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Marpuna pu3uKu, 3aKOHOB PUPO/IbI
B. b. Ypaiabuen

© B. B. Vpasbres, 2016

ISBN 978-5-4483-2358-4

Co3zaHo B MHTEJUIEKTYaIbHOU U3/1atesibckor cucteme Ridero

VBaxxaeMblil uATaTeb !

[Ipennaraio Bam kaury «Marpuua ¢pusuku, 3akoHoB [Ipuponsr». HazBaHue kHUTH yKa3biBaeT
Ha TO, YTO pa3roBOp B HEH MOMET 00 OCHOBAX MUPO3/IAHHUS.

OCHOBHBIM KCTOYHMKOM IO3HAaHUSI OCHOB MUPO3JaHUs [Ulsl yesoBeka ciaykuT ColHeuHas
cuctema. OnpeniesieHne U pacyeT napameTpoB MPOIECCOB MPeoOpa30BaHMsl, MPOUCXOASIINX B ITOU
cucteme, OyeM pou3BOaUTH ¢ iomolnbio crctembl LT (meTp, cekynaa), nonb3ysics unesimu P.O. 1n
Baprunu u I1. T'. Ky3HenoBa, B yactHOCTH, «CHUCTEMON IPOCTPAHCTBEHHO-BPEMEHHBIX BEJTUUMH.

[Tapametpsl nBrkeHus miaHeT COHEYHON CUCTEMBI SIBJISIIOTCS] CUCTEMOM €CTECTBEHHBIX (PU3H-
YeCKUX BeJMYMH. EMUHUIBI M BETMUUHBI STUX MapaMeTPOB OMpeessioTcs] TaOMuIel — MaTpHLei
(pusnky, 3akoHOB [1prposbl. DTH BETMUMHBI ABJIAIOTCS MHBAPUAHTAMU — 3aKOHAMU COX PAHEHHUSI.

[TocTpouts MaTpuIly MOXHO TOJIBKO C TpuMeHeHueM cuctembl LT. B nanHom ciiyyae cucrema
CU ne pabotaer, Kak U Ipyrue CUCTeMbl u3MepeHus. IHTepecHo, 4Tto Marpuiia padoTaeT B MUKPO-
mupe. [IpumeHsst MaTpuily, MOKHO Y3HaTh MHOTO HOBOTO O Tpoleccax MpeoOpa3oBaHmsi, KOTOpPbIE
COBEPLIAIOTCS] IOCTOSTHHO B MUPE, B KOTOPOM Mbl KHUBEM.

Knaccnueckas Hayka cucrembl LT He npunumaer. [TpoBecTy KauecTBEHHBIN aHAM3 U J1aTh
OLIEHKY TOJIyYEeHHBIM pe3yJIbTaTaM M03TOMY HE MOXKET.

VausurensHo, uto P.O. nu Baptunu u I1. I'. Ky3HenioB, mpojenaB orpoMHyio padoTy o co3/1a-
Huto cucrtemsl LT, k marpuue He nogonutu. P.O. au bapTriHuy nipeyioxkuit OKolo ABaIaTH KOHCTaHT,
HO MX HeJb3s coOpaTh B CHCTEMY (MaTpHIly), a Ha3BaTh MX €CTECTBEHHBIMH TaKxke Hesb3s. OueHnre
CaMU CTaTbu, COOpaHHBIE B KHUTY.

Kenaio ycriexoB!



B. b. Vpamenes. «Marpuna (pu3nku, 3ak0HOB IIPUPOIBD»

Pdusnueckasi BCJININHA, HHBAPDHUAHT, 3AKOH COXPAaHCHUA

[pexxze yeM HavyaTh HAIIM KCCJIE[OBAHMs, BHIOEPEM CHUCTEMY HM3MEpEeHHs, KOTOpor Oynem
N0JIb30BaThCsA. TONBKO B 9TOM Clly4yae Mbl MOJOiAeM K ucTuHe. [j1st 3Toro oOpaTuMcst K UHTepec-
HOMY AOKYMeHTY: bpanck. 1974r. Akagemusa Hayk CCCP, Hay4HBIN COBET IO KOMIUIEKCHOU TIPO-
Oneme «KMOEpHETHKa», IPOBOIAT CEMUHAP-MOJIEIMPOBAHUE TMHAMUUECKUX cucTeM. Tpyabl cemu-
Hapa «KnbepHeTHKa 21eKTpOSHEPreTHUECKUX CUCTEM .

