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Pu3ukKo-MmaTeMaTU4yecKkas
MH(POpPMAaTHKA C LIEIIOYKOU
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HauunoHanbHbIM nccnegoBatenbckum yHuBepcntet «M3ON»

AHHOTAIMA

B craTbe onmcana yueOHas taboparopHas padorta (peaibHasi 1 BUPTyajibHas) B pyclie
MEXIUCUUIUTUHAPHBIX CBSI3€H Ha CThIKE MH(MOPMATHKH, MATEMAaTUKU M (PU3UKU: UCCIICIOBAHHUE
CTaTUYECKOTO U TUHAMUYECKOTO MPOBUCAHUS 3aMKHYTOH LETH C Pa3InYHBIMUA TOYKAMHU OMOPEI, & TAKKE
KayaHue Lenu Kak MasTHUKA. OMUcaHa TEXHOJIOTUS KOMIIBIOTEPHOU 00paboTKH (OTO- M BUACOCHEMKH
(bu3NUECcKOro 3KCIEepUMEHTa C MOCTIeAYIOMIM o0cueToM Meanadaiinos Ha komnbioTepe. O0cyxnaeTcs
HEJITAaBHO OTKPHITasi KOHCTaHTa — IemHoe unucio ©t (1.258... — onTuManbHOE OTHOIICHUE JUTUHEI IIETH K
PacCTOSHUIO MEXIy TOUKaMHU €€ KPEIJICHHS, a TAKKe TPaHuLa MeX Iy AByMsl (hopMaMy IpOBHCAHUS
3aMKHYTO# IIETIOYKH Ha JBYX «I'BO3/siX»). HaiieHa u uccienoBana HoBasi (PU3MKO-MaTeMaTH4ecKast
koHcTanTa 50.34...° — KpUTHYECKHUil yroy MPOBUCAHUS 3aMKHYTO# IIEITH Ha PaBHOOEIPECHHOM
TPEYroJbHHUKE («Ha TapAepOOHBIX IUIeYnKax»). Omucana CBsi3b 3TOH KOHCTAHTHI € 3a/1a4ei 0
PaBHOBECHOM ITOJIOKCHUH 3aMKHYTOH LIENH Ha MPSIMOM KPYTroBoM KoHyce. OIeHEeHbI TOJIXO/bI U Clie/IaHa
TMIOIIBITKA YHCJIEHHOTO PELICHNS 3a1a41 O MasITHUKE-LIEIH C Pa3IMYHBIM YHCIIOM 3BeHbEB. OnucaHbl U
MCCIIIOBaHbl METO/IbI TIOCTAHOBKU M BEpU(UKALIMH 33724 YUCICHHOTO PELICHUS] CUCTEM
anrebpandeckux v TudpepeHINATbHBIX YPaBHEHNH, a Tak:Ke HX KoMOnHanui. McciegoBaHo
NPUMEHUMOCTh KOMIIBIOTEPHOTO HHCTPYMEHTA «ONTUMH3ALIUS C OTPAaHUUCHUSIMID JJIS1 pEIeHUs 3a1a4
TEOPETUIECKON MEXaHHUKH. JJaHO OIMCaHUE TPEX OCHOBHBIX HHCTPYMEHTOB MaTeMaTHYECKHX
KOMITBIOTEPHBIX CPEJCTB: YHCIIEHHAsl MaTeMaTHKa, CAMBOJIbHAsI MaTeMaTHKa U rpaguka. O6cyxaaercs
CPaBHUTEIHHO HOBBII HHCTPYMEHT PELICHUs PU3UKO-MAaTEMaTHUECKUX 3a/1a4 — HCIIOJIb30BaHUE
¢dopymoB Unteprera. [loguepkuBaeTcst BAYKHOCT HCIIOIB30BAHUS SMHHUIL] H3MEPEHUS IIPH PELICHUHU Ha
KoMIploTepe gusnyeckux 3anad. O0cyxnaercs npodiema myOIuKaluy MaTeMaTHIecKuX GpopMy B
cTaThsX W KHUrax. O0CykKIaeTcsi MeTOMKa MPENoJaBaHus B IIKOJIAaX M By3aX KYPCOB MaTEMaTUIECKON
¢bus3nky, huznko-mareMaTrHdeckoi nHpopMaTuKu u AuddepeHanbHbIX ypaBHeHUH. JJaHbl mpruMepsl
BKJIIOUEHUS B 3aHATHA 110 TEXHUYECKUM JUCLMIUIMHAM (PparMeHToB 'yMaHUTapHBIX JUCLUIUINH, B
YaCTHOCTH, KHHO- U JINTEPaTypOBeJIcHUs. BBeICHO MOHATHE «MaTeMaTUYeCKUi TypU3M».

KuaroueBble ci1oBa

Teopernueckasi MEXaHUKa, IPOBHUCAIONIAS 1IETb, MASTHUK-1IETIb, [IeTTHas (QyHKIMS, TPON3BOIHAS,
WHTETpaJl, IOTeHIaIbHAasI SJHEPTHsI, KHHETHIeCcKas dHeprus, npuHnun Jlarpanxka-/{upuxie, 3akoH
HeloToHa, onTuMu3anus ¢ OrpaHudeHUsIMU, OUQypKalus, cucTeMa anredpandeckux ypaBHeHHH, cHCTeMa
I QepeHInaNBHBIX ypaBHEHUH, KOMIIbIOTepHas rpaduka, anuManus, Mathcad.



Jlo Toro, KaK MOSBHJINCH cnutHepbl (BEPTYLIKH, KPYTHIIKH), JIOH, HE 3HAIOIINE, YeM 3aHATh CBOU

PYKH, BpaIllaJId Ha MAJIBI[AX MOHETKY, KOPOOOK CIIMYEK WIIH. .. IIETIOYKY — CM. pHC. 1.

Puc. 1. MepcoHaxk punbmal, Bpalwatowmii 3aMKHYTYIO LLeNOYKY BOKPYT nanbua
(https://www.youtube.com/watch?v=941eQMgiX0A)

! Ha pucyHke kajap 13 KHHOKapTUHbI «BoJIbIIas ceMbs». ABTODBI JIOOAT B PEJKUE YaChl IOCYTa «B COTHIN pas»
OPOCMOTPETH TTOJOOHBIEC «CTaphie TOOPbIe PUITBMBDY (CM. TaKkKe pUcC. 25 HIKe C KaJpoM U3 UTAIBIHCKOrO GriibMa),
YTO BBI3BIBAET YAUBICHHUE Y POJHBIX M OJM3KUX — KaK, MOJI, MOXKHO CMOTPETh Takoe crapbe!? UTo TyT MOKHO
ckazatb!? «Crapsblii 10OpBIi GPHITEM» — 3TO 0COOBIH POJI CKa3KH. MOXKHO yAUBIISATHCS HAYMaHHOCTH M JaXKe SIBHOM
TIIYTIOCTH, TIOJTUTU3UPOBAHHOCTH CLIEHAPHS, HO MOXHO MPOCTO PaccIadUThHCS U HACIaKAaThCs IIPEKPACHON UIpoi
MPEKPaCHBIX aKTEPOB, 0CO00 HE BJIABasACh B CIOXKET. DTO KAK «cTapast 1o0past CKa3Ka», KOTOpYIo Tebe KOTr/ia-To B
JIETCTBE paccKa3blBaja Ha HOYb MaTh. THI 3HACIIb €€ HAU3YCTh, HO KaX/IbII pa3 CiIyllaellb ¢ HEN3MEHHBIM
HacJIaXJICHUEeM, TIOCTEIIeHHO 3achinasi... To, 4To «cTaphblit JoOpHIit GriIbM» — 3TO CKa3Ka, IPEKPacHO IIOHUMAIH
JlayKe UX CO3/aTellH, HAIlPaBJisisi CBOe BHUMaHHE M TaJlaHT Ha TPy aKTEPOB, & HE Ha CIOXKET (HiIbMa, KOTOPBIH,
MOBTOPSIEM, MOT OBITh COBCEM HJHUOTCKAM. ABTOPBI )K€ COBPEMEHHBIX (PMIBMOB MBITAIOTCS PACCKA3bIBATH HE
CKa3Ky, a 0buIh, mpaBay. Ho kak mpaBmIiio, moirygaeTcs NOodypaBaa, BEpHEe, HeKas «HeJompaBaa». A 3To (Tebs
IBITAIOTCSI 0OMaHyTh!) BKYIE C HEPAIIINBOH, a TO U OTKPOBEHHO HEPSIIUINBON UI'POH aKTEPOB U MHOKECTBOM
JKECTOKHUX CIIEH OUCHb pazapakaeT. ['acTpoHOMHUUECKast aHANOrust. MOKHO HACJIaKAaThCs BKYCOM 3JIUTHOTO ChIPa,
He oOpaias BHUMaHUS Ha €ro BHENTHUH BHI M 3anax. Eie onHa aHamorus. MoHO JT1000BaThCs CIaKEHHOUW U
JPY>KHOH paboTOH TOPOKHOM Opuraisl, yKiaapiBatomei achanbt, He oOpamiast BHUMaHHUs Ha 4aj u rpoxor. U eme
OJTHA aHAJIOTHSL, IPSIMO CBSI3aHHAs ¢ TeMOH cTaTbu. MOXKHO HOJTy4YaTh YAOBOJIBCTBHE OT PEelIeHUs! (PU3UKO-
MaTeMaTHYEeCKHX 3aJa4 Ha KOMITBIOTepe, HECMOTPS Ha HEIOJIHYIO aJIeKBaTHOCTh PE3yJIbTATOB pacueTa U OTCYTCTBHUE
NPaKTHYECKOW peanu3anni. Beab CHIb CHETUIEHHS ETIOYKH O TBO3/IH, INIEYMKH M BO3LYX KapJAMHAIBHO UCKAXKAIOT
peanbHy0 KapTHHY ITPOBHCAHMS 3aMKHYTOW IIEMOYKH M Ka4aHUsI MasTHUKA-1ENOYKU. JTO yJOBOJIBCTBHE 0CO00 HE
MOPTHUT U TOT (aKT, YTO Tl caM He PU3MK U HE MAaTEMaTHK 110 00pa30BaHMUIO U 110 cepe NMPUIIOKEHUS CHII, a TIPOCTO
«MaTeMaTH4YeCKUH TYpUCT» (CM. 00 3TOM HIXKeE).



Bynem cuurate pucynok 1 smurpadom Kk 3TOH CTaThe, HO HE TPAIUIIMOHHBIM MeKCmosbiM (CM.
KJIACCHYECKUH TEKCTOBBIM SIUrpad K 4eTBEPTOH YaCTH CTAaThbH U K MOCICCIOBHIO), @ 2pa@uiecKum.

JaBaiiTe moBEpTUM LEMOYKY, HO HE Ha MajbleE, a Ha... JBYX I'BO3/SX, HA JIBYX MOAIIWIHHUKAX, Ha
rapJepoOHbIX TUIEYMKaX, HAa KOHYyCe, packadaeM ee KaK MasTHHUK... M Oymem 3ThM 3aHUMAThCS HE OT
Oe3aenba’, a B HAyYHO-TIO3HABATEIBHBIX ¥ y4e€OHBIX IEAX. [0y THO TONBITAEMCS OTKPBITh Tapy HOBBIX
(U3MKO-MAaTEMaTHYECKHX KOHCTAHT®, CBA3AHHBIX C TEOPETUYECKOM MEXAHHKOM.

BBogHoe 3amedyanue o01Iero CBoMcTBa.

B nacrosmiee Bpems y Hac v Ha 3amna/ie MosIBIIIMCH KOMIIBIOTEPHBIE POTPaMMBI U caiiThl IHTEpHeTa,
ABTOMATU3HPYIOUIUE IPOLECC PELICHUS 3aJad TEOPETHYECKOW MeXaHUKH. 1loib30BaTento HOCTATOYHO
BBECTHU B KOMITBIOTEP UCXOHBIC JAHHBIC — CXEMY OaJIKH, HAIIPUMEp, CO 3HAUCHUSIMU MTPHIIOKEHHBIX K HEH
CHJI WJIM TIapaMeTphl MOABEUICHHON 1Ny (CM., HallpUMEp, PUC. 5 HUKE), HAXKATh HAa KHOIIKY U TOJTYYHTh
OTBET — 3HAYEHUS PEAKLUMH ONOp M MPOYME MapameTpbl KOHCTPYKUMHU. BcneacTBue 3TOro JeKuuy mo
TEOPETUYECKON MEXAHUKH 3a4acCTYIO MPEBPAIIAIOTCA B JICKIUHU-TIPE3EHTALIUY, B JICKUUU-UHCTPYKIUU 1O
WCIOJB30BaHUIO JAaHHBIX MporpaMM. [IpOTHMB TakuX TEXHOJOTMH OOy4YeHHs BIOJHE OOOCHOBaHO
BBICTYIIAIOT MHOTME MPENOJaBaTENd, CUUTas HUX BPEOHBIMH, OTYYAIOUIUMH CTYJEHTOB JIyMaTb
caMocCToATeNbHO. Benb pellieHne 3ajauu TEOPETUUECKON MEXaHUKU — 3TO TOHYANHIIMK CUHTE3 HAYKHU U
HCKyCCTBa. PemnTh COCTaBICHHYIO CHUCTEMY YpaBHEHUIN B HACTOSIIEE BPEMsS HE COCTAaBJISIET 0COOOTO
Tpyaa. Tpyn ke U BeCbMa MHTEIJIEKTYalbHbIH — 3TO YMEHHME aHAJIM3UPOBATh 3aJauyy, COCTaBIATh ITH
caMmbIe YpaBHEHUS, T.€. IEPEeBOAUTH (YM3HUKY 33[]a4H Ha S3BIK MATEMATHKH. DTy TEMY 3aTparuBaeT JaHHAS
ctaThs. [IporpaMMel, aBTOMATH3WPYIOMINE pElIeHUE 33/Ja4 TEOPETHYECKOW MEXaHWKH, OyIyT XOpOIIU
TOrza, KOrjga CTyJIeHT OCBOMJ HAyKy M UCKYCCTBO MOJ Ha3BaHUEM «TeopeTuueckasi MEXaHUKa», T.€. YKE
CTaJI HOYTH TOTOBBIM CIICIIAAJIFCTOM.

Ho wacto mpemomaBareny TeOpeTHYECKOW MEXaHWKH BIIAJAIOT B JAPYTYIO KPalHOCTh — BOOOIIE
3aIpellarT UCIOIb30BaTh KOMIBIOTEPHI IPU PELICHUH 3aa4, 110Jaras, 4To CTYJIEHThI TYT TOJIbKO «TYIIO
HaXMMAIOT Ha KHONKW». Ho ucTHHA, Kak Bceraa, Haxoautcsa mnocepenuHe. CTyAeHT OOJDKEH YMETh
aHAJIU3UPOBATh 33Ja4y, COCTABJIATh €€ MATEMATUYECKYI0 MOJEIb U... UCIOJIb30BATh KOMIBIOTEP IS €€
peanmzanuu. PemieHne ke Hy»XHO yMeTh IMOJydaTh HE TOJBKO B BHE OTACIBHBIX YUCEN W TaOiwil ¢
YHUCJIAMH, HO W B BHJE INPOJBUHYTOM TrpaduKu, aHMMAIlMd WM JaKe W3JCIuM, HarmeyaTaHHbix Ha 3D
MpUHTEpaXx.

Tyt HegapoM OBUIO OTMEUYEHO, YTO TEOpPETHUECKas MEXaHWKa — 3TO HE TOJIKO HayKa, HO H
HCKYyCCTBO. Bellb B HCKYyCCTBE OCHOBHAsI, TAK CKa3aTh, U3IOMMHKAa — 3TO YyBCTBO MepPHI. BOT 3Ta camas
Mepa U Hy»KHa B «OTMEPUBAaHUM» COOCTBEHHBIX YMCTBEHHBIX CIIOCOOHOCTEH M KOMIIbIOTEPA NPU PEIICHUN
3a7a4. M He TOJIbKO TEOPETUUECKON MEXaHUKH.

Wrak! Kpytum nemodxy!

2 KunonepcoHax Ha puc. 1 ObLI 6e3/1eIbHUKOM, KOTOPBII [0 MEPE Pa3BUTHS CIOKETA (PUIIbMA IIEPEBOCIIUTATICH.
3 «KoHCTaHT» — 3TO JI0BOJLHO FPOMKO cka3aHo. CKopee, 3TO HE KOHCTAHTBI, @ HEKHE YHCIIOBBIE TAPAMETPHI,
BO3HUKAFOIIUE MPH PEIICHUH ONPEICICHHBIX 331a4. KOHCTaHTa TN 3TO0, WK TapaMeTp — CYJIUTh YATETEIIO!



1. [leno4yka Ha BYX I'BO3 /X
B [1] ommcano, Kak OTpe30K Ienn (He3aMKHYyTas [[eI0YKa) MOABEIINBACTCS 3a IBa KOHIIA (CM. pHC.

