHHOBOil 00OJIouKOH. HeBo3MoOxkHO mobpatbes X0 IO-
BEepXHOCTH JepeBSIHHOTO lIapa, He paspbiBasi, a JHllb
CKJIaZbiBasi U pacTsAruBasi pe3suHOBYIO O6OJIOUKY.

ITomo6Hoe yTBepxaeHune Kaxercst oueBHIHBIM. CKOJIb
FyOOKO MOXKeT JieXath TO, YTO NPeJCTABJSIETCS pasy-
MEIOIIUMCSI caMUM COOOH, eC/TH MBI NONbLITaeMCsl MOAKpe-
RHTb HHTYHTHBHbIE NpENCTaBJeHHS CTPOTHUMH MaTeMaTH-
MECKHMH JIOKa3aTeJbCTBAMH, BUJHO M3 NpPEAbIAYIIHX pac-
CYXK IEHHH.

B TomoJiorun HepeiKko CJydaeTcs, YTO YTBEpKIeHHE,
Kaxynieecsi Ha NepBbIA B3I/ CaMOOYEBUIHBIM, NPH OO-
jlee BHUMAaTeJbHOM pPAacCMOTPEHHH OKa3bIBaeTcAd HeBepP-
HbIM.

MoxHo nn Bhipe3aTh B Jucte OymMarud pasMepoM cO
¢TpaHHLY Jexalllel nepen BaMU KHHUTHU JIbIpy, depes KO-
FOPYIO MpoJie3eT B3POCAbIH YeJOBEK?

Koneuno, Bbl npaBbi: 3Ty 3ajauy PeLIHTb COBCEM IIpO-
cro. CnoxuM nauct Gymard nomnosiaMm (CJOXKEHHBIH JIMCT
Gymaru wusobpaxen Ha puc. 47, ab— aunuo cru6a),
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pa3pexeM CHayaJaa BAOJb JIHHUH, 00pa3yomux Ha puc. 47
IiBe rpeOEHKH, a 3areM BAOJb JHHHH cruba or ¢ jgo d.
Passepnys ocraTtkn Jnucra, Mel OGHapy:XHM B HeM IbIpY
HYXHBIX Pa3MepoB.

2 3
1 4
2 5|2 3|2 312 3
3 |____| ’4’471_4__’_l4
. L 4 3|2 1]4 5|2 1
1 213 4 1 2|3 4
. ] 4r7_:4_3274|1
] 3 2[1 2|5 4]s 2
2 54 3|2 1]2 3
ZL—I 1|4 1 2|5 4 1]4
Puc. 48.

B snuctke 6ymaru pasMepoM ¢ MOYTOBYK MapKy Tak-
YK€ MOXKHO Ipope3aTh ALIPY, 4epe3 KOTOPYIO NMpoijaer ye-
JIOBEK, TOJIbKO Pa3pe30B NPUAETCSI MPOBECTH MOOOJbILE,

Jlyiss Hac B 3TOM 3ajauke OCOOEHHO BaxKHO, 4YTO MO~
BEPDXHOCTb MOXKHO paccedb Ha YacTH, JOBOJBHO OBJIH3KO
HanoMHHaIHe JHHUH. BipoueM, B caegyiolieM npumepe
CTOJIb Ba)KHoe€ CBOHCTBO IIOBEPXHOCTEH BLICTYIIAeT elle
sipue.

Pasnoxum kBajgpar (u3oOparkeHHbli na puc. 48 ceep-
Xy) Ha uernlpe kBafgpara I, 2, 3, 4 co cropoHamu, pas-
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HHIMH TOJOBHHE CTOPOHBI HCXOAHOro KBajapara. IIpose-

‘meM paspe3 BJOJb OOlied CTOpPOHbI KBajapartoB 1l u 4,
Kax[blii U3 4eThipex NOJYYHBIUMXCA KBAJPAaTOB B CBOIHO

- oyepelb pasOoXHM Ha 4YeTbipe KBajpaTa C BABOE MEHb-
JUMMH CTOPOHAMH, NepeHyMepyeM HX TaK, KaK I0Ka3aHo

pa puc. 48 cjeBa, m npoBeneM pa3pesbl BL0JAL OOILIUX

CTOPOH KBaxpartoB ¢ Homepamu 1 u 4 (Ha nero#t moJio-

BUHKE HEOOXOJMMO NMPOBECTH BCe HEeJOCTalolue paspessl),

- Tperu#t sram paspesanuss uzobpaxen Ha puc. 48 cmpa-
pa. Kak u npexie, KaxJablii U3 KBaAPAaTOB pasjiejeH Ha

4 KBajpaTa ¢ BJBO€ MeHbIUMMH CTOPOHAMH, «UETBEpPTYII-

KH» NEpPEeHyMepoBaHbl H MPOBEIEHBHl pas3pe3bl BIOJb ©6-

IIUX CTOPOH KBaApaToB 1 u 4. AHAJOTHYHBIM 06pPa30M MbI

NOCTYIIHM U Ha 4YeTBepToM 3rane. PaspesaHue KBajparTa

123 4

- L ; 1

7 2 J 4
Puc. 49.

MOXXHO MBICJIEHHO MPOJOJAXKaTh N0 OECKOHEYHOCTH, MPO-
BOJAS MNATHIE, LIeCThle, CellbMbleé H TaK JaJjee paspessl.
Yem pagabuie Mbp 6yieM IpOABHraTbCs, TeM JJIHHHee H
yx)e Oyaer craHOBHThca Jabupunr. Ham ypacrces mno-
CTPOUTDL €r0 MOTOMY, YTO Ha Ka¥JAOM 3Tale YeTBEPTYLUKU
KBajpaTa Mbl HyMepyeM 0COOBIM 006pa3oM, cilelisd 3a TeM,
yTOOBl YETBepPTHIM NOAKBAApaT B KBaApaTe ¢ HOMEPOM 4
MMeJs OOLIYI0 CTOPOHY C HepBbIM NOAKBAApAaTOM B KBaj-
pare ¢ HoMepoM a + 1.

[IpenmnosoKuM, YTO MbI TPOJOJNKHIH pa3pe3aHue
KBajapaTa Ao OeCKOHEUHOCTH M PacCCeKIU IOBEPXHOCTH
KBajpara, NMPEeBPATHB e€e B HEKOTOPYI0O KPHBYIO JIMHHIO.
HMHaue roBopsi, Mbl OTOOpasu/iu KBAaAPAT Ha KaKylO-TO
KpuBylo. Hame oro6paxeHne He MOKeT ObITh HeElpepLIB-
HbIM: NPOBOAS Pa3pesbl, MBI U3 ONHOU TOYKH <«ACTATH»
IBe wiau uetbipe. bosee TOYHO TO, UTO MPOHUCXOAUT IPH
paspe3aHu, MOXHO cPopMyaypoBaTh cleayromum obpa-
30M.

ComnocraBuM HCXOJIHOMY KBaApaTy OoTpe3ok (puc. 49).
Ilpu nmepsom paspesanun pasnejuM 3TOT OTPE30K HA ue-
ThIpe paBHbie yactu 1, 2, 3, 4. Ilpu BTOpOM CHOBA pasne-
JUM Ha ueTwipe paBHble uactu 1, 2, 3, 4 KaXAyo U3 yer-
BepTyleK u OyaeM MpPOAOMXKAaTbh TAK L0 OECKOHEUHOCTH.
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3anaBaTh NOJOXKeHHe TOYKH X HAa HCXOJHOM OTpe3Ke MBI
MOXKeM, YKasblBas Ha Kax/JIOM 3Tane pa3pe3aHHsd HOMEp
TOro MOAOTPE3KAa, HA KOTOPOM OHA HaxoAuTcd. Buinucas
MOApPSA BCe ajpeca TOYKH X, MBI NOJYUHM OECKOHEUHYIO
NocAeoBaTe/bHOCTh, Hanpumep Takylo: 324133144... .
HekoTopple TOYKM HCXONHOTO OTpPe3Ka MOPOXKIAIOT HE
OJHY, a JiB€ TaKue nocjeaoBaTenbHOCTH. Hanpumep, ce-
peluHy OTpe3Ka MOXKHO NPeACTABUTbL M B BHAE IOCJ]EN0-
BaTeJbHOCTH 2444..., B B BHIAE INOCASNOBATEJABHOCTH
31111... . CoBepiHeHRO aHAJOTY4YHO MOKHO 3a1aTh IO~
JOJKEeHHe TOUKH B KBajpare: IJsi 9TOr0 HEOOXOAHMO JHUIb
NpH KaXKAOM paspe3aHHH OTMEeTHTh HOMep KBajpaTa, B
KOTOPOM HaXOMHTCSl MHTEPeCylollas HAC TOYKa.

CormnocraByM Tenepb TOUKY OTpPe3Ka ¥ TOUKY KBajJpara,
MOPOXKAAIIHE OAHY U TY 2Ke YHCJIOBYIO MOC/AEL0BATE/ b~
HOCTh. ¥ HacC NOJYUHTCSI HENpPEPbIBHOE OTOOpAaKeHHe OT=
pe3ka Ha KBaapar: o0pa3 OTpe3ka NOCTPOEHHOr0 HaMH
oToOpaXXeHHs1 3anoJHUT BeCh KBaAparT, MpuueM OJH3KHM
TOUKaM OTpe3ka OyAyT COOTBETCTBOBATH OJIH3KHE TOUYKH
KBaapara. dTo HemnpepbiBHOE oTOOpaXKeHUe NMpelCTaBasIeT
cO00# He YTO HHOe, KaK OTOOpaxeHue, oOpaTHOe paspes
3aHHUIO, C KOTOPOro Mbl Hauadu. M3 orpeska HaM ynajoch
CKJeUTb KBajpar.

HacTb OTKPHITUA CTOJIb HEOOHYHOH KDHBOH, MOJIHO«
CThI0O HOKDHIBAIOIIEd XKBajapat, NPHHANJAENRKHUT HTaJNbdH«
ckoMy martemaruky k. ITeano (1890).



| nasa

«[lanTe MHEe TO4YKYy onoptl,
W A NepeBepHy 3emJito»




ApXumMenoBn uypeca

[lpeganud [0 HAWUX JHEH COXPaHUIU CBENEHUA
O BCAKOTO POJA TEXHHYECKHX UyJiecaX, KOTOPbIMH ApXu-
MeR NPHBOAMJ B H3yMJIeHHe He ToJbKo Kutedeit Cupa-
Ky3, HO H PHMJISIH, ocaXJIaBUIKHX €ro poxaHoit ropox. Cpe-
i MPOYHX pPacCKa3oB J0 Hac JOUIM YNOMHHaHug 00
YCTPOUCTBE, NPU NMOMOLUH KOTOPOr'O OAHH UYEJOBEK, CTOS
Ha Oepery, MOr' MORHATH W3 MOpPHA THAXKEJNO TI'PYNKEHHBIH
KopabJab. YTBepxkjgawr, OyaTo, 0ObsACHAS AelcTBHE CBO-
€ro NOABbEMHOro yCTPOHCTBA, BEIUKHH MaTeMaTHK JpEB«
HocTH cKasaJa napio [edony: «[lafite MHe TOYKy ONOPHI,

Puc. 50.

1 g nepesepHy 3emiio». Ilo Apyromy npeganuio, 3TH rop-
Jible CJIOBA OTHOCHJIHChH K NMPaBHJY pbluara, koropomy Ap-
XHUMEeJI MOCBATHJ OJHO H3 CBOUX CcOUYMHeHui. Poiuar pes-
CTBUTEJBLHO IH03BOJIIET NOAHHUMAThL OO0JbIIKHE TPy3bl Ma-
JIbIMH CHJAaMH.

B sToi1 rmaBe MBIl NOCTENEHHO NPEBPATUM TEOPHIO Phbl-
yara B OJMH H3 Pa3leJsoB COBPEMEHHOHW MaTeMaTHKHU,

Pbivar

JIBa Majabuyrana capstcs Ha Kaueau (puc. 50). Ho-
CKa OIIYCKAaeTCs B CTOPOHY TOrO U3 HHUX, Yyeil BeC OoJibliie,
U OCTAeTCs B PaBHOBECHH JIUIIL B TOM CJydae, ecau oba
MaJbyYHKa BecsT OAHHAKOBO.

A MoryT Jiu KauesqH OCTaThCsi B PABHOBECHH, HECMOTPS
Ha pasHully B Bece MaabuukKoB? KoHEUHO MOryT, TOJBKO
TOT H3 MAaJibiHKOB, Yel BeC 00Jiblle, NOMXKEH CMECTHThCS
K cepeluHe NOCKH, TO €CTb K TOYKe omnophl. HeM OJnxe
rpy3 K cepefuHe IOCKH, TEM MeHblle OH TSHET HOCKYy B
CBOIO CTOPOHY, KaK Obl CTaHOBACH Jierue. MoxKHO mocTy-
MHTb H HHaye. eCJIH TOT H3 MAaJbYHKOB, Yell BeC MEHbIIE,
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caneT nojaJiplie OT TOUKH OIIOPbI, TO OH CHJ/IbHEC TTOTH=
HeT JOCKY B CBOIO CTOPOHY.

CnoprcMeH coOHpaeTcs MNPLITHYTh B BOAY C TpaMils
auna (puc. 51). UeM panplie OH OTXODUT OT Kpas MJO-
maaky, TeM OoJsblie nporubaercda Aocka, Bec mpeiryHa

Puc. 51.

CKa3blBaeTcsd Ha nporube TeM CHJAbHEe, YeM JaJblie OH
OTCTOUT OT MeCTa 3aKpernJeHHS JOCKH.

JIBa HOCHJBIMKA, Iarasg APYr 3a JpPyrom, HecyT Ha
IJAHHHOM LiecTe Kop3uHy (puc. 52). Ecau xop3uHa BUCHT
IoCpeJHHe 11ecTa, TO UM OOOMM NPHXOAHUTCH MPHUKJ/IAbI+
BaThb K LIeCTy oJQuWHaKoByl0 cuny. Ecau Kop3uHa mepeme-
CTHTCA MOGJHXKe K OJHOMY M3 KOHIOB lliecTa, TO TOT H3
HOCHJIBILIUKOB, KTO OKaXkeTcsl JlaJjbllie OT KOP3HHBI, KakK

Puc. 52,

Ol MepesoXKHT 4acTb CBOETO Ipy3a Ha INVIeUH JPyroro.
CHia, KOTOPYIO Ka)KblH H3 HOCHJIBLIHKOB NPHKJ/2IbIBACT
K CBOEMY KOHILY LiecTa, TeM 0oJblile, 4yeM OJHKe K 3TOMY
KOHIly KOp3HHa.

Ecay X mpaBoMy H JIeBOMY MNJeyy BECOB MOJABeEIleHHl
OJMHAKOBble TPy3bl, TO KOPOMBICJIO BECOB HAXOAHUTCH B
PaBHOBECHH, IO KpalHEHl Mepe KOPOMBICJIO PaBHOIJIEUHX
BECOB, H300paxKeHHBIX Ha pHC. 53. CaMO KOPOMEIC/IO Bes
COB pa3 M HaBcerja YCJOBHUMCHl CUHUTATb «HEBECOMBIMY,
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TO €CTh IpeHeOpexkeM ero CoOCTBEHHBIM BeCOM. Fla He-
DaBHOIJIEYHX BecaX KapTHHa Oyaer uHast. Takue BecH
BeCbMa CXeMaTH4YHO HM300paXeHbl Ha puc. 54: uX Jesoe
niaeso OA BaBoe paunHee mnpasoro mieua OB. Kopo-
MbIC/IO RecOB AB MOXET MOBOpauYUBaTLCSl BOKPYT LEeHTpa

A U] B

/\

Txr Ikr

Puc. b3.

O — 10uKkHM onopel. UTo66l KOPOMBLICJIO BECOB HAaXOAMJOCh
B pDaBHOBECHH, Ipy3, MOABELICHHLIH B TOuke B, noJjxeH
ObiTb BABOe OoJsibuie rpy3a, NOABEUIGHHOTO B TOuKe A.
B obmem cayuae, eciu MBI XOTHM, YTOOH KOPOMBICJIO
BECOB C OTHOLIEHHEM MJjey

OA.:OB=a:b

HaXoouJa0Ch B paBHOBECHH, TO TIpy3, NOABEHIEHHBLIA B
TouKe A, NOJIKEH OTHOCHTbCS K Tpy3y, MOABELIEHHOMY
B TOUKE B Xak b:a (puc. 55).

A 0 B A a 0 b B
AN 7\ ]
m
/KT ZKr d L]
Puc. 54. Puc. bb.

To ke camoe MOxKHO BbIpa3HuTh uHaue. I'py3 B m kI'—
sT0o cuna B m KI. Ecan aunus NeACTBHS 9TOH CHJBI MPO-
XOIMT Ha paccTOfAHBH a OoT Touku O, TO cHsie m COOTBeT-
CTBYeT MOMEHT ma, PaBHBIA [POHSBENCHMIO CHMJH Ha
njeuo a. AHajorHuHbiM obOpa3om cune B n KI', nuHusa
JAEHCTBHA KOTOPOM OTCTOHT OoT ToukH O Ha paccrosinue b,
Mbl COMOCTaBJisieM MOMEHT nb,
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Ecan ynsouts rpys, ocraBuB 6e3 H3MEHEHHS IJjeyo,
TO MOMEHT Bo3pacTaeT BJBoe. To Xe caMoe NPOH30HIeT,
ec1i OCTaBHMTb 0Oe3 HM3MEeHEeHHUS I'Py3 U YBEJUUUTb BIBOE
JUIHHY TJieya oTHoCHTesabHO ToukM O, Ecau ogHOBpeMeH-
HO YJBOHTb TpPy3 H COKPAaTHTb HAaMOJOBHHY IJeqo, TO
'MOMEHT OTHOCHTeJbHO TOoukKH O ocraHetrcs 6e3 H3MeHe-
Husi. MOMEHT COXpaHHUTCS MU B TOM CJydyae, eCJH MBI
yMeHbUINM BJABOE I'py3, YIAJIHHHB IJe4y0o B JBa pasa.

PaBHble Ipy3bl m Ha paBHOIMJIEUHX Becax C IMJEUOM a
CO3/Jal0T CHpaBa M cJeBa OT TOYKH onopel O MOMEHTH

Az az 'A] U, 0 b’ B1 bz Bz bS B‘{
ZAN

m, Ny

Puc. 56.

ma. IloCcKoibKy MOMEHTBI paBHLI NO BEJHYHIIE, KOpO-«
MBICJIO BECOB HaXOAMTCSI B paBHOBecHH. Ecam B3ATb Hes
paBHOILIEYHEe BeChbl C JIeBbLIM MJIEYOM @ H NPAaBLHIM ILJIEUOM
b n nmojBecutb B Toukax A u B rpy3sl m u n, TO CJeBa
oT TOukd omopbl O MBI NMOJAYYMM MOMeHT ma (paBHBIA
NpOM3BEJEHUIO Beca # Ha mJaeyo @), a CnpaBa MOMEHT
nb. UtoOpl KOPOMBICJIO BeCOB HAaXOAWJIOCh B pPaBHOBECHH,
00a MOMEHTa AOJIXKHbI ObITb PAaBHBL:

ma =nb.

3TO PAaBEHCTBO MOXKHO TaKXKe NMPEACTaBUTh B CASAYIOLeM
BHJE:
m.n=~a:a,

WHaye roBops, I'PYy3bl AOJKHBI H3MEHAThCA 06paTHO mpo-
NOPUHOHAJNbLHO JAJIHHE MJeya.

Teneps mpeactaBuM ce6e KOPOMEICJIO BECOB C ONOPOil
8 Touke O (puc. 56), K KOTOpoMy B TOukax A;, A, ...,

HaXOAAMIHXCH Ha DAaCCTOSHHAX @i, Qs ... oT O, nmoase-
UIeHBl TPY3Hl My, Ma, ..., a B TOUKax B,, By, ..., HaX0+
ASWMXCA OT TOYKH ONOpHI Ha paccTOAHUAX by, by, ...,—

rpy3bl nl, n2, eve @
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bBeimuiieM MOMEHTBI, oOpa3yeMble BCEeMH TpPy3aMu, U
CJIOKHUM HX. [IONHBIH MOMEHT BCeX I'PY30B, NPHUJI0KEHHBIX
caeBa OT ToukH onopbl O, paBeH

ma; -+ mea; + .. .,

MOJHBIH MOMEHT BCeX I'PY30B, NPHJOKEHHBIX CJeBa OT

toukn O, paBeH
nlbl+n2b2+ e 0o 0 o
PaBHoBecne HacTymuT B TOM CJyuae, eC/au
m]a1+m2a2+ .o =/’L1b1—]—n2b2—|— sos o

Ecau B HeKOTOpO#H TOuKe, Hampumep B Touke A, Haxo-
Jsuledcs Ha pPacCTOAHHH a OT TO4YKH omopel O, nojise-
CUTb [iBa Irpy3a m u m', TO CyMMapHblfi MOMEHT, CO3/a+
BaeMbIil ITUMH I'Py3aMH OTHOCHTENbHO TOukH O, paBeH

ma -+ m’a.

Ho BMecTOo aBYX rpy3oB B Toil e Touke A MOXHO moj-
BECHTh OJIUH Tpy3 m'—+ m’, co3mamiiii MOMEHT OTHOCH-
TeJbHO TOukKH O, paBHBIN

(m-4ma.

O6a MoMeHTa JOJKHBI OBITH PaBHBl, U JEeHCTBUTEJBLHO,
KaK #13BeCTHO U3 aJjrebpsl,

(m 4+ m')a=ma + m’a.

HawuM BbIBOgAaM MOXHO NpHAaThb OGosiee HU3SALHBIH
BUJ, €CJH MBbl yCJOBHUMCH HHA4e 3alUCbIBATH MOMEHTHI,
I'pys, noagBelleHHBII K KOPOMBICJY BECOB CIipaBa OT TOY-
K# onopbl O, CTpeMHUTCS MOBEPHYTb KOPOMBICJIO BIPaBO
THOCHTEJbHO Habawjaartesns. I'pys, nolBelleHHBIH K KO-
pPOMBIC/Ty BECOB cJsieBa OT TO4YKM onopel O, cTpemurtcs
IOBEPHYTb €ro BJIeBO. BbyJeM CuHTaTb MOMEHTHI IOJIOXKH+
TeJbHBIMH HJIM OTpPHIlATeNbHBIMH B 3aBHCHMOCTH OT TOTO,
B KaKylO0 CTOPOHY OHH CTPEMATCA NOBEPHYTb KOPOMBICIIO:
BIIPaBO HJH BJeBO. 3HAK MOMEHTA MOXHO OIPEeJe/HTh
caenywoiumM obpasoM. byzneM cuuraTh pacCTOsSHUS BOJb
KOpPOMBEIC/1a BeCOB BIIpaBo (0T ToukKu onopbl O) nosoxu-
TEJbHBIMH, a BJIEBO — OTPHLIATEJBbHBIMH. YMHOMXHUB COOT-
BETCTBYIOILLME PACCTOSIHHA HA BEJUYHMHBI 'PY30B, NOJYYHM
MOMEeHTBl CHJ. Ec/au onuH U3 COMHOXHTeNel B NpOU3Be-
JEeHUU H3MeHseT 3HAK Ha NPOTHBONOJIOXKHBIHA, TO U CaMO
NpOH3BeicHUe H3MeHsieT 3HaK Ha INPOTHBONOJOXKHBIH,
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Orcroga ciaenyer, 4To MO HOBOMY IIpaBHJAY MOMEHTHI BCeX
rpy30B, HaxomsLuxcd cjaeBa OT TOYKH onopel O, oTpHuua-
TeJbHHI.

Cuenys crapoMy npaBHay, Mbl GOPMYAUPOBAJIU YCJIO-
BHS PAaBHOBECHS KOPOMBICJIA BECOB TaK: MOJHBIH MOMEHT,
cO3/laBaeMbli I'py3aMHu cCJeBa OT TOYKH OMOPBI, HOJIKEH
ObITb paBeH MNOJHOMY MOMEHTY, CO3[aBaeMOMYy Tpy3aMH
crupaBa OT TOYKM onopbl. HoBoe npaBu/io no3soJsisier Ham
chopMyJHpPOBATL YCJAOBHE PAaBHOBECHA ellle Hpoile: noa-
Holll mamerT, cosdasaemolll scemu epysamu, doaxcer 6oiTo
pasen Hyato.

M xoTa Tenepb MBI NTPOCTO CKJIAJBIBA€M 8C€ MOMEHTHI,
T€ U3 HHUX, KOTOpble CTPeMATCA IOBEPHYTb KOPOMBICJIO
BECOB BJIEBO, aBTOMATHYECKH IOJAYyYaAIOTCS OTpHULIATE/Ib-
HBIMH, -
[locTaBuMm BOmpoc HeckoabKO HHaue. [Ipemmosoxum,
4YTO Yy HAC €CTh KOPOMBICJIO BeCOB U 3aJaHHble rpy3nl. Kak
cjJeAyeT HX IIOBECHTb, 4YTOObI KOPOMBICIO HAaXOIHJIOCh
B DaBHOBECHH?

[Ipexxne Bcero BbIO6EpeM IMPOHU3BOJBHO HAyaJ0 OT-

cuera — touky 0. Ilycts ay, g, ...— paccrosiHusl, Ha
KOTOpPbIX HAXOAATCSH OT Hee TOYKH INOABEcCa Irpys3oB my,
mMj, ... (PAcCCTOAHUA CUYHUTAIOTCA MOJOKUTE/IBLHBIMHU, €CIH

TOUKH MojBeca Jexar crnpasa oT O, U OTPULATE/bHBIMH,
ecJIM TOYKH mnojpeca Jexar cjaeBa oT O). OTHocuTe bHO
touknh Q mNOJHBIH MOMEHT, CO3JaBaeMblii Tpy3aMHu my,
msy, ..., paBeH

M=mua;+ma+ ... .

Termepb cIABHHEeM Haya/J0 OTCUETAa Ha PacCTOSIHHE X, TOr-
Jla paccTosiHus OT HOBOrO HauvasJa JI0O TOYEGK IIOABeca
IPY30B CTaHYT pAaBHbIMH Q; — X, Qg — X, ..., & IOJHBIA
MOMEHT '

my(ay—x)+myla,—x)+ ... =
=(ma; +ma,+ ...)—(m+m+ ... )x=

=M — mx,

raoe m=m; 4+ my - ...—cymmapunlii rpys. Ecau, cos-
MECTHB TOUYKY OIOPbI C HOBBLIM Ha4aJjJOM OTCYETa, MBI
XOTHM IIOJIYYUTH paBHOBECHE, TO HOBOE 3HAueHHe MOJHOTo
MOMEHTa JOJIKHO paBHATBCA HyJ0, oTKyaAa M =mx wu

M

m
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1O0YKa, B KOTOPOH MOXHO MNOANEPETL KOPOMBICJO BECOB
TakK, 4ToObl OHO HAXOAHJOCb B PAaBHOBECHH, Ha3blBaercd
yentpom tamcecTd. Kak Mbl TOJNBKO 4YTO MOKAa3aJH, noa10-
HCeHUE YEHTPA TANCECTU MONHO HAUTU, pa30esus NOAHbLL
MOMENT, co30asaemolli 8cemu epy3amu, HA CYMMApPHbLLL
2pya.

TouKy, OTHOCHTE/JBHO KOTOPOH MBI BBLIYHCJSIEM I10J+
HHII MOMEHT M HAXOIHM MO0JIOXKeHHe LeHTpa TAXKeCTH,
MOXXHO BbIOUDATh MNPOM3BOJABHO. JleACTBHTEJNBHO, IPH
CABMTe HauyaJa OTCyeTa Ha ¢ pacCTOdHHUdA a4, dg, .,. les
pexoadar B a;— ¢, @g—C, ..., NOJNHBI!I MOMeHT M cTaHO-
BUTCS paBHbBIM M — mc ¥ oTHOleHne M/m, U3 KoTtoporo
MBI OImpeneaseM KOOPIMHATY ILEHTpa THAKECTH, TaKxe
YMeHbLIUTCA Ha C.

BriyepkHeM Temepb HEKOTOpble TPY3bl, HaNpUMep
FPPy3L 1y, Mg, ..., INOJBElLIEHHbIE Ha pPAacCTOAHHAX qy,
Q> ... OT LIeHTpa THAXECTH (KpOMe HHX Mbl MOXEM BbI-
YepKHYTb TaKiKe IPY3bl BeCOM f;, Hg, ..., [IOABEIICHHbIE
Ha paccTOsiHUAX by, by, ... OT LEHTpPa THAKECTH), NO-
CKOJILKY 3TH I'py3bl OKa He OYAYyT HHTEpeCcOBATb Hac, W
3aMeHUM HX OJHHM rpysom mi;-+mg-4 ... . ITOT rpy3
MOJABECHM B LIEHTPe TAMKECTH BBIYEPKHYTHIX TPpy30B. Mol
YTBEPK AaeM, UTO INOJIOKEHHEe LEeHTpa TAXKEeCTH BCEeH CH-
CTEMBl OT TaKOro npeobpasoBaHHs He H3MEHUTCH.

JleficTBUTE/NbHO, BBIYEPKHYTHIE T'PYy3bl BHOCAT B MOJ-
HbIH MOMEHT BKJAJ, PaBHBIH m Q) + myas + ... . HoBruik
rpys m;-+ms - ... BHOCHT B MNOJIHBIH MOMEHT BKJaJ
(my+ mo~+ ...)X, THe X — KOOpAHHATA LIEHTPaA TAKECTHU
BbluepKHYTBHIX rpy30B. Ho

¥ = m1a1+m2a2+ .o
m1+m2+ «ss !

a 3TO O3HauyaeT, YTO HOBBIA Irpy3 BHOCHT B IOJIHBIH MO-
MEHT B TOYHOCTH TAaKOH e BKJal, KaKOH BHOCHJH
BbIYepKHYThle TPY3bl. C/enoBaTesbHO, NOJOXKEeHHe IieH-
Tpa TAXKECTH BCeH CHCTEMbl OCTAETCA HEH3MEHHBIM.
Urtak, 2106y10 cucremy 2py3068 MOMCHO 3AMEHUTL CYM-
MAPHOIM 2pY30M, COCPEOOTOUCHHBIM 8 UEHTpe TANMECTU
cucremot.

IlponBrHeMcsl Tenepb elle Ha OOUH Luar: BBEAEM OT-
puunareabnbie rpy3nl. IlpencraBum cebe KODOMBIC/IO Be-
COB, Harpy:eHHoe TakK, KakK ObljI0O nokKa3zaHo Ha pHc. 56.
Uro caeayer noHuMaTth noj OTpPHUIATEJbHBIM TIpy3oM?
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OueBHIHO, TPY3, KOTOPHIN TAHET He BHM3, a BBEPX. I1eUuTo
nono6HOe Mbl MOXKEM CO03[aTb, H3MeHHMB HalpaBJeHHE
CHJBI, C KOTOpPOH JeHCTByeT rpys Ha I/edo KOPOMBICIA,
HanpHMep, NpH NoMolH Omoka (Ha puc. 57 K NpaBOMY
nJiedy Kopombicja npuioxena cuna A, pasrHad m K[ u
HampaBJ/eHHass BBepx). SlcHo,
yro Ha KOpOMBICJA OTpHla-
teJbHBIH I'py3 m KI', cocpeno-

TOUeHHBIH B TOuYke A, 0Ka3bl+ ﬁﬂi

BaeT Takoe e jaeficTBue, Kak O A
MOJIOKHTEIbHEIA Tpys m KI,

COCPEeNOTOUEHHLIH B TOuke B, mKr
ec/JH TOoukKa A JIeXHT cle-

Ba OT Toukd omnopel O Ha Puc. 57.

TAKOM e pacCTOSHHH, Ha

kKakoM Touka B sexur cnpaBa ot O. Buiyucaas mos
MEHTBI, CO3JaBaeMble TeM M ADYTHM TIpy30M, MoJydyaeM:
rpy3s —m, HelCTBYs Ha MJeyo a, cO3JaeT MOMEHT

(— m)a,
rpy3 m, AEHCTBYsl Ha IJeYo —da, CO3JaeT MOMEHT

m(— a).

f

Ilo npasunam anreGpul 06a MOMeHTa PaBHH

— ma.

JII0OONBITHO 3aMETHTb, YTO OTPHLATEJbHBIH rPy3 B
TouKe B oxaspiBaeT Ha KOPOMBICJIO BECOB TaKoe Xe Jieii-
CTBHe, KaK COOTBETCTBYIOIIH#A INOJOXKHTEJIbHBIH TPy3 B

Touke A. B 1epBoM cJyuae rpy3 BHOCHUT B HOJHBIH MO-
MEHT CUCTEeMBl BKJIAaJ

("'" m) (— a);

m-a.

BO BTOPOM —

Corsnacno anreGpanyecKHM NpaBu/aM, 35TH JBa MOMEHTA
TaKXXe pPaBHBI.