Cratbsa P. O. nu baptunu u [1.I'.Ky3HenoBa «MHOkeCTBEHHOCTh T€OMETPUIA U MHOKECTBEH-
HOCTb (pU3HK» nocBsmeHa CrcreMe MTpOCTPaHCTBEHHO-BPEMEHHBIX BenuuH, cucreme LT. Pynpa-
MEHTAJIbHBIE TOHATHS OJHON U3 (PUBHK:

I'PYIIIIA

ITPEOBPA3OBAHNA

NHBAPUAHT

PNBNYECKAA BEJIMYNHA

I'pynna nmpeoOpa3oBaHuii, UMeOIIasi ONpPEIeIeHHYI0 BEJIMYMHY WHBAPUAHTOM, €CTh OfiHA
n3 (puzuk. MiHBapuaHTOM (PU3MUYECKON BEJTMYMHBI IIPUHATO HA3bIBATH 3aKOH COXPAHEHMS.

Crarps 3akaHuMBaercs: «PaccMOTpeHHBIE HAMU ITPUMEPHI NPECIENYIOT LEJIb NIOKa3aTh BO3-
MOHOCTb (POPMHMPOBAHMs HOBOTO HAYYHOTO HAIPaBJIEHUS, 3HAYEHUE KOTOPOIO KaK JJIsl PEIIeHUs
MPUKJIAJHBIX 3a[a4, TaK U U1 Pa3BUTUS TEOPUU TPYJHO IEPEOLICHUTD.

ABTOpBI BBIPAXKAIOT CBOIO NIpU3HaTeIbHOCTh akanemukam H. H. Boromo6oBy u B. M. IonTe-
KOPBO 3a TMOJIE3HBIE COBETHI M MHTEPEC K UX padoTe».

Bosnpioi nuki uccnenoBanuii H.H.Boromo6oBa, BbimonHeHHbx coBmectHo ¢ H. M. Kpbuio-
BbIM, OTHOCUTCSl K OJHOMY W3 BaXHEHMIIMX MOTPAHUYHBIX Pa3/IEOB MEXKY COBPEMEHHOW TEOpUEN
g depeHIraNbHBIX ypaBHEHUN U (PYHKIIMOHAIBHBIM aHATIU30M: YueHble CO30a.M MAK HA3bI8AEMYIO
Meopuro UHEAPUAHMHOU Mepbl 8 OUHAMUMECKUX CUCTEMAX.

B crarpe HeT HU ci10Ba 0 reHepaTopax, JMHUAX JEKTPoNepesadu U TpaHc(hopMaTopax, HO OHa
MMeeT MpsSIMOe OTHOIIIEHHE K TeMe. B Kak oM paiioHe IeKTpPHUYECKUX CceTel ucTieTdepeKas Ciryxoa
Y aBTOMATHKa CTPOTO CJIE/IAT, YTOOHI TIOJTydaeMasi SHeprusi paBHsuIach MoTpedIIsseMol 1 nepeiaBae-
Mo# B aApyrue paiioHsl ¢ yuetoM K. I1. JI. 910 3aK0H coXxpaHEHU s IHEPTUH, U, COOTBETCTBEHHO, 3aKOH
COXpaHEHUS MOLIHOCTH.

Cucrema LT sBisieTcss onTUMaIbHON CUCTEMOM ITPU AHAJIN3€ U BBIYMCIICHUSX ITPe00pa3oBaHuil
B JMHAMMYECKUX CUCTEMax Mera U MUKpOMHUpa.
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IIapagokc Bpemenn!

Mpl )kvBEM B MUpPE, KOTOPBII MIOCTOSTHHO MEHSETCS. DTU NEPEMEHBI Mbl OIIYIIAeM MOCTOSTHHO
BOKpYT ce0s, MEHsIeMCsl U Mbl CAMU — 3T TIEPEMEHBI, COOBITHS, pa3IMUHbIe TPe0OpPa3OBaHUS MbI
Ha3bIBAEM TeUeHHEM BpEMEHH.