2), Kak Bce 310 (oTorpadupyercss U OTIPABISIETCS HA KOMIIBIOTEP, IJI€ COOTBETCTBYIOIIMM 00pa3oM
obpabatbiBaetcs. B kauecTBe «rBO3/Iei» OBUIM HCIIOIH30BAHBI MAJBIIBI ABYX IIKOJILHUKOB. Ha 3TOM ypoke
(a aT0 OTIIMUHAsS TabOpaTOpPHAst pabOTa Ha CTHIKE MATEMATHKH, GU3UKNA U HHDOPMATHKHU IS IBYX YICOHBIX
KaOMHETOB — (PU3NYIECKOTO M KOMITBIOTEPHOT0) OBLIO eIe pa3 MOKAa3aHo, YTO IEIb MPOBHUCAET HE 10
napabosie (3T0 OYEeHb PACIPOCTPAHEHHOE 3a0JIyXKICHUE U HE TOJIBKO y IMKOJBHHUKOB M CTYJCHTOB), a TI0

yennou tunuu, GopMyTy KOTopoii [2] MbI HIDKE Oy/IeM UCIIOIB30BaTh B pacyerax.
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Puc. 2. dKCNepMMEHT C NpoBUCalOLWLEN LENbi

JaBaiiTe paccMOTpUM HEKOTOpHIE elle He HCCIeTOBaHHBIE MOTU(BUKAIINN 3TOW KIACCHYECKON
3a1auM BAPUALIMOHHOTO UCYMCIIEHHS — 33144 O POBHMCAHMY 1IETH ",
Bepercs 3aMKHyTas 11€m0YKa® ¥ BelIaeTcs He Ha majen (cM. puc. 1), a Ha JBa TBO3/1s, BOMTHIX B

creny® — cm. puc. 3. Kak ona mpoBucHeT? 3asaua NpeielbHO HIEANTM3MPOBAHA. Cama IernodKa

4 ECJIM HOTYTIIHTB CIIOBA «3a0a4a 0 NPOSUCAHUU Yenuy, TO IONCKOBHKH MIHTepHeTa BBIIAAYT CCHUIKH JBYX BUJIOB:
a) Ha paboOThI aBTOPOB, TIEPEUNCIICHHBIX B CITHCKE JUTEPATYPhI IAaHHO# cTaThu; D) Ha caifTel, e maroTcs
PEKOMEHJIAINY 110 YCTAaHOBKH IIETIH Ha BEJIOCHUIIE]IS, MOTOLUKIIEC WK OESH30IIMIIe.

5 Ele ee MOXHO Ha3BaTh Kpy2iioli B TOM CMBICIIE, YTO OHA HE HMEET HU Hayajla HU KoHLa. Takue 1ernouku 6e3
3aMKOB BEIIAIOT Ha IIIEI0, €CIIH JUINHA LIETIOYKH MO3BOJISET MPOAETH €€ Yepe3 rojoBy. B TpeTreil yacTu cTaThi MBI
MIOTOBOPUM O HaJI€BaHMH IIETIOUKH Ha «IIero 0e3 TronoBsl» — Ha KoHyc. KcTatu, o 3amkax. FIX MOXXHO
paccMaTpuBaTh KaK HEKHE TOUEYHbIE IPY3UKH Ha IIETIOYKe, YCIOXKHSAIOIINE €€ pacyueT U JIeNalolIre 3a1aqy
HMHTEpecHee (3a7aua o KyJIOHe Ha IeTIoYKe, 0 KaOMHe KaHATHOM JOPOTH, O MasTHUKe-IlenH). [1oJ «KpyriocThion
MOJKHO TaK)ke TIOHUMATh M a0COMIOTHYIO IIAAKOCTh LIETIOYKH — OTCYTCTBHE CHJI CLICIUIEHHS B TOUKaX €€
KpeTJICHHUS.

® Ha creHe J0MONHUTENBLHO MOYKHO IPUKPENHTD JIMCT MUJUTMMETPOBO OyMaru, ¢ IIOMOIIBIO KOTOPOM MOXKHO
M3MEPHUTh KOOPIUHATHI OT/IENIbHBIX TOUEK MPOBHUCAIOIIEH ETIOUYKU U CPABHUTD UX C TEMH, KaKue ObLIU MOJIy4eHbI B
pesynbTate pacdyera. Takas pabota onvicana B [1] 1 0 Hell TOMOTHUTENHHO OyIET CKa3aHO B 9TOM cTaThe. B Ham
KOMITBIOTEPHBIN BEK MUJUIMMETPOBast Oymara MouTH BbILLIA U3 yrnoTpeOienus. [lepBblii aBTOp HeaBHO pasrpedai
3aBaJIbl B CBOEM paboyeM KaOWHETe W HATKHYJICS HA PYJIOHBI MUJUIMMETPOBOM OymMaru — OOBIYHOH,
noysorapuMuuecKoii u oraprudmMuueckoii mo oo6enm KoopauHaTaM. BozHuKIa niest 0OKIeUTh €10 BMECTO 000€eB
CTEHBI B IOMEILCHNH, TJIe IPOBOASATCS JTabOpaTOpHBIE PadOTHI € IIEBIO U HE TOJIBKO C Hell. Mest MaTeMaTHuecKoro
J3aliHa OMEIeHUI He HOBa: 110JI B X0JlIe ITab-KBapTHpbl Maremarnueckoii acconnanmun Amepukn (MAA —
https://www.maa.org) BbICTJIaH IUIMTKOH B (hOpMe IIATHYTOJIBHOTO MapKeTa. A MONUCK U KiaccuuKkamms
MHOTOYTOJIbHBIX NAPKETOB SIBJISIETCS] HATIISIHOM W MHTEPECHOH 3ajaueil TEOpHH 3aMOIIEHHI COBPEMEHHOM
KOMOHMHATOPHOH reOMETpHUH.



«kiaccuueckas» (abCOMIOTHO THOKas M HEpacTsDKMMas), a CHIIbl CICIUICHHS LEMOYKH O TBO3IH
OTCYTCTBYIOT. [IepBoe yciioBHe Ha IPAKTHUKE BBHITIOJIHUTH HECJIOKHO, @ BTOPOE — MOYTH HEBO3MOKHO, €CITN
ydecTh TOT (aKT, 4TO IIEMOYKa CBONMH CTHIKAMH 3BEHBEB B y3J1aX KPEIUICHHS JOBOJIBHO KPETIKO HETIIeTCS
3a rBo3au. [lo 3TO# KOHCTpYKIMHU (CM. pHc. 3) HYKHO HOCTYKHBAaTh, YTOOBI OHA NPHIIIIA K KAKOMY-TO
pueMiIeMoMy paBHOBecuto. Ho Ha rBo3ayM MOXXHO HAaHW3aTh HOJIIMIHMKKM Kau€HHA M YK€ Ha HHUX
HAKUABIBATh LIENOYKY. DTO YCIOXKHHUT F€OMETPHIO 3a/1a4, HO ITO3BOJUT CPABHUTH PACUEThl C MPAKTUKON
TaK, Kak 3T0 onucaHo B [1]. [ToAIIMIHUKKM KaueHHS MOXKHO B3SITh HEOOJBIIONO THAaMETpa, a LEMOYKy
HA000pOT — MAaKCUMAJBHO Y/UIMHATH. TOr/a MecTa KpeIuieHns! 3aMKHYTOH [EMOYKY Ha ITOMIMINITHAKAX
MOXHO OyZIeT CYMTATh TOYKaMH, ¥ 33/1a4a CYIIECTBEHHO YIIPOCTUTHCS — CBEIETCS K onnchiBaeMoit. Hike

(puc. 14) — B KOHIIE 3TOH YacTH CTATbH MBI 1AM pEIICHUE 3TOH 3a1auu.

Puc. 3. PeanbHasa 3aMKHyTasn LLenoyka, noaBelWeHHas Ha ABe OynaBKu



Ha pucysnke 4 nmokazaHo Ha4ajo pacyeTa IpOBUCAHHS 3aMKHYTOM IICTIOYKH HA JIBYX TBO3JISX: BBOJT
VICXOJHBIX JAHHBIX' — JUIMHBI 1Hernoukd (60 cM) ¥ KOOpAMHAT TOYEK KPEIUICHHS IBO3JEH, HA KOTOPHIE
rernouxa HakuasiBaercs (0-28 u 18-15 cm).

L = 60cm OnuHa kpyrnoi yenouku

#q = lem ¥4 = 28cm IleBan Touka KpenneHua Lenaukmn
¥ = Tdcm ¥ = 1hcm Npaean TouKa KPenneHnA Lenodki
( [x-x)
y{x.h.a.xg) = h+ a- coshl —— | - 1| Lenxan nuHuA
\ I‘. I.,. E ,u‘l ,u‘l
(x-xg

dy|x.a.xg) = 3—y|x.h_a_xu:| — sinh, —— | TMpon3aBogHaA UEnHOR NUHIK
' Fa Loa

k
mg = TD% TMHeliHaA macca yenoukn gf = mE[I]fU

A= J|_x1 - x2:|2 +{yq- y2:|2 =222cm  PaccTofHue Mexy ToUKkamu

X
PE(hp-hy-ap-ay-*pp-*qu) = (2 : 3
Lp « J1+|_Y|_K-ED-KUDH dx
*4
r'xg
: 2
YI,X-hD-ﬂD-KnD:"JHI,YI,K-ED-KUDH dx
4
YD+ D
r'xg
: 3
J Y|_x-hU-E'U-XDU:"J1+|_Y|_X-ELJ-KDLJ” dx
*9
e (-1
g-me{ypLp+ yu(L - Lp|]

Puc. 4. Hayano Mathcad-pacyeTa npoBMCaHUA 3aMKHYTOM LLENOYKM HaA ABYX rBO34AX

Ba:knoe 3ameuaHmne. ABTOPBI HE IPUBOJAT B CTAThe OTEIBHBIE (POPMYJIBI, & TIOMEIIAIOT B HEH JINCTUHTH
pelIeHus 3a5a4 B cpesie pu3nKo-MaTeMarnaeckoit mporpamMmbl Mathcad. I1pu 5ToM aBTOpBI MOHUMAIOT, YTO 3TO OyAET
MemaTh HEKOTOPBIM YNTATEISIM, IPUBBIKIINM K TPAJUIHOHHBIM ITyOIHKAIUsAM C OTJEIbHBIMU IIPOHYMEPOBAHHBIMHU
(opmynamu. UTo MOXKHO CKa3aTh 110 3TOMY 1oBoy!? Bo-TiepBbIX, Bce GOpMyIIbI CTaTbU JOBOJIBHO XOPOIIO YUTAIOTCS

Gnarogaps romy, uro naket Mathcad ucrnosb3yer oGiemMareMaTiHIecKy 0 HoTaluo o texHojoruun WY SIWIG (What

7 Kak mpaBuIIo TaKKeE 33/[a4d PEMIAOTCS JTM00 aHATUTHIECKH (6€3 KOHKPETHBIX Yncel) Tubo B 6e3pa3MepHbIX
BenmurHax. Ho naker Mathcad oGnanaer HHCTpYMEHTOM €MHHIL U3MEPEHHS U 3THM IPEX HE BOCHOJIB30BAThCS.
3T0, B YaCTHOCTH, TIO3BOJIUT M30€KaTh OMINOOK HENPaBUIBHOTO BBOAA (hopMyil. B pacuer BBeneHa
HOJIb30BaTEINIbCKAs SANHMIA TpaMM-CHITbI (Jf) — 0/1HA ThICSYHAs BCTPOCHHOM eMHHILBI KitorpamMM-cuiibl (Kgf).
Hammm pacueTs! HaCTpOEHBI Ha cUcTeMy (PU3MUECKHX BEJIMYHMH CM-TpaMM-CeK (ee 0OYeHb JIo0AT Gpusnky,
otepratomue CH), nosToMy 3Ha4€HHs CHJI 110 YMOTYaHUIO OyIyT BEIBOANUTHCS B TUHAX, KOTOPbIE MBI OyeM
MEHSITh Ha IPaMM-CHJIbI.



You See Is What You Get). Bo-BTopbIX, Takoil CTHIIb MyOIHMKAIMil OTBEYaeT COBPEMEHHOW MHUPOBOW TEHICHIIUH,
korma GopMyJbl B KHHIaX M CTaThsX HAOHpalOTCS HE B TEKCTOBBIX (MaTeMaTuueckux) perakropax LaTeX, Word
Equation, MathML u 1p., a B cpenax matemaruueckux nporpamm Maple, Mathematica, Mathcad® u mp. Tlo Takum
(OKHBBIM» (OPMYJIaM MOXHO CYHMTATh, MO HHUM JAOMYyCTHMO CTPOHTh TpauKH, CO3IaBaTh AHHMMALUH, YTO
CYILECTBEHHO IIOMOTraeT paboTe, yMEHbIIAeT BEPOSITHOCTH OIINOOK U OIe4aToK. boee Toro, Bce yalle v yame riiaBbl
KHHT M )KypHAJIbHBIEC CTaThU MPEICTABISIOT COOON paciieuaTku peeHus 3a1a4 B CpelaX MaTeMaTHIECKHX IIPOrpaMM,
JOTIOJTHEHHBIE 00BEMHBIMH KOMMEHTApHAMH. ECIIH jke Takne JTMCTHHTH pa3MelIeHbl He Ha OyMare, a B 3JISKTPOHHOM
BHUJE, TO OHH MOTYT OBITh U «KHUBBIMI»: YUTATEIIO IT03BOJICHO W3MEHHTH MCXOIHBIC NaHHbBIC M MOJXYyYUTh HOBBIH
oteer. [IpuMep Ha pucyHke 5: aBTOpckHil pacueTHbIi caiit o Texuonoruun Mathcad Calculation Server, ¢ momorsto
KOTOPOTO MOYHO PacCuuTaTh [UTHHY 1emH (S), 3a7aB BEICOTHI TOUEK KpeIUieHus ee KOHIOB nenu h1 u hz, paccrosuue
0 TOPHU3OHTANU MeX Iy HuMH (L), a Takxke ee 3a30p — MHUHHMAIbHOE paccTosiHUE 0T «monay h (kmupenc). [logobHyro
OpOrpaMmy MbI IMEITH BBU/TY, KOT/Ia B BOJJHOM 3aMEYaHHU TOBOPHJIM O TOM, YTO MOSBUITHCH CPEICTBA, TO3BOJISIOIINE
penaTh 10BOJILHO CJIOXKHBIE 3a]a4ll TEOPETHYECKOH MEXaHWKU TOJIBKO 4Yepe3 BBOJ MCXOJIHBIX JaHHBIX M HaXKaTus

wiasuu Pemuts (ITepecuntats — Recalculate).
@ http://twt.mpei.ac.ru/MCS/Worksheets/chain-S.xmcd

Pacuet npoBUCaHUA Lenu (onncaHue sagayn)

X—}(D

enHasa NUHUA ylx,xD,h,au =h+a-| cosh -1 h2 =
Hentizs nuus ; 028,

" =0z |,

*0
MepBoe NPUGNKEHNE NPK peLIeHUU CUCTEMBI YPaBHEHNI

Given

dukcauns Ha nesom ctonbe  hy = ¥({0,xg,h,a)

dukcaumsa Ha npasom cTonbe h2 =vy(L, 0 h,aj

Q,nm-la uenu
L

2
S= 1+ d—yn{,xn,h,an dx
dx

0
g 0.09
= Find|xU,S,aj|= 0.51879 |m
a 0.03241

Puc. 5. Online-pacyer npoBucarmieii mnemnu

& Ho unorza Hotaiuio nporpammel Mathcad nmpuxoaures cierka noamnpasisaTs — cM. puMedanue K puc. 21.



Ha pucyHnke 5 mokasaH pacyer AJIMHBI HIKHETO y4acTKa MPOBUCAIONICH 3aMKHYTOH IIEMOYKH —
51.9 cm (0.51879 ™). Ecim B aTOM Online-pacuere 3amennts 3Hadenne h ¢ 5.1 ma 27.1 cMm, To Oymer
paccuuTaHa JUIMHA BEPXHEro KOPOTKOro y4yacTka 1enovku — 18.1 cM (Ha MILTMeTp OO0JTbIle PACCTOSHHS
MEX Ty TouKamMu KperuieHust L). B cymme 310 maet 70 cM — Takasi IpUMEpHO JUTHHA 0Ka3ajiach y IEMOYKH,
MOKAa3aHHOM Ha PHC. 3 TOCIIE TOTO, KaK ee CHSUTH ¢ OyJIaBOK U M3MEPHIIU €€ JUTHHY C TIOMOIIBIO TMHEHKH.

Ha pucynke 4 mokasanbl (yHKIMH MOJb30BaTensi — (opMyna nenHod mumaun® (Y) u ee
npoussoauoii® (y'). Emte oana Gpynkius ¢ umeneMm PE 1 ¢ mecTbio apryMmeHTaMu BO3BpalaeT 3HaYEHUE
MOTEHIMATBHON HEPIUU TMPOBHUCAIOIICH HA JBYX TBO3MIAX 3aMKHYTOH IIEMOYKHA B 3aBUCHMOCTH OT
apaMeTPOB IBYX YIaCTKOB IETTHOM JIMHUHU, Ha KOTOPBIE MOYKET Pa3aesAThCs [IEMOYKa — CM. PHC. 3 M PHC.
8 BHHM3Y. MBI 5T y4acTku Oynem o6o3Hauath nHaekcamu D (down, Hwkuawuit) u U (Up, Bepxuuii). Ho 310
paszieNneHus yCIOBHOE — HUYKHHIN y4aCTOK [ETOYKHA MOXKET OKa3aThCsl HABEPXY, a BepxHuit BHu3y. Kpome
TOT0, 3TH YYaCTKH MOTYT COBIAaTh (CM. pUC. 9 HIDKE).

[Mpunnun Jlarpamka-Jdupuxne [3, 4], npuiokeHHbIH K Hamiel 3amade, yKa3bIBaeT Ha TO, 4TO
[CIMOYKa NPOBUCHET TaK, qTO6I)I €C NOTCHIMAJIbHasd SHCPIruA CTajia MHUHUMAaJIbHOH. TyT «BBIPHUCOBLIBACTCS»
TUIUYHAS 3a]1a4a ONMUMUZAYUU C 02PAHUYEHUSMU, KOTOPYIO MOYKHO PEIIUTh C MOMOIIBI0 BCTPOSHHOW B

Mathcad ¢pynkuuu Minimize!! skyne ¢ kmouessiM ciosom Given (Jlano) — cwm. puc. 6.