Hrak, Mb nonyyaeM BO3MOXHOCTb NPHKIAALIBATh K
KOPOMELIC/TY BECOB JIIOOBIE MOJIOXKHUTENbHBIE H OTPHILATE/b-
Hble TPY3bl H BBIYUC/NATH CO3/[1aBAaeMbli UMM MOJHBIH MG-
MeHT. 3Hasd CyMMapHBIH rpy3 m u noJHeli MoMeHT M
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CHCTCMBI, Mbl HAaXOAKM lIOJ028CHKE LEHTDd THMCECTH I'DY~
30B H3 COOTHOUIEHHHA

X——.

m

Ho Ha 3TOT pa3 Heo6XOMUMO AE€HCTBOBATb OCTOPOIKHO.
[lockoabKy rpy3bl MOryT OBIThb NOJOKHTEJbHBIMH H OT+
pruaTeJbHbIMH, CYMMapHbIA FPY3 MOKET OKa3aTbCa paB-
HeiM O, a [eJuTh HAa HYJAb Mbl He yMeeM, [a H He/NaTbh
3TOro HeJib3ss. TakuM 00pa3oM, B HEKOTOPBLIX CJyyYasix
IleHTpa TAXKECTHU CUCTEMBI rpy30B He cylecTByer. Hanpu-
Mep, €CJH NOABECUTb K KOPOMBIC/Y BeCOB B JABYX pas3JHy-
HbIX TOuKax rpy3el B | KI', o1uH — KakK OOBLIYHO, a ApYy-
roii — NpH IMOMOIIU IEePeKUHYTOH uepe3 OJOK HUTH, TO
KOPOMBIC/IO BECOB, rje Obl MBI ero HH NOANUPAaJaH, HU=
KOT/[a He IpPHUAET B PaBHOBeCHE,

lNnocKkocTb

PaccmoTpuM Tenepb reoMeTpHyYeckylo NJIOCKOCTb, TO
eCTh HEBeCOMYVI0O I'OPH30HTAJbHYIO NJAACTHHKY, Ha KOTO-
poi paccrtaBjaeHbl rpy3nl. llonbiTaemcss HaWTH TOUKy, B
KOTOPOH MOKHO OblJIO0 OBl noAnepeTb IJACTHHKY Tak,
yToOBl OHA HaXOJWJach B COCTOAHUH paBHOBECHs (TakKasd
TOYKA Ha3bIBAETCH YEHTPOM TANEeCcTU).

[lpepnonoxum, Hanpumep, yto Tpu rpysa no 1 kI
KaXIBIH paccTaBjeHbl B BeplUHHAX TpeyroabHuka ABC
(puc. 58). U3 toro, 4To HaM yXe H3BECTHO, CJAeAYeT, UTO
rpysu B | kI, pacnosoxennsle B Toukax A u B, MoxHO
3aMeHUTh rpy3oM B 2 KI', moMecTHB ero B cepeiuny F
orpeska AB. Vrak, BMeCTO HCXOJHOH CHCTEMBI TpeX rpy-
30B B 1 KI', pasMelieHHBIX B BepUIHHAX TPeYroJbHUKaA
ABC, MOXKHO pacCMaTpHBaTb 35KBHBAJEHTHYIO CHCTEMY
nsyx rpy3oB: rpy3 B 1 kI' B Touke C v rpy3 B 2 kI' B
touke F. HoBasi cuctema rpy3oB obJajaeTr LEHTPOM Ts-
XKEeCTH S, pacrno/soXeHHBIM MeXAYy KpaHHUMH TOYKAMHU
orpe3ka CF. Ilo/qHBII MOMEHT CHCTEMH ABYX IPY30B OT-
HOCHTEJbHO TOUKH S paBeH 0, mosatoMy Touka S nenur
orpe3ok CF B OTHOLIeHHH, OOPATHOM OTHOLIEHHIO IPY30B

B Toukax F u C:
CS:SF=2:1.

Takum o6GpasoM, Touka S cOBIajaeT ¢ TOUKOH, HA3HI-

BaeMOli B TeOMETPHH LEHTPOM TSKeCTH TpeyroJibHHKa
ABC.,
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Ecam Obl Mbl cHayaja 3aMeHMJIH rpyssl B Toukax A
n C yIBOEHHBIM I'Py30M B cepefiuHe oTpe3Ka E, TO B KOH+
1le KOHLOB npuuiu 6ul K Toi Ke camoil touke S. Kak
H3BECTHO, MEIHAHLI TPEeyroJbHHKA [epeceKaloTcss B ero
JIeHTpe TsKeCcTH S, KOTOPBIA JAeJUT MA106yl0 H3 MeAHaH
B OTHOIIeHMH 2:1 (cuuTafd OT COOTBETCTBYIOILEH Beps
IINHBL) .

OT yacTHOrO c/ayyas — TpeX TI'PY30B, pacCTaBJeHHLIX
B BEpPLIHHAX TPEYroJbHHKA, — NepeiiieM K PacCMOTPEHHIO
o6LIero c/ayyasi: onpefe/eHHI0 LeHTpa TAMXKEeCTH CHCTEMH

C

F
Puc. 58.

IPY30B, PACCTaBJIEHHHIX HA I[JIOCKON HEBECOMOH IJa-
CTHHKe. Bocnosib3yemMcsl yiKe HCObITaHHBIM MpHeMOM. 3a«
MEHHM [Ba Ipy3a HX CYMMOH M TIOMECTHM ee B LEeHTp
TSAXXeCTH [BYX TIpy3oB-ciaaraeMmbix. Ilpopmonxas mpucoe-
IWHATHL TI0 OJHOMY TPy3y, Mbl B KOHIle KOHIIOB COJibeM
BCe rpy3bl B oAuH. Touka NJOCKOCTH, B KOTOpOo#l Oyaer
NOMelleH 3TOT rpy3, U OyJAeT LEeHTPOM THAKECTH UCXOAHOH
CHCTEMBI I'PY30B.

Bosnukaetr Bonpoc: OJHO3HAYHO JIU ONpefie/]eH LeHTP
Taxect? IlonyuuMm Ju MBI Ty XKe CaMylO0 TOYKY, €CJH
6yaeM 00beAHHATb MCXOJHBIE I'DY3bl B APYrod nocJjaeno-
BaTeJbHOCTH? :

B 1efAcCTBUTENHHOCTH TNOJIOKEHHE LEHTPA THAXKECTH
onpeje/qeHo OAHO3HauyHO (MO KpaiHed Mepe B Tex C/ay-
Yyasgx, KOrja cymMma BecOB OTJHYHA OT HYJAdA). UTOOH [0+
Ka3aTh 3TO yTBepXJeHue, oOpaTuMCAd BHOBbL K MOMEHTaM,
ITpex e ueM onpeaensith, 4TO TaKO€ MOMEHT CHJbl OTHO+
CHTEJbHO TOUYKH, ONpele/ UM MOMEHT CHJIbl OTHOCHTE/IBHO
NpAMOH, Ha3biBaeMOH TaKiKe OChIO,
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[IpoBegeM Ha NJIOCKOCTH NpsAMYyI0 X U YCJAOBHMCA
Ha3blBaTh MOJAYIJIOCKOCTb, PACIOJ/J0XKEHHYIO 10 OJHY CTO=
POHY OT Hee, NPaBOH, a NOJYIJIOCKOCTb, PaCIOJOXKEHHYIO
0 Jpyryi0 CTOPOHY OT Hee, JaeBoH. PaccTtossHue OT
NpSAMOH, HAH OCH, X [0 TOYKH (HAJHHY nepneHaukKyJaspa,
ONYIEHHOTO M3 TOYKH Ha OCb X) OyjaeM CuYHuTaTb MOJO-
XKHMTEeJNbHBIM [/l TOYEK NpPAaBOH MOJYIIOCKOCTH H OTpH+
LLaTeJbHBIM AJS TOYeK JeBOH mnoaynnockoctH. Ilosoxku-
TeJbHble TPy3bl, PAachoJOKeHHble N0 pa3Hble CTOPOHH

a, As

-1
|

Puc. 59.

OT OCH, CTPEMSITCS NOBEPHYTh IJIOCKOCTbH B INPOTHBOIOA
JOXHBIX HanpasJ/eHHsiX. ['py3 m, Haxoxduuica Ha (mos
JOXKWUTENbHOM WM OTPUIATENbHOM) pPAacCCTOAHHH @ OT
ocH X, CO37a€T OTHOCHTE/NhHO Hee MOMeHT ma. CyMMupys
MOMEHTBl, CO3/aBaeMble OTAEJbHBLIMH TPy3aMH, MBI MO
XE€M BLIUHCJ/JIHTH MOJHBIH MOMEHT JAaHHOH CHCTEMBl Ipys
30B OTHOCHTENBHO ocH X,

Uto npou3cHgeT ¢ MOJMHBIM MOMEHTOM, eCJd [Ba
rpy3a m; H ms, pacnoJoxXeHHble B Toukax A, u A,, 3ame»
HHTb I'py30M m -} Mg, NOMECTHB €ro B LEHTP THAKECTH
3THX Tpy30B (puc. 59)?

Touka A penaut orpesok A;A; B OTHOIIEHHHW My :m,.
Toukn A;, As, A Haxomsires oT och X HA pPacCTOAHUAX
a;, ap, a. [Iposeas wepes touky A npsMmyio, napanieibs
HYI0 ocH X, HeTPYAHO yGeAHTbCA B TOM, 4TO (@—a;)i
:(ag —a) = my: m,. CenoBarensHo, S

my (@ — a,) = my (a — a),

(my + my) a=m,a, + mea,.
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)2 npaBoOil YacTH NOCJeAHEro pPaBeHCTBA CTOUT MOJHBIH
OMEHT TPY30B M; WU My PAaCHOJOXEHHHX B TOUYKax
A, u A, B J1eBOMl yacTH — MOMEHT CYMMapHOro rpysa,
‘4aXORALIErocsl B LUEHTPe TAMXKECTH Ipy3oB m; H my. Hrak,
MBl 0KasaJjy, 4To

NOAHbIL MOMEHT OTHOCUTEAbHO ocu X He U3MeHurcs,
@CAU 8MECTO 08YX 2pY308 83ATb6 2pYy3, PABHLLI ux cymme,
‘8 NOMECTUTL e20. 8 YeHTp TANCeCTU 08YX UCXOOHLLX 2py-
808.

Takum 0OpasoM, Ha BONPOC O TOM, 3aBUCHT JIH T0JIO-
JKeHHe LEeHTpa TAXKECTH CUCTeMB! TPYy30B OT MOCJeA0Ba-
Te/LHOCTH, B KOTOPOU MBI OObeflUHAEM WX B OAUH TPYS,

Puc. 60.

‘HaM yNaJoCh MOJYYHTb OTBET, XOTsl H He NOJHBIA. Bo
BCAKOM CJydae MOMEHT LEHTPa TSKECTH OTHOCHTEJbHO
ocu X onpenensercs OAHO3HAYHO: OH COBNajaer ¢ noJ-
HbIM MOMEHTOM 3aJaHHOH cucteMbl rpysos. Ho tem ca-
MBIM OJHO3HAYHO OIpeJieJleH0 M PAacCTOsSIHHWE OT LeHTpa
TAXKECTH CUCTEeMbl [0 OCH X: ero MbBl HaujieM, pas[ie/nuB
NONHBIA MOMEHT. H2 CYMMAapHBH rpy3 (ecaH OH OT/IHYeH
or ().

Ocp X HA NJNOCKOCTH MOXKHO BHIOHPATh COBepIIEHHO
NPOH3BOJLHO. TeM CaMblM JOKa3aHO, YTO pacCTOSHHE OT
LleHTpa TAXeCTH CHCTEeMbl rpPy30B 10 JIOOOH NPSIMOHA Ha
NJIOEKOCTH OJHO3HauHO onpeaedeHo. CJeloBaTeabHO, H
HOJ0XKEeHHe CAMOro LIeHTPA TSXKECTH Ha NJOCKOCTH TaKxKe
OJIHO3HAYHO ONpeneseHO.

Brnpouem, asas Toro uro6nl OAHO3HAYHO 3aAaTh Ha
MJAOCKOCTH MOJIOKEHHe TOYKH, JO0CTAaTOYHO 3HaTh pacs
CTOSIHHSL OT Hee JO JABYX JI00bIX NepeceKaromuxcs nps-
Mpix X u Y (puc. 60): Hy:XHO JHUIbL NIPOBECTH NMpPAMBIE,
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napaJgJe/bHble NPAMBIM A H Y H OTCTOALIHMe OT HUX Ha
3aflaHHble (MONIOKHTE/NbHbIE HJH OTpHIATe/bHbIE) pac-
crosinusi. MHTepecyoulas HaC TOYKA COBMNAaAaeT C TOYKOH
nepeceyeHUs NPOBEJEHHBIX NPSMBIX.

Euwe onHo 3ameuanue. Eciu cymMmapHbiii rpy3 paBeHd
0, To 0OKMAATh, YTO HAM VAAaCTCA HAHTH LEHTP TAXKEeCTH
CUCTEeMBI TPY30B, He npuUxoAuTcd. Ho u npu OTINYHOH OT
0 cymMe Bcex rpy3oB MOXKeT CJAYYHTBCHA, YTO IPH IO-
CTPOEHUH LIEHTPA THAXKECTH CHCTEMbl Mbl CTOJIKHEMCH HA
OJHOM H3 MPOMEXKYTOUHBLIX 3TAaNOB C HYJEBLIMH T'PY3aMH.
Ecau rpysel m; ¥ g paBHbl O BeJHYHHe, HO HMEIOT
NPOTHEOIOJIOXKHbIE 3HAKH, TO NOCTPOEHHe IEHTPa THAXKe-
CTH BCeH CHCTeMBl cJeayeT HauHHaTh He ¢ HHX. [lo-

CKOJILKY
my+my+mg+ ... 50,

TO Ccpead Tpy30B, OOpa3yIOIMUMX CHCTEMY, HeNpeMeHHO
IOJKHA HAHTUCh IMapa TakKHX, 4TO HX CyMMa OTJIHYHA
oT 0. DTO Ke yTBepKICHHE OCTaeTCd B CHJAe U A JIO-
60ro MOCJAEeAYIOLEero 3Tana NOCTPOEHHs LeHTPa TAXKECTH
BCEH CHUCTEMBbl.

BapuueHTpHUeCcHHEe KOOpPAHHATHI

[Tycts A u B — aBe pa3JjHuHble TOUKH NJNOKOCTH. Ecin
B HMX MOMECTHTHL I'PY3bl M H A ¢ OTAHYHOH oT 0 cymMMof#,
TO LEHTP TAKECTH 3THX Touek Q OyaeT exaTb Ha NPAMOH

AB, npuueM m-Q_;l—}-nQB =0, uiu B Apyroir opmy-
JIUPOBKeE

—_— -
AQ:QB=nm.

M naobopor, ecau TpedOyeTcsl, YTOOLI LUEHTP TIXKECTH
ABYX TPY30B COBNafaJ € TOYKOH (), TO HYXHO JHUIb
B35iTb fBa Tpy3a 7 H m, OTHOLIEHHE KOTOPHIX pPaBHO

A_Q>:QB. B yacrHocTtH, npu n =0 LEHTp TSAKECTH COB-
nanaer ¢ Toukoit A, a npu m = 0 — ¢ Toukoil B.

Camu no cebe rpy3bl 7 U ' He CYLIECTBEHHBI, BaXXHO
JULIbL HX OTHolleHHe n:m. ECAu m U n yMHOXHTbL Ha
OJIHO H TO XK€ YHCJO0, TO NMOJONXKEHHe LEeHTPA TAXKECTH OT
sToro He wu3Menutcs. LleHTp TAXKecTH pacnosaraercst
meocdy toukamu A W B, ecium rpysnl MOJOKHTENbHBL
Ecau rpy3bl pa3anyHbIX 3HAKOB, TO LIEHTD TAKECTH JEKHT
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Bne orpe3ka AB u ero npoao/XKeHUH CO CTOPOHBI 6OJIb-
quero no aOCOMIOTHOH BeJHYHHE rpysa.

Hrak, n11006y10 Touky mnpsamoir AB MOMXKHO NOJYUYHTE,
gajaBasi OTHOLIEHHe TPY30B m : Al.

Bri6epeM Ha nJOCKOCTH TpH Touku Ay, As, Az, He ne-
JKaimye Ha ofHoil npamoi. I'pysamu my, me, mz ¢ cyms
MoHi, oTiaHyHON OoT 0, pacnojioXeHHbIM B Toukax A;, As,
As, coorBercTByeT ueHTp Tsaxectu P. Ilosoxenue erd
TaKKe 3aBHCHT JIHIIb OT OTHOIIEHWHA TPY30B My, MmMa, Ma.
HaoO6oport, pacnonaras B Touykax A, Ay, A3 Hag exaluM

Aq

Az A3

q
Puc. 61.

o6pasoM nonoOpaHHbIE TPy3b, MOXKHO COBMECTHTb HX
INeHTp TAxKectn P ¢ mo6oi 3apaHee 3aJaHHOM TOYKOM
niaockoctu. Cpenathb 3TO MOXHO CJAEAYIOUIHM 00pas3oM.
Ecau 3anannas Touka mjockocTH P coBmajaer ¢ TOYKOWM
Ay, To my=1, my=m3=0. HerpyaiHo BHIETh, 4TO
LHeHTD THAMXKECTH TAKOH «CHCTEMBI® I'DY30B AeHCTBHUTENbHO
coBnajfiaer ¢ Toukoi A;. AHa/JIOTHYHBIM 00pPasoM MNOCTYy-
nuMm, ecau P = A, uau P = As.

[Ipeanonoxum, yto Touka P He coBmajaer HU € OJ-
HOH U3 ToueKk A, Ay, As. OTpe3ok npamoii, coennnmomnﬁ
Touky P ¢ onHOH M3 BepHIMH Tpeyro/abHHKA A A2A3, MO
JKeT 0KasaTbCsl INapaJ/J/elbHbIM IpOTHBOJEXAaUleH CTO-
POHe, HO BCe TPH OTpe3Ka He MOLYT GbITb NapaJJeabHsl
NPOTHBOJIEKAIHM CTOPOHAM OJIHOBPEMeHHO. Caenosa-
TeJbHO, O KpaiiHell mepe ofna npamas PA; nepecexaer
nporusoaexauiyio cropony A;An (j 5= i, ksﬁ i). Ilpen-
NoJsoxKuM, uto npamas PA; (PHC. 61) nepecekaer cTO-
pony A;A3 B Touke Q (B OCTaNbHBIX CJAyYyasX HAM TNPHII-
Jloch Gbl MpoBeCTH aHaJjoruyHoe moctpoenue). ITomectum
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B BepLIUHEl Ay U A3 TPy3sl Mg U 13, LEHTP THAKECTH KOTO-
pbiX coBmaaaeT ¢ Toukoi Q. Kak nonpob6parts Takue rpyssl,
HaM yxe n3pecTHO. «CosbeMy TPY3bl Mg U 1113 U 3aMEeHHM
HX TPY30M My + m3, noMecTuB ero B Touky Q. B Bepuinue
A, pacnoJsioxXuM rpys mi, nogo0pas ero Tak, yToObl LEHTP
TSXKECTH Tpy30B m; B Touke Ay M my -} m; B TouKe Q
coBnagan ¢ TOUkOi P (Kak 3TO AeJaeTCsi, Mbl y2Ke BUAEJH).
Taxkum oGpasom, Touka P coBmajiaeT ¢ IEHTPOM THAIKECTH

Ay

Pue. 62.

FPY30B M}, My, M3, PACTIOJNOMKEHHHX B Toukax A;, A, As,
4yTO H TPeGOBaJIOCh, ‘

Pacnonaras mnHajanexamuM o0pa3oM nono0paHHble
CPY3bl M, My, M3 B 3aJaHHBIX ToukKax Aj, As, Az, MOXHO
COBMECTHTb LIEHTD TSMKECTH 3TOH CHCTEMB! C JIO00OH TOY-
KOl miockocTH. IlosnoxeHHe LEHTpa TAMKECTH 3aBUCHUT
JUUIb OT OTHOLUEHUY TPY30B 11y, Mg, M3, A HE OT UX BeJUs
yuH. PasjesiuB Be/qiMuMHY KaxKIOro rpysa Ha HX CyMMYy
(3aBegoMo otauuHylo OT 0), MBI TeM CaMbIM HOpMHpYeM
X cymmy, K 1. B najibHefitiemM Mbl Bcerga OyaeMm npearno-
Jlaratb, uto m; -+ mg + ms; = 1.

Tpu uucna my, my, ms, COOTBETCTBYWOIHE TOYKe IJIO+
CKocTH P, nasniBalOTCA ee GapuyenTpuvecKumu Koopou-
nHaramy (KOOpAHHATAaMHM LEHTpa TsxKecTH). BrnepBoie 6as
PHIleHTpHUeCKHe KoopauHaThl BBea Méouyc (1827).

PaccmorpuM Touky P ¢ 6apulleHTPUYECKHMH KOOpPAHs
HaTaMu my, my, M3 H COEAHMHHM ee NPSIMBIMH C BepIIH-s
namu A, Ag, Az (puc.62). Ilycts Q), Q2, Q3 — TOukH me-
peceuenns npaMbix PA; ¢ npoTHBoJEXKaIIUMH CTOPOHAMH

AA, (j =i, k5= i).
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gorja

—_ —— —
A1Q3 _m2 A;Q ___ms A3 Q. __
Qud; T Qis ™ QA ™

[lepeMHOXKXHB B OTHAEJNbHOCTH JI€Bbie U IpaBble CTOPOHBLI
BCeX TpeX PaBEHCTB, NMOJYYUM ‘

A1Q3 * 1-4_2—Q1 * A3Q2= Q1A3 * Q2A3 * Q3A2-

BOTO0 COOTHOIIEHME H3BECTHO II0J Ha3BaHHEM TeOpeMbl
Menenast (B uecTbh JpPeBHErpeyeckoro MaTeMaTHKA).

[Ipu my =1, my = m3 = 0 Mu noJyuyaeMm Touky A,
mpH me =1, m; = m3=0—rouky: A, npu ms=1,
m; = mo — 0 — Touky As. Bce Touku ¢ m; = 0 Jzexar
Ha npsamoii AgAs, Bce TOUKM ¢ my=0—Ha NOpsAMOH
A1A;, Bce Touku ¢ m3 = 0—na npamoit A,4;.

BapuueHTpuueckass KOOpAHMHATaA H; TMOJNOXKHTENbHA
[0 Ty CTOPOHY OT nmpAMoi A:A43, N0 KOoTOpyIo pacnosoKe-
Ha TouKa A, ¥ oTpuliarejabHa O APYryi0 CTOpOHY. AHa-
JIOTHYHOE YTBEpXKJAeHHe CIPaBEeNJHBO H OTHOCHTEJIbHO
GapHLEHTPHYECKHX KOOPIHHAT Hig M M3 TOUKH, y KOTO-
PhiX NOJ0XKHTE/IbHLI Bce TPH OapHLEHTPHYECKHe KOop I~
HaTH, 3aMOJIHAIOT BHYTPEHHOCTb TpeyroabHHKa A;AsAs.

IIpu P = A, OGapuueHTpHUYecKass KOOpIHHATA M, pas-
Ha 1, a Touku P ¢ m; = 0 nexar Ha npsamoit AAs. Tae
JIeXXaT Touku ¢ my = /o? Ecin my = 1/, 10 my + m; =
(== 1/,. CnenoBaTe/bHO, MBI AOJIXKHBI IIOMECTHTh OJHHA-
KOBbie Ipy3bl B TOuKe A; U B HEKOTOPOH IIPOH3BOJBLHO
BhIOpanHoil Touke Q Ha npaAMyio AsA3;. Touka P onuchi-
BaeT NpsAMYo, HapaJgJenbHylo npamoil AsAs, u peaut
HONOJIAM pacCTOsHHe, OTAeJsonlee TOUuKy A, or npsamoi
AsA; (na puc. 63 nokasaHbl pasivyHble JHHUH YPOBHSA
GapuieHTpHUyeCKOH KoopAuHAThl m;). Ilonb3ysick yepTte-
JKOM, MOXHO yOeIHThCH B TOM, YTO IpSIMble, COOTBETCT-
BylOUlHe pAa3/IMYHBIM 3HAYeHHAM OapHUEHTPHUYECKOH KO-
OpAHHATH m;, JOJXKHB GbITh mapaajeabHeiMH. Heckosib-
KO HHUXKe MBI NpHBeJeM oOfllee A0Ka3aTeNbCTBO 3TOrO
YTBEPXKICHUSA.

" Ho nofizeM pasbite. BHISICHHM, A8 Kakpx Touek P
BRIMIOIHSIETCA PABEHCTBO my = ms. B Touku As n Aj He-
D6X0AMMO NOMECTHTb PaBHblE TPY3bl, HX LEHTP TIKECTH
CoBnajiaer ¢ cepeiuHoil oTpe3ka AyA;. 3aTeM MH JOAXK-
¥E! IOMeCTHTh KaKoH-To rpy3 B Touky A;. Llentp TsxKecTH
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CHCTEMBI TpeX TrpPy30B JEXKHT Ha MeIlHaHe, NMPOBEIECHHOH
u3 Bepuwnuel A, K ctopone AA; (Ha puc. 64, KpoMe Me-
IMaHbl, MPOBEJEHO e€lle HECKOJbKO MpPSIMBIX, MPOXOMfs
IUX yepe3 BepiIuHY A;).

Nis

n ],= m;=

2
3

mi,=1

Puc, 63.

B o6uiem- ciyyae MOKHO COCTaBHTb ypaBHEHUE

pimy —+ patity + patty = py, (%)

rae po, P1, P2, Ps— 3aJaHHble UHCJA, U COPOCHTb, Kakas
TOYKa P eMy yIOBJIETBOPSAET, TO €CThb OapHIlEeHTPHUECKHE

A

J

"my+ms=0 my+ $m;=0

Puc. 64.

KOODAWHATH M), My, M3 KakKod TO4kKHM P 1npu noxacras
HOBKE MX B ypaBHeHHe (%) 00pallaloT ero B TOXAECTBO.
3aMeTruM, uTo JJf JIIOOOH TOYKH JOJJKHO BBINOJ-

HAITBCSI PABEHCTBO
my + m, -+ myg=1. (%)
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BoiyuTasd n3 JIeBOH M NpPaBOH YacTeHd yYpaBHeHHA (x) Je-
BYIO H NPAaBYI0 YacCTH PaBeHCTBA (%), YMHOMKEHHbIE HA
pe, TpeolGpasyeM ypaBHeHHe (x) K cjaelylOIeMy BHIY:

(p1 — po) my + (P2 — po) My + (p3 — po) my=0.

Hrak, ve orpanuuuBas oOGUWHOCTH, Mbl MOXKEM BINpelb
paccMaTpHBaTh JIHIIb YPABHEHHUs BUAA

q,my + qsmy + gsm; =0 (*%x)

¢ 3aJJaHHbIMK KOd(PPUUHEHTAMHU Gy, (9, 3.

B ofweMm ciayyae CyuiecTBYIOT pelleHUs, YAOBJETBO-
psAIOLIHE OJHOBPEMEHHO ypaBHEHHAM (x#) M («x=%). Ecau
3TH YPaBHEHHA MPOTHBOPEUHUBH], TO €CTb €CJH §i == (g =
= ¢3 % 0, TO cucremMa ypaBHeHUH (x%) H (%++) He JO-
yCKaeT HH OLHOro pelleHHs, B npoTuBHOM ciayyae H3
OJIHOrO YpaBHEHHA CJeIOBaJO Obl COOTHOIIeHHe m; -~
-+ mg 4 m3 =1, a uz gpyroro m; + ms 4+ ms = 0. Ecau
g1 = g2 = g3 =0, TO ypaBHeHUAM (%%) U (#x%) YLOB-
JEeTBOPAIOT OapHleHTpHUeCKHe KOOPIHHATHI JI0OO#H TOY-
Ku P.

Mbul yTBepKiaeM, 4TO €CJH KOOPpAHHATHI TOUKH P u P’
YIOBJIETBOPAIOT YPABHEHUAM (%) U (+%x), TO KOOpAUHA-
THl JI060fi Toykn R Ha npamoii PP’ takxke yaoOBJeTBO-
PAIOT 3THM ypaBHEHUAM. [lefiCTBHTEJIbHO, TOUKY R MOXKHO
paccMaTpuBaTh KaK LEHTD THXKeCTH Ipy3oB a H B, pac-
nosioxkeHHslx B Toukax P u P’. Ecau P —uenrp 714-
XKEeCTH TpPy30B My, Mg, M3, PAaCNOJIOXKEHHBIX B TOYKAaX
Ay, Az, A3, a P/ —LeHTp TAXKeCTH TPY30B m|, m,, My,
PacnoJIOKEHHBEIX B TeX e TOYKAaX, TO TOUYKy R MOKHO
CYHTATh IIEHTPOM THXKeCTH Trpy3oB  am, + fm,

om, - fm;, am,-Pm;, DACHONONKEHHHIX B TOYKax A,

q, (om + pmy) + g, (am, + Bm;) +
+ g, (am; -+ Bmg) =a (qlml + g,m, + q3m3) +
+ B (q,m + g,m; + gym;) =0,

NIOCKOJIBKY KOOpAHMHAThl ToueK P u P’ ynoB/J1eTBOPSIOT
ypaBHeHHIO (#%%). CJiegoBaTe/bHO, KOOPIWHATHI TOYKH

TaKXe YJIOBJIETBODAIOT YpPaBHeHHUIO (##%), 4TO M Tpe-
60oBaJsioch A0KasaTbh. [EcaM KOOpHHMHATH TOUKH R HOpMH-
poBate K 1, pas3fenuB KaxAyl0 M3 HHX HA HX CYMMY, TO
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«HODMHPOBAHHBIC» KOOpJAHHATBl, MNOMHMO YDaBHCHHSA
(¥%+), 6yLYyT YIOBJETBOPATb H yPaBHEHHIO (%#).]
Hrak, BMecTe ¢ KOOpAMHATAMH ABYX ToueKk P u P’
YPpaBHEHUIO (#%%) YIOBJETBOPAIOT KOOPAHHATHI BCEX TO-
yeK npsamoii PP’. Eciam TOukKHM, KOOpPIHHATBI KOTOPBIX
YIOBJETBOPSIIOT YPABHEHHIO (#%), 3aMlOJIHSIOT He OJHY,
a8 HEeCKOJIbKO MPAMBIX, TO OHH 3aMOJHSIOT BCIO NJOCKOCTD.
HMMeHHO TaK W NMPOUCXOAMT MPH ¢, = ¢ = ¢ = (0. Ecan
g1 = gz = g3 7 0, To peileHuss He cyiecTByer. Bo Bcex

As

S )

¥ Az
Pue. 65.

OCTAJBbHBIX CJMyyafxX pellieHHe YpaBHEHHUSI (#%%) CylllecT-
ByeT, H TOUKH C JONYCTHMbIMH 3HAUYEHHSIMH KOODIHHAT
3aMOJIHAIOT NMPAMYIO.

MoxHo au, pemas ypaBHeHHWe (#x%), MOJYYUTb JIIO-
6yro npsimyio? OTBeT Ha 3TOT BOMNpPOC YTBEpIHTEJEH.
[IpoBemeM mnpsMyoo, MNPOXOJALLYI0 yYepe3 BepHIHHY A
(puc. 65). Ha stoii npaMoOi no/KHaA JexXaTb TOUKa ¢ Oa-
pPULEHTPUYECKHMU  KoopauHatamu my=1, myo=0,
ms = (0, yIOBJETBOPAIOUIUMU ypaBHeHHIO (%#+). CJeno-
Batespto, g; = 0. Takum o6pa3om, ypaBHeHHe NPAMOH,
npoxoaAmlell uepes TOuKy A;, MOMKHO HMETb BHJ

gom, + gsms =0.
Ilyetb S — TOuKa mnepeceueHHd MPOBEJEHHON MPAMOH C
npamoii AxA;. Torga
—_— —
my+ SAy 4+ my + SA;=0.
CnenoBatesibHO, €CJH KO3(O(PHUHEHTH ¢2, §3 BbIOpAaTh

—_>  —>
npornopuuoHaabHbiMu SAp, SA; ,To KoopauHATHE ToueK A,
u S 6yayT YAOBJAETBOPATh YPABHEHHIO

gttty + gsmsz==10.
104



Hrtak, MB HAIVIM ypaBHeHUe MPOBeJleHHOH HaMH NpsAMOH.
Ecin ona okaxertcs napansesbHoit npaMolt AgAs, ToO
NOoJYYeHHOM YpaBHEHHM CJaedyeT NOJOXKHThb, Hampumep,
g2 = —({3 = i.

. AnanornynniM 06pa3oM MOXKHO PacCyXAaTb MU B TOM
cayuae, eC/M 3aJaHHAA NpaAMas MPOXOAUT yepe3 APYrylo
BeplinHy TpeyroibHuka A AsAs. Ecan npsamas He npoxos
JUT HU uepe3 OJHY H3 BepUIIMH TPEYroJbHHKA, TO OHA

A

S5

A;
Puc. 66.

nepecekaeT Mo KpanHed Mepe IBe ero CTOPOHBI, HANpPH+
mep, cTopony AsAz B Touke T; u ctopony A;As B Touke
T2 (puc. 66).