CKOpOCTh T€UEHHUS BPEMEHM 3TUX MPOLECCOB Mbl CBA3BIBAEM C €CTECTBEHHBIMM MEPUOIUNYE-
CKUMHU MPOIIECCAMU, CMEHOM JHS U HOYU — CYTKAMHU, UJIM CMEHOM COCTOSIHUS B IPUPOJE — MECSIIIAMU,
WA TOJaMU. DTH MPOLIECCH 0OYCIOBIIEHBI BpallleHneM 3eMJId BOKPYT cBoeit ocu 1 BOKpyr ColHIIa.

Kpome ecrecTBeHHBIX CUCTEM OTCYeTa MPeoOpa30BaHUM, Mbl CO3[JAJIM UCKYCCTBEHHbIE — YACHI.
Ho Benp onm He mepsitor Bpemsi! TouHble nepuonnyeckue KoiedaHus, nepeBeieHHble B LUdpy, Ci1y-
’KaT HaM OTCYETOM TEPHOJIOB MPOLIECCOB, B KOTOPBIX Mbl y4acTByeM. Mbl cuntaeM — Bpemsi UjieT.

Knaccuueckasi Hayka yTBep:kAaeT, uto Macca 3ameyisier xon Bpemenu! Ho, B Takom ciyyae,
apdekTa OIU3HEIIOB He MOXKET ObITh: 3aMeUISIOTCS BCe IMPOIIECCh, KaK B JISTSINEH pakeTe, Tak
M Ha 3eMuie.

[Tpupoaa npeasiaraetT HaMm 3ameyaTenbHyI0 (hopmyiTy.

=0

Cormnacno 310 (hopMyJIbl Ha TUIaHETe ¢ OOJbIIEH MacCoi MpoLEecChl MpeodpazoBaHus OyayT
uaTy ObICTpee, T.e. BpeMsl.

Otkpoem bubnmio: y ['ocnioga onuH [eHb, Kak ThiCSYa JIeT, U ThiCS4a JIeT KaK OJWH JEHb.
[Touemy ApeBHUE MBICTMTEHN CIUTAIIH, YTO C YXOJOM KOOPAMHATHI OTCUETa OT 3€MJIU B KOCMOC BpeMsI
3ame yisieT cBoil xon? CeMb JHEW COTBOpPeHUsI MUpa TBOPIIOM He SIBJISIIOTCS] CEMbIO THSIMU B HallleM
MOHMMAaHMU. DTO THICSYM JIET Y HAC ¥ OJMH JieHb Y TBopIia.

CornacHO nipuBeIeHHON (POpPMYJIbl XOI BPEMEHU 3aBUCUT OT HAMNPSKEHHOCTU I'PAaBUTAIIMOH-
HOTO TOJIsl. DTa HAINpPSKEHHOCTh Y BCEX TUIAHET pa3iMyHa, Y KaKJIOW IUIaHEThl CBOM X0/ BpEMEHH,
CBOsI CKOPOCTh Bcex mpeoOpazoBanuid. Toraa apdext 6mm3HenoB Bo3mMoxeH. KocMOHaBT, coBepIIvB-
I AJIUTESIbHOE KOCMUUYECKOE My TeleCcTBUE, OyJeT BIIISAETh MOJIOKe OpaTa-Onu3Hena, KUBYIIEro
Ha 3emue.
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3akonbl Kermepa — yactb 00Jiee 0011ero
3aKOHA JBIKEHHS ILJIAHET

Ymobbl Hatimu ucmuHy, KancOblli OO0ANCEH XOMb Pa3 8 IHCUHU
0C80000UMbCSL OM  YCBOCHHBIX UM NPEOCHABACHULL U COBEPULEHHO 3AHOBO
ROCIPOUN® CUCIEMY CBOUX 83215008.

Pene Jlexapm, ¢p. punocogp, mamemamux u puzux, X VII gex.

[Ipennaraemplii BHUMaHUIO YUTaTeNel MaTepuasl U MAaTEMATUYECKUE BBIKJIAIKH, HENOCpe.-
CTBEHHO KacaloTCd 3aKOHOB Hemelkoro acrpoHomMa u marematruka XVI — XVII BekoB Moranna
Kernepa. OH ObLI, TIpeke BCEro, TEOPETUKOM, YBJICUCHHBIM, a TOYHEE, BOOPYKEHHBIM MOIIBIO
MaTeMAaTUKH, TPEKJIOHSIOIIMUMCS NIEPE]] YACIAMU U C HEMELIKOM MeJaHTUYHOCTBIO UIIYIIUM BO BCEM
MHUPO3AAHMU HE TOJBKO MAaTEMAaTUYECKHE COOTHOLICHHU ], a €€ KPacOTy Y TApMOHHIO.