® Kanonuueckas GpopMyJia LENHOM JUHUH, NPONMCAHHAS B BCEX OYMaKHBIX M DJIEKTPOHHBIX MATEMATHIECKHUX
CIpaBOYHHMKAX U yueOHHKaX, uMeeT Bu a-COSh(X / a). B atoii hopmyiie 3a1elicTBOBaH rUMEpOOIMIECKUIT KOCUHYC
cosh. Yro 310? EcTb Takoe peakoe )XUBOTHOE 08yebbik. C OBLOI €ro pOJHUT T'yCTas IepCTh, a ¢ OBIKOM —
pasMepsl. ['UnepOoInyecKrii KOCHHYC IIEPEHSUT OT OTACIBHOMH BETBH TUIIEPOOIIBI CBOIO «IIPOBHCANOLIYIO» (HOpMY
i popmy apku. Ho He OT TpaguIIMOHHON «IIKOJIBHOM» rumnep0Ooisl Y = 1/ X, a oT Takoi runepOoIIbl, MOBEPHYTOH
Ha 90°. KocuHycoM xe ¢yHKuus COSh HazbIBaeTCs M OTOMY, YTO OHa MMOJ00HO OOBIYHOMY KOCHHYCY HMEET
HEPBYIO IIPOM3BOIHYIO, PaBHYIO CHHYCY — runepbonnyeckoMy cuHycy Sinh, Ho 6e3 cMensl 3Haka. Ho rinaBHOe
HOTOMY, YTO HIepOoIMYecKre HYHKIMH MOKHO BBIPA3UTh HE TOJIBKO Yepe3 IKCIIOHEHTY (CM. BBIIIE), HO U Yepe3
TPUTOHOMETpHYECKHe PYHKLIUH OT MHUMOTO apryMeHTa [5]. B cBoIo ouepep IpOU3BOIHAS THIIEPOOINIECKOTO
CHHYCa paBHA rHIepOOINYECKOMY KOCHHYCY (YETHOCTh/HEUETHOCTh). ['HiepOonyeckuii KocuHyc — 370 (€ + e
X)/2, THie € — 3TO OCHOBAaHUE HATYpajIbHOTO Jorapudma 2.718281828...0. T'unepOonuueckuii sxe CHHYC — 3TO

(ex - eX)/2. TlpaBna, runepbonyeckie GyHKIUN B OTIIMYHE OT CBOMX TPUTOHOMETPHUYECKUX «TE30K» Iepruoa He
uMeroT. «Ilepromy uMeeT Lenb, NOABEIICHHAs Ha PsJl CTOJOMKOB — Ha Orpajy IHaMsITHHKa, HanpuMep. Ho B
pacueTax MbI OyJeM HCIIOJIb30BaTh HE KAHOHMYECKYIO, a IPYTYI0 (OpMY 3aIliCH LETTHOH JIMHUH C ABYMS
JIOTIOJTHUTENbHBIME Napametpamu h u Xo: h + a - cosh(((X-Xo) / @) — 1). B atoit popmysie dyeTko npornucana
oco0ast TOYKa 3TOi KpUBOI — LienHas IMHUS UMeeT MUHUMYM (TIpoBHcaromas uens — a > 0) win MakcumyM (apka
— a < 0) B Touke ¢ KoopAUHATaMH N - Xo, KOTOpBIE HY)KHO OYAET HAXOIUTh B MPOLIECCE HAILKMX pacyeToB. B
PYCCKOSA3BIYHOM JTuTepaType GpyHKuu cOsh u sinh 06sryHOo mponuckBaroTes kak Ch u sh (cM. Taxke npumedanue
K puc. 21).

10 dopmyiy pou3BOAHOMN HEMHOM QyHKIMM reHepupyeT caM nakeT Mathcad ¢ nomorpio UHCTpyMeHTa
CHMBOJIFHOM MaTeMaTHKH (OTepaTop «Ipasas cTpesikay). @OopMyIIs jKe JIHHBI KPUBOH W OPANHATHI ee TIEHTPa
TSDKECTH, KOTOPBIE MCTIONB3YIOT OTPEIeIeHHbIN HHTETPal i TAKXKE 3a]IeHCTBOBAHBI B pPacueTax, ObUTH HaICHBI B
WurepHeTe, XOTS MX TOXE HECIOKHO BBIBECTH CPEICTBAMH CUMBOJIbHOM MaTemaruku Mathcad wmu « B yme»,
OIHPAsCh Ha COOCTBCHHBIEC 3HAHUS a30B (DM3UKH U MATEMATHIECKOTO aHAIH3A.

11 Ona (u pyukuus Maximize) nosBUIACH B 3TOM MAKETE CPABHUTENBHO HEJABHO, UTO CYIIECTBEHHO PACIIHPHUIIO
Bo3MOxHOCTH Mathcad mpu penreHHn MaTeMaTHYeCKHX 3a/1a4.



Ir hD "'l_ )
(10
h
U 15
ap
= crm MNepeoe NpennonoMeHte
EU 1
10
0D |
_ |10
LU )
Given
pkg p¥a
J J1 + |_Y'|_X-ED-XUDH2 dx + J J1 + |_‘_-,r'|_x.au.xnu:|:|2 dex=1L
%q %q
¥(%1.hp.ap.xgp| = v y(x2.hp.ap-xgp) = ¥2
y(%q.hy.ay. xgy} = v1 y(x2.hy.ay.xgy)=v2
(hp | .
(148936
h
U 7.0746
ap Miririze(PE e h 11.9918
= Minimize hpLhyyap.a . ¥om . Xngh =
a | D-Ny-3p-3y- %D - *oU} 43493
16.4189
D _ |
_ | L 10.6244 )
'u_xUU,-'
."KQ
lp = J J1 +{y]x. aD_xUD”E dx = 23.637cm Ly=L-Lp=36.363cm
X
1

Puc. 6. MoNCK MUHUMYMa NOTEHUNANbHOW SHEPTUN BUCALLEN 3aMKHYTON LLEMOYKHU

Ha pucynke 6 3adukcupoBaHbI CICIYIOIINE PACYCTHBIC MOMEHTHI:
— BBOJI HAYAJILHOTO TPEJINOJI0KEHUS [T YUCIEHHOTO pEIeHHs 3aa4l MUHIUMHU3AINH; TYT
MIOJIb30BAaTENb TTIAKeTa JIOJDKEH 3a/1aTh YHCIa, OIM3KHE K 0KUIAEMOMY PEIICHHIO;
— BBOJI OrpaHu4eHui mocie cioBa Given; a oHu Takue: JUTMHA 1enoyky L (cymma TiH ee IByX
YacTeil) 0CTaeTCs MOCTOSIHHOM, a /iBa y4acTKa 3aMKHYTOM 1enoYky — HKHHHN (D) 1 BepXHuii
(U) 3akperuieHsl Ha KOHIIAX B IBYX 3aJlaHHBIX To4Kax (1 — sieBas Touka u 2 — mpaBasi TOUKa);
— pabora dynkuuu Minimize, kotopas BepHyJia OTBET: apameTpsl @, N 1 Xo IBYX y4acTKOB
nenHo# nuauk (D u U), npu koTopbhIxX uX noteHIma bHas sueprus PE Oyner munumanbHa, a
OrpaHUYEHHS BBITIOJHSIOTCS. DTOT OTBET (BEKTOP KOHCTAHT) MOJKHO TIEPEHECTH B HAYAIbHBIC
MPEAINONIOKEHHUS U YOeIUTHCS, YTO OTBET He u3MeHuTcs. Ho Bceraa cienyeT moMHUTB, UTO 3TOT
OTBET NPUOIUNCEHHBIL, 3ABUCSILNIA OT 3HAYCHHS 3aJaHHOW TOYHOCTH YHCIIEHHOTO PEICHHUS

3aJ1a4M U APYTUX yCIOBHM.



B pacuyer Obl1a BBE/IcCHA BETMUMHA M — JMHEIHAsA Macca nenodyku. OHa He BIUSeT Ha hopMmy ee
MPOBUCAHUS, HO IIOMOYXKET HaM, BO-TIEPBbIX, IPOBEPUTH MPABHIBHOCTh PacyeTa, MOKa3aHHOro Ha puc. 6, ¢
MO3UIMI GajlaHca CUl, a BO-BTOPBIX, PACCUUTATh CHJIBI, KAKUE PACTATHUBAIOT IETIOYKY B MECTax e
KpEIUICHHS Ha IBYX IBO3/SIX. DTy HOBYIO 3314y MOYKHO CBECTH K YHCIICHHOMY PEIICHHIO
nepeonpeeieHHON CHCTEMbl BOCEMH HETTMHEWHBIX alreOpandecKuX YpaBHEHHUI C MIECTHIO
HEHU3BECTHBIMH, OMHMCHIBAIOIIMMHU «MEXaHHKY» 3aMKHYTOMU IIEMOYKH, POBHCAIONICH O3 CICTICHHUs Ha
JBYX TBO31s. B pacuere 3aaeiictBoBana Bctpoennas B Mathcad ¢ynxims Find (Haittn), Bo3Bpariatorias
3HAYCHUS HEM3BECTHBIX YPABHEHHM, MPEBPAIIAIOIINX HX B TOXKIECTBA C TOUHOCTHIO, OMPECIAeMOit

MCETOJOM U NapaMCTpaMi YHMCJIICHHOI'O PCIICHUS 3a1a4u.

(Foan )
Ty1D 2
Fyap | |
Fy1u 1
y = M
Fyau 1
1
FxD | |
. |\
FU
Given
FY1D+FY2D=ngLD Fy1U+F'_.,r2U=9m|::LU
Fyip=-¥{*1-3p-*gp} - Fxp Fytu=-¥{x1-3y-*gu} - Fxu
Fyap=¥{X2-23p-*gp} - FxD Fyau=¥{x2-ay-*gu} - Fxu
2 2 2 2
Fyip +Fxp =Fyu +Fxu
2 2 2 2
Fyap +Fxp =Fyau +Fxu
(Fyap | .
v (1.54365 )
F
y2D 0.11098
Ty Find(F F F F F.n.F 174238 gf
= rin . . . . . = -
F 20 \Fy1D-Fy2D- Fy1u-Fyau-FxD - Fxu) 0.80299
0.83945
FxD | |
_ _ .0.30399
| I:}e:LJ /
Fqi=2] Fym2 +Fyp =351gf  Fp=2 F,}QDE +Fyp” = 1694.gf

Puc. 7. PacueT cuAN HaTAXEHUA LENOYKU Ha ABYX rBO34AX

du3nyeckre 3aKOHOMEPHOCTH, OTOOpaKEHHBIE B pacyeTe Ha pucC. 7, TaKHe:



— CYMMBI 3HaUCHHMH BEPTHKAJIbHBIX MPOEKLUUH CUJI KPEIUICHHS! YYacTKOB LEMOYKH Ha ABYX
IBO3JX paBHbl 3HAUCHUSAM BEca YYacTKOB IEMOYKU: HMMs IepeMeHHas Fyip O3Hayaer, 4To 3TO
BepTuKaibHas (Y) nmpoekuwus cuibl (F), ¢ koTopoit HikHUi (D) yyacTok nienouku TsHeT JieBbli (1) TBo3mb
BHU3,;

— 3HAYCHHUS TOPU3OHTAIBHBIX POCKIIMH CHIJI KPEIUICHUsI Y4aCTKOB IIETTOYKH Ha IBYX rBo3asx (Fxp
U Fxu) paBHBI OpyT Ipyry U CBs3aHbBI CO 3HAYCHUSMH BEPTUKAIBHBIX MPOCKIIMI 3THX CHII Yepe3 3HAUCHUS
NPOU3BOIHOM IIEMTHOM JIMHUK B JaHHBIX JBYX TOUYKax: Y’'(X1, @, Xoo), Y’ (X2, @b, Xop), Y’ (X1, @Qu, Xou) 1 Y’ (X2,
au, Xou);

— CHJIBI HATSDKEHUSI HIDKHETO M BEPXHETO YYacCTKOB LIEMOYKH B TOUKAaX MX KPEIJICHUS PAaBHBIL:
YYaCTKH LENH APYT Apyra He MePEeTATHBAIOT U HAXOIATCA B PABHOBECHH.

Pacuer, mokazaHHbI Ha pHC. 7, TPOBEPOUHBIA. MBI YOSIUIINCH, YTO 3HAYCHUSI TApaMETPOB LETTHON
JauHUH (TIEPEMEHHBIX ap, au, Np, Nu, Xop 1 Xop), HAMICHHBIX Yepe3 MUHUMH3ALIUIO TOTCHIIUAIbHOM YHEPIHU
(puc. 6), COOTBETCTBYET 3HAYECHUSIM CHJI, 00ECIICUHBAIOIINM YCJIOBUS PAaBHOBECHS HAIlleH MEXaHHMYECKON
CHCTEMBI.

A dTO 1MOKa3all HaM YHCIIEHHBIN KOMITBIOTEPHBIN SKCTIEpUMEHT?!

A TO, 4TO 3aMKHYTas LIETI0YKa B 3aBUCUMOCTH OT €€ [UIMHBI 1 MECTOIOJIOKEHHS ABYX I'BO3JEH
MOJKET MPOBUCHYTH IBYMSI CIIOCOOaMU — CM. pUCYHKH 8 1 9.

Cryuaii 1 llemouka pazaensercs Ha JBa HEPaBHBIX y9acTKa — CM. pHC. 8.

Cnyuaii 2. Ilermodka mpoBrcaeT IByMs paBHBIMU TTOJIOBUHKAMH — CM. pHC. 9.
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Puc. 8. NpoBucatowan Ha ABYX rBO34AX 3aMKHYTasA L,enoYka pasgenaertcs Ha ABA HEPABHbIX
yyacTka
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Puc. 9. NpoBucatowan Ha ABYX FBO3AAX 3aMKHYTasA L,eno4yKka pa3aennaeTca Ha ABe paBHble
YyacTu (NONOBUHKN)

B HwxHeit yactu pucynkoB 8 u 9 nmokazaHsl rpad)uuecKue 3aBUCUMOCTH 3HAUEHUS
HOTeHHHaﬂBHOﬁ OHEPTrHHU IBYX y4aCTKOB 3aMKHyTOI>i LEIMOYKH OT OTHOIICHUA AJIMHBI HUXKHETO y4acTKa K
obmeit mmae nemouku — Lu/L. Ha rpadukax BUIHBI TAKHE 0COObie MOUKIL:

— puc. 8: 1Ba MUHHMYMa Ha Kpasix (YCTOWYMBOE paBHOBECHE) U OJIMH MAKCUMYM B CepeIIUHE
(HeycTouMBOE paBHOBECHE) — IIETIOYKa B PUHIIUIIE MOKET MPOBUCHYTH IBYMS PABHBIMH y4acTKaMU
(cM. puc. 9), HO Py MasIeHIIIeM BHEITHEM BO3CHCTBUH CITOJI3ET B JICBYIO HJIH TIPABYIO MOTCHIINATbHBIC
SIMBI,

— puc. 9: 0lMH MUHUMYM (yCTOIHYMBOE PABHOBECHE) — IETIOYKA IPOBUCACT JABYMSI PABHBIMH

y4daCTKaMHu.



Ha pucynke 10 nmokazan Mathcad-goxymeHnT, hopmupyronmii pyHKIUIO MOJIb30BATENS,
BO3BPAIIAIOITYI0 3HAYEHUE TIOTCHITNATLHOW YHEPTUH MTPOBUCAIOIICH Ha IBYX rBo3aX nemnoduku (PE) B
3aBHCHMOCTH OT OTHOIICHHS JJTMHBI OJHOTO y4acTka K obreit rmune nenouku (LU/L). Berpoennas B
naket Mathcad ¢ynkius Find B 1aHHOM pacueTHOM cilydae BO3BpaIaeT HE BEKTOP KOHCTAHT KaK Ha
pHc. 7, a BEKTOP MOJIb30BATENLCKUX (YHKLINH — 3aBUCHMOCTEH MapaMeTpoB LEMHON JIMHIH Ha JBYX
ydJacTKax OT nepeMeHHoi (aprymenta ¢pynkiun) LU/L. Dtu GpyHkumu-sexTopsl ¢ umenamu AnsD u
ANsU packiiaipIBatoTCsl Ha OTICIbHBIC (PYHKIMU-CKAISPBI ¢ UMeHamu Np, ap u 1.1. Takoi npuem
TTO3BOJIMII HAM CcO3/1aTh QPyHKINIO ¢ mMeHeM PE u ganee ctpouTs ee rpaduky B 3aBUCHIMOCTH OT
OTHOIECHHUS JIMHBI Ly K JurHe L mpH pa3HBIX KOOpAWHATAX TOYSK KPETUICHHS 3aMKHYTOH [ETIOYKH —
cM. pucyHku 8 u 9.

Given
r'xg

. 2
y{x1.hp.ap.xgpj=y1  v{x2.hp.ap.Xgp)=y2 J J1+|_Y|_K-ED-XUDH dx=L-LUL
X
]

AnsD (LUIL) = Find|hg.ap.xpp)
hp(LUL) = AnsD(LU/L)g ap(LU/L) = AnsD(LU/L}y xpp(LUL) = AnsD(LU/L)2
Given

."XE
y(xq.hy.ay.xpu)=v1  ¥|xe.hy.ay.-xgu)=vy2 J J1+|Y.|X-EU-XUUH'2 di= L — L-LUL
X

1

AnsU(LUIL) = Find{hy;.ay.xgy|
hy(LUL) = AnsU(LU/L)g  a(LUL) = AnsU(LU/L)4 ®gu(LUL) = AnsU(LU/L)2
."XQ

PE(LUL) = J y(x. hp(LUL).ap(LUL) .xUD[LUfLH-J1 + |_'_-,r'|_x.aD[LUfL}.xUD[LUfL}HE dx .
Xy

."12
+ J '_-,r|_x.hU|:LU.-’L}.aU[LUfL}_xUU[LUfLH-J1 + |_‘_-,r'|_x.aU[LUfL}.xUU[LUfL}HE dx
X
1

Puc. 10. Co3paHne 3aBUCMMOCTM NOTEHLMANbHOMW SHEPTMKU ABYX YH4aCTKOB NpoBMUcatoLen
3aMKHYTOM LLeNOYKM OT OTHOWEHUA UX AANH?

Haiitu rpanuity, pa3aesstontyro Jse (opMbl IPOBUCAHHS 3aMKHYTOM IIETIOYKH Ha JIBYX TBO3JISIX
(Touka 6ugyprayuu, pa3aBOCHUs), HAM OMOXKET. .. HHTSPIIIOIUS.