Bapuuentpnueckue KoopauHaTel TOYKH T yaOBJIETBO-
PSAIOT COOTHOUIEHHAM

m, =0, mz-ﬁ2+m3-m3=0,

a OGapUUeHTpHUECKHE KOOpAMHATHI TOYKH I — COOTHO=
UieHUAM

—_— —_—
m2==0, m3 . T2A3 + my- T2A1 = 0.
Ecau touka T no/KHA JieKaTh Ha 3aJlaHHON MpAMOH
gim; 4+ qamy + qamz =20,
TO JOJI?)KHO BBITIONIHATBCS PABEHCTBO OTHOILIEHHH
—_  —>
gs - g3=T1A;: T A;.
Ecnn touka T, nonxkHa JexaTb Ha NpaMOH
qmy + g.m; + qzmg =20,
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TO HOJIXKHO BBITONHATLCS PaBEHCTBO OTHOLIECHHH
L e o
g3« 1= T,43:ToA,.

Ocraercsl ML HAHTH §1, G2, §3, 1 ypaBHEHHE 34/ aHHOM
npsiMoii 6yIeT MOMHOCTBIO ONpeAesieHo.

Kak BujpHO H3 puc, 66, HONKHO BHINOJHATLCA elle
OLHO COOTHOLIEHHE;

_—  —
g+ §o=T34,:T;34,.

[TepeMHOXHB OTHEJILHO JIeBhIE H NpaBble 4aCTH BCeX Tpex
PaBeHCTB, NOJY4YHM

L=(gs"q3) " (g3:q1) * (g1 % go) =
—_— > - > —_— >
= (T1A2 . T1A3) * (T2A3 . T2A1) * (TSAI . TsAz),
OTKyla —_—  — —> —_— —> —>
TlAg * TQA3 ‘ T3Al = T1A3 . TQAI . T3A2.

B uectp uranbsnckoro martematuka XVII B. nocaensee
cooTHouleHHe Ha3BaHo TeopeMmoit UeBnl. Teopema Ueshl
OueHb 110X0Xa Ha TeopeMy MeHenas.

Choenaem eile OAHO 3aMeyaHWe, KOTOPHIM BOCHOJIb=
3yeMcsl B JaJibHeilieM. COOTHOLIEHHE

pitiy -+ pattiy 4+ patz == py (%)
TaKXe TMpeACTaBJasieT CcO0OH ypaBHeHHe NpSAMOf, MO«
CKOJIbKY OHO 32KBHBaJEeHTHO ypaBHenuio (=#2). Iloacra-

BHB B €ro NpaByl0 yacTh p) BMeCTO Py, Mbl MOJYUHUM HO-
BOE ypaBHeHHe

pymy + pym, + pym, == p;.

Ecnu po =% 0, To ypaBHeHHs NPOTHBOPEYHBHL. B aToM cay+
yae He CYLLeCTBYeT CHCTEMBI IPy30B #y, My, M3, YAOBJCTA
BOPSIIOLLNX OJNHOBpEMEHHO CTapOMy M HOBOMY YypaBHe:
HHAM, U NO3TOMY HE CyLIeCTBYeT M TOUKH, Jexallel On-
HOBpPEMEHHO Ha 06euX NpsiMBIX.

CJ/le10BaTe/IbHO, TIPU PoF= Po MBI NOJIy4YaeM ypaBHeHHUN
napaJjuiesbHbIX nNpAMbIX., MTak, npu pasiuuHblX py ypas-
HeHMe (%) ONHCHIBaeT My4OK HapansejbHbIX NMPAMBIX.

Jludeiitnoe nporpammupoBaHue

Illokosan penaercsi H3 Kakao, caxapa u MoJoka, Ot
COOTHOLIEHHS 3THX HMHTPEIUEHTOB 3aBUCHT €ro COopT.
Kax oMy copTy COOTBETCTBYeT CBOA pelentypa, CBOA
NPONMOPIHA MeXAY COCTAaBJSIOMUMHU,
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Ilyetb m;:mg:ms (Kakao:caxap :.MOJOKO) — COOT=
HOLUIEeHHEe MeXKJAy BeCOBbIMH JOJAMH COCTABHBIX YacTeid
mokosaga. HauepTuM Ha NJAOCKOCTH  TPEYrOJbHHK
A;AA;. Kakao coorBercTByer BepminHa Aj;, caxapy —
pepiinHa Ap;, Monoky — BepminHa A;. Lllokosany ¢ coort-
HOLEHHEeM MexXJy BeCOBbIMH AOJSIMH Kakao, caxapa H
MOJIOKA M : Mg : M3 CONOCTABUM LEHTP THKECTH CHCTEMHI
rpy3oB m,, My, M3, PAaCCTaBJEHHBIX B BeplIiuHax Aj,
Az, As.

Kaxpass peLenTypa WOKoJaja NpeAcTaBJjJeHa OLHOH
U3 ToYeK BHYTpU TpeyroabHuka A;Aq4; Touku, nexaune
BHe TpeyrosbHuka A;AsAs, KoHIuTepa He UHTepecylor,
MIOCKOJILKY Y TAKUX TOYEK I10 KpaHHeil Mepe OILHH H3 rpy-
30B My, Mg, M3 OTPHUILATEJIEH,

HucToMy Kakao coOTBETCTBYeT To4dKa A, UHCTOMY Ca-
xapy — 1ouka Ay, 4MCTOMY MOJOKY — ToukKa As. I'opbKue
copTa IIOKoJajga pacnoJsaraloTcsd OJuxe K Touke A,
clajKkue — Giuxke K Touke Ay, copTa mokoJajga ¢ NOBBI+
UIEHHBIM COHEp:KaHHEM MOJOKAa — B OKPeCTHOCTH TOY-
K1 As.

Ilog6upate peLenT moOKoJAaza MOXHO IO BKYCY.
IIpennosio:kum, 4To MBI COCTABHAM TPH COPTa IIOKOJIAAa,
COOTBETCTBYIOLIHe ToukKaM B,, Bj, Bs BHYTPH TpeyroJib-
HHKa, a HAaM HpPaBHUTCHA WIOKOJAAaJ, COOTBETCTBYIOLIHUN TOY=
ke C. Moxuo su cocraBute copt C M3 CMecH COPTOB
By, By, B3 u B Kakux NOpPONOPLUHUAX CJAeAyeT IS 3TOro
CMelInBaTh copra B, Bj, Bj?

Ilyctb ny, ny, n3— KoJauuecTBa 1IOKOJaAA COPTOB By,
B,, Bs, neoOGxonuMble mis nosyuenus copra C. PacnoJio-
XKHMM IpysH n, Ng, ng B BepminHax By, By, B3, coBMeCcTUM
LEHTp TAXKEeCTH cucTeMbl ¢ Toukoit C (puc. 67).

Hrak, 3anaya cBoguTCS K cjaeayloneMy: tpebyercs
nopoOpath nas Touek B, Bs, Bs Takyiwo cHCTeMy rpy30B
ni, N3, Nh3, YTOOLI ee LEHTP COBMNAaZajJ C 340aHHOH TOuY-
kot C. o

Pasymeercs, rpysu ny, 1y, #3 He HOJXKHB GBITH OTPH-
gateqpHIMH. Ho 310 03Hauaert, uto Touka C JoJ/KHa Jes
XKaTh BHYTPH TpeyroabHuka ByByBs.

Hrak, us mokonana coptros B, By, B; MB cMOXeM
COCTaBHTb JIMUIL TaKHe COpPTa, KOTOPhie COOTBETCTBYIOT
TOYKaM, JieXalluM BHYTPU TpeyronbHuka B;BBs;.

Ckoabko crtouT mokoaan? lLleHa miokosnaza 3aBHCUT
OT TOro, CKOJIBKO CTOAIT ero KoMmoHeHTHl. Ilycts p;—
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CTOMMOCTb €JHHHYHOH MOPUHH KaKao, pa— CTOHMOCTb
eNHHHYHOM MOPUHH Ccaxapa H p3— CTOHUMOCTb €JUHHYHOH
nmopuuun MoJjoka. (B crouMocTh moxonaza BXOAHT He
TONBKO CTOMMOCTb HHTPENHEHTOB, HO M 3aTpaThl Ha HX
nepepaGoTKy, He 3aBHCAIIHE OT COpTa IIOKoJdaja. ITH
3aTpaThl MH [/ NPOCTOTHI He OyJeM YYHMTBIBaTb B CBOHX
pPacCyKAEHHUAX,) |

Puc. 67.

CtouMOCTh eIMHMYHOH MOPLUHM IIOKOJAaJa CcopTa
My : My : M3 MOXKHO NPEACTAaBUTb B BUJIE

pimy + pomy + paitis.

,D,JIH BCeéX COpPTOB HIOKOJIama, nmpogaBa€MbIX IO LEHE Py,
CripaBcAJIIBO COOTHOLIEHHE

pimy -+ poity -+ patnig == po.

IJTO 03HayaeT, 4TO TOYKH, COOTBETCTBYIOLIHE copram
HIOKOJIaJla OJHHAKOBOH CTOMMOCTH, po JeXaT Ha OJHOM
npsaMoit. B Kouue npeariayulero pasje/ia Mbl yIOMAHYJIH O
TOM, HTO MPAMEBIE C pas.nanou npaBo#l yacTbio (copta
pPa3/MyYHONl CTOHMMOCTH ) Po MU py MAOJMKHB OBITb mapaJs
JenpHel. Ilpennosoxkum, uTo ULeHB HA KakKao, caxap H
MOJOKO OTHOCATCA Mexay coboi, kKak 1:3:5 (pasy-
MeeTcd, Halle MPEeanoJoXeHUue He COOTBETCTBYET HEHCT-
BUTEJIbHOCTH).

Taxkoe cooTHOmIeHHEe MeXAYy CTOMMOCTBIO EIHHHYHBIX
MOpPHHI COCTABHBIX uwacTel IIOKoJaga H300pa)KeHO Ha
puc. 68. Ilpexne Bcero ompenesnM NPAMYIO, COOTBETCT-
Bylomylo po==0. OHa n0/XHA nepeceKaTthCs C MPAMOH
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izl B TAKOU TOUKe [, A/ KOTOPOH BLIMOJHAETCSA pas

BEeHCTBO OoTHoweHHH TiA,: T1As = 3:5. Kpome toro, nps-
‘Masgt ¢ po=0 nomxHa nepecekatbca ¢ mpsimoil AzA; B

TaKon Touke Ty, mas Koropoit TeAsz:TeAy =5:1. drumu
JABYMfl TOUKaMH HHTepecyolllas HAC «IpsaMas LEeH» MoJ-
HOCTbIO omnpenesneHa, Pasymeercs, ee TOYKH He COOTBeT-
CTBYIOT peasJbHLIM COpPTaM ILIOKOJAaAa, IMOCKOJBLKY OHa
HEeJINKOM TNpoxoautr BHe rtpeyronbHuka A,A;A;. Ho nps-
MbI€, COOTBETCTBYIOLLHE JIOOBbIM JPYTHM IE€HAM, AOJKHBL

/‘3
By 5
A, )
\\ Po=
V \\

A N -
I/ - \\ ggzg
/71;. - 0

Puc. 68.

6biTh napaJieapHsl eit. [Ipu stom npsimas ¢ po = 1 npo-
XOJHUT uepe3 BeplIUHY Ay, npaAMas ¢ pp = 3 — uepe3 Bep-
wuny As, a npaMas ¢ py = 5 — uepes sepmuny As. [Ipu
YCTaHOBJIEHHOM HAMH paclpejeseHHH LieH CaMbiil Jele-
BBIH IIOKOJIa[ COCTOHT M3 YHCTOro Kakao, a caMblil lOpoO-
roii — u3 yucToro MoJioka. Ecsiu nmpoBecTH GoJsiee TycTyio
CeThb MPSAMBIX, NapaJ/JieabpHblX OPAMON ¢ po = 0, TO MOK-
HO OyJleT y3HATh CTOMMOCTD JIIOOOr0 COpPTa MIOKOIaAa.

Ho ocraBum moxkosnax u o6paTuMcsi K Ipyroi 3ajpaue.

©®abpuKka nepepabaTeiBaeT HEKOTOpPOE CHIpbE, MpHUUEM
€XeJHEeBHO B OJHOM H TOM Xe€ KOJIHUeCTBEe, KOTOpOe Mbl
npuMeM 3a enuuuny. IlepepaGoTka ChHipbA OCYLLeCTBJIA-
€TCSl 110 TpeM pa3/IMYHLIM TEXHOJOrHaAM, U (pabpuka co-
OTBETCTBEHHO BHIMYCKaeT TPH THIA TOTOBBIX H3AENHH:
I, I1, 111, KoTopsle npUHOCAT el pas3auuHbli foXo4. I1ycTh
P1, p2, ps — uuCcTas npuGbLIb, H3BJekaeMasa (HaOpHKOU
HApH nepepaboTke eauHuubl cbipbsd no I, II u III Texuo-
Jorunu. Eciau 661 pabpuka npou3BoAuJaa JIHIIL H3LEJHA
THOa I, TO yncTas npuOHLIb, W3BJeKaemasd el0 H3 mepe-
PaGOTKH eJWHHILI CBHIPbSA, COCTaBJsAJa Obl POBHO pi.
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AHaJIOrHYHO, ec/M OB (abpHKa CreuHanM3upoBalach Ha
BbIYCKe H3genui tuna lI, To uncras npubObBIb OT nepe-
paboTKH eOUHULBI CHIpbSi COCTaBMJa OHl pg, 4 MPH BHINY-
CKe OJNHHX JHIIb H3geausn tuna III — ps.

B nenb, korga kogauuectsa uagenuit tunoB I, 1T u 111
npeacTaBJedHbl B npoaykuuu ¢GaObpHKHM KakK my:Mmgy: ms,
yHcTad NpubblAb HAa eAHHULY mnepepalOTaHHOrO CHIPbA
COCTaBJISIET

P = p\m, -+ pym, -+ psmy.

M306pasum coctaB my:Mmg: M3 JHEBHOH NPOAYKUHH
¢a6pukH B BHOe LlEeHTpa THAMXKECTH TPY30B My, My, Ms,
pacrnoJ/ioxKeHHbIX B BepllHHaX TpeyrodbEuka A;A;A;. Jin-
HHUAMHU paBHOH HpUOBIAM OYAYT napa/ijenbHbie TPsMBIE,
Ecan py:pe:ps=1:3:5 TO MOXHO CHOBa BOCNOJIL30-
BaThCs puc. 68.

Has ¢abpuku BeirogHee Bcero Ob1N0 Gbl IPOU3BOAUTH
usneaus tuna III, npudocsne efi HauGOJBUWIYIO MNPH-=
Obl1b, HO, K COXKAaJIEHHUIO, 3TO HeBO3MOXKHO. IIpexae yem
NIPEBPATUTLCS B TOTOBOE H3Je/He, Chipbe JOJKHO NMPONUTH
o6paboTKy Ha deThipex MalluHaXx, B 3aBuCHMOCTH OT
TOTO, HA H3TOTOBJIEHHE KAKOro H3Jiesius HAET Chipbe, 006-
paboTka ero Ha MallMHE Kaxaoro Ttuna TpebyeT pas-
JIHYHBIX 3aTpaT BpeMeHH.

IIponoskuTebHOCTL 00paGOTKU ChIpbA B 3aBHCHMO4
CTH OT COpPTa M3JeJud M THNA MAILIUHB NMpPEACTABJieHA B
caenyomeit tabaune (T, U, V, W —o6o3naueHus ma-
IUUH)

I I1 [11

T t ) t3
U Uy U U3
V v, v U3
WV w, w, w;

Ecan tpebyerca nsrotoButh usgenue tuna I, to npomon-
KUTENbHOCTb 00paboTKH Ccbipbsi Ha MaiuuHe I cocras-
asiet ¢y, na Mamude U—wu; u 1. O Ecam tpebyercs
H3roTOBHTb Hu3fenue tuna II, To mammuna T 3atpaTT
na o0paboTKy CuIpbsl {2 U T. 4. (Bpema o6pabOTKH ChIpbA
Mbl yKa3blBaeM B paHAX.) Pasymeercs#, npogo/KuTesbs
HOCTb paboThl Kaxaoi m3 mawuu T, U, V, W B Teuenne
OLHOTO [HS1 HE IpeBblllaeT eAHHHILI MalIMHHOTO Bpe-
MEHH.
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Ecaun coctraB jnHeBHOH npoAyKUuuM ¢aOpuKH oOnpenes
JIIE€TCA OTHOLIGHUSIMH My : Mg M3, TO HNPOJOJKHTEIND
‘HOCTb HCMNOJIB30BAaHHA B 3TOT JeHb MAIUUHBI Oyjaer

tymy - tymy + tms.
CnenoBaTenbHO, JOJXKHO BHIIOJHATLCA HEPABEHCTBO
tymy -+ tomy - tymy << 1.

Ananoruyuoie HepaBeHCTBA MOXKHO Hanucatp H 444
OCTaJIbHBIX MAallWH:

um, - totmy -+ ugmy < 1,
vy + vammy - vamy < 1,
wmy + Watty + wyms < 1,

STUMH HepaBEHCTBAMHU M OOBACHSIETCHA, TOYEMY MBI He
MOXKEM MpPOHM3BOJILHO YCTAHABJHBATb CQCTaB My : Mg : M3
rOTOBOH MPOAYKIMM: YHCAA My, Mg, M3 HOJIKHBI yIOBJIET-
BOPATH BCEM HEpPaBEHCTBAM, MOCKOJBKY Te YUYHUTHLIBAIOT
npoussogutenbuocts Mamud T, U, V, W,

['ne ke Haxo#ATCA BHYTPH TPEYTOJNbHKKA TOYKH, YyIO-
BJIETBOPSIIOLINE BCeM HepaBeHCTBaM? YpaBHeHHeE

tymy - tamy 4 tymz =1

COOTBETCTBYeT npsiMOi. TOUKH, [/ KOTOPBIX BBLINOJ/IHA=
eTC HEpaBeHCTBO

tlml "I" t2m2 + t3m3 <l

timy -+ tomy - tymg > 1,

pacnoJioXkeHsl B OLHOH M3 NMOJYIJIOCKOCTEH, Ha KOTOpHIE
pa3buBaeT NJOCKOCTh NpAMas

tymy -+ tymy - tgmy=1.

tmy - tomy 4 tymy < 1

COOTBETCTBYIOT He TOJNbKO BHYTPEHHHE, HO H IpaHH4YHbIE
TOYKH MOJYMJIOCKOCTH. ‘

Hrak, Tpebyercs HaUTH TeOMETPHYECKOe MECTO TOYEK,
GapuneHTpHYECKHE KOOPAUHATEL KOTOPBIX YOBJIETBOPSIOT
YeThlpeM HEPaBEHCTBAM, H MOCTPOHTH IOJYILIOCKOCTh, €0-
OTBETCTBYIOLI[YIO Ka)XIOMYy M3 HepaBeHCTB. To, uTo mpH
3TOM noJsyuyaercsi, y30o0paxeHO Ha puc, 69. Mammnnam
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T, U, V, W cootBercTBytoT rpanuynbie npameie T, U, V, W.
[ToaynaockocTb, YIAOBJAETBOPSIOIAS COOTBETCTBYIOIEMY
HepaBeHCTBY, MOKAa3aHa IITPUXOBLIMU «(paaxkamu». O06-
JlacTh BHYTPH TPeyroJibHHKAa, NMpHHaJJjiexamass BceM ue-
ThIPEM IOJYIJIOCKOCTAIM, MOJHOCTBIO 3alUTpuXxoBaHa. Bcee
ee TOYKM NMPHHAJJIeXKaT ONHOBPEMEHHO H TPEYrOJbHHKY,
H YeThipeM MOJYILIOCKOCTAM. Takas 00/1acTb Ha3bIBaeTcA
nepeceueruem uetTbipex NMOJYIVIOCKOCTEH H TPEYroJIbHHKA.

P=0 oy _ T
\ N

|

Puc. 69.

3ano/NHAIOT NOCTPOEHHYI0 HaMH 006/1acTb TOYKH C AOTYy-
CTHMBIMH 3HAaUYeHHAMH OTHOLUIEHHHA my : My : ms Ilociex-
Hee O3HayaeT, YTO NPOH3BOAUTeNbHOCTh MawmuH T, U, V,
W nosBosser ¢abGpuKe BBINyCKaTb IPOAYKIIHIO, COCTaB
KOTOPOH onpejie/ieH OTHOUIGHUSIMH My : My : my. Eciau Tou-
Ka, COOTBETCTBYIOLLAs NONYCTHMOMY COCTaBYy NpPOAYKIHH,
JIeXHT, Hanpumep, Ha npsiMmo# T, TO 3TO O3HAayaer, yTo
AJs1 BolpaGOTKH NPOAYKUHH JNAHHOrOo COCTaBa MawpHa T
Ao/XKHA paboraTh Ha noJinylo mowmb. Ha puc. 69 mb BHu-
JIMM, YTO NpH JIIOOOM AONYCTHMOM aCCOPTHMEHTE IOTOBOH
MPOAYKIHMM HA TOJNHYIO MOLIHOCTb (MPU 32aJaHHBIX HaMH
yC/JIOBHSIX) MOTYT paGoTath He GoJsiee JBYX MaIlHH.
[paHuyHble npsAMble MOTVIH Obl PacHOJIOXKHUTbCA Ha
IVIOCKOCTH TaK, 4YTO COOTBETCTBYIOLLHE HM HEPaBeHCTBA
He uMenu Obl ofwux pewenuii. Hanpumep, ecau £ > 1,
t2>l, t3> 1, TO t1m1 + tzmg —I— t3m3 = ny + ((5) + My =
= 1. CunepoBaresibHO, 3aTPaThl MaIIMHHOTO BpEMEHH
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6blsIH OBl Oosibmie 1, B To BpeMS KakK OHH HHKOrJa He
AOJIKHBI NpeBblIaTh ee. [IpaBaa, cTo/ib 06eCKypaKuBao-
WM pe3yJbTaT MOXET 03HAyaTb, YTO Mbl HENMPABHJBHO
BHIOpaJid 3a e[MHHLYy BpeMeHHM AeHb. [Ipu umHOM BHIGOpE
€IHHHIBl H3MEPEHHUs] MalUHHHOTO BPpeMeHH pe3yJibTaT MOT
6Bl OKa3aTbCsl APYTUM, XOTS U He 06513aTeJNbHO.

Ha puc. 69 mb Busum npsamyio P = 0 (BeauuuHa
P = pimy + pyms 4 psms no-npexkHeMy o3HayaeT UH-
cTy0 npuOblIb). PykoBoacTBo HaGpHKH CTPEMHUTCH CHe-
JlaTbh €e KaK MOXHO 0oJibllie. DTO 03HAyaeT, YTo NpAMYIo,
napaniejbHyo npamoi P = 0, ciegyer mpoBecTH yepes
TOYKY 3alUTPHXOBAHHOH oOJacTH, Haubosee yJaJIeHHYIO
or npsaMol P == 0. Ilycts P = k — ypaBHeHHe TaKoH
npsimod. Jlio6Gass Jexamias Ha Hel JONMYyCTHMasi TOYKa
COOTBETCTBYET ONTHMaJbHOMY (IpHHOCALIEMY HauOOJIb-
1IyI0 NpHOBLIb) AaCCOPTHMEHTY NPOAYKIHH My : Mg : M.
Takast Touka MoxeT ObITb OZHA, HO ObLIBAET U HECKOJIbLKO.

3ajayd, aHaJOTHYHBIE TOJBKO YTO ~PaCCMOTPEHHOH,
HbIHE YacCTO BCTPEYaloTCs B IIPHKJIAJHOM MaTeMaTHKe.
IlocTanoBKY M pelieHHe TaKMX 3aJa4 IPHHATO. HA3bIBATh
npoepammuposarHuem. B tom ciayvae, €CJH NPUXOILUTCA
peliatb CHCTEMH JIMHEHHBIX ypaBHEHHH H HEpaBeHCTB
(KaK 3TO Aesialiu Mbl), FTOBOPAT O AUHEUHOM NpOSPAMMU-
posanuu. PaccMOTpeHHas HaMH 3ajaya ¢ TpeMs HEH3-
BECTHBIMH My, My, ms ocobeHHO mpocta. Ha npaxkTHke
IIDHXOAMTCS pelllaTh 3ajauM, colepxKaulue COTHH HEU3-
BECTHBIX, H npuberatb K ycayraM 3JeKTPOHHBIX BbIYHCJIH-
TeJIbHbIX MalluH. Pemienue 3ag1ay ¢ 60JbLIAM YUCJAOM HeE-
H3BECTHbIX OOXOAHMTCS HEAEUIeBO, HO 3aTpaThl HA MOHUCK
ONTHMAJIbHOTO DelleHUs1 OKYMaloTCH C JIMXBOM: 3aTpaTun
THICSIYH, Mbl BHIUTPbiBaeM COTHH ThICY WJH MHJJIHOHBL.

IipuBeneM eme Heckonbko TipuMepoB 3afau (Oes3 pe-
lIeHu#), BCTPEYaloiUXCsA Ha NpaKTHKE.

Ilpex e Bcero Hesb3s He YINOMSIHYTH O TPAHCIIOPTHOR
3afaye. KommaHus Biafeer AeCSATbIO IMPEeANPHSATHIMHU
Ay, ..., Ay, IPOU3IBOJAUIAMH KAKOH-TO NPOAYKT B KOJH-
yecTBax My, ..., My 1TOH Xe KOMIAHHM NMpHHALJIEXKAT
50 marasuHoB By, ..., Bso, CIOCOGHBIX NpoAaTh IPOH3BO-
AUMBIA NPOAYKT B KOJHUYECTBax My, ..., Hse. PasyMeercsd,
BO u3bexkaHue 3aTOBAPHBAHHS JIOJIXKHO BBINOJHATHCA pa-
BEHCTBO My -}~ ...-4my = ny 4+ ... +ns. Tpancnopruoie
pacxonbl H3BecTHbl. CTOMMOCTb NEpeBO3KH €JHHHUYHOIO
KOJiHYecTBa NPoAyKTa ¢ mpennpusarias A; B marasuH Bj
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cocTaBiisgeT Uij. llpeanoJiokum, 4TO ¢ NpednpUATHSA Aj
B MarasuH Bj; co6upaiorcs BBIBECTH X;j npoAykra. Kax
cjaenyer BuiGpaTh HeH3BECTHbIE AJIs TOTO, YTOOBl PacXoAbl
Ha NPOHM3BOJACTBO BCeH MPOLYKUMH ObLTH MHHHMAaJbHBI?
ITockonbky npennpustue A; NPOU3BOLUT KOJIHYECTBO
NPOLAYyKTa Mji, TO HNOJI)KHO BBLINOJHATHCA PABEHCTRO

Xn+ .. +x550=m; npu i=1, ..., 10,

[Tockonbky marasun B; moxeT pacnpojaTh KOJHUYECTBO
NPOAYKTa Hj, TO AOJKHO BBIMOJIHATBCS PABEHCTBO

X+ ... +xpo=n; npu j=1, ..., 50.

Mbni nionyyaem cucremy u3 10 4 50 ypasuenuit ¢ 500 He-
M3BECTHBIMH X;j. |paHCIOPTHbIE pacXoJbl KOMHAHHH CO-
CTaBJAIOT

Xpley + oo Xpolto - -0 X0 50840 50-

ITy CyMMy HeoGXOAHMO MHHUMH3HPOBAT.

Cxnapnckas 3agaua. Jua xpaHeHus onpefeaeHHbIX TO-
BapoB MarasuH pacnoJsiaraer ocoObIM NMOMeEL{eHHeM, BMe-
CTHMOCTb KOTOpOro orpanuyesa. Llensl Ha ToBapel Mnoa-
BEpPKEHBl, KaK HM3BECTHO, Ce30HHbIM KoJsebaHuAM. COBHIT
TOBAPOB TaKXKe HaXOJAUTCA B ONpeJe/leHHOH 3aBHCUMOCTH
OT BpeMeHH rojaa. Tpebyerca pa3pabdoTarb ONTHMAaJbHbIH
M1aH 3aKyMnoK, XpaHeHUsl U NPOLaxHu TOBAPOB.

3apaua o pecropaHe. Pecropan cpaer rps3Hble CKa-
TEePTH H canderku B npaveynyw. O6GbiuHas cTHpKa 3aHu-
MaeT HeNeNIo, CpoyHas — JBa JHA, HO CTOHMT JOpPOXKE.
Ecau Bce crosnoBoe Gesibe OTHABaTh B OOLIYHYIO CTHPKY,
TO NpHIETCA 3aBecTH OoJibllie CKaTepTed U caneToK, 4yeM
npu cpouHoél crupke. CKo/JbKO ckatepTed M candeTok
caeyeT npuoOpecTd PecTopaHy, Kakyl 4acTh CTOJIOBOTO
6eJbsl 0OTAaBaTh B OOBIYHYIO CTHPKY H KAKyl0 B CPOUHYIO,
uyToOLl pacxojbl Ha NPHOOPETEHHS U CTHPKY CKaTepTed U
canadetox O6blJIH MHHUMAJbHBIMH?

3anaya KOMMHBOsuKepa. KoMMuBosKep HOMKEH 32
BpeMsi KOMaHAUPOBKU nmoceTuTh 50 roposos. Kak emy BhI-
6paTh ONTHMAaJbHBIN MapuwipyT? IJra 3ajfaja A0 CHX MOP
He pelleHa.

[Mlyroynasi 3agaya. MOXHO JIH CYHTATh MOHOT'aMHIO
ONTHMAJbLHOH cucTeMOH Opaka? HaceJeHue cTpaHbl CO-
CTOUT U3 MYyXuuH A; ¥ XKeHIUHH B; Baanmuas cumnatus
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MY2KUHHBl A; W XeHUuIMHB B; OLEHUBAETCHA YUCAOM Uij
Ecan A; npoBoaut ¢ B; Bpems ¢;;, TO CyMMa BCeX CHMIae
THH IO CTPaHe BbIPAayKaeTcsl CyMMOH YJIEHOB BHHA fijlije
ITYy CyMMY HeoOXOJHMO MaKCHMHU3HPOBaTh. MOXKHO moKa«
3aTh, YTO MaKCUMyM JOCTUrAeT<s JMIlIb B TOM CJ/yyae,
KOrja KaXKJAblii MyXKUYHHA BCe CBOE BpeMs MPOBOIUT JHIIb
C ONHOH XEHIIWHOH, a KaXJasi KeHIIMHA — JIHIIb C OX«
HUM MyXuuHo#H. TakuM o6pasoMm, MOHOraMus IO INpaBy
MOXKeT ObITb Ha3BaHA ONTHMAaJIbHOH CUCTEMOH Opaka.

BrpoyeM, MOHOTaMHH MOXET 0Ka3aThCsl HaMXyILIEH
CUCTEMOHM Opaxa -— CTOUT JIMWIb HHaye COCTaBUThH Opads
Hble Maphl.






| nasa 7/

Mup B 3eprane




Oro6pareHua B NpocTpPaHCTBS

O3epo oTpaKaeT OKpecTHble meH3a)KH, HeCKONbKO HC-
KaXas MX, eCJAH pasnrpaBlInidcs BeTep NOAHUMET pAlb
Ha NOBEPXHOCTH BOALI. UeM rJaxe 3epkalio o3epa, TeM
TOYHEe COOTBETCTBHE MEXAY OPHTHHAJNOM H usobpaike-
HueM. Henapom nosepxHocTbh BOJBI Ha3blBAlOT 3ePKaJioM:
peanbHOCTb NMpeACTaeT B HeH KaK OTpaxKeude, Kak 3ep-
KaJbHOE OTpaxeHHue.

S1 noaxoxy K 3eprkaay. M3 ero raybus HaBCcTpeuy MHe
HAeT He3HaKoMell, OXOXKHHA HA MeHs, MOEro pocra, Moei
KOMNJAEKIHH, ¢ MOHM J0OOM, MOHMH
pecHulLaMH, naabuamu. J orcTtynato
OT 3epKa/ja Ha LWAar, U OH Jejaer
Ha3aj war TakKol xKe IJIHHBEL. I mpu-
K/JalbiBai0 NOJA NPSAMbIM yIJOM K 3ep-
Kany JauHeiiky gauuoi 30 cMm. Jluneir-
Ka B 3a3epkKaJbe, TakKxe JjauHoi 30 cM,
cocranJifieT KakK Obl NPOJOJIXKEHHEe Ha«
crosiiiedd. Kaxapifi ee cantumerp Ha-
XOJUTCA B CTPOrOM COOTBETCTBHH CO
cBouM npororunoMm. OTpaxeHue Jio+
60l TOYKM HAaxXOLUTCS B 3a3epKalibe
Ha TaKOM 3Ke pPaCcCTOSIHHH OT 3epKaJa,
Ha KaKOM IO 3Ty CTOPOHY 3epKaJja
HaxXOAUTCs camMa Touka. PaccrodHue Mexnay nA006bIMU
OBYMsl TOUKaMHU Tlepej 3epKaJioM B TOUHOCTH paBHO pac-
CTOSHHIO MEXAY HX OTpa:KeHHAMH.