Tpu 3akoHa Keruiepa nopaxaior cBoeil 4eTKOCTbIO M ”H()OPMATUBHOCTBIO.

HepBbIﬁ 3aKOH IJIaCUT, 4YTO Op6I/ITI>I BCEX IVIAHET ABJIAIOTCA SJIJIMIICAMU C O6H_II/IM (bOKYCOM,
B KOTOPOM HAaXOOUTCH CO)IHLIC.

BTOpOﬁ 3aKOH I'OBOPUT O TOM, YTO KaxXaasd IJIaHETa I10 cBOEH Op6I/ITC OBHWXKETCA TaK, 4YTO €€
paanyC-BEKTOP 3a OAUHAKOBLIC ITPOMEKYTKH BPEMEHU IIPOXOIUT PABHBIC TIOMIA/IN.

Tpetnii 3akon U. Keruiep BbiBesn, n3yuast paboTbl 3HaMeHuTOro acrpoHoma T. bpare 3a npej-
IIECTBYIOLIME MOJIBEKA.

Ilepsble aBa 3akoHa yBuaeau ceT B 1609 rogy. Crycrs 10 et Obu oIyOIMKOBaH TPETHil 3aKOH
JBUXEHUS IJTaHET — B KHUre «['apMOHUS MUpa». DTy 3aBUCUMOCTb BEJIMKHI aCTPOHOM C(hOpMYIIHU-
POBaJI TaK: OTHOIIEHHE KyOOB OOJIBIINX MOTyocel OPOUT OBYX MOOBIX MIaHeT COTHEUHOW CUCTEMBI
PABHO OTHOLLEHUIO KBaIpaToB MEPUOAOB X oOpatleHus BOokpyr CosHua.

3HayeHUe TUX 3aKOHOB B MO3HAHWM MMPO3/IaHUSA HEOCTIOpPUMO. BOT cjioBa aMepHUKaHCKOro
¢dusuka, naypeara Hobenesckoii nmpemuu JI. Kyrepa: «9Tu 3aKOHBI TPEICTABIISIA COOOM BbIIAIOIIE-
ecsl IOCTXKeHUe. Pe3yabTaTsl 1BaiaTWIIETHUX HAOMOAEHUI U THICSY U3MEPEHUI OKa3aJiCh CKOH-
LEHTPUPOBAHHBIMU B MPOCTOM CUCTEME KPUBBIX M IpaBui. Beskuii, KTo 3axores Obl B Oyayllem
CO371aTh CBOIO CHCTEMY MHpa, JOKEH ObUI T03a00THUTHCS, YTOOBI OHA conepkaia B cebe 3TH TpH
3aKOHa, oNMChIBaoIIMe ABMkeHus 1uianeT. [locne Kerepa (mpusHaHHOro 3akoHopartesneM HeOec)
BO3HMKAJI TOJIBKO OfIMH BOMNPOC: Kakas U3 Teopuil gaet npasuia Kerepa?» [3]

VBBI, 10 HACTOAIIETO BPEMEHHU TaKOW TEOPUM HET. A Be/lb MBICJIMTEIH MPOILJIOrO yKa3bIBaJIM
Ha uHTepecHble (pakThl. Bemmkuii HeioToH 00bsicHMI, uTO 03Hauvaet Tpetuii 3akoH U. Kenepa: ¢op-
MyJia IOKa3bIBajia CyIIECTBOBAHME HEKOM BEJIMUMHBI, KOTOPYIO OH Ha3bIBaJl MACCOM M KOTOpast coxpa-
HsETCS TIOCTOSIHHOM B TUIAaHETHBIX JIBUKEHUsAX. YTo 310 3a Macca?