12 B (opmyre s moTeHIMabHOI SHEprun Ha pucyHKe 10 y6paHo npousseaenre Me - g (BEC LENOYKH — CM. PHC.
6) u caenaHsl Ipyrue yInpolleHus, yCKOPSIOIUe pacueT. A OH JJOBOJNBHO JUINTENbHBINA. ABTOPBI HA CBOMX J0BOJIBHO
OBICTPBIX KOMITBIOTEPAaX PHCOBAIIH «IHEPIETHUYECKUE KPUBBIEY, TIOKa3aHHBIE HA pHC. 8 U 9, HECKOJIBKO JIECATKOB
MHHYT, T.K. pac4eT KOOPJMHAT KaXXJOH TOYKH ITOI KPUBOH TpeOyeT YMCIEHHOTO PELIEHHs JOBOJIBHO CIOXHOM
CHCTEMBI HEJIMHEHHBIX anreOpanyeckuX ypaBHEHUH ¢ BBICOKOM TOYHOCTBIO. A 3TO 33j1a4a caMa 1o cebe 04eHb
3aTpaTHasi 110 BPEMEHH U IPyTUM pPecypcaM KOMITBIOTepa.



WuTepiroaud. llenHoe yuciio nt

3amauya. Hackonbko memns (pa3oMKHyTas, OOBIYHAS C ABYMsI KOHITAMH — CM. PHC. 2) TODKHA
OBITH JTTMHHEE PACCTOSIHHUS MEXK]Ty TOUKAMH €€ MOIBECa, HAXOAAIIMMHUCS Ha OJJHOM YPOBHE, YTOOBI CHIIBI
HATSDKCHHS Ha KOHIIAX e ObUIM MHHUMAITbHBIMH.

OTO THUNMWUYHAS 3a/1a4a ONTUMHU3AINH: €CJIM YBEJINYUBATh JUIMHY LIETIH, TO 3TH CHIIBI OyAyT pacTH
13-3a YBEJIMYEHUS Beca LIEMH — 3a CUET POCTa €€ BePTUKAIbHON npoekuuu. Ecin xe 1enb ykopaunBars,
TO CHJIBI €€ HATsDKEHHS B TOUKAX KpeIUieHHUs OyAyT yBETUUMBATHCS 33 CUET POCTA €€ TOPU30HTAIBHOM
npoexuuy. [Ipu npubakeHny 3HaueHNUs AJIUHBI eI K 3HAUEHUIO PACCTOSHUS MEXy TOUKaMH €€
KpEeIJIeHUs1, OHA TIepeCcTaeT OBbITh MPOCTO LEMbI0 U CTAHOBUTCS. .. HATSIHYTON cmpyHOU. A pacder CTpyHSHI,
ee KoeOaHusi — 3TO OT/AENbHAs OYeHb MHTEPECHAs 33/1a4a MaTeMaTHYeCKON (PU3KKH, TOe yKe Lelb,
HapoH, CTPYHY HEJb3s CINTATh HepacTsHKUMOM. TyT HyKHO YIUTBIBaTh MOZLYJIb YIPYTOCTH MaTepHaia
CTPYHBI, €€ yIEIbHBIN BEC U APYTUE MMapaMeTPHI.

Ha pucynxke 11 mokazaHo 0HO W3 BO3MOYKHBIX PEIICHHUH 3TOW 3a]]a9i ONITUMHU3AINH (TTONCKa
MuHUMYyMa) B cpene Mathcad.

JI7st 5TOro HY’)KHO (PYHKIIMOHAIIBHO CcBsA3aTh cuiy F u amuny nenu L, 1.e. co3nath ¢pynkimto F(L)
— yenesyio ¢yynkyuio ontumusaimu. B pacuere Ha pucynke 11 TpaauimoHHO 3a1at0TCsl 1B HYHKIIMU
TOJIL30BATENS: LeTHas PYHKINSA, MUHUMYM/MaKCUMyM KOTOPOH MOMaaeT Ha BEPTHKAIBHYIO OCh
opauHaT (TOpH30HTANIBHASL OCh a0CIIKCC MTPOXO/IMUT Yepe3 JBE TOUKH KPEIUICHHUS LIETH), U €€ MPOU3BOTHAS
1o X. 3a7a4a CBOAMUTCS K PEIICHUIO CUCTEMBI JBYX HEIMHEHWHBIX alreOpandecKux ypaBHEHHH (PaBEHCTBO
BBICOT TOYEK KPETUICHHS I ¥ HEM3MEHHOCTh 3HAUEHHSI JUTMHBI IIETH) C HCIIOIb30BaHUEM OJI0Ka
Given-Find, rae dyukius Find Bo3BpaiaeT He 1Ba KOHKPETHBIX YKCIa (YMCICHHOE PEIICHUE CUCTEMbI
JIBYX ypaBHEHHI), a popMupyeT GyHKIUIO MOJIB30BaTeNs ¢ IMeHeM ANS (CM. TakKe 3TOT IPUEM Ha PHC.
10). 3atem 3Ta HyHKIHS-BEKTOP (BEKTOP, MTOBTOPSIEM, IOTOMY, YTO (DYHKI[HS BO3BPAIIACT JBA YMCIIA)
packiaapiBaeTcs Ha aBe otaeabhbie GyHkmuu a(L) u h(L). danee popmupyercs nienesast GyHKIHs
ontumuzanuu F(L), mo koTopoit ctpoutcs rpadguk U y KOTOPOil yTOUHSIETCS MUHUMYM — TOUKa, T/1e
3HAYCHHUE MTPOM3BOIHON PaBHO HYIII0. DTO JIeNaeTcs ¢ MOMOIbio BcTpoeHHoi B Mathcad ¢yHnkiu root,
KOTOpasi BO3BpAIIaeT HYJIb IIEPBOTO CBOETO apryMEHTa — 3HAYCHUE BTOPOTO apryMeHTa, MPU KOTOPOM
HEPBBII apryMEHT Oy/IeT paBeH HyII0. DTOT IOMCK BEETCS B AMAIIa30HE, 33JaHHOM TPETHUM U
4eTBEPTHIM aprymMeHTamu ¢pyHkimu root. TyT, npaBjia, MOXKHO ObLIO HCIOJIB30BATh YK€ 3HAKOMYIO HaM
dynkimo Minimize, Ho Mbl pyHKIMHU 00t 3a1eHCTBOBANN [T pa3HOOOpa3us U HE TOJIBKO. J[elio B TOM.
410 MBI QyHKIKH 00t B oTirume oT pynkiuu Minimize ue rnymmTes B 6ecruiaTHoii Bepcun Mathcad —
B Mathcad Express.
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Puc. 11. OnpegeneHve oNnTUMaAbHOM ANMHbI LENK



UYucmo 1.258... (OTHOIICHHE JTUHBI ONITUMAIIEHOM [IEITH K PACCTOSIHUIO, MEK/y TOUKAMU €€
KPEIJICHUS Ha OJTHOM YPOBHE) MOYKHO CUMTATh HEKOW HOBOU (hHU3UKO-MATEMATHYSCKON KOHCTAHTOH (CM.
CHOCKY 3) U 1ath eif ums ¢ (IlerHoe Yuciio T — catenary, chain) — OTHOIICHHE AJTHHBI TyTH
ONTUMABHOH IETTHOHN (DYHKITUU K €€ «IUaMETPy» — PACCTOSHUIO MEXK/y TOUKAMHU KPETLICHUS.
OOBIYHOE YHCIIO T — 3TO, KAK U3BECTHO, TOXKE OTHOIICHUE MYTH (ITOTYOKPYKHOCTH) K €€ PaanuycCy.
MOo’kHO Ha4aTh BEIYHCIUTEIHHYIO TOHKY — HaXOIUTh MAaKCHMAIBHOE KOJMYECTBO YHCEI B 3TOM
KOHCTaHTE Harmo100Me TOro, KaK 3TO JIETAeTCsI B OTHOIICHHUH OOBIYHOTO («KPYroBoro») uncia m: 3.142...

Otcroa npakTuueckuii coBeT. Eciau TpeOyeTcs MOBECUTH 11eTib, BEPEBKY WIIH TPOC MEKIY ABYMS
CTOJI0AMH Ha OJMHAKOBOM BBICOTE, TO TPU OTCYTCTBUHU KAKUX-TO OCOOBIX TPEOOBAHMIA JOCTATOYHO OyAET
3a/1aTh JIUHY IeTH, KOTopas OyaeT OoJbIlle MPIMEPHO Ha YETBEPTh PACCTOSHUS MEXTy TOUKaMU
KperuieHus. B aToMm ciydae... cM. Bbile. Eciu ke TOUKH KPETUIEHUS LETIH HAXOAATCA Ha pa3HbIX
YPOBHSX, TO MOSIBUTCA JAPyTasi «KKOHCTAHTa», U ee 0e3 TpyAa MOKHO pacCUnTaTh, IO METOTUKE,
OIIMCAaHHOM B 3TOM CTaThe.

IMocne myOnukanuy B aBTOPCKOM KHUTre [6] 3TOr0 McciienoBaHus 1 BOSHUKHOBEHHUS HAIGHK/IbI HA
OTKPBITHE HOBOH (PM3MKO-MaTeMaTHYECKOH KOHCTAHTHI OBbLI clieNlaH MOKUCK B HHTEpHETE 10 Kimouy "1.258
catenary", KoTopsIii mpuBe K myoukanuu «OnTuManbHas Gopma mpoBucaroiiero kaoess» [7], B
KOTOpO# yke ¢puryprponaino yncio 1.258. Tak 94To MBI HEMHOTO OIIO3/aJH C IPHOPUTETOM Ha 3Ty
KOHCTaHTY, HO BIIOJJTHE 0OOCHOBAHO CUMTaeM ce0sl ee CoaBTOpaMH.

OO0cyxaeHne JaHHOM 3a7]a4yl C TIONBITKAMH €€ aHATUTUIECKOTO PEIICHHE MOXKHO YBHJIETH 3/1€Ch:
https://community.ptc.com/t5/PTC-Mathcad-Questions/Symbolic-solution-of-one-optimization-
problem/td-p/130281. 3Ta KOHCTaHTa MIEPBBIM ABTOPOM CTAThH OTKPHITA CIYYAHHO — MOI0UpAIICS
XopoInuii mpuMep perenust B cpeae Mathcad 3agaun ¢ ncnonp3oBaHHeM pHUEMa CO3MaHus (PYHKITHH
M0JIb30BaTENsl, 0a3UPYIOLIECHCs Ha PELICHUH CUCTEMbl HETMHEHHBIX aNre0pandeckux ypaBHEHUi (CM.
puc. 10 u 11), mpuBeqmnii K OTKPBITUIO ITOH KOHCTAHTHI.

Ha pucynxke 12 nmokazaHo pemieHue 3a1a4u 0 Oudypranuy 3aMKHYTOW [IEMOYKH, TTOABEIIEHHON Ha
JIBYX TBO3/ISIX, METO/IOM, KOTOPBIH ceifuac BCe Yallle U Yallle UCTIONb3YeTCs IS PEIICHUS
MaTeMaTHYeCKUX U JPYTHX 331a4. A UMEHHO: 3aj[a4ya O IIeM0YKe Oblia «BbIBEIICHA» Ha caiiTe
https://dxdy.ru/topic129422.html ¢ mpocs6oii moMOYb penIuTh ee. AHOHUMHBIN TTOCETHTEH (hopyMma ¢
ncepmonnmoM DeBill nanm pemmenne, mokasannoe Ha puc. 12. Kak oH 310 czenan, y3HaTh He y1al0Ch.
[IpumMepHO Takas Jke CUTYyalus HaOJII0gaeTcsl, KOTa Mbl MCTIONb3YeM IS PEIICHHs 3a/1a91 He
MOCTOPOHHETO YeJIOBEKa, a MOCTOPOHHIOK MporpamMMy. Peliienue HaiiieHo, 1 OHO BEPHOE, HO KaK OHO
HaWIGHO OCTAeTCsl 3araiKoi. ITO 0OCTOATEIBCTBO TACT HAM OCHOBAHHME CYMTATh 3TOT METOJI PEIICHHUS
3a71a4 TaKMM K€ «3aKOHHBIM» KaK YHCJIEHHbIE, CHMBOJIbHBIE WM rpaguyecKue MeTobl. YeroBek,
CTOJIKHYBIIIUCH C HE3HAKOMO 3a/1a4eil, MOXKET MBbITAThCS PEIIUTh €€ CaM B yMe MJIM Ha KOMIIBIOTEPE C
HOKITIOYEHHEM HEOOXOIMMBIX ITPOTpaMM, IIPOLeayp U QYHKIHH (COOCTBEHHBIX MIIU YY)KHX), & MOJXKET. ..
BBIBECHThH €€ Ha CHEIUATM3UPOBAHHOM (popyMme u toxuaaThes orBeta. OTBETHI ke Ha (opyMax 4acTo
COMPOBOXKAAIOTCS KPUTHISCKUM aHAIN30M M CAMOM 3a/1a4H U €€ PEIICHUSI.
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z:=x-sinh(z) = cosh () —— 1.1996786402577338339

sinh (:1:)

xr

b:=2. — 2.5154729123361881145

L.:=2a-b— 5.030945824672376229.a

cr

T — 1.2577364561680940572

““da

Puc. 12. UaTepHEeTOBCKOE pelIeHUE 3a7auu 00 LEMHOM uucie T

KoHeL, nHTepatoamnu

Tak Bot! JlaBaiiTe HAOpOCHM Ha JBa TBO3 IIETIOYKY TaK, KaK 9TO IMOKa3aHO Ha puc. 8, u Oynem
MOCTETIEHHO YBEIMYMBATH PACCTOSIHAE MEXIy TOUKaMU KpEIUICHUs, IepeMeltiasi IpaBblii TBO3/b BIIPABO
u/viv BHU3. YNCIIEHHBIN SKCTIEPUMEHT TTOKA3hIBACT, YTO B MOMEHT CIIMSIHUS IBYX YYaCTKOB LIEMOYKH
(mepexo/1 OT KAPTHHKHU Ha pHC. 8 K KapTHHKE Ha pUC. 9) CHIIbI, IPUIIOKESHHBIC K TBO3JISM, TIPHOOPETAIOT
MUHUMATIbHBIE 3HAYEHUA. DTO U SBISIETCS HEKOW Ka4eCTBEHHOW IpaHHLeii Mex 1y AByMs GpopMamu
MIPOBHCAHUS LIENIOYKH, TOKa3aHHBIX Ha puc. 8 u 9. UeTkas 11 3TO rpaHKIa WU pa3MbITas — BOMPOC MOKa
OTKPBITBIN. BBIBO hopMyIIBI, 10 KOTOPOI MOKHO PAcCUUTATH 3TOT HEPEXO]] BHIXOIUT 32 PAMKH JTaHHON
ctatbu. Ho unTaTeny MoXKeT MOMBITaThCs ClIENaTh 9TO caM. B aToli popmyiie OyayT maTh nepeMeHHbIX —
JUIMHA KPYTJION IETIOYKH ¥ KOOPAWHATHI e KperuieHus. B popmMyIie MO)KHO yMEHBIITUTD YHCIIO
NEepPEMEHHBIX, TIPUBEIS €€ K HEKOMY KaHOHHUYECKOMY BUJTY (CM. CHOCKY 9).

3aMKHYTYIO IIETI0YKY MOKHO BpallaTh HEe TOJIBKO TaK, KaK MOKa3aHo Ha puc. 1, HO U IpyTrum
MaHEpOM: TIOBECHTh €€ Ha yKa3aTeJIbHbIE NallbIlbl IBYX PYK U BpaIlaTh UX 10 OKPY>KHOCTH. Tak,
HanpuMep, AeJalT AETH, KOTAa MOIYLIyTs-0TYCephe3HO XOTAT NPHUHATH KAaKOE-TO PEIICHHE: 3aKPhIBAIOT
IJ1a3a, BpaIaroT [epea co00H pyKH, a IOTOM MBITAIOTCS COCTHIKOBATH YKa3aTEJIbHBIC MabLIbL.
[Ipomaxnynuce — peuenue Ha npuHsTo! Ha pucynke 13 mokasansl KaJpsl aHUMAIMK TAKOTO 3aHATHUS
JUTSL PYK C IOJBEILICHHON 3aMKHYTOM LIETIOYKOI B MaTeMaTHYECKOH peai3alnu: OHa TOUYKa KPETICHUS
LIENIOYKN HETIOABI)KHA, a BTOpasi BPAILaeTCsl BOKPYT MEPBOH MO0 OKPYXKHOCTH. BepHee, ToJIbKO M0 0 HON

YEeTBEPTU OKPYKHOCTH: Ha APYTHX TPEX YETBEPTSIX pe3yIbTaT OyneT WACHTHUYHBIN (CUMMETPUYHBIN).
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Puc. 13. Kagpbl aHMMauLMmM BpaleHNA 3aMKHYTOM LLeNOYKM, NOABELWEeHHON Ha ABa rBO3AA:
BEPXHUMN pAL — ANMHHAA LENnoYKa, HUXHUMN pAL YKOPOUYEHHAA Lenoyvyka ¢ puKcaumm AOYKM
budypKayuu.

Kakwue BBIBOJIBI MOXHO cIeNaTh, aHATH3UPYS puc. 13, U Ipyrue BHIYUCIUTEIBHBIE
9KCIIEPUMEHTBI, POBEACHHBIC aBTOPAMH?

Bo-nepBbIX, TO, 4TO paccTOsIHHE MEX]Ty TOUKaMHU MOJBECA LIETIOYKH — 3TO HE €MHCTBEHHBIN
KPUTEPHH, OTpeASIIONIA (OopMy €€ IPOBHCAHUS. DTOT KPUTECPHH SBISIETCS CAMHCTBEHHBIM JIJIS
ClIydasi, KOTJia 9TH TOYKH HaXOJSTCS Ha OJHOM ypoBHE — cM. puc. 11.