CymecTByIoT ¥ HeBuAUMbIe 3epkana. OgHo Takoe 3ep-
KaJo fi Kak Obl Bcerga Houly ¢ coboii. BepTukanabHast
IIOCKOCTb, SKOOBI [IPOXOAALias yepe3 MOM MaKyUIKy, HO-
COBYIO NePeropoAky, octpue noa00opoaxa, AeJUT MOonoaaM
JUI0, 4Yepeln, TeJNO, TaK YTO MOs JeBas IMOJOBUHA 3ep-
KaJbHO CHMMeTpHuHa npaBoi. [lpaBna, npu 6auxaiiem
pacCMOTPEHHN CHMMETPHUS OKasblBAeTCs HEMOJNHOH: Moe
JieBO€ YXO 3a0CTpeHO uyTb 0OoJibllie nmpaBoro, a MNpasblil
ria3 BHIUT 4YYTb Jiyyllle JIEBOTO, CJieBa y MEHsi pac-
NOJIOXKEHO cepAlle, a CnpaBa MNeueHb. [eoMeTpHuecKHe
TeJa ob6aanalnT 6o/lee coBepileHHol cumMeTpuel. Jlobas
IJIOCKOCTb, IPOXOASAIIas yepe3 ocb Kpyrosoro Kouyca, Je-
JIUT €r0 Ha JABe 3epPKaJbHO-CUMMETPHUYHbIEe TOJOBHHKH
(puc. 70). Ha puc. 71 nokasano, kax Ky6 MOXHO pacceub
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MJAOCKOCThIO HA IpaByld H JAeBylO (@), nepefHIOI0 H
3afiH0I0 (6), BEpPXHIOI M HUXKHIOW (8) NOJOBHHKH, H
BCAKHH pa3 006e NMOJOBUHKHU OYAYT 3epPKaJbHO-CHMMETPHY-
bl. BoJiee TOro, Ky6 MOXHO pacceyb IJIOCKOCTbIO U Ha
ABa KiauHa (&), mpHueM LIECTbIO DasHLIMH cmocobamy,
COOTBETCTBHE MEXAY peOpaMH HEeH3MeHHO OyJleT TaKHM,
qTO 002 K/JIMHA MOKHO COBMECTHTb NIPH OTpaXeHHH B 3ep-
KaJe.

[TiockoctH, paccekalomue Kakoe-HUOYAb TeJO HA 3ep-
KaJbHO-CHMMETPHUYHbIE TOJOBHUHBI, Ha3bIBAIOTCH NAOCKO-
cranu cummerpuu. Kyo obnanaer 3 4+ 6 = 9 nJyiockocrs-
MH CHMMETpHH.

OTpaxieHHa Ha NAOCHOCTH

Cnyck Ha MJIOCKOCTh H3 MPOCTPAHCTBA HMeeT Ompefe-
JICHHble NPeHMYyILecTBa: PHCOBAThb IJIOCKHE (QHUryphl, Ha-
npuMep «auk Jlynwl» (puc. 72), pacceyeHHbIH NYHKTHD-
HOH NPSIMOH Ha 3epKaJbHO-CHMMET
pHYHBlE IIOJIOBHHEBI, HJIH MPaBUJIb+
HBI{  LIECTHYTOJbHHK, KOTODbBIH
MOXHO paspe3aTb Ha 3epKaJbHO-
CUMMeTPHUYHble MOJIOBUHBI LIECTHIO
pas3juyHbBIMH crmocofGamMu  (BAOJD
TpeX NpAMBIX, NPOXOAALIUX dYepe3
CepeIHHbLl TPOTHBONOJOXHBIX CTO-
pOH, — puC. 73,a, U BJIOJb Tpex
NpSMbIX, NPOXOAAIIUX Yepe3 IMpos
TUBOMNOJIOXKHbBle  BepILIHHEI, — PHC.
73,6), ropasno Jerue, ueM 006BeEMs

Puc. 72. Hele Tesaa. EcaM TpexMepHble Tesa
o6aajaJjsu IBYMEPHBIMU NJIOCKOCTSH~
MH CHMMETDHH, TO JByMepHble (HIYpHI 06J1a11af0'r OJIHO=

EPHOH OCBI0O CHMMETpHH.

Ha puc. 74 n3obpaxeHa nosioBUHa KJIEHOBOTO JIHCTA,
pas3pe3aHHOro no ocu cuMMeTpuH. Kak 3aKoHUHUTb PHUCY+
Hok? V3 TOukM @ Ha Kpaw JHCTa ONYyCTHM MepleHAHKY-
Jsp Ha ocb cHMMeTpuu. IIpoao/KUB mepneHAHKYJISAp 34
TOUKY NepeceyeHHd C OCbI0 CUMMETPHH Ha paccTosiHuE,
paBHOe ero AJIMHE, Mbl NOJAYYHM TOUKY @', CHMMETPHUUHYIO
Toyke a. [lpojesaB aHaJOrHuHyi0 omepauui0 CO BCEMH
BepPIIHHAMH H COCINHHUB INOJy4YeHHbIe TOYKH, Mbl HapH-
CyeM KOHTYp HelocCTaBaBllUeH NOJOBHHBI JIMCTA,
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IIpoute Bcero CTpoOUTh TOUYKY, CHMMETPHYHYIO NAHHOH
TOYKE @ OTHOCHTEJNLHO TOH HMJAH HHOU OCH, IIPH MOMOLILH
UHpKyasa (puc. 70). IlpoBesemM OKpyXHOCTb C LIEHTPOM B

.
Q e e e e — . —— - . — — ] o —n
”~

Puc. 73.

TOYKe @, NnepeceKalouyi0 oCb CHMMETPHH S B TOuKax b H
¢. He Mensia pacrBopa uupkyJs, ciaenaeM 3aceuku U3 TO-
ek b u ¢ u noayunM Touky a’. Tem cambiM TOuka @/,
CHMMETPHYHAsl TOYKe @ OTHOCHTEJIbHO OCH S, MOCTPOeHa,

d=d’
Puec. 74.

Hauas nocrpoenue ¢ Toukd @', Mbl IPHULIH OBl K TOYKE Q.
CregoBatesibHO, TOYKA @ CHMMETPHYHA TOYKe a’ OTHOCH-
TesqbHo ocH S. Mrtak, Touku a W a’ cMMMETPHUYHBI OTHO-
CHTEJILHO OCH S.

Touka P, pacmno/joxeHHas Ha CcaMOil OCH CHMMeT-
puHu S, coBnajaer ¢ CHMMeTpHYHOH e Toukoit. [Ipamasn 4,
napaJJesbHasi OCH S, INpH OTpa)KeHHH TMEPEXOAUT B
npamyio A’, mapanseabHyio A M S H pacnosoXKeHHYIO
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N0 APYrylo CTOPOHY OT OCH CHMMETDHH O Ha TakKOM Ke
paccrosinui, Kak npamas A (puc. 76). Ecau npsamas A
nepecekaeT 0Cb CHMMETPHH S B TOUKe @, TO 1 CHMMETPHYHas
eil npamas A’ TakiKe nepecekaer OCb cuMMeTpuu S B TOU-

b
N

Pue. 75.

Ke a, npuueMm o0e npsAMble
A n A’ o6pasyroT ¢ ocblo
CHMMeTPHH S paBHbie yIJbl
(puc. 77). TpeyroabHHuK
abc npu OTpaXKeHHH OTHO-
CUTEeJIbHO NpPSIMOH Mepexos
IUT B TpeyroapHuK a’b’c’,
CTOPOHBI H YIJIBI KOTOPOTO
paBHbl  COOTBETCTBEHHBIM
CTOPOHAM H yrjiam Tpe-
yroabuuka abc (puc. 78).

BmecTo JAJMHHOTO BbI+
paxeHHs «TOuKa, CHMMeT-
pHUHasl TOYKe a OTHOCH-
TeJbHO npaAMOi S», ycJo-

BHMCs KpaTKo 3amuchiBath Sa (puc. 79). AHalorHYHO
SA o3nayaeT NpAMyw0, CHMMETPHUHYIO npsamoii A OTHO-

CHUTEJIbHO npsiMoi S.

O6osHauum paccr(a, b) paccrosiune MexIy TOUKAMH @

A:
§

A

Pue. 76.

Al

Pue. 77.

[1py noBTOpPHOM OTpaXK€HHH OTHOCHTE/bHO NPAMOH S
Mbl BO3BpallaeMcsi B MCXOAHYI0O Touky. CienoBaTesbHO,

u b. Toraa
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SSa ==q,
SSA=A.

paccr (Sa, Sb)= pacct (a, b)



H dHd4v01'MHH0O
£ (SA, SB)= £ (A, B),

Sa = a, ecu TOYKA a npHHALJIEKHUT S,
SA=A,ectmn A =S umALS.

s A

Puc. 78. Pue. 79.

NMpousseneHne oTpameHU# OTHOCUTENLHO
napajnenbHblX NPAMbIX

PaccMoTpuM nBa moc/efoBaTeNbHBIX OTPAXKEHHA: CHA-
yaja OTHOCUTENbHO NpsAMON Si, a 3aTe€M OTHOCHTEJLHO
npsamoil S, Uto y Hac mosyuurcs?

Sl Sz S;, SZ
5,5,
O&QQ
°5,a
ae
S;a
Puc. 80, Puc. 8l1.

[IpeanosioKuM npexjae Bcero, 4ro npsMoie Sy u Sy
napaJJenbHbl W OTCTOAT APYr OT JApPyra Ha pacCTOSIHUH,
paBHoM 1 (puc. 80). CymmapHas AJHHa neprneHAHKY/sA-
pOB, onylleHHBIX U3 TOYKH Sia@ Ha npambie Sy u Sa, paB-
Ha 1. Touku a u Sia HaxXOAATCA MO pasHble CTOPOHHI OT
npsmMoit Sy Ha paBHOM paccTosiHuu oT Hee. Touku S28ia
H 8§10 HaXoAATCA IO Pa3HbIe CTOPOHBI OT IpPsAMOK S; Ha
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paBHOM paccTOoAHUH OT Hee. CJIeN0OBaTENbHO, pacCTOsIHHE
MEXIy ToukKaMu @ H S»Sia BABOoe 6oJipllie PacCTOSIHUSA
MeXJy npsaMbIMH Sy 1 Sg, To ecTh paBHO 2. OTpe3ok nps-
MOH, COeIMHSIIOIMNA TOUKH @ u S»Sia, nepneHauKyaAspeH
npsaMeiM Sy 1 Sz v Hanpasaen ot S; K Sz. Ecin Bce Touku
NJIOCKOCTH Mbl OTPas3WM CHadyaja OTHOCHTEJBbHO NPSMOH
Sy, @ 3aTeM OTHOCHTENBHO MPAMOH Si, TO KaxXiAas TOuYKa
CIABHHETCA HAa PacCTosiHHe, paBHOE 2, B HampaBJeHHUH OT
S1 K S;, nepneHaUKyJASIPHOM 3THM NPSAMBIM. -

BnpouyeM, MBI HoKa3ajad Haule YTBEpXJAEHHE JHUIb
IJIS TOUEK, PaClOJIOKEHHBIX OTHOCHTEJIbHO MPAMBIX Si H
S, Tak, Kak ToukKa a Ha puc. 84, To ecTh He JieXallUuX Me-
XKAY npAMBIMH S; # So. HO TOuka u MOXKET HaXOAUTbCH
H MeXAy npsaMbiMu S; u S, Kak 1OKa3aHo, Hanpumep,
Ha puc. 81, nuan maxe Jexartb 3a npamoir Sa (Mo ApPyryo
CTOpPOHY oT npamoit Si). Utobnl y6eauTbcsi B nNpaBU/IbHO-
CTH Halllero yTBepXKaeHus B oOlleM cJydae, NpOBeIeM
NpsiMble, NepneHauKyAspHble NPAMBIM Sy ¥ S2 W Hanpas-
JieHHble OT mpsaMoit Sy K npsAMo#t Sy, W GyIeM CUHTaTh
paccTosiuus, u3MepseMble BIOJAb 3THX NPAMBIX B Hampab-
JeHun ot S; K Sa, NMONOKUTENbHBIMH, a PacCCTOSIHUSA, U3-
MepsieMble B MPOTHBONOJIOX HOM HanpaBJeHnH, — OTpHlia-
TeNbHBIMH. OTpe3KH, NepneHAuKyAsipHble NpAMBIM S; U Sy
M HanpaBsJ/ieHHBle OT Sy K Sy, 6ynyT uMers Aauny 1.

C TakuMu HanpaBJeHHBIMHU PACCTOAHUAMH MBI U Oy-

IeM Tenepb pa6orats. Ilvery pacer(a, b) — paccroanue
OT Touku @ mo Touku b. Ecau Tpm Toukm a, b, ¢ jexar

Ha ONHOU NpPAMOH, NMEPNeHANKYAsIPHON S; U Sz, TO COOT-
HOUIEHHE —> —_— —
pacct (a, b) -+ paccr (b, ¢)=pacct(a, c)

BLINIOJTHSIETCS] HE3aBHCHMO OT TOrO, B KaKOH Moc/jeloBa-
TEJbHOCTH TOUYKH @, b, ¢ pacnoJjaraioTcsd Ha MNpAMOM.
ITyctp a4, @z — OCHOBaHMSI TNEPNEHAHKYJISPOB, OMNyIeH-
HBIX W3 TOYKH @ Ha npsimble S; u Se. Torga coorHollenune

pa_ch (a1, Sa) + pZEET (Sa, a,)=1

BBIMIOJIHAETCA He3aBHCHMO OT TOro, IIe pacrnoJioxeHa
Toyka a. Kpome Toro,

Pa—ch (a, al)=P—EEET (a;, Sa),

p;cl—C_C)T (Sla, a2) = p‘&—l-(-‘,::T ((12, _SQSIQ).
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‘Hakounery,
—> -—_ —_—
paccr (a, S,S,a) = paccr(a, q,) + paccr(a;, S;a) +
+ pacer (Sia, a) + pacer (a5, $,5,0) =
=9 pacer (a5, S,d) + 2 pacer (S,a, ap) =2 - (1),

Hrak, Touky, B KOTOPyIO IepPexoAuT TOYKAa a NpU oTpa-
JKEeHHH CHayaJjla OTHOCHTENbHO HpsiMoii Sy, a 3ateM S,
MBI MOXKEM Tenepb IOCTPOUTh Tpolle, ueM paHbuie. IIpo-
BeAEeM M3 TOUKHM @ MepHneHIHKYJASAPHO TpAMBIM Si H Sz
BEKTOP, AJHHA KOTOPOTO BABOE IIPEBBHIIAET pPACCTOSAHHE
MEXAY NpAMBIMH Sy U Ss, U HampaBuM ero ot S; K Sa.
KoHen BekTopa coBnamaer ¢ Toukoi S:Sia. _

Touka S;S2a oranuna ot Toukn S2S,a, MOCKONABKY A
TIOCTPOeHHST TOYKH S;S:@ HaM npuulaock Obl NOBEPHYTh
BEKTOp B 06PATHYIO CTOPOHY: OT S2 K Si.

Ecau npamuie S, u Sp coBnagaoT, To pacCTOSHHE Me-
XAy HuMH paBHO 0, BEeKTOp CTATMBAETCS B TOYKY H IO-
sroMy S2Sia = a (pesynbrar, yKe H3BECTHbIH HaM H3
npeabiayniero pasaena).

CaBurn

Hrak, nponssoass ogHo 3a APYTHM OTpPaXKeHUS OTHO-
CHUTEJbHO HECKOJIbKHX napaJsijiesbHblX NpAMbIX, MBI MOJY-
yaeM B MTOre He OTPaxKeHHe, a NapaisesbHbill nepenoc,
Ha3blBaeMBIH TakxkKe COBUEOM.

CoenunuB ABe JM00ble TOYKH IJIOCKOCTH C TOYKAaMH,
CUMMETPUYHBIMH UM OTHOCHTEJAbHO MPSIMOH, MBI IIOJYYUM
napaJJje/ibHble, paBHBle H OJMHAKOBO HampaBJeHHbIE OT-
pe3ku.

TakuM o0pasoM, OoTpaxKeHHUs OTHOCHUTENbHO MPAMOHU
NpeACcTaBaAlT cOO0H He 4TO HMHOE, KaK OToOpaXKeHus,
npuyeM oTOOpaKeHUs ONHO3HAUHBIE, OHAHOI'0O MHOXKECTBa
TO4YEK Ha APYroe MHOXECTBO TOYEK TOH Ke IJIOCKOCTH,
onpejesieHUs KOTOPbIX MBI BBEJU B IVI. 5.

IIycts Ta, Th, ... — o6passbl TOuEK a, b, ... npu CABHU-
rax (puc. 82).

Bce orpesku (a, Ta), coeguusoomue ToUky ¢ ux obpa-
3aMH MPHU CABUrax, napaJjjejabHbl, PABHEH M HUMEIOT OIH-
HakoBoe HamnpasjaeHue. OTCooa, B YacTHOCTH, CJenyerT,
uyto otpesku (a, b) u (Ta, Thb) paBHBl H napafenbHbl.
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Ipn casure n06CcH OTPE30K cMelllaeTcs napasienbHo ca-
MoMy ce6Ge. BBLINOJMHUB OAHO 34 [IPYIrHM OTPaKeHHS OT-
HOCHTEJIbHO MapaJyeibHbIX NPAMBIX S| U So, MBI IOJYUHM
CABUT

S,S,a=Ta.

ITO yTBEPKIEHHE OCTAETCA B CHJIE H B TOM cjydae, €Clu
npaMbie Sz 1 Sy cCoBManaloT: BEKTOpP CJIBHra MMEET TOrna
HYJIEBYIO AJHUHY, CABUT OCTaBJISIET Ha MecTe Jt0OyI0 TOUKY
naockocty., CABUT, BO3HUKAIOMIUN TIPH MOCJAeI0BATENbHOM

’c
c .

75
Puc. 82.

OTPaXK eHMM OTHOCHTEJbHO MapaJs/esbHbIX MNPAMBIX S; 4
Sa, MBI 0603HaUYuM Tak¥Ke S»S; U Ha3oBeM npousgederuem
orpaxcenuti Sa, S; (TO ecTb OTpa)KeHHH OTHOCHTEJNbHO
npAMBIX Sg, Si1).

[Tpoussenenue 3ananubix oro6paxenuit Fy Fo, ..., Fy
cHOBa sBJseTcs oroO6paxeHneM. (OO6Go3HaueHHe €ro
FnFy_y...FoFy Han/eXUT MOHMMAaTh CJASAYIOUHM ofpa-
soM. [TomeiictBoBaB Ha TOUKY a orobpaxenuem Fi, mosay-
ynan Fia. 3areMm Ha Fia nopedctBoBanu Fy U NOJNYUUIH
FoFia. Tak nponosKa/iu A0 TeX MOP, MOKA HE MOJYYHJH
FnFy_y ... FoFa, nopeiictrBoBaB Fy Ha FnaFn_o ...
* s F2F1_a.

Casur T noJHOCTBHIO omnpeneneH, ecJqH HM3BECTEH €ero

——
BekTop (@, Ta). Urtobrl nocrpoutrs oOpa3 Toukd b mnpu
casure T, HOCTaTOYHO NapaJiesbHO TEePEHECTH BEKTOP
—_—
(a, Ta) B TOuKy b.
s nao6oro BEKTOpa BCerga MOXKHO IOCTPOHTH [10-
poxKaaolWui ero cABHr. [eHACTBUTeNbHO, NMPOBEAEM JBE
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npAMbIC, HCPHCHAHKYJAADPDHDBIE 344dHHOMY BERTOPDY H OT-
¢TOsILIIAE IPYT OT ApPYra Ha pacCTOSIHHE, PaBHOE IMOJIOBHs
re ero A1uHel. O603HAaUYHM 3TH NPSIMBEIE B ‘TOM NOPSAJKE, B
KaKOM Mbl BCTPETHM HX, JBHrasch MO HanpaBJeHHIO,
yKasbiBaeMomy BekTopoM, Sy u S». Torma S»Sy— cusur,
MOPOXKAAIOMHNNA HCXOAHBIA BEKTODP. 3aMeTUM, YTO OLHY H3
npsiMbIX S1S; MOXKHO BbIOPaTh NPOH3BOJLHO (HO lEmpe-
MEHHO Tak, 4TOObl OHa OblJIa MepneHAHKYAspHa BEKTOPY).

576
b
7, b
6 77a
7a
T a
Q
Puc. 83.

Uro npousoiiger, ecqim OAWH 3a JPYrUM NPOU3BECTH
nBa cnpura, Ty n Te? CHauana Mbl HOJKHB IIOABEPTHYTH
MPOM3BOJNILHO BLIOPAHHYIO TOUKY @ CABUTY Ty ¥ MOJAYYUTH
Touky 1)@, a 3areM momedcTBOBaTh caBurom Iz Ha Tia.

—>
CnenosarensHo, Bektop (@, Tp.a) HeoO6xommmo mapaJs
JielbHO nepeHectu B Touky 7T:a4. KoHen ero coBmajer ¢
Toukoll Te2Tija — o6pasom Touku @ npu casurax Iy u To,
BLITIOJIHEHHBIX OJUH 3a ApyruM. Ecau Tenepb Mbl 3aXOTHM
TIOCTPOUTD TOUYKY ToT1b, TO cHauana HeOOXOAUMO nepeHe-

CTH BEKTOP (a T\a) B TOouKky b, a 3atem BekTOp (a, Tla)—-
B Touky T1b. PesyapTaT mosyuyuTCs TAKHM K€, KaK €CIH
Obl MBI, HauaB C BepLUHUHBI b, NMOCTPOM/IH TPEYrOJbHHK,
PaBHLIH TPEYroOJbHUKY C BepIIMHAMU B TOYKAX 4, Tia,

TeT1a. CrenoBaTenbHO, BEKTOPH (4, Tolsa) u (b, TaF1b)
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napaJjieJbHbl H HMEIOT OJHHAKOBYIO JAJIHHY H ONHHAKOBOE
HanpasseHne. Ho Torma psst Bcex TOYEK X BEKTOPHI

—

(x, ToT1x) mapanjesbHbl U UMEIOT OAMHAKOBYIO LJHHY H
OJIMHAKOBOEe HallpaB/eHHe, TO €CTb MPOU3BEJEHHE IBYX
caBuroB T2, Ty cHoBa aBasercs casuromM. O6osnauus ToTy
npousBeAeHne cABUroB Iy, T, NOMyYuM

(T.T)) a=T,y(Ta)

IJI5 BCeX TOYEK a.

[TpousBeneHné AByX COBULOB Mbl MOJYYUM, NOCTPOHB
H3 KOHIla BEKTOpa MepBOro CABUIA BEKTOP BTOPOro CABHU-
ra. VI3 puc. 84 cnenyer, uTo IPU 3TOM HECYLLECTBEHHO,

I Ta

5251(1 sz

la

T,a

Puc. 84. Puc. 8b.

KaKOH BEKTOp CYUTATh NEPBBLIM H KaKOil BTOPHIM: 6e3pas-

AL
JIMYHO, NepeHeceM Jin Mbl napansenbHo Bekrop (a, T.a)
B Touky 7T.a uau BexkTop (@, Ti1a) B Touky Tea. 1o no-
crpoeHuio Toukn T1T.a u TpTia coBnagator. IIpoussene-
Huag caBuroB I4Ts u ToTy; ABJAAIOTCA OOHHM H TEM Ke
CIABHUIOM: |

T1T2=T2Tl

(HpOI/ISBeJIEHI/Ie OTpa}KEHI/Iﬁ 3aBHCEJIO OT nopsAaka COMHO-
KHUTeJeH: Sng == 3281) .

MpoussegeHue orTparKeHui
OTHOCHTENLHO NepeceHaloWUXCA NPAMbIX

[TpennmosoxuM Ttenepb, YTo npsambie S; U Sz mepece-
Kalotcs (puc. 85), m npoum3BeneM OTpaKeHHe CHayaJja
OTHOCHUTEJIbHO MNPSAMOH S;, a 3aTeM OTHOCHTEJNbHO MpH-
MOl Sp. Touka nepeceuyeHusi 2 IPH OTPaKEHUAX OTHOCH-
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TEJbHO 00euX NpsAMBIX OCTAE€TCsl HENOABHIKHOH, MO3TOMY

KpoMe Tore, n npu orpaxenuu S; (OTHOCHTENbHO MNps-
MOH Si),H NpH oTpaxeHnu Sy (OTHOCHTENBbHO NPSIMOMH S3)
BCE PACCTOIHUA OCTAIOTCH HEU3MEHHBIMH, IIO3TOMY

pacct(S,S,a, S,S,b)=paccr(a, b).

B YaCTHOCTH, OCTalOTCsd HEHU3MEHHBIMH PpAaCCTOAHHSA OT
TOUKH 2.

paccrt (S,S;a, 2) = paccr(a, 2).

ChnenoBaTesNbHO, TOYKH @ U S»S;a JaexarT Ha OJAHON U TOH
2Ke OKPYKHOCTH C IIEHTPOM B TOUKE 2.

b

>

Puc. 86. Puc. &7.

Kaxpaas Touka IJIOCKOCTH TOBOPauYHBAeTCss BOKPYT
TOYKH 2, I03TOMY BCE PACCTOSHHSA MeXJAy TOYKaMHU IJIO-
CKOCTH OCTAlOTCs HeH3MeHHbIMH. II/ocKOoCTb mOBOpauu-
BaeTCcsl BOKPYr TOYKH 2 KaK TBepjoe Teso. Takoe npeol-
pasoBaHue Ha3bIBAETCA BpaujeHuem, WIH nos8opoToM, R
BOKPYTr TOuKH 2. [ToBopoT BO3HHUK mocjae TOro, Kak Mbl
CHayaJa NpPOU3BEJNH OTPaXKEHHEe OTHOCHUTEJBHO NpAMOl Sj,
a 3aTeM — OTHOCUTENbHO APAMON S, NO3TOMY €ro MOXHO
NpeiCTaBUTh B BHJE

R=S2Sl’
TO €CTb KaK NIPON3BEJI€HHE OTPaAKEHHH OTHOCHTEIBHO NpPs-
MbIX Sl H S?_.

Bosnukaer Bompoc: CKOJb CHJABHO MOBOpPayHBaeTCs
nnockoctb? Kak usmeputs nosopor?

IIpoBeneM H3 TOUKH 2 ABa BEKTOpa C KOHLAMU B TOY«
Kax a u b. Mul XxoTuM omnpeneluTb yroJa Mexay AByMs
BEKTOpaMu, NMpHYEM Tak, 4YToObl OH ObIJI OPHEHTHPOBAH=
HEBIM, |

[lpennosioxxum, 4yTo MepBbifi BEKTOP MOBOPauyHBaETCH
OTHOCHTEJIbHO BTOPOrO HaJeBO, MIPOTHB YacOBOH CTPEJKH
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(puc. 86). ¥YroJs, KoTOpblil MPH ITOM ONUCHIBAET NEPBHH
BEKTOp, 0603HauuM £ (2a, zb).

Caenyer uMeTb B BHJY, YTO OPHEHTHPOBAHHBIA yroJ
3ABHCHUT OT TOTO, B KAaKOM MOPAJAKE UAYT BEKTOPHI: KaKOH
M3 HHX MBI CUMTAeM NEPBHIM M KAKOH BTOPBHIM. Tak, ecnau
yroa Z (2a,zb), n3obpaxeHHslii Ha puc. 86, paBedH a,
yroa1 Z (z2b,za), xak sugHo U3 puc. 87, pasexn 360° — o,
win (NOCKOJMbKY B TIpelenax oJHOro of6opoTa He BCTpe-
YalTCA Yribl, KpatHble 360°) yray —a.

Eciu M3 TOYKH 2 UCXOAST TPH BEKTOPa, KOHI[BI KOTO-
PBIX HaXOOATCA B TOYKAX @, b, ¢, To yrabl MexXAy BEKTO-

S pamMHy Bcerjia ymOBJETBOPSAIOT CO-
8:8,a 2 OTHOINEHH O

Z (2a, 2b)+ £ (2b, z¢) =

= £ (za, 20);
HeoOXOOUMO JIHIIb YYHTBLIBATH
3HAaKH YIJIOB.

Ho BepueMmcsl K oTpaKeHHUAM
OTHOCHTE/JbHO MNPAMBIX S; u Sj

Puc. 88, (puc. 88). BribepemM Ha mpPsIMBIX
' S1 H Sy TOUKH S; H Sy, OTJIHYHBIE
—> —_—

OT TOYKH 2. BekTopnl 2s; u 2s; o6pasyior yron ¢. Kpome
TOrO, IPOBEAEM H3 TOYKH 2 BEKTOPHl B TOUKH a, Si1a U Ssa.
Hac unrepecyer yroa

£ (2a, 28,8,0) = £ (za,, 25,a) + £ (2S,a, 25,8,a) =
=2/ (ZSI, ZSia) "l— Z (Zsla, 232)=2q).

Hrax, Mbl foKasaju ciaefyioliee yTBepRAeHHeE:

npu nosopore R = S»S kasdana Touxa dsuicercs no
c8oell OKPYMCHOCTU € YEHTPOM 8 TOHKe Z U RnO8OpaUU-
8AeTCA HA Yeoa, 8080e OoabuLUL Yera MeH Oy 8EeKTOpaAMU,
nposedeHHbIMU U3 2 800Ab HPpAMbIX Sy U Ss.

(¥roa ¢ Moxuo BuibupaTh npousBosbHO. Hanpumep,
ecii Obl MBI BHIOpaA/u TOUYKY Sz Ha MpsMol Sy MO APYryio
CTOPOHY OT 2, TO BMECTO NPEeKHEro yrjaa ¢ NoJAy4YHJH Obl
yroa 180° 4 ¢. Ho yrosn 2¢, Ha KOTOpbiii MTOBOpayuBaeTcs
BOKPYr TOYKH 2 Ji0bas TOYKa IJIOCKOCTH, OT 3TOr0 He
u3MeHu/csl Obl: OH oxasajcs Onl paBHbIM 2¢ - 360° urto
coBmajaer ¢ 2q.)

IIpousBeaeHHe OTpPaKeHHH 3aBUCHUT OT TOTO, B KaKOH
MoCJAEeAOBATENLHOCTH Mbl BhiOEpDEeM OCH CHUMMETDHH: CHa-
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qana Sy, NMOTOM S2 HAM HaobOpPOT. BhIOpaB cHauasa S,
a 3ateM S;, Mbl 3aMeHHUM YroJ ¢ Ha yroa —¢@. ¥roa 2¢
nepedleT npu 3ToM B yroa —2¢. Takum oGpasoM, npo-
H3BeJeHne otpaxenu# S;S, npeacrasasier coboit NoBOPOT
Ha yrol —2¢, TO €CTb B NPOTHBOMOJIOXKHKYIO CTOPOHY IO
CPaBHEHHIO C NMOBOPOTOM S»Si. ¥Yrib 2¢ H —2¢ coBna-
[AoT, Julb Koraa 2¢ = 0° uau 2¢ = 180° (npu ¢ = 0°
uan ¢ = 90°). CnenoBarensHo,

S$,8,=3S,S,

JAUlIb B TOM CJayyae, ecad npsaMble Sy, Sz 1160 cosna-
naioT, 1160 B3auUMHO nepneHauKyasapHbl. Ecau npsamble Sy
n S; coBnamawT, TO NpPOHU3Be- B
JIeHHe OTpaxXeHU#d OTHOCH-

TeJbHO HHX MOPOXKAAeT MOBO-

por Ha yroa 0°, ocraBasomuid  a’

Ha MecTe JI0Oy0 Touky. Ecau

npsameie S;, S; B3auMHO nep- z
NEHIUKYJASPHE, TO IPOH3Be-

JIeHUe OTpaXeHHH OTHOCH- a
TEJbHO HUX INOPOXKJAeT MOBO-

por Ha 180° wuam, Kak euie

TOBOPSAT, OTpAJCeHue OTHOCU- o'

TeAbHO TOYKW 2. Z coBnajpaet Puc. 89.

C cepeIMHAMH BCeX OTPE3KOB,

COeNUHAIOMINX TOYKH MJOCKOCTH ¢ WX oOpa3aMu NpH Tas
KOM TIOBOpOTE.

IToBopoT R nosHOCTBIO OmMpeneneH, eci U3BECTEH ero
UeHTp z (LeHTDP OKPyKHOCTEH, ONHChIBAEMLIX TOYKaMH
IJIOCKOCTH NOJA AelcTBueM R) u yeos nosopora ¢. JIo60#
3aflaHHbI MOBOPOT R MOXKHO MPEJACTaBUTb B BHAE INPO-
H3BeICHHA OTPaXXeHUH OTHOCHTENbHO NMPAMBIX Sy H Sg,
nepecekarlluxcsa B ero neurtpe ¢. OnHy U3 npsaMbIX, Ha-
npuMep npsaAMyoo Si, MOXHO BHOpaTh NPOH3BOJBHO (HO
TaK, YToObl OHa MPOXOAHJia Yepe3 TOUKY Z), a 3aTeM IOo-
3a060THUTbCA JHUIL O TOM, YTOGH mpsiMbie Sz u Sy mepes
CeKaJHCh NOA YyIVIOM, COCTABJSIOIIAM IOJOBHHY 3ajaHs
HOro yrJja rnosopora.

MpousBeneHue nosoporoB

PaccMorpum aBa noeopoTta Ry m R; BOKPYr HEHTPOB
2), 22 Ha yraol @;, Q2. MBI XOTHUM HaHTH HX NPOH3BENEHHE,
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' TO eCTh BBINOJNIHUTH CHauYana moBopoT Ri, a 3ateM NOBO-
poTt R,.