Jx. MakcBenn noiien eme Aaibiie, koraa B 1873 rony B cBoeM TpakTaTe «IeKTPUYECTBO

Y MarHeTU3M» YCTaHOBWJI, YTO Pa3MEPHOCTh MacChl — M3/C2, Y UTO JIJIl CO3[IaHUsI CUCTEMBI U3Mepe-
HUS JOCTATOYHO JIBYX OCHOBHBIX €IWHHUI] u3Mepenus: L — nmuHa, T — Bpems (Mmetp, cekyHaa). Bece
M3MEpEHUs B JAJIbHEHNIIIEM ITPOU3BOIUM, NOJIb3YACh ITOU CUCTEMO.
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3anuiem tperuit 3akoH U. Kenuepa:

R IV =R JT =comi

Kakag Benmmunna CKPbIBACTCA MO BbIPA)XCHUEM const?

T BbIpAKEHUS BCTPEYAIOTCS B PA3IMYHON CrielMaibHON uTteparype. Hanpumep, B KHure

yXke YHOMAHYTOro amepukaHckoro ¢pusuka JI. Kynepa «®usuka g Bcex» BeIMUYMHA R/
paziMYHa Ui BCeX IUIAHET, XOTS W OnM3Ka MO 3HaueHuioo. B KHWre amepukaHcKoro (usmka

K. 3. Cyopna «HeoObikHOBeHHas1 (hU3MKa OOBIKHOBEHHBIX SIBJICHUI» OTHOITICHHE T’ /R’ JIaHO OIU-
HakoBOW 1u(poit 11 Beex aHeT. [louemy?

OOGpartumest K BBIPAKEHHIO R’/T?. YMHOXHMM 5T0 COOTHOIICHHE HA TIOCTOSIHHBII K03 puu-
€HT, PaBHBII 47°. Ionyyaem: 47°R/T.

Ata hopmyJia NPUBOAUTCA B yIeOHUKaX (PU3UKH AJ1s1 pacdeToB Macchl COJHIIA, HO B HEH OTCYT-
CTBYET ellle OMH MHOXUTENb — MOCTosiHHAsl KaBeHuIa. DTOT MHOKXHUTEIb HEOOXOAUM TOJIBKO IS
nepeBoga pazmepHoctu L, T (MeTp, cekyHaa) B KWIOrpaMmbl (TOHHBI).

Tpetuii 3akoH Keruiepa B Hailieil TpakTOBKe MTPUHUMAET BUI:
R =
47°R =m Coanya (pa3mMepHOCTb 371ech u ganee L, T).

Ho B 3TOM Ciiyyae, nogyepkHeM, €ciu BEJTUYUHY 4°R’ /TZ, rae R -paccrosiHME OT 3eMid
1o Conuna (m), a T — Bpems ogHoro obopota 3emuiu BOKpyr CorHiia (), pa3enTh Ha KBaIpaT CKO-
poctu nBukeHus 3eMiu o opoute Bokpyr ComHiia, noimyuuM R — paccrosiaue ot 3emutu 1o ConHia.
B cBolo ouepenp, ecu pa3aenuTh 3HaUEHHe 3TOr0 PACCTOSIHUS ellie pa3 Ha BeJIMUYUHY CKOPOCTH, TO
MOTy4rM BpeMsi ofHoro odbopota 3emiu BOKpyr CofHIla, IeneHHoe Ha 27T.

ECTCCTBCHHO, YTO 3TU PACYCTBI MOXKHO IIPOBECTH, IMOACTABUB BEJIMIUHBL Rn T, COOTBETCTBY-
omue IBUKEHUIO JII0OOH I[perﬁ TUIAHETHI 110 CBOEN Op6I/ITC. HLITJ'II/IBOMy YUTATEIIIO IPEAOCTABJICHA
BO3MOKHOCTb ITIPOBECTU 3THU PACUCTHI CAMOCTOATEIIbHO.

Ha ocHoBaHUM U3J10:XEHHOTO MOKHO CJIeJIaTh BBIBO/I, YTO MacCCy COJ'IHI_Ia (I)OpMI/IpyeT JUHaMHKa
BpalliaTe€JIbHOT'O ABUKCHHA. Bens B (bopMyne HE Y49aCTBYCT 3HAUCHHNC MACChI TUTaHeT!
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[Nepeiinem Ko BTopoMy 3aKoHY JIBI:KeHHs 1iaHeT M. Keruiepa v monbItaeMcst OnpenenTh ero
cymHocTb. 17151 3Toro odparumcs K Buxpio. Jla, K ToMy caMmoMy BHXPIO, KOTOPBIF MbI 4YacTO HaOIo-
JaeM Ha YJIUIax U TUIONIAsX CBOUX TOPOJIOB, B MapKax WM B mojie. Ero pasHOBUJHOCTH — Tali(hyHBI
W TOPHAJO — HaM IMOKa3bIBAIOT 110 TEJICBUACHUIO. BI/IXpIO IIOCBAILIEHBI COTHAU cTated B HAay4HO-TIOITYy-
JISIPHOM U CTIEIUAILHOM JIUTEpaType.