Bo-BTopHIX, ABa Kajpa aHUMAallMU Ha IIPAaBOM Kpato puc. 13 muImHuiA pa3 yKa3slBaloT Ha
OTPaHUYEHHOCTh YUCICHHOIO PEIICHUA 3a1a4u: IIPU ONPEAEICHHBIX HAYAJIbHBIX YCIOBUAX PELICHUS HET.
OTO CBA3aHO U C CaMOU MPUPOJOUN YUCIEHHBIX METOJOB U C TEM, UTO BEPTUKAIBHO MIPOBHUCAIOIIAS
[enoyka TpedyeT npyroi GopMyJIIsl I pacyeTa, a He To (IIeTHas JIMHUS ), KaKas M0Ka3aHa B Kajpax
anumanyu Ha puc. 13. Ho otcyTcTBHE pemeHust — 3To eme noibdeasl. Hacrosimas 6ema MOXeT CITyduTcs,
KOT'JIa YHCJICHHAS MaTeMaTHKa JaeT HEBEPHBIH OTBET (CM. YETBEPTYIO YaCTh CTaThH), BICKYIIHA 32 COOOM
HEBEPHBIE BBIBOJBL. ABTOPBI HAJCKOTCS, YTO B JAHHON CTaThE 3TOr0 HE CIYYHIIOCH.

Ha pucynke 14 oToOpakeHO pelieHne paHee aHOHCHPOBAHHOM 3a/1a4ll — 3aMKHYTasl [IeTT0YKa
BEILAETCS HE Ha JIBa FBO3/4, a HA JIBA MOALIUIIHUKA, KOTOPbIE JOKHBI CBECTH K MUHUMYMY CLICTIIICHUE.
O6cyxaenue 3aaaun, Mathcad-mokyMeHTBI 1 aHUMAITHH HAXOISATCS 110 apecy
https://community.ptc.com/t5/PTC-Mathcad-Questions/One-interesting-problem-with-closed-chain/m-
p/569018.

3/1ech TakKe BEAETCSI MUHUMH3AIHS TOTEHIINAIBHON SHEPTUH IIETIOYKH, KOTOpasi UMEeT yXKe He
JIBa, & YETHIPE yYacTKa: HIXKHUM IPOBUCAIOIIUI YUACTOK LIENIOYKH, BEPXHHUM IMPOBUCAIOLIUI YUACTOK,
YYaCTOK IIETIOYKH, OXBATHIBAIONINH JIEBBIH MOANIMITHUK U YYaCTOK [EMOYKH, OXBATHIBAIOIIHIA TTPABHIi

OAIIUITHUK.



Ha PUCYHKE 14 BCPXHUC U HUIKHUC KaJAPbl aHMMAIIUU WITIOCTPUPYIOT MOJIOKCHUC LICTIOYKHU B
JABYX IMOTCHUOHAJIBHBIX sIMaX: IBC YaCTU LHCIIOYKH HE IIEPECEKAIOTCA U ABC YaCTU LCTIOYKH IIEPECCKAKOTCA.
Ho IIpy YBEJIMYCHUU PACCTOAHUA MEXKIY MOAIIUITHUKAMHU 3TU ABa YCTOﬁQHBLIX paBHOBeCI/Iﬁ CIIMBAKOTCA B
oxno. Ha KaJgpax aHUMallun TaKXE OTMEYCHDBI KPY>KKaMH ITOJIOKCHUA IEHTPOB TAXKCECTU YIACTKOB

3aMKHYTOM LIETIOYKHU.
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Puc. 14. Kagpsl anuManuu NpoBUCAHUSA 3aMKHYTOM I[€MOYKH HA JBYX MOJIIUITHUKAX

3ajaya 0 3aMKHYTOM LEMOYKE Ha IBYX MOIIMIHUKAX HMEET BaXKHOE IPAKTUYECKOE
IPUIIOKEHHE, ECITU BCIIOMHHUTE O BEJIOCHUIIEIHON LENH, HAKMHYTOM HA JIBE 3B€30YKH — Ha OIHY Yy
Teaei, a BTOPYIO Ha 3a{HEM KoJlece Beocurena (cM. CHOCKY 4). CTeneHb HaTsSHKEHUs STOM e —
BaKHBIN apaMeTp HalaIK{ 3TOrO OYEHb MOMYISPHOTO BHa TPAHCIIOPTA.

I[Ipu yMeHbINEHHH Painyca TIOAMUITHUKOB — IIPU CTPEMIICHMH 3TOH BEJIMYHMHBI K HYJIIIO 3a/1a4a
CTaHOBHUTCS SKBUBAJICHTHON ONMMCAHHOM BBIIIE.
2. llerno4yka Ha nJje4yrKax

[neunkamu®® B xuTeiickoM 0OMXO/E HA3BIBAIOT BEIIANKY, «PAcHIKy»'* B BHE TYIOYroabHOIO

PaBHOOEIPEHHOTO TPEYTONbHUKA C KPIOYKOM HaBepxy (puc. 15). Ha 310 HeXuTpoe HpHCIocobeHue

13 MHorue Benu UMEIT UMEHA, 00PA30BAHHBIE OT YMEHBIIUTEIBHBIX (OPM APYruX c1oB. CpaBHUTE: ILJIEUO0
YeNloBeKa U TIICUHKH B rapaepode, cliiHa 4eJI0BeKa U CIIMHKA CTYJIa, HOTa YeJIOBeKa M HOXKKa CTyJa, pyKa 4eJIoBeKa
1 pydYKa — IMUCHMEHHBIA IPUOOp min ckoba Ha aBepH. U Takux MprMepoB MOKHO NTPUBECTH MHOKECTBO.

14 Mama nepBoro aBTopa CTaThH 4acTO Ha3blBalla 3TOTr0 OOUTATENS MKapOB mpemnenem. Buxuneaus
[IOJICKA3bIBAET, UTO CBEIECHUS O MIPOUCXOKIEHUM ITOTO CJI0BA HE BIIOJIHE JOCTOBEPHBL. BEpOSITHO, OHO IPOUCXOIUT
OT HEMELIKOTO CTPOUTEIHHOTO TePMHHA, 0003HAYAIOIIEr0 KOHCTPYKIIHIO U3 JIEPEBIHHBIX MIaHOK. CIIOBO IHUPOKO
pacIpoCcTpaHEeHO Ha BOCTOYHOM YKpauHe, OTKyJa poJOM MaMa IepBOro aBTopa. B coBpeMEHHOM HEMEIKOM SI3bIKE



BEINAIOT OZieXk 1y B mKadax'®: mumIKkak, HanpuMep, Ha HAKJIIOHHBIE CTOPOHBI TPEYTOJILHUKA (HA STH CaMble
IUICYUKH), a OPIOKM Ha MEepeKIaIuHy — Ha TOPU30HTAIbHOE OCHOBaHMe. HekoTopeie Bemu (mamckue
KOMOWHAIINY, HAITPUMEP) YACTO COCKATB3BIBAIOT C 3TUX TUICYMKOB U TAJIAI0T BHU3 HA JHO IMKada Wi Ha
noi1. Mnmn HaoGopoT, OpeTenbku KOMOMHAIHI COOMPAIOTCS Y OCHOBAHUS KPIOYKa — Y BEPXHEH BEPITUHBI
TpeyroibHuKa. UTO TOXKE HEXOPOIIO — BEIIM MHYTCS. Tak 4To Haimle UccieqoBaHHe OyIeT UMETh He
TOJILKO YMCTO HAYYHOE, HO M HEKOE TPUKIIIHOE, IPAKTHUECKOE 3HaUCHHE!

JlaBaiiTe MOCMOTPHM, KaK Ha TaKWX TUICYHKAX OYeT IepKaThecs He TaMCKOe HIDKHee Oellbe, a Hallla

3aMKHYTas IeTI0YKa — CM. PUCYHOK 15.

7 ANEEAL

Puc. 15. 3amKHyTaA uenovyka Ha naeyYmKax

3amaua. bepercs y)xe n3BecTHas HaM 3aMKHYyTas Ilenodka (puc. 1), koTopas BemiaeTcs HE Ha JIBa
rBO3/ (puc. 3), a Ha IBa CAMMETPUYHBIX OTHOCUTEIBHO IICHTPaIbHOW BEPTUKAIBHOM OCH OTPEe3Ka MPSIMBIX
JIMHAN — Ha 3TH caMble IeurkH (cM. puc. 15 u 16). Cumamu CrerieH s EMOYKHY ¢ IICUHKaMK MBI TAKKe
Oynem mpeHeOperarp, a 3aMKHYTYIO IIETI0YKY OyIeM CUYNUTAaTh HEPACTSHDKUMOM M aOCOMroTHO rudkoif. Kak

IIPOBUCHET TaKast HCHO‘IK&?

cioso Trempel wiun Drempel oznagaer oxny u3 koHcTpykuii kpsimu (Kniestock). A 0ocHOBa MHOTHX KPBIIIT — 3TO
TPEYTOJILHUKH U3 CTPOTIMII U JIar.

15 Bee rOCTHHMIIBI MEpPa MOKHO yCIOBHO Pa3eiuTh Ha JABE HEPaBHBIC YacTH. B ofHMX (a TaKuX, yBHI,
MEHBIITMHCTBO) B MKa(aX BHCAT OOBIYHBIC «JOMAIIHUE IUICYHKNY. B IPYTHX jke BUCAT, MOXKHO CKa3aTh, HE
«JIOMAIITHHE», a «AUKHE TUICYUKW», COCTOSIINE U3 ABYX YaCcTeH — M3 «KPIOYKa», KOTOPBIH HAKPENKO MPUBSI3aH K
najike B mkady, 1 COOCTBEHHO caMoii Belallku 0e3 Kprouka, KOTOPYIO HYKHO XUTPBIM CITIOCOOOM COEIIUHSTH C
KPIOYKOM. DTO OYEHb HEYJJOOHO, HO C/IEJIaHO BBIHYKJEHO — B LIEJISIX POTUBOACHCTBUSI BOPOBCTBY BEIIAJIOK
MOCTOSATIBIIAMU OTeJIeil. ABTOPHI BUIEIH OJHY TOCTHHHILY M TPETHETO TUMA. TaM BeIIagKy ObIIN MPUKPETUICHBI K
mkagy... Henbio — 00BEKTOM HAIIETO KCCIieIoBaHus. B crapbie BpeMeHa B OOIIECTBEHHBIX MECTaxX LIEIbIO0 YacTo
MPUKPETUISIIN KPYXKKY K 624Ky ¢ muTheBoH Bogoi. Ceifuac HepeIKo MOKHO BHIETh, KaK B OHcax LEMOYKON KpersiT
PYUKH /ISl TECbMa, YTOOBI MOCETUTENH CIIy4ailHO MIIM HAMEPEHO He YHECIH uX — cM. (oTo.

«IIneurku ciayxaT HeOONIBIINM MaTEepPUATILHBIM TIO/ICIIOPbEM rap/epoOIiuKaM B Tearpax. [1anbsTo 3purelis MOKHO
MIOBECHUTH ITPOCTO HA KPIOUOK, 3 MOKHO TIPEATIOKHUTH EMY «IUICYHKH 33 OTACIBHYIO TUIATy U MOBECHUTH MajbTo OoJee
aKKypaTHO (JIeBBIi Kajp). E1e oArH HCTOYHHK TOTIOHUTENHFHOTO 10X0/1a TapIepOOITNKOB — 3TO OMHOKIIH.
[IpaBna, HEKOTOPEIE 3PUTEIH APEHAYIOT UX HE ISl TOTO, YTOOBI MOJyHUIIe pACCMOTPETh UTPY JTIOOMMOTO aKTepa
(cM., Haripumep, puc. 1 u 25), a i TOro, 4TOOBI MOJTYYUTh NaJIbTO Oe3 ouepenu. IlepBblit aBTOp, KOraa y3HAI,
KaKylo HU3KYIO 3apIuiaTy MOJIy4aloT rapepoOIIUKH B €r0 POJHOM HHCTUTYTE (HUKAaK HE TIOBOPAUYNBAETCS S3bIK
Ha3BaTh €r0 YHUBEPCUTETOM: YHUBEpCHTET B MockBe ouH — MI'Y), mpeanouit UM cliaBaTh B apeH1y
CTY/IGHTaM... «IUICYNKN U OMHOKIM. BUHOKIH, KCTAaTH, MHOT/Ia OY€Hb ObI MPUTOIMIINCH Ha JieKnusax. Hexoropsle
NPeroiaBaTeNy TaKk MEJIKO IIMIIYT Ha JOCKE, YTO C 3aHUX psanoB («c Kamuarkm»), uto HUYero He BUAHO. MHOTHE
CTY/ICHTBI, KCTATH, CTaJIH «JIeJIaTh CKaHbD» JJOCKH — (QoTorpadupoBarh ee Ha cMapTQOH, a 3aTeM JETaIbHO
paccMmarpuBaTh CHUMOK. Eciy e ele 3armichiBaTh M caMmy JIEKIUIO, TO 3TO Oy/JIeT XOPOIINM IOJICTIOPhEM K
SK3aMEHY.



Puc. 16. 3aMKHYyTasa Lenoyka Ha nae4vynkax (0 pUcyHKe B LEHTPE CM. HUXKe)

[TpeneOpeus cuilamMu CLETUICHUS B 3a/1a9€, TOKAa3aHHOW Ha puc. 16, emie cioxHee, 4eM B 3a1ade,
MOKa3aHHOM Ha puc. 3. Ho MOKHO MOCTYNHTH TaK: B3STh OOBIYHYIO PA30MKHYTYIO LIENIOYKY U K IBYM €€
KOHIIaM IPUKPENUTh HEKHE MAJICHbKUE KOJIECHKH, KOTOPbIe CBOOOIHO KATATCS 110 HAKIOHHBIM PebcaM-
IUIeYMKaM. A IOKa e Mbl, IOBTOPSIEM, IPOCTO OyeM npeHeOperaTb CUjlaMH CLETUICHHUS 3aMKHYTOM
LENOYKH O IUICYHKH.

Ha pucynke 17 noka3aH npoTOKOJI YHCICHHOTO pelIeHns 9Toi 3a1a4un B cpene Mathcad.
Hcnone3yercs yxe 3HakoMast Ham (ynkims Minimize, MUHIMU3UPYIONIas OTCHIHAIBHYIO SHEPTHIO
3aMKHYTOH LIETIOUKH IIPU 33JaHHBIX OIPAHUUCHUAX: (PUKCAIMAX KOHIIOB YacTeH IENOYKH Ha IICUNKAX.
3agava MoXxoxXa Ha MpeIbIAyIIYyI0, HO MecTa KOHTAaKTa LEMI0YKU He 3a()MKCHPOBaHbI B IBYyX TOUKaxX (Ha
JIBYX TBO3/ISIX), @ «CKOJIB3AT» IO OTPE3KaM HAKJIOHHBIX MPSMbIX — I10 IUIeYnKaM. Peakiin y Takux onop
OyAyT cTpOro nepneHIuKyISIPHBIMH, U MBI 3TOT (DaKT elle OTMETHM HIKE.

[Ipennonaraercs, 4To HEMOYKa Ha IUIEYMKAaX MOKET PAaBHOBECHO MPOBUCATH U B
HECUMMETPUYHOM ITOJIOKEHUH (KOCO — «KPUBAs YJIBIOKa», CM. pUC. 8), XOTs CaMU [UICUYUKH BHCST
posHo. [losTOMY B pacueT BBOASATCS JBE HCKOMBIE BEIMYMHBI — X| M XR: PACCTOSHHS OT BEPTHUKAIBLHON

OCH, TJIe PACIIOJIOKEH KPIOUOK IICYHKOB, 10 TOYEK mojiBeca enoyuku ciesa (Left) u cpasa (Right).
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Puc. 17. PacyeT NONOKEHUA 3aMKHYTOM LLEMOYKM Ha NeYMKax

UTo mokasall Hall HOBBIM YHCIEHHBIN KOMIBIOTEPHBIA HKCIIEPUMEHT?

[TomokeHune nenovky, mokazanHoe Ha Gortorpaduu Ha puc. 16, He SBIIETCS YCTOWIUBBIM. DTO
TMOJIO’KEHUE UCKYCCTBEHHOE, 3a/1aBa€MO€ CHUJIaMU CIIETUICHHS [IETIOYKH C TUICYHKaMH. AHAIIOTHS: OpyCOK
Ha HaKJIOHHOM TIOCKOCTH (CM. IIEHTp pUCYHKa 16) HEMOABMIKEH, XOTs IOJDKEH CKOJIb3UTh BHH3,
YMEHbIIIasi CBOKO MOTSHIMAIBHYIO 3Hepruto. [[prunHa HENmoIBUKHOCTH — CHJIa CIETUIEHUs OpycKa ¢
HaAKJIOHHOM MIOCKOCTRIO (CHiIa TpeHue MoKos). VI He cuiia mpenus ckonbiicenus, KoTopast
PacCUMTHIBAETCS 110 JIOBOJILHO MPOCTOH (hopMyJie ¢ KOIDDUIIMSHTOM TPEHHUS, & CUld CYenieHust, pacueT
KOTOPOI#i cyliecTBEHHO clokHed. Ecnu 6 3Tix cui He 0110 ObI, TO Hallla Ieroyka Ha puc. 16 1u6o
MPOBHUCIIA OBl ABYMS OJIMHAKOBBIMH TOJIOBUHKAMHU, CAHMMETPHYHBIMUA OTHOCHTEIBHO BEPTHKAILHOMN OCH,

100 COCKOJIb3HYJIa C INICYMKOB M ITPOBHUCIIa BEPTUKAJIIBHO, 3alICIIMBIINCE 34 OCHOBAHUEC KPIOYKa



TIeYHKOB. M 3T0 «inb0» He 3aBUCHUT OT AJHMHBI HETIOYKH, a CBA3aHO TOJBKO C YIIIOM PACKPBITHS
IIeYnKOB. TYT UMEETCsl KaUeCTBEHHOE OTINYHNE MIEYHKOB (prc. 16) OT KOHCTPYKIMH C JBYMS TBO3ISIMH
(puc. 3), Tae 1Be YaCTH 3aMKHYTO# [IETIOYKHU MPH JOCTIXKSHHA MUHUMYMa MOTEHINAIbHON YHEPTUH
MOT'YT IPOBUCHYTH JIKOO JByMsI HEPABHBIMH yJ4acTKaMu (cM. puc. 8) o cummerpudro (puc. 9).
Ienouka *xe Ha MJIeYMKaxX BCEr/la IIPOBUCHET PaBHBIMU IT0JI0BUHKaMH. HauuHaeT jxe oHa pa3znensaThes Ha
JIBa HEPABHBIX y4acTKa B MOMEHT HayaJjla CKOJIbKCHHUS TIepel COCKaKUBAaHUEM C IUICUYHKOB.