[TopopotT R; MOXHO mpeinCTaBHTb B BHAE NpPOHU3Bene-
HUA ABYX OTpaxKeHHH:

Rl — S2Sl‘
[TosopoT R; TakxXe npeAcTaBUM B BHAE

[Mpamoit Sz moxer GbITh J06as U3 NPAMBIX, IPOXOAS-
IUX Yepe3 TOUKY 21, a npamoii Sz — ywobas U3 NpaMbIX,
NPOXOJASIIHX Yepe3 TOuKy 2. Bribepem npsimbie Sz u S3
TaK, 4yToObl S; = S3, TO ecTb BO3bMEM NPSIMYIO, NPOXO A=
IIYI0O 4epe3 TOUKH 24 H 23, €CJH LEHTPHl NOBOPOTOB Rj H
R> paszanunbl, U n00yl nNpaMylo, TPOXOAALLYI0 uepes
TOUKY 24 = 2p, €CJIM LIeHTPBhl MoBopoToB Ry u Rp cosna-
AAaloT,

B npoussenenun noBopoToB

R2R 1= 84333281

oTpaxeHust S; u Sp oTaHuaOlIHecs JUWb OOO3Haye-
HuaMH (S; = S;), croar psaxom. CnhegoBaresbHO, Mbl
JIBaXXAbl, OLHO 3a JPYTHM, MPOH3BOJHM OTparKeHHE OTHO-
CHTEJIbHO OJHOH H TOH XK€ MpPAMOil, 4YTO NPHUBOAUT K TOXK-
AeCTBEHHOMY OTOGpaKeHHIO MJIOCKOCTH Ha cebsl. CiexoBa-
1eJIbHO, NPON3BEAEHHE OTpaxKeHu# S3;S2 MoxkHO 0TGpO-
CHTb, He H3MEHHUB IPH 3TOM IPOHU3BEeIEHHE HNOBOPOTOB

RzRii
RyR, =S431-

Takum oGpasom, npousseseHue mosopotros ReR, npejucra-
BHMO B BHJAE TNpPOH3BEIEHHS JBYX OTPAKEHHA H MO3TOMY
aBasger co6oit aubo noBopoT, JH60 cABUr. Uem HMEHHO
OHO fIBJISIETCS, 3aBUCHT, KaK MBI cefiuac yGexumcs, OT yr-
JIOB MOBOPOTA @1 U Q2.

[Ipambie S; u S, Moryr ObiTh mapaJuieNIBHBIMH HJH
coBnaaath. Torga npoussefienne RsR, = S,S1 — cupur.
Ho npsamble S; u S, MoryT ¥ He GbITb NMapajsejbHBIMH.
B stom canyuae (puc. 90), ymMHOXHUB R2 Ha R;, MBI moay-
UMM MOBOPOT BOKPYT TOUKH IepecedeHHs NpAMbIX Sy u S
Ha yroa @s. Ilo cBoficTBy BHeEIIHEro yria TpeyroJbHHKa
ops = 201 + 2q2. CienoBarenbno, @3 = @1 + 2. Pa-
BEHCTBO @;-+@a=0 BO3HMKaeT, iHb KOrAa !/op;4!/opo==
= 0 unu /oq1 4 /292 = 180°. Ho torma npamble Sy u S,
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napaJijieJibHbl, 9TO COOTBETCTBYET CJYyualo, KOorna Koy —
"CJLBHT.

WUtak, npoussederue d8yx nosopoTos HA y2or ¢y U @z
ecTb AU60 NOBOPOT HA Yyeor ¢y -+ @2 (ecau @1 + @2 7~ 0),
Aubo cosue (ecau gy + @2 = 0).

(Pasymeercsi, MOXKET BCTPETHUTBCH CHBHI, NPH KOTO-
pOM BCE TOYKH ILIOCKOCTH OCTAlOTCA Ha MeCTe, HO €ero
cJAeAyeT pacCMaTpHBaTh KaK NOBOPOT Ha HYJEBOH yrou.)

97

Puc. 90.

Ecin npousBefeHne MOBOpoToB RyR; CHOBAa OKasH-
BaeTcsi MOBOPOTOM, TO AaHAJOTHYHBIM CBOHACTBOM 00Ja-
JlaeT U npousBelieHHe NOBOPOTOB RiR», nmpuueM yIdbl no-
Bopota ReR; u RiR: coBmajmalioT, MOCKOJIbKy o0a yriaa
paBHE cymMe yryioB nopopota Ry u Rz, HO LIeHTpHI NMOBO-
poToB RiR; u R2R; MOryT OBbITh Pa3yIHUHBIMH.

Ecau nosopothl Ry u Ry uMeloT oOIUHA LIEHTpP, TO IIO-
BopoThl R:R; m RiR» Takke HMeIOT oOmuH IeHTp (Ha
OJUH U TOT Xe€ yroJl)H MO3TOMYy COBMaAaioT.

Ecan npoussenesne noBopotoB RyR; oOKasbiBaercs
CABUIOM, TO NpOH3BelleHHe MOBOpoTOB RiRp Takke OKa-
3blBaeTCl CABHrOM (NOCKOJbKY ecaun ¢+ @2 =0, T0
@2+ @1 = 0), HO B obmem cayuae casurd ReRy u RiR:
Be coBMmajaior.

[MpousBepeHne noBopoTa W CABHUra

ITycte R — nosoport, T — casur. [Tosopor R mpoucxo-
AHT BOKPYT LieHTpa 2 Ha yroa @ = 0. O6o3naunm S, nps-
MYIO, IPOXOJAILYIO Yepe3 TOUKY 2 IepHeHIUKYJAAPHO BeK-
TOopy casura 1. Ilpsimyio S; MoxXHO BeIOpaTb TaK, YTOOLI

R —_ SzS] .
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CaBur 1 TakxXe MOXHO NpeldcTaBHTb B BHUJE IIPOU3Bele-
HHUSl ABYX OTpaXKeHHH:

T S S4S3.

Ock cumMeTpun S; BbibepeM Tak, 4ToObl OHA CcOBHAajaJa
c npsaMmoi Sy (HaNOMHHM, UTO OAHY U3 OCEH CHMMETpPHH
BCETla MOXKHO BbiGpaTh npou3BoabHO). Torma npamoir S
MOXeT ObiTb JHIUb NpaMas, napaJjieibHas S H OTCTOSA-
mas OT Hee Ha paccTOsHHe, DPaBHOE TIOJOBHHE AJHHEI

Sy
J
2P
&.
2 ) 5;,
2P
/ \84
Puc. 91.

BeKkTOpa casura (puc. 91). It0 mo3BoJsieT HaM CHOBa
OTOPOCHTb B NPOHU3BEACHUH

TR - 84838281 |
wieHbl S3S2, B CHJY YEro
TR = S4Sl.

ITockoabky npsiMmas S, mapaJiiieibHa npsmoir 83 = S, a
npsMeie S; U S; mepecekawTcs, To npsiMble Sy u Sy 3a-
BeIOMO He Mapajjie/ibHbl H He coBnagaloT. ClegoBaTenbs
HO, S48 = TR — noBopor, npHueM Ha TOT XKe YroJ, YTo
H R, Ho BOKPYT APYroro LeHTpa.

AHanoruyHoe yTBEpXKIEHHEe CINPABEeAJMBO H OTHOCH-
TeJIbHO TPOH3BeNeHHs moBopoTra u ciaBura RT.

Hrak, npoussedenue nosopora u cdsuea (usu clsuea
u noeopom) ecTé CHOBQ NOBOPOT HA TOT e Y2oA.

[pouaBeaeHne NPOU3BONLHOTrO YWUCAA OTPAMEHHH

BriGpaB npsambie Si, S2, Ss3, Si, MOXHO COCTAaBHTb npo-
H3BeieHHe OTPaXKeHUN

S,S555S,.
994



TIpousBeneHus oTpaxeHHid S81 W S:S3 NPeACTaBJfAOT
co00# CABHIH WK NOBOPOTH (cM. cTp. 215—221). Cie-
A0BaTe/IbHO, MPOM3BEAEHHE ABYX COMHOXKHTEJded S2Si u
S4S3 ectb qubo casur, aubo moeopor (cM. cTp. 222), H
€ro TaKXKe MOXHO MPEACTaBUTb B BHJIE INPOH3BEAEHHUA
JIBYX OTPa:KeHHnH.

Takum o6pasom, nmpousBeleHUe UYEThIPEX OTPaXKEHHH
fIpeICTABUMO B BUAEe NPOHU3BENeHHS JIHLIb ABYX OTpaKe-
HHH.

PaccmoTpum rtenepb nmpousBeAeHHE MATH OTPAXKEHHH

8554838281.

Flockoabky ;83828 MOXKHO npencTaBHTh B BUAE TIPOHS3-
BeleHUs AByX OTpPaxKeHUH, TO BCe NMPOHU3BeNeHHUE CBOLHUT-
Cs K TPOHM3BEIACHHIO TPeXx OTpa- |
JKeHUH. 5 i

AHasornuHo oG6CTOUT JAeso H
C TIpPOH3BEINEHHAMH  OOJBIIEro
yucaa oTpaxeHud. IlpousBepe-
HHUE UYeTHOr0 4YHuC/Jaa OTpaxKeHUH
BCerga MOXKHO YIPOCTUTh H 3a-
nucatb B BHIE TPOU3BEJEHUS
JBYX HJIU HYJEBOI'O yucJga OTpa-
XKeHul (B moc/aenHeM CJayyae MBI
nosyyaem ortoOpaxkeHue, ocran- ! /!
JAKIeEe HAa MeCcTe BCe TOYKH Puc. 92.
naockoctu). IlpousBenenne He-
YETIIOr0 YHKCJa OTPa*KeHHH MOoC/JIe MaKCHMaJbHOTO YIpO-
IIeHHs] CBOJIUTCH K MPOM3BEAEHUIO OTpaKeHui, Jubo co-
AepxalleMy TP COMHOXKUTeNS, JHOO BBIPOXKAAIOLIEMYCS
B OJHH COMHOXHTeJNb (B MHOCJAEAHEM CJayuae Mbl MOJY-
yaeM NPOCTOEC OTpaKeHue).

PaccmorpuMm npousBenenue

S3S,S

6os1ee noapo6GHO.

IIpennonoxum cHavasa, uto npsamas S, napaJnienbHa
npambiM Sg 1 Sy (puc. 92). Torma S2S; — casur. Tor xe
€aMbMi CIBMI Mbl TOJYYHM, 3aMeHHB npsmble Sy, Sz ma-
panajenbHbIMH npAMbIMU  Si, S§ TakK, uTOObl BEKTOPHI,
paymue ot Sy K S u o ST K S%, HMe/aH ORHHAKOBLIE
MJHHY U HanpasJseHue. Ilpn 3ToM Mbl MOXKeM BbIOpaTh
npsMyio S TtakK, uro6bl OHa coBuaja c npamoi Si.

1/,8 3ak. 191 2925




Torna
838281 = S3S;SI — S;

— OTpaxeHue.

[Tpeanosoxum tenepb, 4To mpsimMast S He HapaJsefb-
Ha npsaMofi S; (puc. 93). Touka nepeceueHuss 2 MPIMbIX
Se 1S3 CHAYKHT HEHTPOM, BOKPYr KOTOPOTO MPOUCXOAUT
noBopoT S3Sz. ToT Ke NOBOPOT MBI MOJYYHM, 3aMEHHB

Puc. 93.

npaMble Ss, S; upambiMu Sz, S3, nepecekawuMucA B
TOYKE 2 MOJ TeM XKe yIyom, 4To H mnpsimbie Sa, S;. Bribe-
peM npaMyio S Tak, uToObl OHa Obli1a MEpPHeHAHKYJSAP-
Ha npsmoi S;. PaccmoTpum B npousBeieHHU

S,S,S, =S.S.S!

comuoxuteap S3S,. Tlpample S, u S; mnepecekaroTcs
B TOuKe noj npsameim yraom. CaenoBatenbHo, SsS; — or-
paxkeHHe OTHOCHTEJbHO TOUYKH p. To e camoe oTpaxe-
HHE OTHOCHTEJbHO TOUKH p MH MOJIYUYHM, 3aMEHUB N PSMbIE
Si, 8§ nByms apyrumu npsmbiMu S7, S5, nepecekalomuMucs
NOA NMPSIMBIM YrJIOM B TOuKe p. BhiGepeM npamyio S| Tak,
yToObl OHa Oblla nepneHmuKy/AspHa npsamoi Si. Torma

8,S,S, = S;S!S, = 8}8!8,,

a TOCKOJBbKY NPH 3TOM InpsMas S| NepneHIHKyJIAPHA
npsaMeM S B S3, To npsaMble S M S; nmapaJsedbHbL
3aMeTuM, 4TO

T=S§.S"
— CABHUT H
838281 —_— TS
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(MBI 06o3naunau S npsimyio S’) — npoussenenne orpaxke-
HHA U CABHUra, BEKTOP KOTOPOro napaJJesneH OCH CHMMET-
pun S (puc. 94). Takoe oroGpaxeHne Ha3bIBaeTCs CABH-
roMm c orpaxeHueM. Kpome Toro, B paccMaTpuBaeMoM
ciyuae TS = ST. OrtpaxeHue OTHOCHTEJIbHO NPSAMOH
MOXKHO paccMaTpuBaThb Kak YaCTHBIH cJayuall cIBHUTA C OT-
paKeHueM, COOTBETCTBYIOILHH CHABHTY C HyJ/EBbIM BEK-
TOPOM.

Ecan npamasi S; mapanaenbHa mnpsaMmo#n Ss, To, He
OrpaHuuMBasi 00LIHOCTH, MOXHO NMPeNNON0XKHUTh, YTO Nps-
Mas Sz He napaJjJjenbHa npamMo# S; (mOCKOJNbKY caydyaw,

b

Puc. 9%4.

Korja mpamas Sz mapaJgeibHa ABYM JDPYrHM MNPSMBIM,
Mbl y:ke pasobpanau). IIpoBoasa paccyxkaeHus, aHaJOrHy-
Hble MPEAbIAYIIUM, Mbl IPUXOAHM K TOMY XKe pesyJbTary,
YTO U paHbLUIe.

Hrak, npousgedenue ueTHoeo uucaia oTpaxeHul ecTo
Aubo cosue, aubo nosopoT, a npousddedenue HeweTHO20
YUCAQ OTPANHCEHULL ABAACTCA CKOAL3AUCL cUMMETpUel.

Orto6parieHus

OTpaxeHus, CABHIH, IOBOPOTLI, CKOJIb3AIIHE CHMMET-
pHH MPEACTaB/IAIT COOOH HEe YTO HHOE, KAK 4acCTHHIE Cay-
yan orobpaxeHuil. B ofwem cayyae, ecau no HeEKOTo-
pOMy 3aKOHY KaxXKJOd TOuKe IJIOCKOCTH COMOCTaBJeHa
HeKOoTOpas Apyrasd TOYKA IJIOCKOCTH, Mbl TOBOpHM 00
orobpascerul TMJAOCKOCTH Ha cebd,
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HanpuMep, caeaymoliuee npeoOpasoBaHHe §BJAAETCSA
oToGpaxKeHHeM IJIOCKOCTH Ha ceb4.

BrhiGepeM HEKOTOPYIO TOUKY IIOCKOCTH p. Kaxio#
TOUKE @ COTOCTABHM TOUKY a’, JexXallylo Ha npsMol pa,
KOTopas NMPOXOAUT uepe3 TOYKU p U @ U OTCTOUT OT p HA
paccTosfiHhe, BABOEe NpEBbILIA[OIIEe [JIHHY OTpesKka pa
(puc. 95). Takoe npeobGpazoBaHHe HA3BIBAETCHA pacTaXKe-
HHEM OT TOYKH p ¢ Ko3hPHullHeHTOM pacTsxkeHHsa 2. Bme-
CTO ABOHKHW MOXKHO Oblio Obl BHOpaThL JoOoe Ipyroe

bl

p i |
a a’
Puec. 95.

YHCJIO, IPUYEM HE TOJILKO MOJIOKUTEAbHOE, HO H OTpHULA-
TeJbHOE: MPH OTpPULATENbHOM KO3h(dHIMEHTe pacTsKe-
HHA oGpa3 a’ TOYKH @ H caMa TOuka a OymyT JexarThb
Ha NPSAMON pa MO pazHble CTOPOHB!I OT TOUYKH p.

[Tpu pacTsaKeHHH B M pa3 BCe PacCTOSHHSA HA IJIOCKO-
cTH Bo3pacTyT B |m| pas, rne |m|— aGcomoTHas Benu-
uuHa Ko3dduunenra pacrskenus m. [pn |m|<< 1 oro-
OpakeHHe HA3bIBAIOT (HCATULM.

[Tpu oro6paxenusix 3Toro pojga y KaxJaoH TOUKH MJIO-
CKOCTH CyLIeCTByeT POBHO OAMH npoobpas. CienoBarte/ib-
HO, peub HAET O B3aUMHO OJHO3HAUHBLIX OTOOpaKEeHufX,
MPH KOTOPHIX BCE MCXOJLHOE MHOXeCTBO oToOpaxKaercs Ha
BCe MHOXKECTBO-00pa3 M PA3/IMYHLIM TOUKAM IOCAEIHETO
COOTBETCTBYIOT pasfuyHble npoobpassl. B3auMHo omxHO-
3HauHble OTOOpa’KeHus1 JNONYCKalT obpaujerue, TO eCTb
IS KaxXJAOT0 B3aHMHO OJHO3HAyHOro oroOpa)KeHus Cy-
[IeCTBYeT Hexoe oToOpazKeHue, nepeBofsilee obpas Jio-
Goit TOuKH CHOBa B npooOpas U NMPUTOM B3aMMHO OIHO-
snaunoe. Eciu npsaMoe otobpaxeHue NMepeBOJUT @ B a’,
T0 06paTHOe OTOOpaKeHHe NepeBOoAUT @’ B a.

OrobpaxeHneM, oOpaTHLIM PACTSIKEHHIO OT TOYKH p
¢ koapdunuentoM pacraxenua m (m 7= 0), cayXKuT pac-
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TAXKEHHE OT TOH XXe TOYKH p C KO3P(PHUHEHTOM pacTs-
xenua 1/m (kaxk Gwiio mnMokasano B rJaBe 2, UHCIO
1/m o6paTHO uMCAY M OTHOCHTEJBHO ONEpalliH YMHO-
KeHHs).,

OrobpakenueM, 06paTHbIM CIABHTY, CJAYKHT CABHL C
.paBHBIM MO JJIMHE, HO NMPOTHBONOJOXKHO HAarnpaBJeHHBIM
BeKTOpoM casura. Oto6paxeHneM, oOpaTHBIM NOBOPOTY
Ha yroJ ¢ BOKPyr ULEHTpa 2, CJAYKHT MOBOPOT HAa YroJ
—@ BOKPYT TOTO XK€ LeHTpa 2 (IOBOPOT B 0OPaTHYK CTO-
pony). OtoOpaxeHnue, 06paTHOE OTPaKEHHIO OTHOCHTEb-
HO NMPSIMOH HJIM TOYKH, COBNAZAET ¢ CAMHM OTPa’KeHHEM.
OtobpaKeHunem, o6paTHBIM CHABUTY C OTPaKEHHEM, CJay-
KHT CABUT C OTpa)KeHHeM, COCTOSAUIHH Hu3 00paTHOTO
CABHMra U OTPaxKeHHs, COBMNaalollero ¢ UCXOAHBIM.

Ecin BuimosHuTL J1060e OoTOOpax»KeHue, a 3aTeM Mpo-
H3BeCTH o6paTHoe oToOpaxkeHue, To o6pas JoOOH TOUKH
BEPHETCS HA CBOE HCXOAHOE MECTO — Mepeuzer B rnpoob-
pa3 — ¥ HHYTO He H3MEHHTcs. lTeM He MeHee NBOHHOe
otoOpaxkeHHe — NPOU3BELEHHE HEKOTOPOro oToOpaKeHud
H obpaTtHoro emy otoOpaxKeHUA — yAOOHO paccMaTpH-
BaTb BMecTe ¢ APYruMu orobpaxkeHusmu. OHO Ha3biBa-
eTcsl TOMOeCT8eHHbIM OTOOpasNtceruem H COOTBETCTBYET
pacTsiKeHHI0 ¢ Ko3pduunentom pactsiKeHusa l.

[TockonbKy KO3 DHUIIHEHTOM paCTAKEHHS MOXKET OBITh
Ji000e NeHCTBHTEJbHOE UMCJI0, TO JOMYCTHMO paccMaTpu-
BaTb U PacTAXKEHHSA OT TOUKH p C HyJeBbIM KO3 dHIIHEH-
TOM pactaxeHud. [Ipn takom pacrsKeHuu Jiob6as TOYKa
MJIOCKOCTH INEepPeXOAHUT B TOYKY p, TO €CTh mpoobGpaszom
OJHOM-eIHHCTBEHHOHA TOUKH p CJAYKHUT BCS MIOCKOCTb. Hy-
JeBoe oToOpaXKeHHe He B3aWMHO OJHO3HAyHO. UTO MOXK-
HO yTBEPKIATh OTHOCHUTENbLHO €ro obparumoctu? B cMbic-
Je TaHHOTO HaMHu ONpefeseHNs HYJeBOe OTOOpaKeHHe He
HMeeT 00paTHOrO, MOCKOJbKY pa3/uuHble TOYKH IPH Ta-
KOM OTOOpa*KeHMH JOJ/KHBI HMeTb ONMH M TOT e MNpo-
o0pas.

YcaoBumcsi 0603HauaTh OTOOpPAXKEHHA 3arJaBHBIMH
JaTUHCKHMH OYyKBaMH M, B YaCTHOCTH, TOXKJIECTBEHHOE
otro6paxenne O6ykso#l /. Eciu F — HekoTopoe oTtoGpaxe-
HHe H @ — TOYKa IJIOCKOCTH, TO 06pa3 TOUKH @ NPH OTO-
6paxenun F o6osnauum Fa. Uro6ul oTo6pasnuth Ha cebs
JIOCKOCTh, OToOpa)eHue F JOJKHO ObITH ONpelesieHo
IS BCeX ToueK maocKocTH. B uwacthoctH, la = a aad
BCeX a.
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Ecau otobpaxkenne F oGpatumo, To obpaTHOe eMy
otoGpaxenne ob6osHauuMm F—1. Orobpaxenue, obpaTHoe
o6paTHOMY, COBMafaeT ¢ HCXOAHBIM (mpsMbIM) OTOOpa-
xkeuueMm: (F-1)-1 = F pns Bcex a.

ITycts 3apanbl aBa otoGpaxenus Fy u Fp [lonmeh-
CTBYEM Ha TOYKH IJIOCKOCTH CHauaJsa orobpaxKeHueM Fy,
a 3areMm otobpaxenuem [y Torma Touka a mnon Heu-
cTBUeM otoGpaxeuus Fy nepeliger B Touky Fia, a otobpa-
xKenne Fo mnepesener Touky Fya B FoF,a. Bosnukaen
HOBOe oTroOpaxkeHue FoF|, mepeBOAsllee NPOU3BOJbHYIO
TOUKy maockoctu a B FeFja. OtobGpaxenue Fof; Ha3bI-
BaeTcd npousseneHueM otobpaxenuit Fy u Fo. C npous-
BelleHHeM OTOOpaXKeHHH HaM VyiKe NPUXOAHUJIOCH CTAJKHU-
BaTbCs paHbllie [IPH PACCMOTPEHHH UYACTHBIX CJaYy4yaeB
oToOpaKeHuil — orpaxeHu#t u casuroB. Mrax, no omnpe-

JeJIEHHIO
(FoF ) a=F,(F,a)

U aHAJIOTHYHBIM 00pasom
~1 —1
F Fa=FF a=la=a.

Mpynnbl

B rnaBe 2 npu paccMoTpeHHH Hallell YHUCJAOBOH CH-
CTEMBl Mbl BBEJH UYeTbipe HENPEMEHHbIX TpeOOBaHHuS,
NpeabaBAsEeMbIX UHCJaM, YCTAHOBHJIHM YEThbipe aKCHOMBI,
0e3 KOTOPbIX HAJ YHUCJAAMHU HeMb3 Obl10 Obl IPOU3BOAHTH
apudmernueckue pefictBua. [Ans omepanuu yMHOMXKeEHU,
crnpeleseHHON A/ MHOXKECTBA BCeX NeHCTBUTENbHBIX UM-
ceJ, HAIUH AKCHOMBI CBOJAMJHUCH K CJEAYIOIIHM:

a) npousBeleHue JNOOLIX ABYX 3JEMEHTOB a u b npu-
HaJJeXXUT MHOXKECTBY;

2) BBINOJHSAETCH ACCOIIMATHBHBIM 33aKOH YMHOXKEHHS
(ab)c = a(bc);

CYLIECTBYET eAWHHUYHBIH 3JEMEHT e, Takoi, uTo
Qe = ea = @ JAJ4 NPOU3BOJBHOIO Q;

4) naa Jo060ro sJeMeHTa @ CYIIEeCTBYeT OoOpaTHHIN
yjieMeHT a’, Takol, uto a’a = aa’ = e.

Ecau 3/ieMeHTbl HEKOTOpOro (He o0s13aTeNbHO UHCJIO-
BOTO) MHOXECTBA YAOBJETBOPAIOT 3TUM TpeOOBAHHUAM, TO
OHO Has3biBaeTcs MYJbTHIIMKATHBHOH epynnod (TO ecTb
rpynnoéi mo ymHoxeHuto). Kak Oblio nokasaHo pamnee,
IIPHMEPOM MYJIbTUIVINKATHBHOH TIPYINbI MOXKET C/AYXHTb

230




MHOXKECTBO JEHCTBHUTEJbHBLIX YHCEN OTHOCUTEIbHO OOBIY-
HOTO YMHOXKEHHS.

[lokaxeM Tenepb, YTO MHOMKECTBO 00paTHMBIX OTOODA-
KeHHH obpasyer rpymimy.

Mubl yxKe BHAENH, uTO NPOU3BENEHHE IBYX UAH 060Jb-
Iero 4Yuc/aa CABUIOB, IOBOPOTOB BOKPYr HENOJABHKHOIO
LEeHTPa 2, pacTsAXKEHHH CHOBA OKAa3blBaeTcs CABUIOM, MMO-
BOPOTOM BOKPYT IIEHTPa 2 W pacrsixkeHueM. AccolunaTus-
HbIH 3aKOH OBl JO0KaszaH HaMu 115 oroOpaxKeHHil 00-
ero Buja. 3a eQMHHYHBIA 3JeMeHT BO MHOXKecTBe obpa-
THMBIX OTOOpaxKeHu# MOXKHO MPHUHATH TOXKIECTBEHHOE
otobpaxenue 1.

O6paTHoe oToGpaxKeHue TAKXKe MPUHALNEIKHT MHOKe-
CTBY 00paTHMBIX OTOOGpa*KeHHH, eCIU K 3TOMY MHOKECTBY
MpHHAMJEKUT TpsiMoe oToOpamkeHHe: OToOpakeHue,
ob6paTHOe CABHUTY, — CABHT, oTOOpaxeHue, oO6paTHOe IIO-
BOPOTY lieHTpa 2, — MOBOPOT BOKPYT LieHTpa 2 B obpar-
Hy1o cTtopoHy. Takum oOGpaszoM, H3BECTHbie HaM orobpa-
XKeHHSl — pacTsikKeHHus, CABHCH H MOBOPOTH BOKPYT
ob11ero ueHTpa 2 — 00pa3yT Tpynny.

Paccmorpum Tenepb BCeBO3MOXKHbIE NPOH3BEAEHHS OT-
paxkeHu# (mpousBeneHHe, copepxkamee 0 coMHOXKHTeEH,
Mo OlpeaeseHUI0 COBNALaeT ¢ TOX/IECTBEHHBIM 0TOOD axKe-
Huem /). OHu Takxe o6pasywor rpynny. IIpoussenenue
JIOObIX JABYX MPOU3BENEHHH OTPaKEHHH camMo sBJA-
eTcqa npousBefenueM orpaxenut. OtobpaxkeHuem, obpar-

HBIM NPOU3BENEHHIO OTpPakKeHUH SpSn—y ... S$2S4, cayxur
npousBefieHue oTpaxenuit $1Ss ... Sn— 1Sy, NOCKONBKY
8182 “ e Sn-—lSnSnSn—I .. SQSI —

= 8182 « o Sn—lSn—l “ o SQSI —

=SISQ cee SQSJ -

= §,5;8,S, =

=Slsl=l.

Takum ob6pasoMm, otobpaxenue, o6paTHoe NPOU3BeLECHHIO
OTpPayKeHHH, eCTb CHOBA [IPOU3BE/ICHHE OTPaKEHHII,
OtpenbHble OoTpameHus caMu mo cebe He 06pasyiorT
rpynmy, [OCKOJNbKY INpOH3BeAcHHE JABYX OTpPaxKEHHH He
IBJISIETCS OTParKeHHeM.
B obwewm cayuae nol epynnoli orobpamenui naocko-
CTH NOHUMAIOT CUCTeMy 2 OTOOpa)KeHHui, comepKallyio
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BMecCTe ¢ Jo0biMKH ABYMsl oToOpaxeHusamu Fy, Fo UX mpo-
usBegenue FoF;, ToxaecTBeHHOoe orobpaxkenue I u 00-
patHoe oto6paxeHue F—1 paa awoboro npuHaaiexaule-
ro ¥ orobpaxenus F.

Ecnu noacucrema X/ rpynmnbl 2 cama fiBJASieTCs rpyn-
1OH, TO Ha3bIBAGTCS NOOJepynnot rpyninsl 2.

B rpynne, cocrosuie#i M3 NpPOU3BEASHUH OTpa)KeHHUH,
caBuru o6pasytor noarpynny. [IpoussefeHus oTpaxenui,
colepKallne UeTHOEe YHCJAO0 COMHOXKHUTeJNeH, TakXe o0pa-
3YIOT NOATPynmy.

ABTomMop UMb

OtoGpaKeHue MJIOCKOCTH, COXPaHAIOLIee HEU3MEHHLIM
paccTosiHHe Mexay J000H mapol TOUEK, Ha3biBAeTCs as-
Tomoppusmom. Ion melictBueM aBToMOpdH3Ma MIOCKOCTD
BefeT cebs, €CJH MOXKHO CKa3aThb, «TOAOOHO TBEPAOMY
Teay»: Jawbasg QuUrypa nepexofUT B KOHTPYIHTHYIO Pu-
Typy, TOpaMasi— B INPSIMYI0, OKPYXKHOCTb — B OKpPYXK-
HocTb. Ecan F — apToMopdusm, To s Ja060# napo TO-
uyeK a, b nJI0CKOCTH

pacct (Fa, Fb)=paccrt(a, D).
ABToMopdH3MB 006pa3ylOT PYNNyY, NOCKOJbKY €CJIH
pacer (F,a, F,b)=paccr(a, b),

pacer (Fqea, Fyb)=pacct(a, b),
TO

pacct (FyFa, FoF,b)=paccrt(F,a, Fb)=rpacct(a, b)
31
pacer (FT'a, FT'0)=pacer (F\F'a, F\F{ ') =
= paccr (a, b).

Ilycte a, b — nBe pasnuyHble TOYKH IJIOCKOCTH H F —
aBTOMOP(U3M, OCTaABJISIONIHIA UX HENOJBHKHBIMH, TO €CTh
TaKOH, 4YTO
Fa=a, Fb=h.
Torpa pns mo6oi Touku x (puc. 96)
paccr (Fx, a)=paccr (Fx, Fa)=paccr (x, a),
pacct (Fx, b)=pacct (Fx, Fb)=pacct(x, b).
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JTO O3Hauaer, yTo o0pa3 X TO04YKH X HAXOAHTCHA OT
TOUeK @ U b Ha TakHux Ke pacCTOAHHAX, KAK H caMma
Touka x. Ho na mnJsockoctu cyuiecTByeT He OoJee ABYX
TOUYEK, HAXOISLIUXCA HA 3aJaHHLIX PacCTOAHHAX OT TO-
ueK @, b, npuueM o0e 3TH TOYKH CHMMETPHYHBI OTHOCH-
Te.1bHO NpPSMOHN, npoxoasiiedl yepe3d Toukun a u b. Caeno-
BATEJAbHO, ecjqu aBToMopdu3M F oOCTaBjsieT HENnOIBHXK-
HbIMH JIB€ pas3J/IHuHLIE TOUKH a U b, TO 118 KaKA0H TOUKH
X TJIOCKOCTH ee 06pa3 Fx ando coBmagaeT ¢ Hell camoi,
Jn60 CUMMETpHYeH €l OTHOCH-
TENbHO MpsAMOil, npoxojsamieit ye-
pe3 Touku a u b

ABromopdusm F Moxer oc-

TaBJATb  HENOJBHXHBIMKH  BCe
TOYKH TJOCKOCTH, TOTAa -
F=I.
B npoTHBHOM cJjayyae CyULeCTBY-
eT TakKasl TouKa ¢, KOTOpas He
copnapaer ¢ Fc¢. Ilyctb x — He-
MOABHXKHAS TOYKA aBTOMOP(GU3-
ma F: Fx = x. Torna
pacer (x, ¢)=pacct (Fx, Fc)=
= paccr (x, Fc). o
Puc. 96.