B cnenmanbHOM UTepaType Mo aspo- U TUAPOJUHAMMKE MPUBOAUTCS (popmyna JBUKEHUS
YaCTHIIbl B TUIOCKOM BUXpe: RV=const. IT0 BblpakeHne MOXHO c(hOpMYIMpPOBaTh Tak: IIPY Bpallle-
HUU BUXPs PaJInyC-BEKTOP JABWKYIIEUCS TOUKU 3aMETAET paBHBIE TUIOIIAAN B €UHUILY BPEeMEHHU:

R27xR/T=const, m>/c

Takum o0pazom, Mbl MaTeMaTU4eCcKoi (hopMyIioii Beipasuiu Bropoii 3akoH U. Kenepa. Kan-
TOBaHUEM I0JIyyaeM psf:

47°R3/T%, M*/c? — macca Conxua. (Tperuii 3akon 1. Kemiepa).

27R°/T , M2/c — IUIOMIA/Ib, 3aMeTaeMasi PaJuyCc-BeKTOPOM B €IMHUILYy BpeMeHU. (BTopoii 3akoH
. Kenunepa).

R,M — paguyc ABUKEHUSI TOUKH BUXPSI.

T/27x, c — BpeMsi OTHOrO 060pOTa TOUKH BUXPSI.

EHHHHHCﬁ KBAHTOBAHUSA JAHHOI'O psAda ABJISACTCA JIMHENHAS CKOPOCTb NBUKEHUSA TOYKH JaH-
HOI'0 BUXPS WA mo0o# miaHeTsl COTHEYHON CUCTEMBI.

B sTOM psagy ¢opmyst dyyBCTBYeTCS onpeeieHHast 3aKOHOMEPHOCTB !

YToOB! MPOAOKUTH HAIIM UCCIEAOBaHUS, HAM HEOOXOAMMO OOpaTUTHCS K paboTaM HAIero
COBpEMEHHHKa, YeJIoBeKa HeOObIuHOM cynbObl — Pobepra Jlionpurosnua baprunu.

ChbIH O0raToro UTaJbsHCKOro 6apoHa-apuCTOKpAaTa, OH HU B YeM He 3HaJl OTKa3a: COOCTBEHHbIE
SIXTHI M BUJUIA HA Oepery AJpuaTiKy, TpoMaHast OMOIMOTeKa 0T, T MaJTbUMK 324U THIBAJICS COUH-
HeHussMu Bonbrepa, Pycco, [lugpo. B Havase [lepBoii MupoBoii BOWMHBI bapTrHu nonajgaer B IJIeH
K pycckuM. Ilo Bo3Bpamennu B MTanmio SKCTEPHOM 3aKaHYMBAET MUJIAHCKUM MOIUTEXHUYECKUN
uHcTuTyT. C nipuxofoM K Biactu Mycconmmau bapruan nokuaaer Urammio u Bo3spamniaercs B Poc-
CHIO, II€ CTAHOBUTCS BUIHBIM aBUAKOHCTPYKTOPOM. MI3BECTHBI €10 CKOPOCTHBIE, HAa TO BPEMS, CaMO-
seThl «Ctanb-6» 1 «Cranes-7» [7, 23].