C nomouIpi0 YMCIEHHOTO SKCIIEPUMEHTa ObUT HAlllyIaH KPUTUYECKUN YTOJI PaCKPbITHS
IUIEYHMKOB, IPY KOTOPOM 3aMKHYTasl LIETIOYKAa COCKAKUBAaET ¢ Belayku. J{ist pukcanuu 3toro yria Oblia
cosmana aamMarts (cm. https://community.ptc.com/t5/PTC-Mathcad-Questions/Round-chain-on-the-
corner/td-p/553624). ITIpu yBenuuenuu yria o (yria pacKpbITHs IICYMKOB) Ha BEITMYMHY, OOJIBLIYIO YeM
npumMepHo 50 YIIoBbIX IPadycoB LEMOYKa COCKaKMBala C TUIEYMKOB M BUCIIA Ha MECTE KPETUICHUS
KpIOUKa — Ha BEpIIMHE TYNOTo yriia. JTO, MOBTOPSiEM, BBITEKAET U3 TOTO, YTO MOTECHIIUATBHAS SHEPTHS
BCPTHUKAJIILHO BPICSHIICIZ OECTIOYKH CTAaHOBUTCA MCHBIIIC HOTCHHHaJ’IBHOﬁ OHEPruu UC1IOYKH, HpOBI/ICEIIOHICﬁ
10 [EITHOU JIMHUMU.

Ha pucynke 18 nokaszaH YMCIEHHBINH pacdeT 3TOr0 KPUTHUECKOTO YIIla — OTpeaeNIiCHHE
3Ha4YeHus d, IIpr KOTOPOM NOTCHIHAJIbHAA SHEPIruAa UCIIOYKHU, HpOBI/IC&IOIlICﬁ 10 ABYM OJIMHAKOBBLIM
nyram tenHoi muHun (PEc), OyaeT paBHa MOTEHIMAIBHOW SHEPIHHU LETIOYKH, BUCSIICH BEPTUKAIBHO (-
L?/4) u 3auemIeHHOM 3a BEPIIMHY IUIEYUKOB (KOHCTaHTa § * M¢ — NPOM3BENEHHE YCKOPEHUS
CBOOOHOTO MaJICHUS Ha JIMHEWHYIO MACCy HEMOYKH TYT OISITh e HE YUUTBIBAETCS) . ITOT Yo Oy
okasaics uyTh Oombie 50 rpaxycoB, YTO COBIAJAET C JAHHBIMH, TOTYYCHHBIMH MPH IPOCMOTPE

aHUMAaIIUH.
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Puc. 18. YncneHHbI pacyeT KPpUTUYECKOTO yr/ia NPOBUCAHUA 3aMKHYTOMN LLeNOYKM Ha
naeyYmKax: peweHne cUCTeMbl Tpex ypaBHeHU ¢ nomouwbto GyHKLuMKM Find

B pacuere Ha pucynke 18 ucmonb3yercsi yKe M3BECTHBIM HaM mpueM (HOopMHpOBaHUS (QyHKIMHA
TIOJIH30BATENISl Yepe3 YUCICHHOE pellieHHe CUCTEMBI ypaBHeHuil. B pacuere Ha puc. 18 ux (¢pyHkiuit) Tpu
— X(a), h(a) u a(a), rae hyaxnus ¢ uMeHeM X — 3T0 abCIrcca OmophI MEMOYKY Ha TPpaBoM Tutednke (-X
— Ha JICBOM IUICYHKE, COOTBETCTBEHHO), 8 (DYHKIMU ¢ KIMEHaMH h 1 & — 3TO mapaMeTpsl HEMHOH JINHUH.
DTH TpH ypaBHEHHUs] OTOOpaKalOT TPOIKY «du3nueckux ¢Gakro». (l-e ypaBHEHHE CHCTEMBI —
MHTErpajbHOE YPaBHEHHE) [UTHHA IIETIOYKH OCTACTCS MOCTOSIHHOM BEIMYMHOM, (2-¢ ypaBHEHHE) IeNoYKa
HerIsIeTcs 3a IUICYHKH B OINPEACICHHOW Touke W (3-€ ypaBHEHHE) CWila, YACP)KHBAIOIIAs IENOYKy Ha
IUICYUKAX, NEPIICHINKYIISIPHA IUICIHKaM.

VHTepecHO HAWTH HE YHUCICHHOE, a AaHAJIUTHYECKOE PEIICHHE 33aadd O KPUTHYECKOM yIie
IUICYUKOB C 3aMKHYTOH HETIOYKOH, KaK PEeBAHIII 32 HEeYAady B aHATUTHYECKOM PEIICHHUH 33a4H O [IETHOM
gucne 7 (cMm. puc. 11). TlepBblii mar Takoro peiieHre (0TKa3 OT TPEX YpPaBHEHHH M MEPEXOd K OJAHOMY
ypaBHEHHIO) Toka3aH Ha puc. 19. /s 3Toro ObLIO JOCTATOYHO PENINTh AHATUTUYECKH OTHOCHTEILHO
HEM3BECTHOMW & TPEThE YpaBHEHHE CHCTEMBI, TOKa3aHHOW Ha puc. 18, a Takke clenarh Apyrue HecI0KHbIE
npeoOpa3oBaHus U MOJCTAHOBKH, KAKMM IIKOJILHUKOB U CTYJICHTOB TEXHHUYECKHX BY30B yUaT Ha 3aHSATHSIX

10 MaTCMAaTHKE.
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Puc. 19. YncneHHbI pacyeT KPUTUYECKOTO yr/ia NPOBMUCAHMA 3aMKHYTOM LLeNOYKM Ha
naevYmKax: NOUCK Hyna ¢yHKUKUKM Yepe3 GyHKLUMIO root

Bropoil mar pemeHHsT — 3TO aHAIUTHYECKUN (CHUMBOJIBHBIN) MOMCK KOPHS HMHTErpajbHOTO
ypaBHEHHs, KOTOPOE TOIYYHJIOCh M3 TPEX MCXOAHBIX (CM. BTOpO# omepatop Ha puc. 19). Dty padory
aBTOpPBI HE MOIJIM CJIEaTh CXOMy M mopydwsiu ee (aHatam M 3HaTokam makera Mathcad, «BbiBecuB»
JIAHHYIO 3a7a4y Ha GopyMe mojbp3oBareneil makera — cM. https://community.ptc.com/t5/PTC-Mathcad-
Questions/Has-this-equation-one-symbolic-solution/m-p/564805. Ha pucynke 20 mokasaHo, Kak OBLIO
AQHAJIMTHYECKU PELICHO NIepBoe (MHTErpalibHOE) YpaBHEHHE MOCTOSIHCTBA [UTMHBI LIETTOYKH. TyT NpHUIILIIOCh
ImoMoraTtb KOMIIBIOTEPY, TOYHEC, €0 CUMBOJIbLHOMY JIBI/I)KKy: MMOACKa3bIBaTh, YTO NEPEMECHHEBIC X, XulL
XpaHAT eHCTBUTENBHBIC, a HE KOMIUIEKCHbIe yncia (real), a BcmoMorarenbHas nepeMeHHas 1 OoJblie
HyJs (3TOW TEepeMeHHOW 3aMeHWIH BblpakeHue tan(a)). bes sToll momomy uenoBeka ypaBHEHHE Ha

KOMIIBIOTEPE HUKAK HE PEIIajoch — CM. MEpBbI oneparop Ha puc. 20.
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Puc. 20. AHanuTnyeckoe peweHne NMHTErpasibHOro ypaBHeHnAa OJIMHbI LEMNOYKN U NONbITKA
dHA/IUTUYECKOTO peweHna ypaBHeHnA I'IOTeHLI,Ma}'IbHOVI SHEepPrmm Uenovyku

Ho ananutudeckoe penieHue ypaBHEHUE MOTEHUMAIBHOW 3HEPTrUU LENOYKH, COCKAKMBAIOLIEH C
IUICYUKOB (CM. TOCIieiHee ypaBHeHHe Ha puc. 20), He yBeHUanoch ycrnexom. [Ipuiniock 10BOIbCTBOBATHCS

¢bynkuueit f(a), oauH U3 Hyeit KOTOPO# SBJIIETCS PEllICHUeM Hallel 3a1adi — cM. puc. 21.

tg? (o) = tan{ﬂ}2 g = tan Arsh = asinh

flo) = 1- Arsh(tg o) +fg o/ 1 +tg?
' 2107 o

o= "f root(f(a) ,0) = 50.3395deg

Puc. 21. AHannTUYECKOe pelleHne 3a4a4N O KPUTUYECKOM Yrae NPOBUCAHUA 3aMKHYTOM
LEeMNOYKM Ha NNeYnMKax B BuAE PYHKLMMU, Y KOTOPOWN HYXKHO HANUTU HYNb

Ipumeuanue. Ha pucynke 21 HoTanuu TaHreHca U THIIEPOOIMIECKOr0 apKCHUHYCa JIaHbl B Oolee
MIPUBBIYHOM JIsI POCCUICKOTO unTaTels Bujae. KpoMe Toro, mokasarens CTENEHH y TaHT€HCA HAXOJUTCS
cpa3y 3a TAaHT'€HCOM, a He 3a Bcel (DyHKIUEH, Kak 3T0 MOXxHO BuaeTh Ha puc. 20. U eme. Mcnonb3oBanue
npedukcHoro ormeparopa Mathcad mosBomumo oTkasarbes OT ckoOOK y TaHreHca. Ho, moBTOpsieM, B
HacToAlIEEC BPEMA B YCJIIOBUAX rno6ann3aum1 HAIIMOHAJIBHBIC MATEMATHUYCCKHUEC HOTAIIUU ITOCTCIICHHO
BBIXOJST M3 YIOTPEOJCHUS. DJTOMY TIPOIIECCY CHMOCOOCTBYIOT W KOMIIBIOTEPHBIE MAaTEeMaTHYECKHE

IIPOTPaMMBL.



B pemenuy, nokasanHoM Ha puc. 18, 6onbiue pu3uku u MeHblie MateMaTuku'®. B pucynkax ke
19, 20 u 21 Pu3KKa OTXOANUT Ha BTOPOH IJIaH, a BIepe ] BRICTYMaeT MareMaTuka. K pusuke 1 MaTeMaTHKe
MOJKHO JOOaBHTH H... N300pa3UTENIbHOE MCKYCCTBO, & KOHKpPETHEEe AM3aifH, 0()OpPMUB HAIlle pPelIeHHe O

3aMKHYTOH IIENOoYKe Ha IyIeyrKax 0onee 0Opa3sHO — CM. puc. 22.
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Puc. 22. PeweHne 0 KPUTUHECKOM Yyrie NPOBMCAHNA 3aMKHYTOW LLEeNOYKM: Lenoyka B Buae
onepaTtopa NOMcKa HynAa GYHKLMU... BUCUT HA NAeYnKaXx

IMonyuennoe uucino (0.87859... paguan wim 50.3395... yrioBbIX TPagycoBl’) — MOKHO CUMTATh
HOBOH (PU3UKO-MaTEMaTHYSCKOW KOHCTAHTOMN, CBS3aHHOM C IIeNHOM JTUHUEH. [Ipyras yKe 1aBHO U3BECTHAS
KOHCTaHTa, HATPSMYIO CBS3aHHAs C 3TO JIMHUEH, — 3TO OCHOBaHWE HaTypalbHOTO Jorapudma €. Jrta
KOHCTaHTa (OPMUPYET TUNEPOOTHMUECKUN KOCHHYC, BXOIAIIMA B (DOpMYINy HemHOW TuHWH. B »TOM
3aKJIIOYAETCSl HAy4YyHasi HOBU3HA JaHHOU CTaThU.

HucneHHble METOJIbI PELICHUS 3a]a4H, KOTOPbIE Mbl UCIOJIb30BaIU U1 pacyeTa 3HAUECHUs 3TOU

KOHCTaHTHI (cM. puc. 18, 19 u 21), nHorna Ha3bIBarOT NPUOIMKEHHBIMUA. HO IPpUOIMKEHHBIMHA MOTYT OBITh

16 OTx0/1 OT MATEMATUKU MOKHO 3aMETHTh M B TOM, YTO MHOTHE ()OPMYJIBI HE YIIPOIIANUCH. TaK, JUIMHY [ENOYKU
MOJKHO BBIYHCIIHTD U 0€3 MHTerpana (CM. pUCYHKH BBIIIE), B3SB ero aHanuTH4decku. Ho ¢hopmyna ¢ uaTErpaiom
Cpa3y HAaIlOMHHAET O Croco0e BRIYHCICHHUS JAIMHBI KPUBOW M TEM CAMBIM BO3BpamaeT K «(pru3nke» 3a1aum.

17 Tpyrast popMa NpuOIMKEHHON 3aUCH 3TOr0 yria: 50 yrioBbiX Ipasycos, 20 yrioBbix MUHYT U 20 yIIOBbIX
cekynz (50° 20" 20"). 3amomuuTs npocto 50 + 20 + 20 = 90: 3aMKHyTas LEMOYKA BUCUT Ha HAKIIOHHBIX TIEYHKAX
noxt ipsimbiM yriiom (90°). TTo3TOMy-TO OHA C MIICYHKOB U HE COCKATb3bIBACT.



HC TOJIbKO YHMCJICHHBIC, HO AHAJIMTHYCCKUC (CI/IMBOJ'IBHBIC) peuiCHuUs. ITaker Maple TAKXKC HC PpCUINIT

ypaBHEHUE, MMOKa3aHHOE HA PUC. 22, HO BhIa] OJHO BO3MOXXHOE IMPOCTOE BBIPAKCHHE atan(\/§ —1), mo
KOTOPOMY € TOUYHOCTBIO 1.3% MOXXHO paccuuTaTh HAIlly HOBOPOXIACHHYIO KOHCTaHTy. [laHHOE perieHue
obuto mpetoskeHo M. H. KupcanoBeim uepes 3ameny tan(o) Ha X u pasnoxenue B psia Teiinopa.

YuraTenb MOXKET NPAMOIMHEHHbIE IUIEYMKH 3aMEHUTh Ha OKpyribie® umm B dopme orpeska
1apaboJIbl, TUIEPOOIBI WM JIaXKe OTPE3Ka IICMHOW JMHUM M MPOaHATU3UPOBATh MOBEICHUE 3aMKHYTON
1IETIOYKH HA U3l HEPCKUX IIEUHKAX, 00JIee KOPPEKTHO MOBTOPSIOIIHUX (POPMY UeTOBEUECKUX IICUMKOB,
Ha 1ieno4ky MOXXHO MOJBECUTH KYJIOH (TOYCUHYHO MAacCy) M OICHHTH CBOMCTBAa TaKOW MEXaHHYCCKOU
CHCTEMBI.

Eunie onHo 3aaaHue yuTaTENSIM: IPUMEHUTD [IPU PELLICHUU 33]1a4U O 3aMKHYTOH LIEMIOYKE TEOPEMY
CTaTHKH O mpex CUIax, KOTOpas TIACHT, UTO «ecau <...>> meno HAX0OUMCs 8 pAgHO8ecUlU NOO Oelicmeuem
NJIOCKOU cucmembsl mpex HenapaiieibHbIX CUl, MO JUHUU UX OeliCm8Usl Nepecekaromcs 6 0OHOU MouKe».
Ha nHamry nenouky AeMCTBYIOT UMEHHO TPHU CHJIbI — PEAaKLUU JABYX TOUYEK KPEIJICHUS U CUJIA TSKECTH,
paBHasi BeCy LIEMOYKH U IIPUIOKEHHAs K €€ LeHTpy Macc (ueHTpy TsokectH’’). KoopauHaThI 5TOH TOUKH
pacCUUTaTh HECIOKHO Yepe3 YXKe HMCIOIb30BaHHbIC HAMH HHTErpaibl (CM. puc. 4) WIH MO aBTOPCKOM
METOJMKE, ONMKUCAHHON B TUBEPTUCMEHTE CTaThU.

IIpumeyanue. BrimenprBeeHHOE ONMMCAaHUE TEOPEMBI O TpeX chiax (KypCUB B KaBBIYKaX)
aBTOPHI CKOMMPOBAIK U3 Bukunennu, caemnas nmpu 3ToM HEOOIbIIYIO Kymopy <...>. Tyt B Bukunenuu u B
JIPYTHX SJICKTPOHHBIX, & TaKKe OYMaKHBIX CIIPAaBOYHMKAX M Y4YEOHMKAX CTOST CJIOBA «aOCOJOTHO
TBepaoe». Ho Haia rienoyka — 370 «abCOJIFOTHO MATKOE TEJI0Y», €CJIM TaK MOXKHO BhIpasutcs. Ho Teopemy
0 TpeX Cujax MOXHO MPUMEHUTh U K Hallle «MATKOMW» 3aJade, MBICICHHO «3aMOpPO3UB» LEMNOYKY U
MPEeBpaTUB e€¢ B a0COJIOTHO TBEpAOe Teno. Tak 4YTO «CHPAaBOYHMKH M YYCOHHKH» HYXHO OyaeT
OTKOppeKTHpOBaTh. B Bukunemuu 3To clenaTh HECIOXKHO. B JApyrux e HCTOYHHKAX, OCOOCHHO
OyMaKHBIX JICHCTBYET MPaBmIO «YTO HAITUCAHO TIEPOM — HE BBIPYOHUILIb TOITOPOM!».