DTO 03HauaeT, 4YyTO TOYKa X Je-
JKUT HaA NeprnenAuKyasape, Mnpo-
Xo4flleM uepe3 cepeanHy orpeska (¢, Fc), ToO ecTb Ha
npsaMoii ab. CrnepmoBaTtesbHO, BCe TOYKH, HE JexKallHe
Ha npsMol ab, He MOTYT ObiTb HENOABHXKHBIMH TOYKaMHU
asTomMop¢pusma F. Ilns Takux Touek Fx we coBmajmaer ¢
X, U MO3TOMY CaMH TOYKH X ¥ UX o06pasnl Fx npH aBTO-
MopduaMe F CHMMETPHYHBI OTHOCHTEAbHO npsAMoi ab.
Hns Touek, pacnoJioXKeHHBIX Ha NPAMOH ab, nocaelHee
BCcerna BepHO.

Takum o6Gpa3om, B paccCMaTpuBaeMoOM cJiyuae aBTO-
Mopdu3aM F oka3biBaeTCd He UeM HHbIM, KaK OTpa<eHueM
OTHOCHTEJILHO npsMoit ab.

Hrak, asromopgpusm niaockoctu ¢ 0syma pasiuuHoimu
HenooBuUMHbIMU ToYKamu a, b saeaserca aubo ToxmoecT-
8eHHbIM OTOOpaNceHuem, AUbBO OTPAHCECHUEM OTHOCUTEALHO
npamoii ab.
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PaccMoTpuM Temephb aBe mapel Touek a, b u a’, b,
Takue, 4TO
pacct (a, b) = paccr (a’, b’).

[okaxem caenywliee YTBEpKIAECHHE: CYLIECTBYIOT
poBHO aBa aBToMopdusma F, nepeBopsamux a, b B a’ b,
TO €CTb TaKHuX, 4TO

Fa=d, Fb=V.

Ecnn a=a’ u b = b’, To ToxaecTBeHHOe COTOGpaxe-=
Hue | — ToT camblil aBTOMOpP(H3M F, KOTOphId TpebyeTcH
Halitu. Ecau as&ca’ u b=%=b" (puc. 97), To TOouka a

5
/
/l /
/l ’ /
/ t
~L/ ;
=q' /
=4y ; /
/ /
ll // '
b
‘ / / .
e [ / 5b
/ /
/ ® /
b /
Pue. 97. Puc. 98.

JIEXKHUT Ha MepHeHAUKYAsApe, NPOXOAALIEM Yepes cepeguty
otpeska bb’; u uuTepecyolUM HAacC aBTOMOPPHUIMOM CJ1y-
XUT OTpa)keHhe OTHOCHUTENBbHO 3TOTO MepHeHAMKYJspa.
[Mpennonoxum, uto a %= a’ u b %= b’ (puc. 98). Ilpe-~
XKJle BCEro MNpOH3BELeM OTpPa)KeHHWE OTHOCHUTEJBHO Iep-
neHAuKyJasgpa S, NpOXONALLEro yepes3 CEpPeAHHY OTpe3Ka
aa’. Torpa

a’' = Sa

¥

paccr (a’, b’)=paccrt (a, b) = paccr(Sa, Sb)=

= pacct(a’, Sb).

Pacnonoxenue nap touek a’, Sb u a’, b’ yiaosaersopsier
MPEeANoOKEeHUAM Ipelpiayulero cayuas. CJenoBarelibs
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HO, CYIIeCTBYET AaBTOMODPMHU3IM [, NEPEBOASUINHU NaAPY
touek a’, Sb B napy touex a’, b’

Foa=a,, F()Sb-:bl.
IMockoabky ¢’ = Sa, 10
FoSa=a', F,Sb=V’".

Takum o6pasoM, aBTomopdusMm F = F,S ortobpaxaer a’,
b’ u a, b. OnuH U3 aBTOMOP(PU3MOB, MEPEBOISIINX ONHY
napy TO4Y€K B JPYrylo, HaiIeH.

Eme oaun aBToMophu3M Mbl HalaeM, BBeasd OTpaKe-s
HHe OTHOCUTeJbHO nmpaAMOH S’, npoxoaduwei uepes TOUKH
a’, b’. Astomopdusm S’F Takxe nepeBoauT a, b B a’, b’.
O6a aBTomopdusma F u S’F aBasiiorcs 11pOU3BeACHHAMHU
OTpaxKeHHUM.

HafipenubIMu HaMu aBTOMOp(H3MaMH HCUEPIbIBA+
JoTCS BCe aBTOMOP(QHU3MBL, nepeBoasmiue a, b B a’ b’. lefs
CTBUTENbHO, NycTh F u F{— nBa aBTOMOpdHU3Ma, mnepes
BONSILUX a, b B a’, b’:

Fa=Fa=a, Fb=Fb=V'.
Torpa F~! — Takxe aBTOMOpP(U3M, NMPHYEM
Flao=a, F'9'=0b
H, cJjejoBaTeNbHO,
FFld=dao, FF'W=V.

DTo o03Hayaer, uTto aptromMopduam I F-1 ocraBiaser Hes
NMOJABUXKHBIMH ABe pasnuyHble Touku a’, b’. [lo nokasan-
HOMY paHee, aBToMopduamM FF~! Moxer O6biTb JaHGO
TOXKJECTBEHHbIM OTOOpaxeHueM, Jub60 OTpaKeHUueM OTHO-
CHTeJIbHO npsaMon S,

Ecau FIF_I =1, TO F1F_1F= IF, F] = F,

Ecin ke F\F-1=3S8’ 10 FF-'F=S8'F, Fi= S’F.
Nrak, Mpl 1OKa3aau yTBEpKAEHHE:

ecau a, b u a’, b’ — dge napuvt Touek, TaKue, 4To

paccr(a, b)=rpaccrt(a’, b’) 5~ 0,

TO CYU,ecT8YlOT PosHO 08a asTOMOppUIMa, nepesodauile
a, b s a, b’'; oba asromoppusma npedcrasumel 8 gude
npousgedeHus OTPAXEHUL U OTAUYAIOTCA HA OOHO OTpa-
ocerue,
Orcioga cJaenyetr TaxkxKe, uTo 20000 asToMOpPuU3M
MOJMCHO npedcTasuTy 8 eulde npoussedeHus OTpaxceruil.
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PaccMoTpuM Tenepb TpH TOUKH, a, b, ¢, He Jexaliue
Ha OJHOH MPAMOM, ¥ IPyrue TpH TOukH, a’, b’, ¢/, Takue,
4yTO

paccer (a, b)=paccr(a’, b'),
paccr (b, ¢)==paccr(¥’, ¢),
pacer (¢, a)=paccr(c’, a’).

[TokaxeMm, 4yTo CylUleCTBYET POBHO OAHH aBTOMOp®dH3M,
nepesonauuil a, b, ¢ B a’, b’, c’.
Kak Mbl TOJIBKO YTO J0Ka3aJ/ii, 3aBeOMO CYILIECTBYET
aBToMoppusm Fy, nepesonsilluit a, b B a’, b;
Foa—-—: a,, Fob = b,-
ITockoabKYy
pacct (Fy, a’)=pacct (Fy, ¢, Foa)=

= paccr (¢, @)= paccr(c’, @),
TO
pacer (Foe, a’) = paccer (¢/, ')
M
pacer (Foe, b')y==paccr (¢’, b’).

Takum o6pasom, Fy¢ HaxoauTcss oT a’, b’ Ha Takux Xe
paccTOAHUsAX, Kak M Touka ¢. CJjenoBaTesnbHO, JKOO
Foc = ¢/, nu60o ToukH Foc ¥ ¢’ CUMMETPHUYHBI OTHOCH-=
TeJbHO mnpsiMoit a’b’. B mepBoM cayuae aBTOMOpGHU3M
F, KOTOpHIil NepeBOAUT OJIHY TPOHKY TOuek a, b, ¢ B apy-
TyI0 TPOUKY Touek a’, b’, ¢/, coBnanaer ¢ aBToMophHU3IMOM
Fy, Bo BTOpOoM cayuae F = SFy, rne S —oTpaxeHue OT-
HOCUTENBHO npsiMoii a’b’,

Ecau F u F;— aBTomopdusmbl, nepesojsiiue a, b,
¢ B a, b, c, o asromopdpusm F-'F; ocrapasieT Hemnona-
BUXHBIMH TOYKU @, b, ¢ u coBnamaer aAHGO C TOXKAECT=
BEeHHBIM aBToMop(dusMoM [, 1ub0 C OTparkKeHHueM OTHO(U-
TeJAbHO npsamo#t ab. Bropasa anbrepHatuBa oTnagaer, rno-
CKOJIbKY ¢ — HENoABH:KHAs Touka aBTomopdusma F-1F,
H B TO XK€ BpeMs He npuHaniexuUT npaMmoil ab. Cienora-
TeJibHO, F~!F| = I, otkyna F, = F.

Hrak, cywecrsyer posHo o0urn asromopihusm, nepe-
g800aujutl He aexcaujue Ma 00wod npamot Towku a, b, ¢
B Touku a’, b/, ¢/, TakHe, 41O

pacct (@, b)=paccr(d’, b’),
paccr (b, ¢)==paccer (0, ¢’),
paccr (¢, a) = paccer (¢/, a’).
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OKOHYaTEJNbHLIH BBLIBOIL: ABTOMOPPUIMbL HAOCKOCTU
obpasyior epynny. Ty xe epynny o06pa3yroT APoOU3Eede-
Hus orpaxcenut. Jlrodod astomopghusm odonyckaer nped-
crasrerue e sude npoussederun 0, 1, 2 uau 3 orpasce-
Huld. Ecau touku a, b, ¢ He aexaT Ha OOHOU npamoti u
nonapHoble PACCTOAHUS MENOY HUMU C08NAOAOT ¢ nonap-
HolMU paccToaHUAMU Mexdy Touxkamu a’, b’, ¢/, To cy-
w,ecTeyroT posHo dsa asToOMOphusMa, nepesodAUX a,
b 8 a’, b/, posno o00un asromoppusm, nepeeodauiull

14

4 /
a, b,cea, b, .

ABuieHusn

PaccmoTrpum Gosiee noapo6GHo aBTOMOP(PH3MBLI MJIO-
CKOCTH, MpeicTaBUMbie B BHJAE MPOU3BEJEHHS YETHOTO
yrcna (0 uan 2) orpaxkenHii. Takne aBToMOpGhH3MbI Ha-
apiBaloTC  dguscenuamu. Kax Mbl ycnead yGemuThbes,
Ka)KJioe JIBUXKeHHe — 3TO JHOO

CIBHT, AUO0 NOBOPOT. [IBHKEHUSA 5
o6pasyloT rpynny, Koropas co-

JEp:KUTCS B Trpymne aBTOMOP- b
¢bu3MOB (MHAYe TroBOps, ABHXKe- Sa B

HHA 00pas3yloT NOATpynny rpymn-
nbl aBTOMOPPHU3IMOB).
MOXHO JM, <B3TJISHYB» iia
aBToMOpdU3M, cpasy, TO €CThb He
pasznarass ero B MNpPOU3BelleHHe
OTpa»KeHHH, cKal3aTb, SBJAETCA
JIU OH JBHIKEHUEM? z
Paccrossuua Mexnay JOOGLIMHU
napaMd TOYEK MpPU OTPaxKeHHH
He H3MEHSIIOTCHA, KaK B OOBIYHOM
CMBbIC/IE HE MU3MEHAITCA U YIJIbI. Puc. 99,
Ha ctp. 220 Mbl BBesin 6oJiee TOY-
Hoe onpenenende yraa. Ilpu otpaxkenun S yroa (za, zb)
nepexodutT B yroa Z (SzSa, $28b6) (puc. 99). ¥ro.a-06-
pa3 paBeH IO BeJuU4yHHe YrJjay-npoo6pa3y, HO HMeeT
NPOTHBONOJOXKHBIA 3HaK. [locse nBYX oTpaKeHHH yroJ-
o06pas HUMeEeT Ty XK€ OPHEHTALHIO, YTO M HCXOAHBIA yroJ,
noc/jae TpeX OTPaxKEHUH ero opueHTauusd BHOBb H3Me-
HfieTCl Ha TMpPOTUBONOJOXHYI0. HMrak, aBTOMOp(HU3MbI
NJOCKOCTH COXpaHSAWT pacctosinusi. [1od Oedcrsuesn as-
TOMOPPUBMOB BCe Yelbl COXPAHAIOT CBOIO BEAUUUHY, HO,
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ObtTe MOxMCET, UBMEHAIOT 3HAK. [LBUNCEHUSI OTAUYQIOTCA
OT OCTAAbHOLLX ABTOMOPPUIMOB TeM, UTO COXPAHSIOT HP
TOAbKO GEAUUUHY, HO U 3HAK YeAOCs.

CoxpaHeHHe OpPHEHTHUPOBAHHBLIX YIJOB NO3BOJSET [O2
BOPHUTb HMeHHO O ABHKeHHAX. CABHIH M MOBOPOTHI MOX-<
HO TNpOU3BOJANTHL HE cpa3y, a MOCTEeNEHHO, OTpaxKeHusd
CKOJIb3fllllHe CHUMMETPHH He TepnsiT NoAOOHOH HepeliH-
TeJIbHOCTH: OpHEeHTAllUI0 VIia HeJb3s H3MEeHHTb Ha I10J10-
BHHY WJIM TpU 4eTBepTH, OHA HU3MEHSeTCs Ha NPOTHBOIMO-
JIOJKHVIO TOJIBKO LeJTHKOM M Cpasy.

B npoctpaHcTBe

B npocTpaHcTBe Koe-uTO MPOHMCXOAHMT TaK Ke, Kak Ha
MJAOCKOCTH, @ KOe-uTo CTaHOBHUTCH 6oJsee CJA0XKHbIM. Pac-
CMOTPUM KPAaTKO Jullb TO, 4YTO NPOCTPAHCTBO B HeHU3s
MEHHOM BHjJe HacJjeayeT y MJIOCKOCTH.

HauyneM ¢ orpaxednii Tes OTHOCUTENBLHO MJAOCKOCTEH,
KOTOpble Mbl 6yneM oGo3HauaTh S, S; u T. 1.

Ecan nnockoctu Sy, Sy napannenbHbl, TO Npou3Bese-
HHe S»S; orpaxkeHuil coBnajnaetT co CABUTOM, TOJbKO Iie
NJAOCKOCTH, a NPOCTPaHCTBA: BEKTOPH, HAYLIHE OT TOYKH
x K ee obpasy S»S:x, 144 BCcex TOYeK NPOCTpPAHCTBA Ma-
paJjjefbHbl ¥ MMEIT OJHHAKOBYIO AJHHY W OJHHAKOBOE
HanpasJseHue. HaobGopot, n1060H CABUT OpPOCTPAHCTBA
MOXXHO TMNpEeACTaBUTb B BUAE NOPOH3BENEHUS OTPaxKEeHHH
OTHOCHUTEJIBHO IBYX HamJjJexalluMm o6pa3oM nogo0paHHBIX
napaJaJejbHbXx njaockocteii. CABuru npocrpancTea oGpa-
3yIOT Tpynny, u aad aobuix aByx casuros T, Ty npouns-
BeJleHHe He 32BHCHT 01 nopsiaka comHoxkurteneit: T Ty =
= T,T,.

Ecan naockoctu Sy, Se He nmapaJdnenbHbl, TO NpoOH3Be-
IeHHe OTpa)KeHuit SeS; coBNajsaeT ¢ MOROPOTOM BOKpPYD
JUHUM NepecedyeHHs mJaockocTedl S; m Sy Ha yABOEHHBIN
yroJ "Mexay 3THMH nJjocKoctaMu. lIpoussenenme orpa-
JKeHHUH OTHOCHTEJNbHO MNJocKocTel Sy, S» He 3aBUCHT OT
nopsaaka comHoxurtesaei (S;S; = S»S;) Torma u To/ABKO
Torjga, Korja Jau0o mJaockocTH S; U Se cosriagalor, au6o
NJOCKOCTh S; MeprneHaUKyJJIsIpHA MJAOCKOCTH So. B nepsom
cayyae MPOU3BeNEHHUE NBYX OTPaxKeHHW# COBMAJaeT C TOX-
NeCTBeHHbHIM oTob6pakeHuem [, BO BTOPOM — ¢ OTpa’ke-
HHEM OTHOCHTEJNbHO JIHHHHM MepeceueHHusl maockocTell S

H Sz.
D38




OtobparkeHust npocrtpancTBa Ha ceOsl, COXpaHAWOUINE
paCCTOSHHUS MEXAY JI00bIMU napaMu TOYeK, Ha3biBalTCs
agromoppusmany. ABTOMOp(PHU3MBI NPOCTPaAHCTBA 06pa-
syioT rpynny. Ilpumepamu asToMOpdHU3MOB MOTYT Cay-
*KUTb OTPaXKEHHUSI OTHOCHTEJIbHO MJIOCKOCTEH M TPOH3BeE-
JeHus OoTpakeHui, ob6pasyiowne rpynny. OHa BXOAUT B
rpynny BceX aBTOMOP(PHU3MOB NPOCTPAHCTBA Kak HecoO-
cTBeHHada (To ecThb coBIanarwllas co Bceil rpymnnoil) nop-
rpymnmna.

Hrak, agromopghusmsl npocrparcrea odbpasyior epyn-
ny. Ty ace epynny o6pasyroT npou3cedeHuUs OTpaNceru.
JIrobot asTomopduam donyckaer npedcrasierue 8 6uoe
npousgedenusn He b6oaee uwem uervipex oTpascenul. Ecau
Touku a, b, ¢, d He aedcar 8 00HOLU NAOCKOCTU U nonap-
Hble PACCTOAHUSL MeH0Yy HUMU Co8nadaroT ¢ nonapHolmu
paccroanuamu mexgy rouxkamu a’, b’, ¢’, d’, To cywecr-
8YOT posHO 0ga agromopgusma, nepegodaujue a, b, ¢ 8
a’, b/, ¢’ (OHU OTAUUQIOTCA OOHUM MHONCUTCAEM-OTPANE-
Huem), U PO8HO 00uUH agTomOpPusm, nepesodaujull a, b,
c,dsa’, b, c, d!

Jloka3bpIBaeTCsl 3Ta TeopeMa TaK e, KaK aHaJoTH4-
Hast efi TeopeMa A/ HJOCKOCTH, KOTOPYIO MBI TOJIBKO 4TO
paccmotpesd. He Gosiee yueM 4eTbIpbMS MOC/AeL0BaTe b+
HBIMH OTPaKeHUSIMH OTHOCHUTEJNLHO HajJserallle BblOpaH-
HbIX MJOCKOCTeH TOuKH a, b, ¢, d nepeBOAAT B TOUKH a’,
b’, ¢/, d’. Tlocse TOro Kak TOYKH a, b, ¢ COBMelleHbl C
ToukaMu a’, b’, ¢/, oto6pasuth Touky d B d’ MOXKHO ABY-
Ms criocobamH.

Kak onpeznennuTb, YTO TakKOe ABUKEHUS B TPOCTpaH-
ctBe? [IpousBenenusa 4eTHOro 4uCJ/Ja OTPAKEHHH OTHOCH-+
TeJbHO MJOCKOeTel 3aBenoMo obpaayioT rpynny. Ho sas-
Jsiercsl U OHAa COOCTBEHHOH IOATPYINOH Tpynnel aBToO-
Mop¢pu3MOB npoctpaHcTBa? FlHaue roBopsi, MOXHO JH
ObITb yBepeHHbLIM B TOM, Y4TO MNOArPYyNna NpOu3BeneHHH
YeTHOrO 4HC/1ad OTpa’KeHHH He COBINAanaeTr CO BCEH rpynnou
aBToMop¢du3MoB? Jlro6oir aBTOMOpP(MH3M J0NycKaeT MHO-
JKeCTBO pa3HooOpasHeHIINX NpeaCTaBJJeHNH B BHE NPOU3-
BeneHHsl OTParKeHH#, W BMOJHe MOXHO OblIO Obl AyMarth,
4TO aBTOMODP(®H3M, NPeACTaBUMbBIA B BHJe NPOU3BEAEHUS
HEYeTHOTO YHCJa OTPaKeHHuH, NpeacTaBuM W B BUIE NPO-
M3BeJeHHUS YeTHOro yucJgaa orpaxkenuil. Ha naockoctn Ham
YVAa/a10Ch HCKJIYHTL TAKYI0 BO3MOXHOCTb: MPH YETHOM
YyucJae OTpaxkeHHH OPHEHTHPOBAHHBIE YIJbl COXPaHSJHUCD,
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npH HEeYEeTHOM — HW3MCECHAJHN OPHCHTAUNIO hd IIpOTHBONO-
JOKHYI0. Tem camblM 00a THMA NPOU3BENECHUH (coaep:kas=
LIMX YETHOE H HEUYETHOE UMUCJIO OTpAaKEeHUH) OKasasuch Ha
MMIOCKOCTH TOJMHOCTBIO pa3nejeHHbIMH. K coxanenu,
yroJl MexXAy ABYMH IMJOCKOCTAMH He obJiajaeT CBOWCTBA-
MH OpPHEHTHPOBAHHOIO yrJja MexXJy ABYMA Jydamu: €ro
OPHEHTAILMIO U3MEHSIET CTPAXKEHHE OTHOCHTEJLHO MJOCKO-~
CTH, NeJslied nomnosaMm yrosa MeXAy IJOCKOCTMH, NpH
OTpax»KeHHH XK€ OTHOCHUTeJbHO IJIOCKOCTH, MeplneHigHKy-
JSPHOW JIHHUH nepecedeHHsi OOpa3dylUHX ero IJ0CKO-
CTCi{, OH OCTAETCH HEH3MEHHBIM.

[TonnpiTaeMcs NoaoliTH K pelIeHHI0 HHTepecyollel Hac
npo0.1eMbl ¢ APYrOH CTOPOHHI.

Haunem ¢ npeneapurensnHoro sameuanus. Ecam S,
Sy, 83— napansenpHbie MJOCKOCTH, TO CYIECTBYET mna-
paJJjenbHas UM MAOCKOCTb Sy, TaKasl, 4To

S4S3 — SZSI .

[HeoOxonumMo NM03a00THUTLCA JHUIL O TOM, YTOOH MJOCKO-
CTH 83, S4 OTCTOANH APYT OT Apyra Ha TaKOM XKe pac-
CTOAAHHH, KaK M MNJOCKOCTH S, Sp, W clefoBaiH B TOM
’Ke nopsake. Enle ogHO aHaJoruyHoe 3aMmeuanwe. Ecau
TpH nJaockoctH Sy, Sy, S; nepecekawoTcss no OAHOH mnps-
MOH, TO CYLUECTBYET MJOCKOCTh S4, cOnepsKamias 3Ty nps-

My}O H Takasl, 470
S4S3—-———SQSI.

Hecbxo0auMo auiis n1o3aboTHTBCS O TOM, YTOOBI
£ (84, 83)'—‘: 4 (S:z, Sl)-

O6benntuM Tenepb 06a PaCCMOTPEHHBIX HAMH CJly-
yad. [Tyukom nmiiockoctell Ha3bBaeTcs JJMOO COBOKYNHOCTb
BCeX TIJIOCKOCTeH, mapaJJesbHbIX 3aJZaHHOH NJOCKOCTH,
1100 COBOKYNHOCTh BCeX MJAOCKOCTel, NpOXOAANIHX yepes
safaHnyo npamyto. CnpaselJHUBO Cjenylollee YyTBepXK-
fieHue: ecau maockoctu Sy, Sg, S3 npuHaanexkar ogHOMY
My4ky, TO B TOM 3Ke INydyKke HAHAETCH IJIOCKOCTh Sy, Ta-
Kad, uTo

8483 —_— S:_Sl .

Kpome rtoro, ecau njockoctu Sy, S B3auMHO nepreHau-

KyJfpHBI, TO s -
192 7= O

240



Ilpennosoxkum, 4yTo asToMopdpu3sM F MOKHO Npeacra-
BHTb B BHJe NPOH3BEJCHUS CTPaKEHHUII:

F=Smsm—l SN SZSI’

Mpbl GyneM H3MeHSATb TNpeACTaBJcHHEe arTOMOpdusMa
F, coxpaHfifl 4ucJ0 COMHOXKUTEJNEH B NPOHU3BENeHUHN (caM
apToMop¢udM [ Takxe OCTAETCHA HEU3MEHHLIM).

Bo3bMeM TmpOU3BOJBLHYIO TOUYKY MNPOCTPAHCTBa 4.
B nyuke mnJockocTeld, coAep:alleM MJ0CKOCTH Sy, Sg,
HaleTcss IJOCKOCTh S, KOTOPOH NpPHHANJMEXHT TOYKa
a. Onpejge/iuM MJACCKOCTb Sg Tak, yTo6bI

SQS;= 8251’

u noacrasuM S3S{ B npoussegenne S, Sn_1...S:S| BMes
cto 8251. ABToMopdu3sm [ TeM caMbiM Mbl npeocbpa3yem
K BHAY
N Q7
F_Smsm-—l ce SQSI‘

AHAJOrMYHO MOCTYMHM C AYUKOM IMJIOCKOCTEeH, COmepKa-
mwuM S3, S;. Haitmem B 3TOM nyuxe maockoctb S%, mpo-
XOAAUIYIO uepe3 TOUKY @, H ONpeLesHM IIOCKOCTh Si
TaK, 4TOOLI

S;S7=S,S..

[Iocie MOACTAHOBKM 5TCro paBeHCTBAa B NpPOH3BedeHHe
apToMophuam F npumer BHA
F=S_S S;S;’S;.

m - m-1

[Tponos:xkas neilcTBOBATL B TOM iKe JyXe, Mbl B KOHIe
KOHILIOB TpHIeM K CJedylollleMy MNpeACTAB/AEBUIO aBTO-

Mopduszma F:
F=§ 8"  ...S8]S8]S], (1)

m m-—1

rage Bce MJOCKOCTH, KpoMme, GbITh MOXKeT, Sp, comepiKar
TOYKY d.

[ToBTOpHB Te Ke NOCTPOEHHUA A5 TOUKH b, OTIHUHOMN
OT TOUKH @, MBI MOJYYHM NpeacTaBJeHHe aBTOMOp(dHU3Ma
F, B KOTOpPOM BCe IIJIOCKOCTH, KpoMe, OblTb MOXKET, HO-
cJlellHell, coxep:KaT TOUKY a M CBepX TOro BCe MJIOCKO-
CTH, KpOMe, ObITb MOIXKET, IBYX IMOCJAeIHHX, COAep¥Kar
Touky b. IloBTOpuM Bce moCTpoeHHs ele pa3 A/ TOYKH
¢ {(He Jjexauliedl na npaAMoH ab), nojayuuM npeacTabJes
Hue aBromopdusva F B BUIe

F=S'S | ...SS, (2)
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TIOe MJOCKOCTH Sy, «.., Op—1 COAEPKAT TOYKY 4, nioc-
koctu S, ..., Sp—2 — TOuky b, miaockoeru Sy, ..., Spo —
Touky ¢. Bce maockoctu Si, ..., Sp—3 comepxaT TpH
He Jex)alllue HA OJNHOH MpPSIMOH TOUKH @, b, ¢ W NO3TOMY
CJAMBAIOTCA B OOHY MJOCKOCTh. Takum oOpasom, npous-
Bejene orpaxkeHuit Sy _3...S] cosmanaer Jaubo ¢ TO-
K/JeCTBeHHBIM oToOpaxenueM [, qubo c orpaxenuem Sj,
OTKyJa eule pas cJaeigyer, UTO JIOOOH aBTOMODP(PH3IM
MOKHO NpPeJCTaBUTh B BHIe MPOU3BeAeHHUs1 He 0oJiee YeThi-
pex OTparkeHHH.

BriGepeMm, nanpumep, aBtomopdusm F = 1. B npes-
ctaBjienuy (1) Bce mJaocKocTH, Kpome, GbITh MoxkKer, Sy,
CcojeprKaT TOUKY a:

- - ./ I4
a=la=Fa=S§, S, _,

.0 SySla=S8a
3HAYHUT, NJOCKOCTb Sy, TaKKe COAEPKHT TOUKY d.
3anendas miar 3a warom Sb ua b nas njockocTef,
cofepxallluX TOYKYy b, mosyyaeM TMpPEACTaBJEeHHE TOXK-
JeCTBEHHOr0 aBTOMOpP(}H3Ma, B KOTOPOM BCe MNJAOCKOCTH
cCoJepXaT TOUKY @ H BCe MJOCKOCTH, KpoMe, ObiTb MOJKET,
nocJejHeli, cojep:kar Takxe Touyky b. [lo anaJgorum c¢
NpUBEeJAEHHLIM Bbille pacCy:KJAeHHeM H3 TOro, 4ro b —
HemoOBHXKHafg Touka aptoMmopdusma F:b = 1[b = Fb,
cJeqyeT, YTO U NOoCJae[HssA NJOCKOCTh COJEpKaT TCUKy b.
Haxkounew, nopTopas n0Ka3aTeNbCTBO M5l TOYKH €, NOJiy-
yaeM IpejcTabJjaeHHue Tuna (2), B KOTOPOM BC€ IJIOCKOCTH

S, ..., S conep:aT TPH He Jexalllie Ha ONHOH mHps-
MO#l ToukH @, b, ¢ U no3ToMy coBnajgatoT. Takum o6pasom,
[=S8]... S  (m comHoxuTeneH),

OTKyJa c/JeayeT, 4TO YHUCJO /M JOJKHO ObITH YeTHBIM,

HMraxr, aw0060e npeAcTaB/jeHUe TOXKASCTBEHHOTO aBTO-
moppusma [/ B BuJe NpoH3BeleHHST OTpaXKeHUH CONEePKHUT
YeToe YHUC/J0 OTpaxKeHHH.

[Ipepnonoxum Terepb, uTo aBToMopbusM F MOXKHO
MpeACTaBUTh B BUAC IPOU3BEACHHA OTpazKeHl/II/I IBYMA
pasJiHuHbiMU Crloco0aMu:

F=S§8,...5=§ ... 8.
Torpa
I=F-'F=§ ... §S; ... S
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(CnepoBatelibHO, cyMMa R -~ | 4yeTHa, U cJjaraeMmeie & u [
NOJIKHBL OBITH MO0 06a yeTHBIMH, JIHOO 06a HeueTHBLIMH.

Hrak, npedcrasum su OanHoll asromopdusm 8 sude
NPOU3BE0CHUS HeTHO20 UAU HEUETHO20 HUCAQ OTPANEHU,
He 3a8ucur oT suvlbopa €20 npedcTasierus.

HasoBeM npocTpaHCTBEHHBIMH JdgusceHuamu MNpPoU3-
BE/ICHUSl 4EeTHO2O HUCAQ OTPaXKEHHH.

JBuxennus o6pasyior rpynny. JIroboe [BHKEeHHEe MOXK-
HO MNpeaCTaBUTb B BHJE NPOHU3BEASHUA YETHOTO uHcCaAa
oTpaxKeHuid (B HauboOsee KOMIAKTHOH 3alUCH YHKCJIO OT-
paxeHuil paBHo 0, 2 uau 4). Ilpoussenenns neueTHoro
yuC/Jga OTpPaxkeHUu ABHKEHHSsiMU He SBJSETCA.

Viccnenyem Ttenepb aBTOMOpdu3M O6ojee noapoOHO.
Haunem ¢ aBTOMOp(QU3MOB, OCTABJAWIIUX HENOIBUXK-
HOH 3allaHHYIO TOUKY a:

Fa=a,
F=Sm .« o n Sl'

TToBTODSSA JJd TOUKHU @ yiKe H3BECTEble HaM IOACTAHOBKY,
noJayuaeM mJjs aBTomopdusmoB F mpencrassenue (1),
B KOTOPOM BCe IJIOCKOCTH, KpOMe, OLITb MOXKeT, S, co-
Iep:xat Touky a. Ho Fa==a, nmosromy mnocjnenHdas mJo-
CKOCTb Sj; TaKXKe CONEPXKHT TOUKY qQ.

Te e paccyXIeHHSI, TPOBeleHHbe OJs TOouekK b u ¢
(touku a, b, ¢ He JexaT Ha ONHOU NPSIMOH), NO3BOJIAIOT
NpeJCcTaBHTh aBTOMOP(HU3MBI [ B BHJe NPOH3BeIEHHUs
orpaxkenuit (2), rme mnJsockocrd Sy, ..., S; comepxkar
TOYKY a, mJjockoctd Si, ..., S;—1 — Touky b u mJIocKo-
ctu Si, ..., S;—2 — Touky c¢. CienoBaresIbHO, MJOCKOCTH
St, ..., S;_o cauBamTCa B OJHY IJIOCKOCTb. B 3aBucH-
MOCTH OT TOr0, 4YeTHO HJIM HeueTHO YHCJO #1, NPOH3Be-
nenve otpaxenu# Si, ..., Sy coBmanzaer K60 ¢ TOXKje-
CTBEHHBIM oToOpaxenuem [, Jau6o ¢ orpaxkeHnem Sj,
Tem cambiM npencraBgaeHde (2) aBromopdusmoB F, ocra-
BJSIIOIINX HENOABHUKHONA 3alaHHYIO TOUKY @, BEIPO¥AAETCHA
B NpOM3BeleHHe TPeX OTPAKEeHHH NPH HeueTHOM m U ABYX
OTpPaKeHUH NpPH YETHOM M.

HUrak, nycrte F — asromopusm ¢ HenodsuncHoti To4-
kot a. Tozda F donyckaer npedcrasrenue 8 sude npous-
gedeHusn 08YX uAu TPeX OTPaXdceHul OTHOCUTEAbHO HAO-
CKOCTel, codepaaujux ToYKky a.