Ho nac Oymyr uHTepecoBath He camoseThl Baprunm, a Tabmuma «Cucrema mpocTpaH-
CTBEHHO-BPEMEHHBIX BEJIMUMH»

10



B. B. Vpanbies. «Marpuria (pu3nuKu, 3aKOHOB TTPUPOIBI»

= =
Ba8|5iz (852|552
© |§ 3‘35 gar| g
§ geg|gds 3'3
g g
o dEZF|6Ea| ==
2 o
gé g :‘i, E| 2=, g
5 28 salz83:| 83
B i: | S 352|338 2§
g2
2¢ |/is SO )sgdg| =8
© = =
: 2B L E : | .
55X B E 4 e =g
Q -] @ E I T
— |23z isf| £35|538
—EEHE N
|33 c38s| 53|58
=
© ] 3 .
; 1, 2 i | T
24 @ g3g 3 T3
. =] g% § § B389l 2 (582
=__1 [ if |32z §ieE #3253
g3 |Egs | 8% |3eis5 32 |S28
| 22 |52 | B=8 55558 £% 6
=
© g ) =
4 o = EE -
HERHAY BIREN=
| 5 | & |2:5]8 28| E |
3] a &3 z 5 = g
s e 2 x -
=8 % | 88 g S 2
2 i a g é o~
= 2 £ =
£ £ 3 s
== gde| 8¢ 5. 5| i |
seg| B2 e8| sGE| B2 | —
27| | 2 |l iii| 25|
&8 2
. ‘] g =
) 3
o7 135<% 5 WEH g | 2:|z28
A g 83 o $E H =X @ 2
o] F8E|8E8% 5 25 = ag 2
5 o 2 @
seg)2258 5 WS & | 5 (58
8ES ZeESn| F E“ Eé’ QOa
— 3 2
@ T £ o™ [32]
fzs "
- §28 = §§ -]
w=i] : - H o -
$&5 | ™ g8 i '
g8 | 3¢ |
=
Y o o ©
|_ =1 2= g |_
8] & H g r
\ o |t H )
- il | 5§ =
5
b o el
o
= = | |~
— NEREN,

JIperiokeHHast uM coBMecTHO ¢ 1. Ky3nernoBeiM. OHa COCTOUT M3 BEPTUKAJIBHBIX CTOJIOIIOB,
MIPE/ICTABIISIONIMX COOOM IIeIOUMCIIEHHBIE CTETIEHH JUTMHBI L. M TOPH3OHTAIBHBIX CTPOK — LIEJIOUHC-
neHHbIX cteneHeld Bpemenu T. Ilepeceuenne KaxIoro cToioa M Kakaou CTPOKM aBTOMATHUECKH
JaeT pa3MepHOCTb TOM WJIM MHOU (PU3UUYECKON BEIMYUHBL. ABTOPBI MBITAJIMCh MAKCUMAJIBHO 3ar1oj-
HUTH KJIETOUKU TaOJIUIBI U3BECTHBIMU (PU3MUECKUMU BEJTMUYMHAMH.

OpHako Tabnuiia He ObUTa TIpUBsA3aHA K (QPU3MYECKOM pealbHOCTH, OHA He MMella HA OTHON
MaTeMaTu4ecKor (POPMYJIBI TSI BBITIOTHEHUST aHAJIN3A CUCTEMBI.

ABTOp, coBmMecTHO ¢ BonkeBnuem U. ®. mpemnaraior tabnuiry, MOCTPOSHHYIO IO TOMY ke

MIPUHIIMITY, HO 3allOIHEHHYI0 MaTeMaTrdeckuMu popmynamu. OHa HazbiBaetcsi « Tadmuma gpopmyo
IJTSL PacueToB MpeoOpa30BaHMIA BO BpAIIaTEIbHOM U KOJIEOATETbHOM ABHKEHUSIX> .
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B. b. Ypamenes. «Marpura pusnukn, 3aKOHOB TIPUPOJIBD»
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B Hee npekpacHo BrimckiBaoTcst 3akoHbI W. Kerepa. Tadmuia monmaa rapmonuu. [1o cyTH, Mbl
UMeEEM JIENIO C OIHOM (POPMYIIOi, spoM Beeit Tabmuipl: R V™. OCHOBOM TaO/UIIbI SBISETCA CTOJOEL
M u CTpOKa ’. Ha ux niepecevueHny HaxoauTes1 6e3pa3mepHas equnmia. [Touemy? Ha stot Borpoc
MOKa OTBeTa HeT. Becero B Tabnuie 56 KiieTouek, U3 HUX 7 — OT UHIYKTUBHOCTH R'V? 10 SHEeprumn

R'V* — apnaiores OCHOBHBIMH, KOTOPBIE ONPEeISAI0T MapamMmeTpsl Ipoliecca BpalleHus 000w Tuia-
HeTbl CotHeyHOM cucteMbl BOKpyr ConHua:

167°R /T , RV — sHeprusi cuctembl «CoHile — 3eMs», /e,

STR /T , RV _ UMITyJIbC cucteMbl «ComHIE — 3eMIIs», M/

4r°R’ /T2 R'V? IpaBUTALIMOHHBIN 3apsA] (Macca) siapa BUxpsi, Macca ConHua (TpeTHil 3aKoH
. Kenutepa), m/c?,
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B. b. Vpamenes. «Marpuna (pu3nku, 3ak0HOB IIPUPOIBD»

27R°/T, RV - TUIOIIA/Ib, 3aMeTaeMasi PaJrycoM [BWKCHUS TUIAHETHl 3eMiisl Ha opOwTe
Bokpyr ConHia B equHMIly BpeMeHu (Bropoy 3akoH . Kemnepa), m/c.

1
R R Vo paauyc IBUKeHUs TulaHeThl 3emiist Ha opoute BOKpyr ConHia. EMKOCTh cucteMbl
«ConHie-3eMisg», M.

12, RV niepuoy oOpaleHus, IeleHHbI Ha 27T, C.

T2/4.7172R, R'V? - WHJIYKTUBHOCTb cucTeMbl «CoJHIIE — 3eMis», c2im.

HOCKOJIBKy MBI UMEEM JICJIO C BpallaTeJIbHBIM JIBMKEHUEM, BBOAUM YUCIIO JT, C COOTBETCTBYIO-
meﬁ cTereHp. Yncio YUYHUTBIBAEM TOJIBKO ITPH BBIYUCIICHUAX C IPUMEHCHUEM BEJIMYNH RuT.

CunTaem, 4TO ONTUMAJIBHBIM BpAIaTeJIbHBIM JBIKEHHEM OylIeT AWHAMHUKA CPeIbl — BUXPb.
Dtoro MHeHUs npuaepKuBaics JlekapT, 3Ti xe unen Obima Uy Kerepa.

B pamvkax myOnuKanuy TPOCTO HEBO3MOXKHO MPOM3BECTH MATEMATHUECKHME BBIKJIAIKH,
M03TOMY IIpeAJiaraeM YMTaTeNio JaHHbIe pacyeTa JBrKkeHus cucteMbl «ComHie — 3emiist». Pacuersl
IUTSI CUCTEMBI «3eMJIsl — UCKYCCTBEHHBIN CITyTHUK» WK «3emiis — JIyHa» mpejjiaraeM BaM BBITTOI-
HUTb CAMOCTOSITENILHO.

117,8 - 10*7 - sHeprus cucteMbl «CosHLe — 3emMIIs».
39,55 - 10% - uMITyJIbC cuctembl «CoHile — 3eMIIs».

13,28 - 10" - IpaBUTALMOHHBIN 3apsj (Macca) sipa Buxps, Macca ComnHua (Tperuit 3akoH M.
Kemnepa).

4,46 - 10" — momanp, 3ameraemas paaycoM JIBUKEHUSI TUIAHETHl 3eMJIsl Ha OpOUTe BOKPYT
Conninia B enuHuUIly BpemeHu (BTopoit 3akoH U. Keruiepa).

1,49 - 10" - paauyc ABMKEeHUs IJ1aHeThl 3emulst Ha opouTe BoKpyr ConHua. EMKoCTh cucteMsl
«ConHue — 3emiis».

0,502 - 10’
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B. B. VpambueB. «Marpuna (pu3nku, 3aKOHOB TIPUPOIbI»

KoHen 03HakoMuUTEJIbHOT0 (pparmMeHra.

Texkcr npenocrasieH OO0 «JIutPec».

[IpounTaiiTe 3Ty KHUTY LIEJIMKOM, KYIMB IIOJHYIO JIEraJbHYIO Bepcuio Ha JlutPec.

BesomnacHo onnatuTh KHUTY MOKHO OaHKOBCKOM Kaprtoit Visa, MasterCard, Maestro, co cuera
MOOWIIBHOTO TenepoHa, C TUIaTeKHOro tepMuHana, B catone MTC wm Cesi3Hoii, yepes PayPal,
WebMoney, fAunekc.densru, QIWI Komesnek, 60HyCHbIME KapTaMu WX APYTUM YIOOHBIM Bam crio-
COOOM.
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