Kcratn, o 3amoposre yenouxu. Ecnu 310 ¢ Hel caienarh, a IOTOM €€ MePEeBEPHYTh, TO TOTYyUUTCS
apka. Llenb MOXHO TIOPBaTh, HO €€ HEJIb3s M10JI0MaTh U3ruooM. Ha 3BeHbs IpOoBHUCArOIIEH HIETH JSHCTBYIOT
TOJIBKO CHIIBI PACTSHKEHUS M TaM HET M3THOAIOIINX CHII, KAaKHEe MMEIOT MECTO B KecTKoil Ganke [8]. Ha
AJIEMEHTHI aPKU — TIEPEBEPHYTOH IeTH JEHCTBYIOT TOJIBKO CHIIBI CXKATHS, HO TaM He OyIeT M3rHOaroIux
CHJI. DTO CBOMCTBO apKU allPUOPHO U MHTYUTUBHO MBITAIUCH UCIOIb30BATh €1E B APEBHOCTU: 3HAUCHUE
CONPOTHUBJICHUS CKATHIO MHOTHX CTPOUTEIBHBIX MATEPHUa OB HAMHOTO BBILIE 3HAYEHUS CONMPOTUBIICHUA
n3ruba: KUY, HAIPUMEp, MOXHO pa3JOMUTh Ha JBE MOJOBHHKH M pPyKaMH, HO MPaKTHYECKU

HEBO3MOKHO pa3gaBUTh BPYYHYIO. B TeOpeTH‘leCKOﬁ MCXAaHHUKE €CTh dKCHMOMA HE O 3aMOpPAKUBAHUSA, 4 O

18 3amKHyTas Henouka OpOCaeTCsl Ha BEPTHKAIIBHO CTOSAIIMM AucK. [T0JI0BMHA AJIMHA LIETIOYKU MEHBIIE,
€CTECTBEHHO, haMeTpa aucka. Pazmep aucka ysenunuuBaetcs. Koraa nenouka cockouut ¢ nucka? byzaer iau ona
BOOOIIIE IepKATHCS Ha JUCKE Oe3 CIEIUICHUs, a TOJIBKO 32 CYET PEaKIUH IBYX Omop?

19 M3pickanHbIe BEeUEpHUE HAPSIBI TPEOYIOT U MHAUBUAYAIBHBIX «IIEYMKOB, IOBTOPSIOMIKUX (GOPMY ILJIEY TOTO
YEJI0BEKAa, KTO TAKUE HapsiAbl HOCUT.
2 [JenTp Macc U LEHTP TAIKECTH — ITO OJIHA TOYKA B TOM CIIy4Yae, KOT/Ia I0Je TPABUTAIMH OJJHOPO/IHOE (Hala

3a}1aqa). HHTGpCCHOﬁ 6y,£[€T HOBasd 3aJa4ya — IMOJIBECUTH Hallly HEIOYKY Ha JIByX OrPOMHBIX MaydTax, BbICOTA
KOTOPBIX COU3MEpPUMA C JTUAMETPOM 3CMJ'H/I, " pacCHUTaThb (I)OPMy MMpOBHUCAHUA LICTIOYKHU.



3ameepoesanusi. ecnu AehOPMHUPYEMOE TEIO HAXOIWIOCh B PaBHOBECHM, TO OHO OyZeT HaXOAWUTHCS B

PaBHOBECHH U IIOCJIE €TI0 3aTBEPACBAHUS.

3. llenoyka Ha KOHyCe

HHTepecHo N3yunTh MOBECHNE 3aMKHYTOM IEMOYKH HA KPYTJIOM MPSIMOM KoHyce. HuTarenb
MOJKET TaKOoe MCCIIE0BaHke MPOBECTH caM, JTH00 MOYUTATh OTYET 00 3TOM padote B [9], 3HAKOMCTBO ¢
KOTOPO#1 MMOJIBUHYJIA ABTOPOB K HAMIMCAHHUIO JTAHHOM CTATHH.

[Tapy cioB o 1ernouke Ha KoHyce. OHa MOXET B 3aBUCHMOCTH OT yTJIa PaCKPBITHs KOHyca 100
COCKOYHThH C HET0, JIN0O OCTAThCsI Ha KOHYCE (CHJIBI CIETUICHHS OIIATh )K€ He yuuThiBatoTcs). Ho ecth 1
TPEThE PAaBHOBECHE — HEYCTOWYIHNBOE, KOTOPOE KAYECTBEHHO OTOOPaKEHO Ha HIKHEM rpaduke
pucynka 8. Ilermouka npu MasieiiiieM BHEITHEM TOJIYKE MOXKET JIMOO COCKOYHTH C KOHYCa, JINOO MPUHSTH
YCTOHYMBOE PABHOBECHE, OXBATHB KOHYC OKPYXHOCTBIO B TOPH30HTAILHOM IMOJIOKEHHH. DTO TOKA3aIn
aBTopsI ctaThu [9]. IHTEpeCcHO UCCIea0BaTh TAKKE M HEMIPSIMON KOHYC — Kak OyIeT BECTH ceOsl Ha HeM
3aMKHyTas 1enovka. Keratu, HenpsiMble — «KOCBIE TUICYHKH ¢ 3aMKHYTOM IETTOYKOH MOXKHO

HCCIIEIOBATH C TIOMOIIBIO TIPOTPaMMBI, IIOKAa3aHHOM Ha puc. 17. Pesynprat Ha pucyHke 23.
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Puc. 23. Lleno4yKa Ha «KPUBbIX NAEYNUKAX»

[Ipu mro0BIX yriax HaKJIOHA MJICYMKOB HAKWHYTAs Ha HUX 3aMKHYTasl LIENOYKa HE pa3IBalBaeTCs,
a Yrojl COCMHEHHUS! KOHIIOB LICTNIOYKH C IICYMKAMU OCTAETCS INPSMBIM, YTO MUCKIHOYAET CKOJIbXECHUE
LEMTOYKH BJOJIb IUIEUHUKOB.

V IIIeYNKOB MOXKHO HE MEHSTh YIJIbl PACKPBITHS BEPIIUHBI (CM. pUC. 23), a MPOCTO HAKIIOHSTH HX.
Ha puc. 24 noka3zaHo, 4T0, BO-IIEPBHIX, STOT HAKJIOH MPUBOJNT K YBEIHUEHHIO TTOTCHIUATLHON SHEPTUU
HENOYKHU U YXO/y OT CTAOMIILHOTO paBHOBECHS, @ BO-BTOPBIX, YTO €CTh €I11€ OAUH KPUTHUECKUH YToJl, KOT1a
LIEMIOYKA COCKaJb3blBAET C IUIEYMKOB. OTOT OJKCIEPUMEHT TpeOyeT Ooiee JeTalbHOIO aHaIn3a,

BBIXOJAIIETO 3a paMKH CTaTb!
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Puc. 24. KpUTUYECKUIM YrOoN HAaKNOHA KOCbIX NAEYNKOB

4. B30OecuBmiasics Lemb
«Kax-mo pas 3a mnoii noznanace bewenas cobaxa. A kunyncs om neé co eécex noe. Ho na nneuax y memns
bvL1a mascénas wyba, komopas meuwiana mMHe dexcamo. A copocun eé na bezy, sbedcan ¢ 0om u
3axnonHyn 3a cobou dsepw. [Llyba mak u ocmanace Ha yauye. Bewenas cobaka HAKUHYLACH HA HeE U
cmana Kycamu €€ ¢ sipocmwio. Moii ciyea evibedcan uz 00my, NOOH utyy u nogecu eé 8 mom wKkagy,
20e gucena mos ooexcoa. Ha opyzoii Oenvb pano ympom ox ebezaem 8 MO CRANbHIO U KDUYUN
ucnyeanuvim conocom: Bemasaiime! Bemasatime! Bawt wiyba 636ecunacw! A éckaxusaro ¢ nocmenu,
omKpuiearo wikag, — u umo dnce s 6udcy?! Bee mou nnamos pazopeanut 6 kiouws! Cnyea oxkazancs npag:
Most beOHas ulyba 636ecunace, mak Kak guepa eé uckycana beulenas cooaka. »

Pynonbd Pacns. Mpukniouenna bapora MioHxrayseHa?!

Jlo cux mop MBI UMEINH AeJI0 CO cmamukoil (OTAeN MEXaHUKH, U3yYalolIui 3aKOHBI PaBHOBECHS
TEJT) U OTYACTHU C KUHemamukou (0OTIes 3Toit HayqHOW AUCIMIUIMHBI, U3y4YalolIui IBHKEHHE Tel 0e3 yueTa
neiicTByrommx cui). Ho, eciau ObITh TOYHBIM, TO HE ¢ KMHEMATHKOM, ¢ HEKOH ncegdokunemamukoti [4],
MOJTYKUHEMATUKOW-TIONYIMHAMUKOM: Ha pucyHke 13 moka3aHbl KaJpbl aHUMAlWW JBMKCHHUS IIETH
(KMHEeMaTHKa), HO CHIIBI, ICUCTBYIOLINE Ha Hee, YUUTHIBAIOTCS HE SIBHO, a uepe3 (hopMyIly LEeMHON JIMHHH.
Ho y Teopernyeckoii MexaHUKH €CTh M TpeThsi cocranistomias (bor igrodur Tpouny!): Junamuka, rue
U3ydyaeTcss MEXaHWYECKOe JBW)KCHHE M TPUYMHBI €ro BO3HUKHOBEHHS. B JuHaMuke IeiicTBUE CHI
YYUTBIBAIOTCS SIBHO: CHJIBI QUTYPUPYIOT B YPaBHEHHSX, OTMCHIBAIOIINX 3TO JIBUKEHUE.

JlapaiiTe moBecuM Hally IEMIOYKY OJHUM KOHIIOM Ha TBO3/lb, & JAPYTOi KOHEI] OTTSHEM B CTOPOHY
U OTIyCTUM B CBOOOJHBIN noser. Eciin K 1enovke NoABeCUTh IPy3, BEC KOTOPOr0 HAMHOT'O MPEBBILIAET
BEC IIEMOYKHU, TO MBI ITOJYYUM KJIACCHYECKUN MaamHuuk. TyT aBTopaM BCIIOMHHAETCS €II€ OJIMH «CTapbli
106pbIi GuabM» AMapkopa? (cM. cHOCKy 1), e nokasa yautenb Gu3uku (puc. 25), 1eMOHCTPUPYOIHIA
IIKOJIBHUKAM 3TO HEXUTPOE MEXaHHMUYECKOE YCTPOHCTBO, ¢ KOTOPOrO YacTO HAYMHAETCS OCBOCHHE a30B

JUHAMHKH KaK 4aCTHU TeOpeTquCKOﬁ MEXaHHUKH. Y 3TOro YUUTECIIA, KCTAaTH, B pyKaX IIPOBUCACT BEPCBOYUKA

21 [IpuBeneHHOl LMTaTe-3nUrpade ceMb pas BCTpeyaeTest OyKBa «&», XOTs B OCTAILHOM TEKCTE CTaThy €€ HeT (eé
Het!). Jleno B TOM, 4TO HCTOPUH 0 MIOHXTay3eHe y HAC TPAJAUIMOHHO CUMTAKOTCS ACTCKUM YTEHHEM. A B TAKHX
TeKCTax HEOOXOIMMO HCIIONb30BaTh OYKBY «&». HO ecTh 3aMevaTeNnbHbIH OMATh e KyJIbTOBBIH COBETCKUIT (HHIBM C
NPEKPaCHBIM CLICHAPHEM U C IPEKpacHbIMH akTepaMu « TOT caMmblit MIOHXTay3eH»
(https://megogo.net/ru/view/1360311-tot-samyy-myunhgauzen.html), KOTOpBIii ¢ y1OBOJIBCTBHEM CMOTPST
B3pOCJIbIE.

22 OytuH U3 CaMbIX 3HAMEHUTBIX (PUIILMOB, CHATBIX TEHUAIBHBIM HTALIHCKUM pexuccepoM Deeprko Demnan —
COOTEYECTBEHHHKOM BTOPOTO aBTOpa CTaThbH. DTO OJUH U3 TeX (PMIBMOB, IPOCMOTP KOTOPHIX OCTABIISET
HEW3IJIaInMOoe BIleYaTIIeHuE Ha BCIO JKU3Hb. CMOTPETh €ro MOXKHO OECKOHEUHO, HECMOTPSI Ha He3aMbICIOBAaThINA
CIOXKET — cM. CHOCKY 1. Kpome yuurens ¢pusuku B 3ToM aBToOHOrpaduyeckom puibme DeniHu SpKo oKa3aHbl 1
JpyTHe IIKOJbHBIE YUUTEIS: MAaTEMaTHKH, HCTOPHH, N300pa3UTEIbHOI0 HCKYCCTBA, TPEYECKOTO0 SI3bIKA,
00IIIECTBOBEICHUS U 3aKOHA O0XKBETO.



IIOYTH 110 HGHHOﬁ JIMHUH, a Y )XUJICTKU Ha ICTIOYKE BUCAT KaPMAHHBIC YaChl, C IOMOIIBIO KOTOPBIX TAKIKC
HECJIOKHO IIOKa3aTh KojeOaHuss MasTHHKA. CTOHUT TONBKO BBITAlUTh MX K3 KapMaHa, IIOABECUTH Ha
BLITHHYTOﬁ PYKE 3a KOHEII LCIMOYKHU 1 CJIETKAa KaYHYTh. Tax uTo 3TOT (bpaFMCHT KHHOKAapTUHBI demmHn
HUMECT IPSAMOE OTHOIICHHUE K HaIleH «IIeMOYeYHON» cTaThe. HarmoapHbIe Ke 1 HEKOTOPEIEC HACTCHHBIC YaChbl

MMEIOT HACTOSIINM MasSTHUK — YCTPOWCTBO, OTMEPSIONIEE BPEMS>>,

Puc. 25. Kagp n3 punoma Amapkopa ®epepuko PennmHum

Cratuka-kuHeMaTuka-auHaMuka! Bor, kak yxke Obuio ormedeHo, jroobutr Tpowuiry. [lostomy
moMuMo 1ByX (yrkrmii Find u Minimize, mo3BonuBImM HaM peniaTh 3a1a4n CTATUKA ¥ KHHEMATHKH, MBI
B HaIlIMX pacyeTax OyIeM HCIIONb30BaTh elne oany Gyukimio — dyukiuo Odesolve, npentnasnaueHHy0
JUTS. YMCIICHHOTO PEIICHUS OudphepeHuuanvrvlx ypasuenuii. A IMCHHO 3TH YPAaBHEHHUS U MOJTyYarOTCS
NpyU  MOJICIMPOBaHUK KojiebaHus MmasTHHka. CoriacHo BTOpoMy 3akoHy HeloTOHa cymma cwui,
JICHCTBYIONMX HAa MaTepHAlbHYI) TOUKY, PaBHA MPOU3BEJCHUIO MAacChl TOYKH HA €€ yCKOpeHHue. A
YCKOpEeHHe — 3TO BTopas mpousBogHas (auddepeniman!) nytd mo BpeMeHd. OTCIOAa U BO3HHKAIOT

IudQepeHunansHble ypaBHEHUS, Oudypol.

3ameuanue o audypax.

Bor yro MOXHO mpo4eCcTb O ,I[I/I(byan B OJHOM HWHTCPHET-CJIOBApPC MOJIOACKHOI'0 CJICHTA:

«3Hauenue: nuddepeHInaNIbHbIE YpaBHEHHs, CUCTEMa WM CUCTeMBl An((depeHINaIbHbIX YpaBHEHHUM.

23 Kcraru, OT 4aCOBOTO MasTHUKA TOILIA €/[MHHUIA JUTHHBI METP. Y METPOBOTO MasTHUKA TIEPUOJ KOJIEOaHMUS
cocTaBiseT 2 ceKyHabl. Kakaplil B3Max Takoro MasTHUKA MPUBOJIUT K CEKyHIHOMY ITEPEMENICHUIO (IepraHbIo)
HIECTEPEHOK U MPOYHX JAeTallell MeXxaHH4ecKHUX uacoB. IHTepeceH u maamuux Pyko, ¢ HOMOIILI0 KOTOPOTrO MOKHO
MOKa3aTh BpalleHne 3eMIIH U IUIaBHO NEepelTH OT PU3NKU K aCTPOHOMHHM. Y KapMaHHBIX M Hapy4YHBIX YacOB TOXE
€CTh MasITHUK, HO HE OOBIYHBIHN, a TMOO KPYTHIbHBIN C IPYKUHKOH, TMOO0 3JIEKTPOHHBIN C KPUCTAIIIOM.



VYuebHslii Kypc no auddepeHnuansHpIM ypaBHEHHUAM, cucTeMaM JudQepeHInanbHbIX YpaBHEHUH WK TI0
i depeHnInaTbHOMY CHHCICHHIO BooOImIe. Takke COOTBETCTBYIOIIMM SK3aMEH, JICKIUSA, Kype JEKIHUH,
3agaHud U T. 1. [IpumMepsl: «A eme 3Ty 3amadky MOKHO pemunTh depe3 nudyps», «Hapon, a xTo y Hac
mudypsl Bener?», «Audypsl 3aBTpa ciaBaTh, a y MEHS €LI€ IIIOPhI HE MTUCAHBIMY.

CroBo «audypsl» NOSBUIOCH B CTYAECHYECKOM M IIPEINIOJABATEIbCKOM CIIEHTE B HE3alaMsATHBIC
BpemeHa. OHO 03Ha4ao (M 03HAYaeT), KaK OTMEUYEHO BHIIIE, COKPAIIEHHOE Ha3BaHUE YIEOHOTO Kypca 1o
TEOpUH OOBIKHOBEHHBIX MU((HEPEHIINANBHBIX YPAaBHEHAN U CHCTEM.