CnepnoBaTe1bHO, 08UNCEHUS, OCTABAAIOULUE HENOOBUIN -

HOU TO4YKY a, NPeACTaBUMLI B BHIE NpPOU3BEJEHHS IBYX
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OTpaxeHHH H, TakKUM o00pa3oM, COBNajaarwT ¢ NOBOPO-
TaMH (ObITb MOXKE€T, Ha HYJIeBOH yroJ, TO eCTb C TOXK-
JIGCTBEHHBIM OTOOpaxKeHueM),

PaccMoTpuM NpPOU3BOJILHBIA aBTOMOPGHU3IM NpocTpaH-
cTBa [, He COBNaAaIOLII# C YHCTBLIM CABHUIOM HJIH YHCTLIM
nogopotoM. IlycTe & — mpousBosibHAA TOYKa MPOCTPaH-
ctBa. CyuectByer casur I, nepeBoidauinit Touky a B Fa:

Ta= Fa,
T 'Fa= a.

[Tockoabky aBToMopduam T—!F ocraB/aseT HeNOABHKHOM
TOYKY @, TO M3 A0KA3aHHOro paHee caenpyer, uto I 'F
COBNajaeT ¢ HEKOTOPLIM NMOBOPOTOM R, OTKyna

F=TR,

TO eCTb aBToMopdu3M [ npejscraBuM B BUJIE NPOHU3Beje-
HHSl CABUra W NOBOpPOTA.

Pasaoxum casur T Ha JBe COCTaBJACLIHE, OZHA H3
KOTOPBIX MapaJjiiesbHa, a Apyras neprneHIuKyJasipHa OCH
moBopoTta. [Iycte T; —caBUr BIOJAbL OCH moBopoTa, 1o —
CIBHT BAOJb MeprneHANKYyJ/JAspHOrO HanpaBJ/ieHHd, TOTra

T=T1T2
F=T1T2R.

Paccmorpum peiictBue aBToMoppusma TeR suiub Ha
KaKoi-HUOYyIb TJiaockocTH E, mepneHAUKy/JAdApHO# ocH TO-
Bopora R. CaBur Ty u noBopoT R 0TpaxaioT NJOCKOCTb
E Ha ce0s1, IO3TOMY HX mnpou3BegeHHe T9R TakiKe 0TO-
O6paxaet miaockoctb E Ha ce6s. Ha nnockoctu E aBro-
mophusm TR peficTByeT Kak aBHxkeHHe. I[lockosbky
HCXOJHBIH aBTOMOp®U3M F He coBnajaeT C YHCTHIM CJIBH-
rOM, TO TIOBOPOT R OT/IMYEH OT TOXKAECTBEHHOTrO OTOGpa-
xenusi. CnepoBatenbHo, ABHKeHHE ToR Ha muockoctu E
NeHCTBYET KaK MOBOPOT H HMeeT OJIHY HEeNOJBHKHYIO TOU-
Ky b. Ho torma TR — aBTOMOp(H3M MpPOCTPaAHCTBA,
OCTABJSIIOINIHH HENOMABHXKHOH TOUYKY b, TO ecTb COBma-
paiouui ¢ nosoporoM R;. Touka b u maockocts E nop
neficteHeM noBopora R; mepexonsiT B ceGs. Takum oGpa-
30M, OChb mOBOpoTa R; nepneHAUKyAsipHa NJIOCKOCTH E.

Hrak,
F — TlRl,
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rae [ — COBHUI BJOJb OCH NMOBOpoTa Ri. ABTOMOpP(QU3IMHI,
NpeacTaBUMble B BHJle NPOU3BeNeHUs NIOBOPOTA U CABHUTA
BJIO/Ib €r0 OCH, HAa3biBAlOTCS BUHTOBbIM OBUNEHUEM.
CIBHIH ¥ NOBOPOTHl MOXKHO pacCMAaTPUBATb KAK YACTHLIE
C/1yuyan BHHTOBOIQ JABMMEHHA: CABUIY — NPH YyrJe NOBO-
pora, paBHoM 0° nNOBOPOTHI — MNPHU HYJEBOM BEKTOpE
C/IBUTA,

Hrak, ece Osumenus 6 npocrpamcree — auHTOBbIE
osusteHus.

O6paTHoe yTBepXKjaeHHe (BCe BHHTOBble ABHXKEHUS —
JIBHXKEHHUSA) OUEBHIHO.

Hakonen, paccmorpum aBTOMOpPGhU3MBI, He SBJSIO«
muecsd ABHXKeHHsAMH. OmHa Pa3HOBHAHOCTb TAKHX aBTO=
MOp(HU3MOB HAM y»Ke H3BEeCTHA: 3TO — oTpaxkeHHd. HUrto
MOXHO cKa3aTb 06 OCTaJbHBIX AaBTOMODPGMH3MAX — «HE
JABHXKEHHUSAX», IPeACTaBUMbIX B BHJE

F=S3SQSI?

Ecau nnockocrn S, Ss, S3 napagsenbHb!, TO CYLIECTs
BYyeT IJOCKOCTBb Sy, Takas, uTo

S3S; == 8,5,

II03TOMY aBTOMOP(U3IM
F= 848181 = 84

coBMajfaeT ¢ OTPa)KeHMeM OTHOCHTEJbHO IMJIOCKOCTH Sy,
IlpenanosoxuM, 4To He Bce NJOCKOCTH Sy, Sp, Sz napaJ-
aeqbhbl. [lycTh, Hanpumep, niaockoctd S; u Sp mepeces:
KaloTcad (ocTanbHbple cJayyau aunajorvysbl). Torma cys
IleCTBYeT NJOCKOCTb S3, MNpPOXoAdmas uepes JHHHIO
nepeceyeHuss nJuockoctein Si, So M nepnenauKyAspHas
J0CKOCTH Ss3, H ellle 0aHa MJIOCKOCTb S|, Takad, 4TO

S,8,= SQS;
F= SasgS{.

B no/syueHHOM IpefcTaB/leHHH aBToMopduaMa F mIocKo-
cti S3 u S nepneHAMKyJaspHBL. B myuke mJockocTef,
cojepzxKallieM IjocKocTd Sp u S, nafiferca naockocts S,
NeprneHauKY/AsipHAs IJOCKOCTH S, ¥ ewe ogHa IJocs
KocTb S5, Takas, uTo

S,S,=S;S7.




3aMeruMm, uyTo MJIOCKOCTH S35, S3 B3aUMHO NepleHUKYy=
JSIPHBI TaK e, Kak H mjaockoctd S, S;. Hosoe mpen-
cTaBJeHde aBromopdusma [ uMeer Temepb BHI:

F=SSS!,

rje IJIOCKOCTh S3 meprneHAUKyaAspHa niaockoctsiM Siu S7.

[Tpoussenenue orpawenuii S»Si coBmagaer JH60 O
CIBHI'OM, BEKTOP KOTOPOro IapaJJelieH NJ0CKOCTH Sj,
JU60 C NOBOPOTOM, OChb KOTOPOro (JHHHS IepeceyeHHs
nJjockocreit Si, S3) nepnengHKyJaapHa nJjaockoctH S’.
B nepsom cJayuae oTo0paikeHHe Ha3blBAeTCH HEPeHoCo.At
¢ OTpaoiceritem, BO BTOPOM — HOBOPOTOM € OTPAXCEHUEM.

Ilepenoc ¢ orpakeHunem Mbl [10JIy4UM, BBINOJHHUB CHa-
yaja CHABHI, a 3aTeM OTpaxKeHHe B IJIOCKOCTH, KOTOPOH
MPUHALJIe:KUT BeKTop casura. [lpy nmoBopore ¢ orpaxe-
HHeM MBI CHayaJa NPOHM3BOAUM [OBOPOT, a 3aTeM OTpa-
>Ke€HHe B IIJIOCKOCTH, NepHeHIUKYJAAPHOH OCH INOBOPOTA.
OTpaxkeHde MOXKHO CUHTAThb YACTHLIM cJyuyaeM H Iepe-
HOCa C OTpakKeHWeM, M NOBOPOTA C OTpaAXKEHHEM.

Hrak, dsuncenuss npocrpancrea A8AAIOICA BUHTOBbI-
Mmu OsuscerHusmi. Bece ocrarvrsle asromopdusmsve npocr-
PAHCTBA UCHEPNBIBAIOTCA NEPeHocamu ¢ OTPaNceHuem u
nOBOPOTAMU C OTPUNCEHUEM.

JiBasieTcss /M JaHHLIHE aBTOMOP(PHU3M [ABHXKEHHEM HJH
HET, Ha IJIOCKOCTH ONpefesieTcss TeM, COXpaHseT JH
NaHHbIA aBTOMOP(HU3M OPHEHTHPOBAHHbBIE YIJ/bl HJIH HU3Me-
HseT UX 3HakK. CyulecTByeT Ju B NPOCTPAHCTBE aHanlo-
TMYHLIA KpPUTEPUH, NO3BOJAILIUA OTAMYATh ABHIKEHHS?
[Ipexxne yem Mbl cyMeeM OTBeTUTb Ha 3TOT BONPOC, HaM
MOHAAOOHUTCA JAOBOJLHO AJHHHOE OTCTYIJIEHHE.

OpueHrauus

O6biyHO, TOBOPSI O NPOCTPAHCTBE, MBIl UM&eM B BHAY
TpexXxMepHOe TNpPOCTPAHCTBO, B KoTopoMm xkuBeM. Ilox
n-mepHoim npocrpaqcreom (n=1, 2, ...) MareMaTHkK
MOHHMAaeT MHOXKECTBO 3JeMeHTOB, HJU TOueK, IpejcTa-
BUMBIX B BHJe JUHeHHbIX KOMOWHALHUH HEKOTOPbLIX Bbije-
JIEHHBIX 3J/IeMEHTOB, TO eCTb B BHIE CYMMBI BbLlJe/]eH-
HBIX 3JIEMEHTOB, YMHOMKEHHbIX Ha AeHCTBHUTEJbHLIE
yrcaa. YHCJI0 TaKHWX BbIGJEHHBIX 3JEMEHTOB CAYKHT
Ba*XHOH XapaKTepUCTHKOW [POCTpAHCTBA M coBnajgaer ¢
€ro pasmepuocToio. COBOKYNHOCTb BCeX BLIJIGJEHHBLIX 3.1e-
MEHTOB Ha3blBaeTcd 0asucom MpPOCTPAHCTRA.
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HauneM C OJHOMepPHOro IpPOCTPAaHCTBA — C MNpPSIMON.
Ee cTpyKTypa onpenensiercss nmoHATHEM PACCTOSHUS MeEX-
Ay AByMs TouxamMu. CTOMUT 3aaatb Ha NPAMOH IPOH3-
BOJIbHO BBIOpaHHLIA OTpe30K, MNPHUHAB ero AJAHHY 3a I,
KaK, YMHOXKasl ero Ha [ACHCTBHUTEJIbHbIE YHCaa, Mbl NOJY-
4aeM BO3MOXKHOCTb H3MepATb PAaCCTOSHHUS MEXKAY JIo-
ObIMH ABYMS TOYKaMH.

Mrak, ykasas Ha npsMoil Jwo6Lle IBe TOYKH, MbI MO-
K€M CKasaTb, yeMy paBHO pacCTOSIHHC MeXKAY HHUMH.
MIMeHHO 3TO HMeKT B BHAY MaTeMaTHKH, KOrga rOBOPAT
O TOM, 4YTO IpsIMasi HaJejleHa METPHYECKOH CTPYKTYpPOil.
OtoCpaxKeHUsIMH, COXPaHAMIIUMH MeTPpHYECKYIO0 CTPYK-
TYPYy TNPpAMOH, — asTomop@u3armaru 3TOH CTPYKTYPHI —
CJAYKAT CARUI'H M OTpaKeHUs OTHOCHTENbHO ToueK. Onu
o0pasyioT rpynny — rpynny asToOMOpdH3MOB MeTpHue-
CKOH cTPykTypbl npsimo#i. Casurun o0Opasyiol NOATpynny
stoit rpynnbl. CylllecTByeT JIM Ha NPSIMOH HEUYTo Takee,
YTO COXPaHsJIOCh Obl MPHU CABUrax, HO MOIJIO Obl H3Me-
HATLCI NpPH APYTHX aBTOMOD(@H3MAax.

Ha, Ha npsMou cyuiecTByeT eule OfHa, GoJee «nep-
BHUHas» (IO CPpaBHEHHID C MeTPHUYECKOH) CTpPYyKTypa —
TaKk HasbiBaeMad cTpykrypa nopanxka. Ctos Ea npsaMmoil,
MOXKHO OTJIMUMTbL HalpaBJieHHe «HaNpaBO» OT HampanJie-
HUsl <«HaJeBO», WJH, eCJH NpeacTaBidThb celbe npaMylo
B BHIe OCH BPEMEHH, OTJHYUTL Npollioe oT Oyayuiero.
UTo HasbiBaTh NpaBbiM K 4TO JeBbIM, 0€3pas/auyHO U 3a-
BHCHT Bcelleso OT Hailero BKyca. Ho kojib ckopo BBIGOpP
IPOH3BE/IeH, TO MNpsMasi CTAHOBUTCS OPUEHTUPOBAHHOU.
OpueHTAUUIO MOXKHO 3a7aBaTh CTPEJKOH, YKasbiBalolllen
HanpasJeHHe cjaeBa Hanpaso. Brpoyem, JocTaTouyHO 3a-
JaTh OpHeHTauulo 06a3ucHOro (eIUHUUYHOTO) OTpEeskKa,
yTOOL! 3HATb, KAK OPHUEHTUPOBAHBI JIIOOble OTPEe3KU H BCH
npamas.

[IpsiMyl0 MOXKHO OpPHEHTHpPOBATbL ABYMsl crnocoGami.
[Ipu onHON OpHEHTALlMH TOYKA @ JIEKUT cJeBa OT TOUKH
b, npu Apyroit — Touyka b JexHuT caesa oT ToukH a. OCe
OpPHEHTAlUU NPSAMO NPOTHBOMOJJOKHEL.

B yeM COCTOHMT pasJjiuuHe MexX Oy CABHTaMH H OTpaxe-
HussMu Ha npamoit? Ilpu caBurax opuenTauusa npsamon
coxpaHsieTcsl, NPH OTPaxKeHUsX — H3MEHsAeTcs Ha Mpo-
THBOIOJIOXKHYIO.

Ecau npsamast HageseHa o6enMH CTPYKTYpaMH — Mer-
pDHUECKOH CTPYKTYPOH H CTPYKTYPOH OJIH30CTH, TO Irpynna
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aBTOMOpP(MH3IMOB INPIMOHU CYXKaeTcd: B HeH OcTawnTcd
JIHIbL cABUTH. ['pynna aBToMOp(pH3IMOB METPHUCCKONH npsi+
MOIi COIEPKUT CABUTH H OTPa:KEHUS OTHOCHTEJIbHO TOUYEK,
rpynna aBTOMOp(U3MOB MeTPHUECKOU OPHEHTHPOBAHHOU
NPpAMON COAEPKHUT TOJNLKO CABHIH,.

Ilepelinem K [aByMepHOMY NPOCTPAHCTBY — IJOCKO-
CTH, HajJeJeHHOH OOCBLIYHON MeTpPHUUECKOH CTPYKTYpOH
(maa 11000 napbsl TOYeK MJAOCKOCTH pacCTOSIHHE onpe-
leqeHo, Kak oObluHO). ['pynma aBTOMOpP(HU3MOB B 3TOM
c/Ayyae COCTOMT H3 CIBHUrOB, MOBOPOTOB U MEPEHOCOB C
oTpaxkeHUsIMH. MOXHO /MKW BBECTH Ha MJOCKOCTH CTPYK-
TYpy OJIU30CTH?

CTosl Ha MJIOCKOCTH ¥ PACKHHYB DYKH B CTOPOHBI, MBI
MOXKeM HaMeTHTb MNpAMYI0, OPHEHTHPOBAHHYIO, Hanpu-
Mep, cjaeBa Hanpano. [iBurascb JHilb BIOJbL 3TOH NpA-«
MOH, MBI MOXKE€M 3aHMCTBOBATb MAJfl JexXKAalWKX Ha Hell
TOYEK TJIOCKOCTH CTPYKTYpy OJIM30CTH, BBEJEHHVIO HA
npsMmoii. Ha ocu BpemeHH HaM NpOCTO HE OCTaeTcs HU-
yero JpPYroro: BEepHyTbCs HAa3ajd BO BPEeMEHH HeBO3MOX-+
HOo. Ha nJjocKocTH Mbl MOXKEM COHTH C NpPAMO, MOBEP+
HyTbest Ha 180° u cHOBa CTYynHUTh Ha Hee, NO-TIpeXKHEMY
3ajJaBasl OPHEHTALHI0O DACKUHYTHLIMH B CTOPOHLI pVKaMH.
OuyTHUBLIKCH CHOBAa HAa NpPsIMOH, Mbl 3aMETHM, UTO OpH-
eHTaluss ee H3MeHHAachb. o H3MeHUJOCH He TOJNbLKO
HanpaBJieHHe «CJeBa HalpaBo», HO W HanpaBJ/ieHHe, B KO-+
TOPOM MBI CMOTPHM, T8 NPSIMO nepen co00H,—HamnpaBn-+
JleHHe «Brepen — Ha3an». Ha n/j0oCKOCTH MOHfATHe <«HAa-
JICBO — HANpaBo» HMeeT CMDLICJ] JIMUb TOr[a, KOTJAa OHO
CBfI3aHO C IOHATHEM «Bleped — Hazaa». CBS3b Mexi1y
TeM U APYTuM onpepessiercd Komanaamu: «Hanpagpo!» u
«Haneno!s Ilo komanpme «Haneso!» Mbl HOJIXKHBI NOBep-
HyTbcsl Tak, yToObl Hallla npaBasi pykKa yKasbiBana Tyja,
rie paHbile ObIJI0O HANpaBJEHHUE «BIepel».

B nByMepHOM NpoOCTpaHCTBE — HA JIJIOCKOCTH — Cyllle-
CTBYIOT JIBa He3aBHCHUMLIX 0a3UCHBIX 3jeMeHTa. Ecau Mbl
B3AyMaeM NEpPeBOAUTbL OAUH H3 HHUX B JADPYroli, TO TeM
caMblM KaKHe-TO TOUKH IJIOCKOCTH OKaXyTcss OpoOlLleH-
HBIMH Ha NpOHu3BOJA cyabObl. Tperbero 6asucHOro 3Je-
MEHTAa Ha IJIOCKOCTH He CYUIeCTBYeT.

OpuenTuposars NAOCKOCTb 03HAYAeT yKa3aTb, B Ka-
Kyl0 CTOPOHY CJleyeT NOBOpayuBaThcs N0 Komanue «Ha-
npasol» ¥ B KaKylo —no KomaHae «Hausero!» Cpesnartb
9TO MOXKHO 4eThLIPpbMA Pa3nHuYHBIMH crnoco6amu. [Ipexne
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BCEro HeoOXOAMMO 3agaTh OpPHEHTallHI0 Ha JA1000u mnpf-
MOH M YCTaHOBHTb, KaKasi U3 ee CTOPOH ofOpallieHa Bre-
pen. TeM cambiM opuHeHTaLllsl H HalpaBJieHHE <«Blepea»
OynyT 3apaubl Aas Bcex mnpaMbix. IlpaBpa, BepHyBUINCDH
Ha NpsSMYIO Tocje MNPOTYJAKH IO MJIOCKOCTH, Mbl MOXKeM
Oo0HapyKHTb, UTO HaNpaBJeHHUA «BNEPEN» H «Haszaja» no-
MeHsJINCh MeCTaMM TaK ke, KaK H HalpapJeHUs «HaJles
BO» H «HAIpaBO», HO NOBOPOT «HAJEBO» OCTAHETCH TOBOS
POTOM «HaJIeBO».

OpueHTaUHUIO MJOCKOCTH MOMKHO 3anarb TakKxke IMpH
MOMOULH JABYX OPHEHTHUPOBAHHBLIX llepeceKaloUluxcs nps-
MBIX: mnepBas npsamas OyaeT YKa3bBaTb HalnpaBJeHHe
«CJieBa Hanpaso», BTOpas —

HalpaBJeHHe <«Bhnepea» (m
TEM CAMbIM IPOTHBOIMOJIOXKHOE
HanpaBJieHHe «Hasang»). Ho
OpUEHTallUus MJOCKOCTH 3aBH-
CUT OT TOro, Kaxkyio H3 nps-
MBIX MBI COUTeM [MepBOH H
Kakylo — BTopol.  Opuenra-
LLMI0 TJIOCKOCTH  HAarJsgHoO
MOXKHO  3ajaTh, HauepTHUB
3aMKHYTYl0 KpPHBYIO C YyKa-
3aHHBIM Ha Hel Hanpas,Je- Puc. 100.
HueM ob6xonpa (puc. 100).

Mrtak, Ha KaxXayx0 HEOPHEHTHPOBAHHYIO TMJIOCKOCTH
IIPUXOAUTCS 1O JBe OpPHEHTHPOBaHHHE. ABTOMOp(pHIMaMuU
HEeOpHEHTUPOBAHHOH METPH30BAHHOH MJOCKOCTH CJyXKarT
CABHTH, TMOBOPOTHI H TMepeHOCH ¢ oTpaxeHusaMmu. [lpu
nepexoae K OpPUEHTHPOBAHHOH TMJIOCKOCTH IIEPEHOCH C
OTPpaXKeHHUSIMH «BbBIMEDP3aloT», IIOCKOJIbKY €C/JH BCTaTb Ha
OCb CHMMeTDHUH, TO HallpaBJleHHEe «CJieBa HalpaBoO» IpH
OTpaxKeHHH COXpaHseTcs, a HalpaBJ/JCHUE <«BMNepea» H3-
MeHsieTCsl Ha NpoTUBONOJOKHOe. Ha npsmo#, nepneHau-
KyJdpHOH OCH CHMMETPHH, NPH OTPAXKCHHH H3MeEHseTCHd
HanpaBJ/JeHHe «CJeBa HallpaBo», HO COXpaHdAeTCsd Halpas-
JNenue «Bnepea». M1 B Tom, v B APYroM ciayuyae OpuHeHTa-
LU He OCTAHETCHd HEH3MEHHOH.

3ajagHe OpHEHTAUHH Ha IJIOCKOCTH — He DPOCKOLIb.
OpuneHTauus HyXxHa XOTd OH JJisE TOro, 4TOOKI 3HATb, B
KaKyl0 CTOPOHY KPYTHTb PyuKy KodemoJku. EBKANA mpe-
HeOper opHeHTauued MJIOCKOCTH. Bce cBOM mocTpoeHus
OH MPOBOAMJA HA HEOPHEHTHPOBAHHOH IJIOCKOCTH, H TIO
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Tpaanuink ero llpruMepy KW [IOHLIEC CJACAylolT B HIKQJE,
M xota EBk/aun He HMesJ npelcTaB/eHHs O KodpeMoakax,
npeHeOpeXKeHHe OPHEHTAIKEHN NMJOCKOCTH YyXkKe B €ro Bpe-
MeHa MPHYHUHAIO H3BEeCTHble HeyJ06CTBa MNPH MONKITKaX
NPaKTHYECKOr0 TNpPHMEHEHH TeOMeTPHYECKHX TeopeM.
PaccMoTpuM, HanpuMep, CTOJNbL Ba)XHOe TNOHSATHe, Kak
yroi. EBKJHI Bceraa CyHTaeT YIibl INOJOXHTEAbHBIMH
H npuHumawinumu snavenus ot 0° no 180° (y Eskanpa
3TO BBIPA:KEHO HECKOJbKO HHaue, ITOCKOJILKY OH He 3HaJ
rpaaycHoiit mepnl). Hdag EBkiauna Bce npsiMmbple yriibl paB-
HBI, JUVIS acTPOHOMAa W TeOLe3HCTa OHH MOryT ObITh pas-
HbiMu. Ecau acTpoHOM M Teofe3HCT OTMepsT BAOJL Me-
pefMana Jyry, CTATHBAIIYI0 [pPIMOH LEHTpaJibHBIA
YroJ, HO OWHUOYTCSA NPU BbLIOOpE HANPABJACHHS, TO HHYETO
XOpOUIero M3 3TOTO He uoayuurcs. Ecau 3a Hauajao oT-
cueta Ayrd NPHUHITL 3KBATOP, TO, NPOHIAS BAOJIb MepH-
ApaHa AYyry B 4eTBEPTb OKPYKHOCTH, MOMKHO OKasaTheCsl
He Ha CeBepnoM, a Ha HO:noMm nontce. Pasymeercs, Bo
n3bexkaHue noaoOHLIX OlIHMOOK MOXKHO BBOAMUTH BOCTOY-
HYI0O H 3aNajHyl0 JOJIrOTY, IOXKHYIO H CEBEepHYlo IIu-
pOTy, OAHAKO 3TO [AOBOJLHO TPOMO3IKO H He CJUILUKOM
yao0Ho.

Ho B oanu npexpacHbifl AeHL TPaHCIOPTHpP C Ayro#
B 180° 3amenmin TpaHcnopTupoM c ayroi B 360° u che-
Jaiud BUA, OYATO N0/b30BATLCA TAKHUM TPAHCHOPTHPOM,
cozepKauluM TpaZyHPOBAHHYIO MOJOBHHY OKDYKHOCTH,
oueHb npocTo. Ecau TpebyeTcss H3MepUTh YroJ, 10 TpaHC-
MOPTHP HaAKAAAbIBAIOT HA NJOCKOCTb TakK, yTOGbl OJHA
cTopoHa yrJsa (xakasg HMeHHO — 0e3pas3J/iuuHO) CcOBMe-
CTHJACh C HyJ/JeBBIM JeJieHHeM IlIKaJbl, BepliHHa Yyrja
COBIAaJa C LIEHTPOM MOJYOKPYKHOCTH, a JApyrasi CTOpOHa
yrja mnepecekasna TmnoJyoKpy:KHOCTb. OTMeTKa IHKaJbI
TPAHCIIOPTHPA Y TOYKW MepeceyeHUss COOTBETCTBYeT Be-
JUUYMHe H3MepseMoro yrJaa. Pacnosaras TpaHcnopTHpoM
cO LUKAJIOH, OXBAaTBIBAIOLLEH NMOJHYIO OKPYXKHOCTD, NPEXK-
Je 4YeM IPUCTYNUTb K H3MEepEeHUsAM, MbI JOJKHBI e€lle
BhIGpaTh ONUH M3 JBYX YIJIOB — yKa3aTb B SIBHOM BH]E,
KaKyl0 H3 CTODOH yrJa CYHTAThL HENOJBHXKHOH H KaKylo
noasu:xkHol. «HenoasukHasi» cTOpoHa yrjaa npPOXOAMT
yepes oTMeTKy 0° «[OABHXKHAsA» YKAa3bIBaeT OTMETKY
IIKaJbl, COOTBETCTBYIOILYIO BeJHYMHE Yriaa (BepllHHA
yr/Ja coBMelleHa ¢ LLeHTpOM OKpyxHoCTH). Ecan cropo-
Hbl yrJ1a NOMeHSITh POJISIMH, TO, Hanpumep, yrosa 90° npe-
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Bpatutca B yroJ 2707, uwau —90°. Ho 310 enle He Bce.
Ecan mbl cayuaino mnepeBepHeM (Mpo3paumblii) TpaHc-
NOPTHP HA JPYryl0 CTOPOHY, TO BCe YIJIbl H3MEHSIOTCA
TOYHO TaKHM Xe o6paszom u BMecTo 90° Mbl nosaydum
270°. Kax usbexkatb Tako#l HenpHsTHOCTH? MOKHO, KO-
HEeYHO, BOCIOJIb30BaThbCsl UudpaMH Ha IUKaje TpaHCNOp-:
THpa: CJEJUTb 3a TeM, 4TOGbl, Hampumep, Uudpa 2 Bbl=
rasgjena, Kak 2, a He Kak 3epKaJbHOe OTpaXKeHue ABOil-
K. Ho OTVIHYUNTL ABOHKY OT ee 3epKaJbHOTO OTpaKeHHd
HaM yjactcsl JIHIIbL Ha OPHEHTHPOBAHHOH IJOCKOCTH.
TpaHcrnopTHp ¢ Kpyr/ao# UIKajJo#d npuroged AJs HCIOJb-
80BaHHA JIMIIL HA OPHEHTHUPOBAHHOH IJIOCKOCTH.

Brnpouem, ecau roBopuTh 0 «cCrnocobe ynoTpedaeHusd»
KPYroBOro TpPaHCNOPTHPA, TO HEJb3s1 He INpPH3HATb, YTO
KOe-KakKle KOHIBl y Hac Bce xe He cxoaarcs. [lomab3ysich
TaKHM TPAHCIOPTHPOM, Mbl OTHIOAb He HAXOAMMCH B Ca-
MOH TMJIOCKOCTH, a HaKJaJAblBaeM ero Ha IMJiOCKOCTb M3
npoctpadctsa. C Kakod CTOPOHLI MBI JOJKHB CMOTPETH
Ha TPaHCNOPTHP B NPOCTPAHCTBE?

Tak BO3HHKaeT BONPOC OTHOCHTEJBHO OpPKEHTALHH
TpexMepHoro npoctpancrea. Komauasl «Hanpasoly, «Ha-
JieBO!», NIOMOraslliie HaM YCTaHOBUTL OpPHEHTALHIO MJO-
CKOCTH, OKa3blBaloTcss OecrnoJie3HbIMH B MNPOCTPAHCTBE
Tak XKe, KaK «HanpasJ/ieHHe, HAYllee CJieBA HaNpaBoO,
NpH Nepexosie OT NpsiMOil K MJOCKOCTH. Hallle BCEero Mol
9TOT0 Jaxke He 3aMeuaeM, TIOCKOJBKY NPOBOAHM BGOMBLILYIO
YacTb XHU3HU HaA INJOCKOCTH, TOYHEE, HA OrpaHUUYEHHOH
yacTH 3eMHOH noBepXxHOcTH. KoManna «HaneBoly mmeer
BIIOJIHE OJHO3HAYHLIH CMBIC/I, NIOCKOJILKY KaxKJAOMY SICHO,
YTO BBINIOJIHATL €€ HYXHO, CTOsl Ha HOrax, a He Ha ro-
Joe. Ecau komy-HuOyap [A0BesioCcb Obl BBINOJHHTH
komaHay «Haasesol!», ctost Ha rosose, TO cayuaiiHble Oye-
BHIUDB 3TOrO HEOOBLIYHOro 3pejuina O0OBACHU.IH Obl eMy,
YTO OH I[IOBepHYyJICS HanpaBo. KTO He BEpHT, MONKET HC-
npo0oBaTh 3TO caM (pa3ymeeTrcsi, Ha COOCTBEHHLIH CTpax
u pHuck). UroObl u36aBUTh yuTaATENS OT OMACHOCTH CBep-
HYTbH We0, NPefI0oXKHM eMy CAeAYIOIIHHA 3KCIepHMEeHT.
Hy»xXHO B34Thb Kapanjaill, TPaHH KOTOPOro OKpalleHbl B
yeThipe 1BeTa, NOCTaBUTh ero nepen co6oil 1 HayaTb Bpa-
uate BJaeBo. (Ecau uydTartesb He 3HaeT, YTO TaKoe «BJe-
BO», MBI COBETYeM eMY 3axKaTh KapaHjall MexXnay Jajo-
HSIMH ¥ BpalllaTh, [BHTasd NPaBYyIO pYKy BHepen, a JEBYIO
Hasajn. [ ne npaBasi pyka, a rie — JeBasl, 3HaeT KaxKAbli.)
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[lepen HaMu onaHa 3a jApyrou OyAyT NpOXOAHTb pal3HO-
LLBeTHbIE TPaHM: KpacHas, yepHas, 3ejeHas, cuussa. Ecan
MOCTABUTb KapaHAall HA CTOJA APYrHM KOHIOM W CHOBa
HayaThb BpallaTb €ro, TO NOCJAEAOBATEAbHOCTb, C KOTO-
DOl CTAHYT CMEHSATbCA TpaHH, OYAeT MPOTHBOMNOJIONKHOM.
O6a pasa Mb KpyTHJH Kapanjam B JEBYIO CTOPOHY, HO
caM KapaHpjall, BAaled OH JapOM peuH, cka3aa Obl, 4TO
OAMH pa3 ero KpPyTWIH BJeBO, a Apyrod — smnpano. Bo-
o6pa3uM Tenepb, YTO Nepel HAMHM He KapaHpall, a TaH-
nop. Ecau oH, BaabCHpys, eJael NOBOPOTH B JEBYIO
CTOPOHY, TO Mbl YBHINM (I1C MOPSAAKY) €ro JAulo, npasoe
yX0, CIIHHY H JseBOe yXxo. Ecau 6bl TaHIOp npojenaJ Te
»Ke 11a, CTOS1 Ha ToJIOBe, TO Mbl yBUIe/sH Obl cCHayazaa ero
JIEBOG yXO, NOTOM CIHHY, PpaBOe YXO M JIHIO.

K nByM BbigeNleHHHBIM OAa3HCHBIM 3JIeMEeHTaMm Ha IJ0-
CKOCTH B TPeXMEPHOM IMpPOCTpPaHCTBe Jo00aBasieTcs elle
OJUH, TPETHH, 37eMeHT. Halle npocTpaHCcTBO MOXKHO «Ha-«
TSHYTb» Ha TPU H TOJNBKO TPH BblAC/JEHHDLIX HaIpaBJeHH.

Uto 03nauyalT B OPOCTPAHCTBE BHIPA’KEHHUA <«HATpa-
BO» W «HAJEBO», 3aBUCHT €llle U OT TOr0, KaKk NOHUMATD
BLIDAXKEHUS «BBEpX» KW «BHU3». B OGOMBIIHHCTBE Cjayuaen
ICHO, I'le BepX W TJe HHU3, U [10BOPAYHBATbCH HAaJEBO
HaM NPHXOIUTCH, CTOSi He Ha ro.oBe. Pyuky kode#HOH
MEeJbHHUBl COrNAaCHO NPUNCKEHHOH HHCTPYKLUHUHM Hamje-
KUT KPYTHTb BIpPaBo, a O TOM, 4TOOBI MepeBepHYTb KO-
(QeHHYI0 MeJIbHULY «BBEepX TOPMALUKAMHU» He MOXKET OblTh
¥ peuH: H3 Hee BhIChIIANHNCh OBl Bce KodeliHble 3epHa.
['opasjno TpysaHee JOroBOPUTLCA O TOM, TAe npaBast CTO<
poHa H rjae Jesas, ABYM JI0AAM, €CJAH HM HYKHO MNpH=
BECTH BO BpallleHHe CJeBa HanpasC KOJECO HJAH TOYHJb-
HbiH KaMeHb. «[IpaBoe» u «/1eBOe» B NPOCTPAHCTBE HMEIOT
CMBIC/] JIMUIb TOTrAd, KOrja OHH CBfI3aHBl C MOHATHAMI
«BepX» W «HU3». JIIOASM HeOOXOAUMO YCJAOBHTLCSA O TCM,
KaKyl0 CTODOHY IJIOCKOCTH KoOJieCa Ha3blBaTb BepxHe(l
K Kakywo — HUxkKHeH. Heo6xonumMo Takxke, Kak TOBOPAT
enle, 3a/1aTb OPHUEHTALUIO OCH — 8eKTOp, HaNpaBJeHHBI(I
CHU3Yy BBepX. Ecau sexkTop ocu He 3amaH, TO TNOHATHA
«[IpaBoe» U «J/JA€BOE» yTpauyuBaloT cMbica. Ha OkKOHHOM
cTeKse Hanucanu uudpy 2. CHapyxu HUAM U3HYTpU? Ee
BePXHSAS1 4acTb — «JebelnHas liesd» — U30rHyTa BOPAaBO,
ecqd cMoTpeThb... (Kak TyT we BCNOMHHTH TOYHble yKaza-
HHS OTHOCHTEJBHO TOro, KakK [10J1b30BaTbCS KPYTJLIM
TPaHCIOPTUDPOM. )
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CBfI3b «PaBOTO» M <«JEBOTO» C MNOHATHIAMH <«BEpX»
i «HH3», Hamnpas/JeHHS BpalleHUs KoJeca ¢ BEKTOPOM
oCH TMPHUBOIAAT K OpHEHTALHH npocTpaHcTBa. CyLIEeCTBYIOT
peanbHblE MpeAMEThI, B KOTOPHIX 3Ta CBs3b BOIIOLIEHA
B MeTaJljle: BUHTH, WITONOpbl U OypaBbl. [leped HaMu Ha-
XOONUTCS npasotli 8UHT, e€CJU HUTH pe3b0Obl HAYT CAe8Q
U CHU3Y Hanpaso u 8gepx. DTO OlpelesieHHe He 3aBUCHUT
OT HAILEero pacroJ/iOXKeHUsA OTHOCHTEJNbHO BUHTA. MBI MO-
3KeM OOOUTH BUHT W BCTATb C NPOTHUBONOJIOKHON CTOPOHBI
ero, MOXeM BCTaTb Ha roJioBy. (Jlyuuie Bce-taku nepe-
BepHYTb BUHT!) [lpaBell BUHT —3TO KOMOHUHAUUA [BU-
JKEHHS C/eBa HampaBO W BHYTPb (BHHU3) HJM CrpaBa Ha-
JIeBO U Hapyxky (BBepX). CTOUT HAM 3aMEHUTb IBHUKEHHE
cJeBa HampaBoO [BHXKEHUEM ClpaBa HaJ/JeBO uAu ABUKeE-
HHUE BHI3 ABHXEHHEM BBEpX, KaK [PAaBblii BUHT nepenjger
B JeBbld. Ecay e Mbl OJHOBPEMEHHO IpPOH3BeaeM 00e
3aMeHbl, TO NPABBLIH BUHT OCTAHETCS IpaBbiM BUHTOM. | 0-
BOpsl O Bpallamwlleica BOKPYr CBOel ocu 3eMJe HJAH O
BpalllaloumeMesi 3JeKTpOHe, HeJab3sl C€Ka3aTh, B KaKylo
CTOPOHY OHH KDYTSATCS: HAMPaBO UAM HaJero. OTBeT 3as
BHCUT OT TOrO, KyJa MLl HampaBUM OCb BpalleHus. 3eM-
Jif, Bpaulamuiascsa BOKPYr CBOEH OCH, HE OPHEHTHPOBAHA
B rnpoctpaHcrse. Ho CTOMT HAM NpHCOENHHUTH K CYTOY-
HOMY BpallleHUI0 3eMJIH BEKTOp OCH (BbIOpaB €ro Hampan-
Jeure oT HOxkHoro noatoca k CeBepHOMY) W N0GABUTH,
YTO «BHHT HOJI)KeH ObIThb JI€BBIM», KaK Hallle NpOoCTpaH-
CTBO CTAHET OPHEHTHPOBAHHBLIM.

3ajaBas OpHeHTALUI0 HA NPSAMOH, MBI BbI6HpaeM Ha
Heli JBE TOYKH M TOBOPUM, YKa3biBag Ha OAHY M3 HHUX:
«JdTa JEeXKUT cJeBa». BBoas OpHeHTALHWIO HA MJOCKOCTH,
Mbl OTAAeM MpPeaNnOYTeHHEe OlpeIeIeHHOMY HalpaBJEHHIO
BpalleHHs, KOorga OOBsCHAEM, KaK CJAeAyeT BHITIONHATH
NOBOPOT <«HaJsieBo». IIpocTpaHCTBO o0OpeTaeT OpHEHTa-
M0, KOTrJa MB YKa3blBaéM BHHT, KOTOpPbIH Ha3bIBaeM
JIeBBIM BWHTOM. BMeCTO BHHTA MOXKHO OBblJIO OB B3fThb
OPDHEHTHPOBAHHYIO NJOCKOCTb, YKa3aB, Kakas H3 ee CTo-
POH CUHMTAeTCsl BepXHed H KaKas HUXKHeH (IOJOXKHTesb-
HON HJIH OTPHIIATENbHOH), HJAH NPOTKHYB €€ KaKUM-HH-
Oyap BekTOpoM. OpHeHTAUHI0O INPOCTPAHCTBA MOXKHO
YBUOETh HATJASAAHO, 3a4aB TPHU B3aHMHO MepNeHAHKYJISp-
Hble OpHEHTHPOBAHHLIE NpPAMBIE Xi, Xz, X3. B mnockocru
X1Xo OpHEHTAllUst 3aJaeTcd HampaBJieHHeM 00Xoja TOUYKH
nepeceyeHusl NPAMBIX X; U X, NMPU KOTOPOM OT OCH X
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K OCH X9 MO:KHO mepeiTH, onucas yroa 90°. Hanpasaenue
OCH X3 BbIOHUpAlOT 3a HanpaBJ/JeHHEe BekKTOopa oOcHu. [Aasd
YCTAHOBJIEHUS OpHEHTAllHH MNPOCTPAHCTBA MOXKHO BOC-
10/Ib30BAaThCA BOJUKOM. ['0BOpsi O BOJYKe, MBI HMeeM
B BHAY KPYIJbIH OMCK ¢ OPHEHTUPOBAHHLIM KpaemM H C
IepAeHAUKYASAPHON ero MJO0CKOCTH CTPeaKod B ILeHTpe
(puc. 101). ¥Y3abl Ha BepeBKe TakKxXKe 3a7alOT OpHeHTa-
LI{IO NpOCTpaHCcTBa: uTOOb YOEAUTHCA B 3TOM, ACCTATOYHO
00paTUTh BHHUMAaHKE HA BHHTOBOE [ABHIKEHHE, KOTOPBIM
Mbl HAauuMHAaeM 3aBA3bLIBATH

l y3es («IpaBWWy» MPeANOuYHTA-

IGT OMMCBHIBATb KOHIOM BEpEB-
KU Mnpasblid BUHT). Ho Bca-«
KHH pas, KOrja Mbl CTpPOHM
B IIPOCTPAHCTBE <«BHHT», He-

i 00X0QHUMO J00aBJAATh: «IDTCT
BUHT MBI Ha3bIBAeM [MpaBbiM
HIH  TON0XKHUTeAbHBIM», (He-

' KOTOpbl€ HAa3LIBAIOT NOJOXKH-
_ Te€JbHbLIM JIEBLIH BUHT.)
! Ha xaxnpoe HeopueHTHpO-
BalilHOe MeTpUYeCcKoe TMpocT-
Puc. 101I. PaHCTBO IPHXOAATCA ABA OpU-

eHTHpOBaHHLIX. To, uyTO B
OJHOM M3 HHX 3ajaeT JIeBblil BHHT, B IPyroM onpeje-
JsieT IpaBbIi.

ABToMopdHu3MamMu 06BLIUHOTO METPHUECKOTO MPOCTPAHH
CTBA CJY:KAT BHUHTOBbIE JBUKEHHS, NMEePEHOCHI C OTpaxe-
HUEM W [OBOPOTHI C OTpakKeHueM. B OpHEHTHPOBAHHOM
IPOCTPAHCTBE U3 aBTOMOP(PU3IMOB OCTAIOTCHA JAHIIL BHH-
TOBble ABMKeHus. [Ipu oTpa>keHuWW B 3epKaJje Npapbli
BUHT NEpPEeXOAUT B JeBbIH (eCJH OCb BHHTA JICXKHUT B [JIO-
CKOCTH 3epKaJa, TO W3-3a U3MEHEHHs Ha MNPOTuBOIMOJOXK-
HOe HampaBJieHHe [0BOPOTA; €CJAU OCh BHUHTA MepreHIHu-
KyJsipHA MJOCKOCTH 3epKa/ja, TO H3-3a ONPOKHUABIBaHUA
BEKTOpa OCH).

Kakoe npocTpaHCTBO, HEOPHCHTHPOBAHHOE HJH OpH-~
EHTHPOBAHHOE, HEOOXOAUMO LJisl ONUCAHUA ABJCHHN npu-
poost?

Mo:XHO He COMHEBATbCSA: HAM COBepIIEHHO HeoOXo-
AUMO OpPHEHTHPOBAHHOE NPOCTPaHCTBO. B HeopueHTHPO-
BAHHOM NPOCTPAHCTBE MBI HE MOXKEM BOCMOJb30BaThCS
Jaxe IITONOPOM, YTOOBI BHITAUIUTE NPOOKY U3 OYTHIIKH.
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@QHU3HK Takxe HYxKJaeTcs B OpHEHTHPOBAHHOM IIPOCTpAaH-
cTBe, H60 B MNPOTHBHOM cJydae Kak Obl OH CTaJj 3akpy-
YHBATb TaWK{d HWJAH BHHTBl, MOHTHPYA CBOH IMpHOOPBHI?
BrnoxuMHuK TaxkzKe He MOr Obl 060HTHCH 0€3 OPUEHTHPO-
BAHHOTO MPOCTPAHCTBA, eCJH Obl eMy moTpeboBaJOCh OT-
JUYaTb TIPUPOAHBIC JIeBOBpalllaTe/ibHble COCAHHEHHSI OT
CHMMETPHYHBIX UM INpPaBOBpallaTe/IbHLIX COeJHHEHHH.

-+

>

Puc. 102.

He sBadercss s Bce 3TO0 HArpoMOXKIE€HHEM CJyuai-
HocTel? Pa3sBe Hesb3si ObIJIO Obl HABHTH IUTOMNOP HJH Ha-
pe3aTbh BUHT B ob6paTHyio ctopony? Passe He moraa Obl
pasBuUBaTbed XKH3Hb, €GJH Obl NPHPOAHBIE ONTHYECKHE
aKTHBHDLIE CO®JMHEHMA ObIJIK NPaBOBpaWlaTEJbHBIMHU?

B npupone ne-pakTo cyuiecTByeT OAHH THI BUHTa. Ho
CyuiecTByeT JU OH je-ope? HeobGxoaummo Ju opHEHTUpO-
BaHHOE INPOCTPAHETBO AN (POPMYJHPOBKH OOILHX 3aKO-
HOB NpHPOAbI? B MexaHMKe MOHATHEe ODPUEHTHPOBAHHOIO
IPOCTPAaHCTBA 3aBeIOMO HHKAK He HCIOJb3yeTcs, a B
aeKTpoMarneTusme? B TEODHH 3JIeKTPOMATHUTHBIX fB-
JIEHHH BCTpeyaeTcs Tak HasblBaeMoe npasuio bypasuuka.
Ecny 1m0 npoBOJHHUKY, HATAHYTOMY Haja (uaM MOJA) Mar-
HUTHOH CTpeJKOH, mponyckath ToK (puc. 102), To Mar-
HUTHAsl CTpesJKa OTKJOHSEeTCA BJeBO HJAH BHpaso. Ilpa-
BU10 GypaBuyHKa IMO03BOJIeT lIpeACKa3biBaTh 3apaHee, B
KaKyw CTOPOHY OTKJAOHHTCA cTpesaka. OHO rJjacuT: eciu
HanpaBuTb OChb (IPAaBOro) LITONOpa BAOJb MNPOBOJHHKA
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M MBICJIEHHO BBHHUMBATBL €ro B HAaIlpaBJI€HHH (YCJOBHO
MPUHHMAEMOM 3a HanpapJeHHe) TOKa, TO CEBEepPHLIH no-
JI0C MArHUTHON CTpPEJKU OTKJIOHHTCH B Ty CTOPOHY, B
KaKylo ero TOJIKHyJaa Ovl pyuka mrtonopa. OsHauaer Jau
9TO MpU3HAHUEe NPAaBOr0 BHHTaZ [E-IOpE B KayecTBe 3aKO-
HOB mpuponabi? Ha neperlii B3rjsa KaxKercd, yTO O3HA-
yaeT. Ecau Mol 3a0biiM, KaKOil BUHT 3ac/yXkKHBaeT Ha3Ba-
HUSl NIPABOTO, TO HYXKHO CIPOCHTL 00 3TOM Yy NPHPOG/HI
M Ja0xKjaaTbcsi oTBeTa. [lpoBefeM TakOf 3KCIEPHMEHT.
[IponyctumM TOK no npoBOAHHKY, HATSHYTOMY Haj Mar-
HUTHOW CTPEJAKOUH, U MO €€ OTKJOHEHHIO YCTAHOBUM, Ka-
KOil U3 ABYX THUOB IUTONOPA CAVKKWT MOJAEJBIO IIPAaBOTo
BUHTA. Kaszasocwk Obl, camMa NpUpOAAa BHAE/ISET Ompeje-
JEHHBLIH THUN BIHTOBOro nBuxecHus. Ho He 6yaeM Topo-
TIMTBbCST C BbIBOLGMH.

Ilpexxae yeM MNPUATH K 3aKJIOUEHHIO O <«IpeiB3sro-
CTH» TMPUPOALI K BHHTY, HA3LIBAEMOMY I[1aMH MNPAaBbLIM,
HeOOXOAUMO OTBETUTbL Ha jBa Bonpoca. Bo-nepBhix, B
KaKOM HanpapJ/eHUH TeyeT 3JeKTpHueCKHH TOK? Bo-BTo-
[bIX, KaKOH U3 IBYX KOHUOB MAarHHTHOH CTPeJKH CeBep-
HeIA? 1 Hanmpap/jeHHne TCOKa, U CEeBEPHLIM KOHEL MAarHHT+
HO CTpeJsiKH BBEIODAHBI NMPOH2BOJABLHO, HO BIOJIHE Ollpeje-
JeHHLIM 00paszoMm. DJAeKTpUUEeCKHH TOK B Garapeike OT
KAPMaHHOrO ¢oHaps TedeT OT LUHHKOBOTO 3JEKTPOAa K
vroabiomy. CjaenosatenbHo, 4TO0Obl YCTAaHOBUTH Hafpab-
JieHue, B KOTOPOM TeYeT 9SJNeKTPUYECKHH TOK, HYXKIO
JIHIIb BCKpBITb OarapeiiKy. CeBepHBIA KOHEll MArHUTHOH
CTPEJIKH NOKa3LiBaeT Ha ceBep, Mo KpanHed mepe B 60/ib-
[LIMHCTBE MecT Ha 3emMHoM mape. Ecau Mbl XOoTHM onpe-
J1eMUTh, KAKOA M3 JABYX KOHLOB MArHWTHOM CTpEJKH ce-
BepHBLIH, TC HaM HeoOX0OWMO 3HaTb HAMpasJeHHe Ha
ceBep. Baanu or 3eM. 1M 370 NPABMUJIO HAM He TOMOXKET.
Ecan MB oTnpaBiiMcsd B KOCMHYECKOE MyTellecTBHe K
LaJbHHM MHpaM W NO LOpOore B3AyMaeM 3aaaBaTh (pH-
poJe BONPOC O TOM, KAKOW M3 JBYX MOJKCOB MarHHTHOH
CTPEJIKHU JCJAKEH CUYHTAThCA CEBCPHLIM, TO, XOTH OTBeT
HaM M OyJAeT HI&aH, HCTOJIKOBATb €ro BCe paBHO OYyAeT He-
BO3MOKHO. ¥ Hac, Ha 3eMJe, NMPHHATO OKpawlHBaThb ce-
BepH-HIA KOHEIl MaruuTIION CIPeAKH B CHHHH UBeT, a
JOXKHBI — B KpacHLIH. 3aXBaTHB C cOOOH Takyi CHHe-
KDACHYIO CTPCJKY, Mbl CMOZKEM BCICAY IN0OJb30BATLCS
NMPaBWJOM BHETA, yTeObLl NpII JIOMOLUM ero OTJAHYaTh npa-
BbIA BUHT OT JIEBOTO.
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Ho BoT Mbl 3axorenu pacckazath (usukam, o6uUTaI0-
UM Ha JaJbHUX MHpAaX O TOM, HTO TaKOe MpaBblH BUHT.
HaM ypnanoch yCTaHOBHTBL C HIIMH ABYCTOPOHHIOIO pajno-
cBI3b. Mbl HaYYHJILCh NEPEBOAUTD CBOW, 3€MHYI0, HDUSHKY
Ha sI3bIK HX HeOeCHOW (HM3MKH, W HAOOODPOT, U Temneps
XKaxaeM OOBACHUTbL HalluM KOJJieraM, KakK [IBHKeTCs
npasbil BHHT. OGBACHHTb, JaB CTPOroe TEOPeTHuecKoe
OonpepeseHne, a He MpocTe MNPOAEMOHCTPHPOBAB MNpaBblil
BUHT. Mbl He MOKeM MOJTOMY yKaszaTb Ha Kakhe-HUOYIb
3Be3]bl, CAyyalio oOpa3oBaBllKe npaBbli BUHT. Mbl He
MOXKEM f0CaaTh HHOMJAHETHBIM (H3UKEM LHUPKYJASPHO-
JIOJIIDH30BAHHBIH CBET € 00'bACHEHHEM, YTO 3TO — IPABO-
noJaspu30oBaHubld cBeT. UTo xKe LReqarts? Ilpasuio Oy-
PABUHKa TaKzKe HeJb3s HCI0Jb30BaTh, NOCKOJIbKY MBI He
B CHJIAX OODBACHUTH, KAKOH KOHel, MAarHUTHOW CTpeaku
CCBEPHBIN.

[loBropuMm elie pa3: 3HATb KAKOH BUHT NPABbI H
KaKoH JeBbiil, HAaM He0oOXOAHMO [AJds TOro, 4yTOObBI MHI
MOrJIH OTKPBITh OVTBHIIKY BHHA, OTBEPHYTb radKy, 3HATh,
B KaKyl0 CTOPOHY Bpauiaetrcsd HeOOCBOH, MPOBOAUTH 3K-
CIIEPUMEHTBHI ¢ TOKOM W MAarHMTHOH HIJICH, HO HallpaBJe-
HHe BHHTA B KOHEUHOM cyeTe MOXKHO JHUIIb [10KAa3aTh, 4
He OMpenesuTh TeopeTHyeckH. Jlydlile BCero 3To MOIKHO
NOHATh, €CJAH TONbLITATHCH OOBACHUTL (& HE [0Ka3aTh)
¢Hu3uKaM, KHBYHIUM Ha AaJbHHX OKpauHax BcesenHom,
4YTO TaKoe MpaBbiid BUHT.

Tak uau npuMepHO TakK AyMaJu elie HECKOJbKO JeT
Haszan. Henpussanue npaBoro BHHTA Ae-tope Obla0 J0T-
MO}, B KOTOpOW He COMHeBaJcAd HH oauH (Qu3uk. Ho B
1956 r. npousousio cobuiTHe, KOTOPOE IO NpaBy MOKHO
Ha3BaTb CaMbIM 3HAYUTEJIbHBIM BKJAAOM B (Puaocoduio
IIPOCTPAHCTBA CO BPEMEH CO31aHHsI TEOPUH OTHOCHTE/Ib=
HOCTH: YAaJ0Ch OOHApPYXKHUTb B NPUPOJE MAarHUTLI C 110+
MEUEHHBIMH CCBEpPHLIMH moJiocaMu. Pasymeetcs, 3Tu
MAariuTel He OBIJIH CTOJNb HEYKJIIOKHUMH, KaK CTpPeJKH
HAUINUX KOMIMACoB, H CEBEpPHBLIE TMOJIOChl HX He OblIH
3aKpalledbl B CHHUH LBeT.

MaruuThl, KOTopble Mbl HMEEeM B BHAY,—3TO paJHOaK-
THUBHBIE AApa AaTOMOB. ATOMHOe AP0 0GLIYHO BeJeT cebs,
KaK BOJIYOK. JIAPO HeCeT MOJOXKHUTEJNbHBIH 3apal, KOTO-
pblfl, Bpalasicb, CO3JaeT KPYroBOH TOK M mpeBpallaet
s1po B MarHut. Ho Bosauyok cam no cebe, 6e3 BeKTOpa
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OCH, He oMpeneJsieT HalnpasJeHHe BHHTA. A Mar"urt 6es
IIOMEYeHHOr0 MNPHUPOAOH CEBEpPHOro MnoJaica AJs HallnX
esaei GecnoJseseH.

Ecau B34Tb He cTabuabHble, a P-paguOaKTHBHBbIE 51+
pa, TO OKH MOTYT HCOYCKaTb 3JeKTpoHbl. Hanpasiaenus,
B KOTOpPLIX 3JI€KTPOHbl BBIJIETAIOT M3 AAep, MOXKHO HC-
M0Jb30BAaTh BMECTO HEAOCTAIOLIEr0 BEKTOpPA OCH, 10 Kpai-
HECH Mepe, ecJd OHH He BCe UePHneHAMKYJISAPHBI OCH
MarHuTa 4 He paBHOpacmpeAesieHbl MeXKIy BepxXoM H
HH3OM.

DKCIEePUMEHTHl, MpPOBOAMBILIHECS HAa TPOTAKEHHUH
BOCbMH JeT ¢ o6pasimom ¢°Co, nmoxkasanu, 4To cyilecT-
ByeT MpPEeANOYTHTENbHOE HAampaBJeHHe HCMYCKAHHS 3JeK-
TPOHOB, oOpaaymwlilee C HalpaB/JeHHUeM BpallleHHsA fAapa
JeBblfi BUHT. VMiHaue ropopsi, MarHuTel — siapa °Co Hecyrt
HA CBOHMX IKHBLIX MOJIOCAaX OCOOYI0 OTMETKY, KoTopas
raacut: «lIpeumylllecTBeHHOe HalpaBJ/ieHUE HCIYCKaHUA
3/JEKTPOHOB NMPOXOIUT 3AECh>.

Ha noMmeyenHble npupoAO# MArHHUThHl 3KCIepHMeEHTa-
TODPLI HATKHYJHWCb HE CJAyuyahHO, M NOMOIJIa HAUTH HX
He caenas ypauva. AMepukarckue dusnkpn Aur u Jlu
nocJje TIaTeNbHOrO dHAJAHM34 ME30HHBIX pacnajoB Bbi-
CKa3aJu COMHeHHe B NMPaBHJAbHOCTH OOIIENPHHATOH A0T+
MBI, COTJIACHO KOTOPOHA OPHEHTALHIO NMPOCTPAHCTBA HeJlb-
3 ONpeleuTh YUCTO TeopeTHueCKUM nyTteM. CBOH CO-
MHEHHUsT OHH 06JeKaH B (HOPMY 3KCIIepHMEHTA, KOTOpPhiH
H OblJ1 OCYLIECTBJEH N0 uX npeanoxeHuto. Cellyac, MHOTO
JeT CIyCTA NocJde NPOBEICHHS IKCIEepUMEHTa, MOoJYyyeH-
HbIH pPe3yJAbTAT MOXHO OODBSGHHUTL Ha OOLIEJOCTYNHOM
a3bike. Ho Te ray6okue TeopeTHUeeKHE COOOpaKeHHS,
KOTOpble TPHBEJH K HeMy, HCTOPHYECKH ObLIIH BIIOJHE
JnpaBAaHbl, NOCKONbKY MmpeackKa3aHHbili JIu U SlHrom
HCXOJ 3KCNepUMeHTa ONpOKHABIBAJ BCE TMNPHBBIYHBIE
npeAcTaBJJAeHHUS.

Ecau Mpl 3aX0TUM COOOGIIUTL je-fope du3uKaMm, Ha-
xondAWuMca B JI0O0H TOouke BceneHHOH, YTO Takoe npas
BHIH BHHT, TO HaM [OOCTATOYHO OTNPABUTL TeJerpammy
cledyrollero conepxanuda: «B p-panuoakTuBHbIX figpax
0Co HampamJieHWe BpalleHus fjnep o6pasyer Cc Halpas-
JIeHHeM MpeHUMYIeCTB@HHOTrO0 HCIYCKAaHUA 3J1eKTPOHOB Je-
BbIH BUHT». [IOBTODHUB 3KCIEPUMEHT, NMPeAJOXeHHbIH JIu
U $IHrom, HHOMJaHeTHble (HU3UKH CMOTYT, KOMOHWHHPYS
pesyJbTaThl U3MEPEHHH C npaBHAOM OypaBuMKa, MOHATH
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CMBICJA TAaKHX 3eMHbIX BbIpaXKE€HHH, KaK <«Hamnpaso» H
«Ha/seBO». Mbl nosyyaemM BO3MOXKHOCTb pacckasaTb (a
He [0Ka3aTb) ofHTaTenssM AaJeKHX MHPOB, UYTO TakKoe
npasoe W JeBoe. Ilpappa, nawa 3artes Oblia 6bl o8pe-
yeHa Ha MPOBaJ, ecau Obl...

Hamwa 3ares 3aBegomMo Obl1a Obl oOpeuyeHa 1na mnpo-
BaJ, ecau Obf aapa °Co y nHonsaHeTsIH OBLIH He JEBbIMH,
a4 npaBbIMH BHHTAMH. Takylo BO3MOMKHOCTb HeJb3§ MM0J-
HOCTbIO HCKJAIOUNTb. Mup, B KOTOPOM XXHUBYT HauUlu
YUYeHBIE KOJIJIerH, MOXKeT 0Ka3aTbCs aHTUMUPOM. M3BecTHO,
4YTO Halll PeaJbHbIi MHD YCTPOeH BeCbMa HECHMMMETPUUHO.
Bce Hawu anekTponsl (Jerkue 4acTHIBl) HECYT OTpHLLA-
TeJibHbie 3apsanpl. [Tosl0XUTEeNbHO 3apsKEHHBIE YACTHLLLI
BCTPEYAIOTCS B HallleM MHpe OUYE€Hb pPelKO, OHH He MOIYT
JIOITO XPAHUTbLCA y HAC, MOCKOJAbKY MPH CTOJKHOBEHHAX
C OTpHUUATENbHO 3apPSAKEHHLIMU U Te W JpYyrue aHHHUTH-
Jupyiot. Hamm 06oJiee TAKeNble 3apsAKeHHBIC YaCTHIILI
(npOTOHBI) MOYTH BCE HECYT NOJIOXKHTeJbHBIA 3apana. Ho
H OHM, BCTpeyasd cBOHX Oojiee PEeOKHX OTPHULATENbHBIX
KOJlJIeT, AaHHUTHJIUPYIOT BMeCTe C HUMH. YKe IaBHO BbI-
CKa3blBa/JOCh fI0J03DPeHHe, 4TO HIGBLITOK OTpHUATENbHO
3apSKEHHBIX 3JIEKTPOHOB U MNOJIOXHUTEJNbHO 3apsKeHHBIX
NPOTOHOB CJYXKHT CBOEr0 pOAa JIOKAJbHOH XapakTepH-
CTHKO# TOro yuactka Bcenenuofl, roe Mol oburaem. I ge-
HUOYyAb B APYTOM MeCTe pOJb [PUBBIYHBIX HAM YaCTHIL
MOrJu Obl HCHOJHATE AHTHUACTHILBI, KOTOpPLIE BBILUE MbI
Ha3BaJ/W MPOCTO «uacTHLAMK». [panuila Mexay MUpPOM
H aHTUMHPOM cTaJja Obl TPaHAMO3HBIM T0JieM OGHTBLI
MeXJy NPOTOBAMH W 3JeKTpoHaMU. B aHTHMHpe npoTOH
B sape Obljg Obl 3apfkKeH OTPHLATENBbHO. a 3/M€KTPOH —
noJIOXKHTebHOo. [Tokazanusa saepHbix MaraiuToB ®Co oka-
3anuch Obl «HeBepHbBIMH». B cpenHem siape auntu-°Co
onpejeasn 6bl NpaBbliif, a He JeBbIH BHHT. MOXKHO GblsIO
6Bl AyMaTh, 4TO CNEUHAJINCT MO aHTHZJEKTPOMATHETH3MY
UHTepOpeTHpoBan Obl Haule npaBuao OypaBuKKa B CMbI-
cle, oOpaTHOM NPHHATOMY B HallleM MHpe, MOCKONBKY B
ero autubarapefike oT KapMaHHOro poHApUKA 3JEKTPOHI
clenaHbl K3 AHTHLHHKA W aHTHYTJepola M TCK HJIET B
o6paTHOM HampasJeHUH. He caeayer, canaxko, ynyckaTthb
W3 BHAY, UTO W MAarHHTHl €ro CAeJaHbl W3 aHTHkKeJe3a
¥ nosToMy obpauiaioT Becb 3(deKT eute pas. Ecau 6w
Hamy (PU3HKH 3aXOTeJH pacckazaTb aHTH(MHU3UKAM, UTO
TakKoe NpaBLlil BUHT, TO T€ COWIH Obl MX OrpaHUYEHHBLIMH
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NIpOBUHUHANAMH. SI3bIK, HAa KOTOPOM HW3BSCHAJIHCH OH
Hally (PH3UKHM, B yIIaX HX aHTHKOJUIEr 3ByyaJs Obl Kak
HeKHH HENOHsITHbIH oOuTaTenM aHTHUMHpPA AHAJEKT, He-
MOHATHLIA O KpaWHeH Mepe A0 TeX TNOP, NOKa aHTUMHU-
psine He y3Haau Obl, YTO MOCJAHHE MPHLLIO K HHM H3
«aHTHMHPA» (MO OTHOLUEHHUIO K UX MUPY).

Bonpoc, KOTOpoMy Mbl yAeJUAH LOCTATCYHO BHUMA-
HHUS, MOKHO Tenepb CPOPpMYyJSUpPOBaATH OoJiee TOYHO: MOXK-
HO Jid B HalleM NPOCTPAHCTBE MPELJOXKHUThL NPaBUIo, M0-
3BOJIAIOLIlEE YHUCTO CJIOBECHO ONpeaeJuTb, UTO Takoe
npaBbléi ¥ 4TO Takoe JieBblil BUHT? Haule omnpepeneHnue,
pasyMmeercsi, HE MOOJI2KHO IIPOTUBOPEYHUTb B KaXKIOM OT-
IeJbliOM cJyyae pe3yJbTaTaM [OBCEJHEBHOro, HeTeope-
THYECKOTO, OCHOBAHHOrO Ha IO0Ka3aHUAX MNPHOOPOE
onpiTa. OTBET Ha 3TOT BOHPOC mnocJe OOHApPYXKEHHA BO3-
MOKHOCTH 3aJ1aThb NpaBblil BUHT ge-l0pe, KaK MbI BUALJN,
3aBUCUT OT CTPYKTYpbl HAe-¢akto BceaeHnodt (koTopas,
ObiTb MOKET, B KOHIle KOHLUOB OKa)eTcs CTPYKTYpOF

Ae-1ope).
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