Ecnu npenopaBaTens BUIUT B 3TOM Kypce TOIBKO (POPMaIbHO-CXOIACTHUECKYIO COCTABIISIOILYO,
TO OH OBICTpO mIpeBpamaeT 1udypsl B «OpyAne IBITKW» CTYACHTOB. Beap aHanuTH4yecKoe pelieHne naxe
caMmbIX TpoOCThIX AuddepeHnanbHbpIX ypaBHEHHH TpeOyeT 3HaHMsA Ooliee JecATKa CIeHUPHIECKHX
MPHUEMOB U XOPOIINX HaBBIKOB MHTETprpoBaHus. Ho eciu mpemnogaBarens riry00KO MOHUMAET CMBICTIOBYIO
CyTh nu(depeHIHaANbHBIX YPaBHEHUH, TOHKO YyBCTBYET OalaHC MEXIy aHATUTHIECKUMHU U YHCICHHBIMH
MeToaMu perieHus AudepeHInaIbHbIX YpaBHEHHH, TO OH JIETKO BOBJIEKAET CTYIEHTOB B OTOT CaMBIi
«pu3HyecKuii» pa3ien MaTeMaTHKH.

C anemeHTaMu Teopuu TP QepeHINATBEHBIX YPABHEHUH IIKOJIBHUKN CTATKHBAIOTCS IPAKTHYECKH
Ha KaXIOM 3aHATHH 110 ¢pu3nke. Ho B 1IKoie 3TOT PakT OT HUX MO TPAJUIKU CKPBIBAIOT. YUUTENs GUIUKU
CUHTAIOT, YTO JJIs YUCHHUKA ITOJIE3HEE IPOCTO 3ayUUTh pacueTHY 0 popmyiy (hopMmyity eproaa KoieOanus
MasTHHKa?*, HalIpUMep), YeM MOHATh, OTKy/a 3Ta (OpMyJia B3Iach. YUUTENIs MATEMATHKH CUMTAIOT, YTO
JOCTaTOYHO 3aCTaBUTh YUYCHHMKA BBIYYHTH OINpPENEICHHE INPOU3BONHOW M HAYYHUTh €ro BBIYHUCIATH
MPOU3BOAHYIO, TONB3YSICh (DOPMATBHBEIMH IPAaBUIIAMH W TaOIUIAMH, 4eM 00OCHOBaTh HEOOXOJUMOCTh
W3yUYCHHS IIKOJIbHUKAMH 3TOT0 HEMPOCTOI0 MATEMAaTHIECKOTO MOHATHS.

Panbme y yuwnteneil ObUIM OmNpaBHaHUs — HEAOCTATOK WJUIIOCTPATHBHOIO MaTepHana,
HEIOCTYIHOCTh WJIM TPYZHOJOCTYITHOCTH KOMIIBIOTEPHBIX CPEICTB pelleHus augepeHInanbHbIX
ypaBHEHUH. YUHUTEIb HA pUC. 25, K IPUMEPY, MOT I10Ka3aTh peajbHbli (PU3NUECKUI MasTHUK, HO HE MOT
NPOJIEMOHCTPUPOBATh HAa KOMIIBIOTEPE €ro MaTeMaTHyecKylo Mojenb. Ceduac Takue ONpaBIaHUs
HECOCTOSITEeTIbHBI. MHOrHE GU3NUECKUEe U MaTEMaTHYECKHE SIBJICHHS, U3y4aeMble B paMKax LIKOJIbHOM WiIn
YHHMBEPCUTETCKOM MporpaMmel, 0e3 Tpyda MOJENUPYIOTCS C MOMOIIBIO BBIYUCIUTEIBHBIX MaKETOB C
JOCTYITHBIM U ITOHATHBIM TI0JIb30BaTEIbCKUM UHTEP(dEHcoM, XOpoIIeH MII0CKOH U TPeXMEpHOU rpaguKoi
u annmanuei. [losBneHne 3THX MaKeTOB A0 HAM BO3MOXXHOCTB JIETKO BBECTH YYalllerocs B CIIOMKHBIH
MUp JWHAMHYECKHX TporieccoB. U caenath 3To cieayeT Kak MOKHO paHbllle — eIl B IIKOJIE.

Korna-to pa3 onuH U3 aBTOPOB NMPOBOAMI (PAaKyIbTATUBHBIC 3aHATHS 10 MHOOPMATHKE B OYCHb
NPOJIBUHYTOM MOCKOBCKOM JiHIlee. B IiaHe 3aHATHH TOMHMO Ha0opa CTaHIApTHBIX TeM ObLIO |
paccMOTpeHre Croco0OB pelIeHUs Ha KOMIbIoTepe (B cpejie MareMaTHuecKod mporpammbl Mathcad)
T pepeHInATBEHBIX YPAaBHEHUH — 3TUX caMbIx TUQypoB. Jupektop nunes (KCTaTd roBopsi, QUMK 10

o0pa3oBaHHI0, a TO COBMECTHTENBCTBY — Tmpodeccop Kadeapsl (UMK OJHOTO MPECTHKHOTO

24 He npocTO MasiTHHKA, 8 MATEMATHIECKOTO MAsTHUKA, B (U (ePEHIMATEHOM YPABHEHUH KOTOPOTO CHHYC
3aMEHWJIM Ha caM yrojl. JTo JoylieHue (YIpolieHHe) MO3BOIMIO PEHINTh €ro aHATUTHUECKH U ITOJIy4YUTh Habop

¢opmy.



MOCKOBCKOT'O By3a) CKazal, 4TO Ha ciIoBa «IuddepeHnraIbHble YpaBHEHHS» B CPEIHEH LIKOJIe HETJIacHO
HAJIOKEH 3allpeT: INKOJLHUKAM pa300paTbcs Obl ¢ anreOpanvecKuMH YpaBHEHUSMH, a TYT UM elle
nmosicoBrIBatoT AuddepenHimansaeie... Ho korma aupexTopy OBUIO TOKa3aHO, KaKkWe YpaBHEHHS OYyIyT
paccMaTpUBATHCS Ha 3aHATHIX M KaK OHU OyJIyT peliaThCsi HA KOMITBIOTEPE, TO OH H3MEHUII CBOC MHCHHUE
W BBIPA3MI YBEPEHHOCTh, YTO MIKOJIBHUKAM BCE 3TO OYAeT U MHTEPECHO, U MOHSTHO, a TJIaBHOE, MOJIE3HO.
[Ipuyem BceM yueHHKaM, a HE TOJBKO MPOJABUHYTHIM B MaTEMaTHKE U (DPU3UKE.

JlaBaiiTe uccienyeM Ha KOMIBIOTEpPE TOBEJCHUE TAaKOrO HEOOBIYHOTO MasTHUKA. ceMb (Ha
cyacThe!) TPY3HMKOB, CBS3aHBI MEXKIY COOO HEBECOMBIM M HEPACTSIKUMBIM CTEPKHEM? . I'py3HKH MBI
OyzeM paccMaTpUBATh Kak MaTepHaibHbIC TOUKH, TOJUUHSIOIIUECS BTOpOMY 3akoHy HproToHa. OTO Oyzer
HEKHUI THOPUIT IETIOYKH ¥ MasgTHHKA. Takoi MasTHHK ellle Ha3bIBAIOT CBS3aHHBIM MAasITHUKOM, MasiTHUKOM-
yeTkamu®,

B HurepHeTe ecTb MHOXKECTBO CAaWTOB, I/I€ OMUCAaHBl pa3HbIC MOAXOABI K PELICHUIO 3aJa4yd O
MHOXECTBEHHOM MAasiITHUKE — JIBOWHOM, TPOHHOM M T.n. OHH B OCHOBHOM CBOJISTCSI K IOIBITKAM
aHAJTITUYECKOTO pelleHus ypaBHeHus Jlarpamka 2-ro poja 1o yHpOIICHHOW MOJEIH C MaJlbIMU yTJIaMH
OTKJIOHEHHS 10 BEPTHKAIM M BBUIMBAIOTCS B MHOXECTBO 3aMBICIOBAaTHIX (OPMYN CO CIOKHBIMH
npeoOpazoBanusivu. [Ipumep — crates [10]. ITocerutenu 3THX pecypcoB, Kak MpaBUIIO, OBICTPO

MIEPECTAIOT IIOHUMATh X0 PACCYKACHUH aBTOpa caiTa u TepSIOT HHTepeC K HeMy — CM. puc. 26.

25 OOBIYHO MO/l MHOKECTBEHHBIM (JBOMHBIM, TPOMHBIM U T.JI.) MASTHUKOM MOJPA3yMEBAIOT KECTKUE BECOMBIE
CTEP>KHHM, IIAPHUPHO COEANHEHHBIE JPYT C ApyroM. TUIMYHBIN pUMep 10100HOH 3aMKHYTOH Lenn —
BEJIOCHUIIEHAs LENb, KOTOPYIO MOXKHO Pa30MKHYTb, 3aKPENUTh HA OJHOM KOHIIE U packaunBaTe. Ho Mbl,
MOBTOpsIeM, Oy/ieM padoTaTh ¢ APYTroi MOJENbI0O — HEBECOMBIE )KECTKHE CBSA3U MaTepHaIbHBIX TOUeK. [Ipn
YBEJIMYECHUH YHCIIa 3BEHBEB ATH JBE MOJICNIN CTAaHYT NPAKTHYECKU HISHTHIHBIME. Tak 9TO MBI MOXEM Ha3BaTh HAIll
MasTHUK U CEMUTOYECYHBIM M CEMU3BCHHBIM.

26 B alma mater nepgoro aBropa ctaTbi — B MOU cOXpaHWiICs CBOEOOPa3HbIi MAMSITHUK TEXHUIECKON KYJIBTYPhI
— HepaboTaromuii TU(T HENPEPLIBHOTO AEHCTBYS, B KAOMHKN KOTOPOT'O HYKHO OBLJIO 3alpBITMBAaTh HA XOIY.
Takoit muT nMeeT KaproHHoe Ha3BaHME: JTUPT-TaTepHOCTP (OT HOBOJIAT. paternoster — 4eTKH, JOCI0BHO «OT1ye
Hanm). Y 3Toro mmdra KaOMHKH COEANHEHBI IPYT C IPYTOM TPOCOM U COBEPIIAOT JIBH)KEHHE 110 CHIILHO
YAJIMHEHHOMY BEPTUKaJIbHOMY OBAly — KaK YETKHU B PyKax MOJIALIEr0cs MOHAaxa.



Puc. 26. Kagp us ¢punoma «Onepauma «bl» n apyrme npuknodenns Lypuka»?’

BoT TyT-TO M OymyT OYEHb KCTATH YHCICHHBIC MeTO/Abl. OHHU MOMHUMO MPOYETO MO3BOJSAT HAM
MOCTPOUTh TPACKTOPUU JBYDKCHHS KIFOUYEBBIX TOUYCK MAasTHHKA, 4Yero HET B MHOTOYMCIICHHBIX
WHTEPHETOBCKUX aHUMAIUSIX, Oa3UpPYIOIUXCS HA AaHAJIWTHYCCKUX METOJaX pEIICHHUs YpaBHEHUS
Jlarpanxa.

Ho MpI HauyHEM He ¢ ONMCaHUS METOJAA PElIeHHUsS 33/Jaud O MasTHHKe-IIENH, a C aHallu3a ero
pe3yNbTaTOB.

Ha nepBoMm Kkajipe aHUMAaIMK Ha pHc. 27, co3aaHHoi ¢ momMotubio Gy Odesolve, mokasano
HauaJIbHOE MOJIOKEHHE LENOUKH TIpe]] ee kKauanuem?®, xorma t = 0. CaMy ke aHUMAIMIO MOKHO YBHJIETh
3meck https://community.ptc.com/t5/PTC-Mathcad-Questions/Ridged-chain/m-p/560385. [To mpumepro 8
CEKYHJI Hallla KOMIIbIOTepHAsi CEMHM3BEHHAs dp3all-lierouka Kojelnercs 0osiee-MeHee MpaBaoIno100HO,

IOBTOPAA 3aMbICJIOBATHIC N3BUBbLI peanLHof/i OCIIOYKH, a IIOTOM...

27 MOKHO TOTIBITATCS Pa300PaTHCs B 9TOM HATPOMOXKACHUU (HOpMYIT (X HAMKMCAIIM HA JBEPU U HA MOJIE KOMHATHI
CTYZI€HUECKOTO OOIIEXUTHS) U TIOHATH, YTO OHU OTHOCATCA K mepmoounamuke. B 3Toi HaydHOH JUCIUIIINHE
TaK)Ke aKTUBHO HMCIIOJIb3YIOTCS TPOM3BOAHBIE M HHTETPANIBL, KaK U B OOBIMHOM «MeXaHWIeCKOW» nuHaMuke. [ maBHOE
YTpOIIeHNe PU MaTEMATHIECKOM MOJEITHMPOBAaHUN MasiTHUKA — 3TO 3aMEHA CHHYCa yIJIa Ha CaM yTOJI, YT0 MOXKHO
JieTIaTh TOJBKO IPHU MallbIX yrilaX. B TepMoanHaMUKE TaK)Ke €CTh OCHOBOIIOJIArAIoIIee YIPOIEHHE — 3TO HOHITHE
UJIealIbHOTO Ta3a, KOTOPBIH 00Jiee-MEHEe COOTBETCTBYET PEAIbHOMY Ta3y TOJIBKO IIPU OMPENEICHHBIX YCIOBUIX.

28 MoxHO 3a1aBaThb PA3JIMIHbIC HAYaJIbHBIC MTOJIOKCHUA LCTIOYKU U NOJTYHYaTh PA3JIUYHBIC KaPpTHUHBL (aHI/IMaLII/II/I) €C
KadaHMHs. HeKOTOpLIe HUHTCEPCCHBIC ClIydanl MOXXHO YBUACTH Ha caiiTe CTaThU.



CrnoBa «llenHast TUHUSY y HEMOCBSIIEHHBIX B MAaTEMAaTUKYy BBI3BIBAET aCCOIMAIIAIO CO CIIOBAMH
«llenmHas cobakay». To ecTh 3mromias, MOMyAWKas JTUHUS, MApAoH, cobaka — cobaka, ToToBas B OO0
MOMEHT COPBAThCS C LENH U BCEX MEPeKycaTh?’. A LENHbIE ¥ HEIENHbIE MChl 6€3 MPUBUBOK MHOTAA U
BIpaBIy OecsaTcst — cM. anurpad K JaHHOH yacTu ctatbu. Ho B30eCHTCsI MOKET HE TOJBKO cobaka (vin
ury0a, €0 MOKyCaHHas), HO H... II€Mb — CM. HIDKHHE J[Ba KaJIpa aHUMAIlliu Ha pUCYHKe 27, a JaydIie —
caMy aHHMAIIMIO TI0 BBIIEOTMEUYECHHOMY ajipecy. Beb, «HOpMalbHast, 310poBas» KOJIEOONascs 1ellb,
KaK U JII000H MasTHUK HE MOXKET 0€3 JIOMOIHUTEIFHOTO CHIIOBOTO BO3JICHCTBUS TIOAHATHLCS BBIIIE CBOCTO

Ha4YaJbHOTO MOJIokeHus! BrIlle ToJI0BEI He HprFHCIHB!

29 B neTcTBE MEPBBIA aBTOP OJHO BPEMS XKHUJI C POJUTENAMU B MAJIEHBKOM YaCTHOM JIOME. A B 9TOM [OJMOCKOBHOM
MIOCEJIKE B OJTHOM COCEICKOM JIBOpe cuzerna cobaka Ha rern. OHa oXpaHsIa Tapax ¢ JTMIHBIM aBTOMOOMIIeM. beiio
OYEHb KYTKO M JKaJKO CMOTPETH Ha ATOTO B3JIIOXMAYE€HHOTO OXPHUIIIIETO 11ca, KOTOPOTO CaM X0341H onacajics u
HOTOM MOJICOBBIBAJI MY MUCKH C MHIIeH u Bosioi. B moBectu TypreneBa «/|BopsiHCKO€ THE310» ONKUCAHO, KaK
HOBBIN X0341H ycaabObl IPUKa3al OTBA3aTh Iica, KOTOPBIN MPOCHEN Ha LIEMH BCIO CBOIO Xn3Hb. Codaky
0cBOOOIMIIM, HO OH OT CBOEH LIENH HHUKY/1a HEe yIIeNn. DTO THINYHBIN oOpaser pabcTBa — 4yesnoBeKa 0CBOOOIMIIH, HO
OH B JIyIIe TaK M ocraics pabom. B pacckaze atoro ke nucarens «Cobakay onucaH MoJyMHUCTHUECKHH CITydai,
KOT/1a TIeC cIlac CBOETo X035MHA OT B30ecuBIIeiics aykoi cobaku. B pacckase Uexosa «B IMapwxk!» onucan cimyvai,
Kak JIBOMX Jpy3el rnokycaina cobaka. PonHble n Onmskue, 605Ch 3a UX 3J0pOBbE, COOPAIH IEHBI'H, YTOOBI OTIIPABHUTh
nokycaHHbIX B [Tapwk k JIyu [Tacrepy. B To Bpems nuIb OH B cBOEH KIMHMKE MOT CIIaCTH YeJIOBEKa OT OElIeHCTBa.
Ho npy3bs noexanu Tossko 1o Kypcka, rie coOpaHHbIE ICHBI'H YCIENTHO MPOTIHIIH.
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Puc. 27. Kagpbl aHMMaLMM KonebaHUs CEMU3BEHHOTO MassiTHUKA-LEMNOYKM



Cosnmats Mathcad-pacyer konebaHuss MasTHHKA HecI0HO. HaMHOTO ciiokHee pa3o0parbes B
pe3ynbTaTax TaKUX pacyeToB, BepH(PHUIMPOBATH UX — OTIENIUTH, TaK CKa3aTh, UCTHHHBIE 3€pHA OT
«YUCIICHHBIX» TIJIEBEIL.

Ha pucynke 28 mokasan ¢pparment Mathcad-noxymenra pacdera nporecca KoeOaHuss MasiTHHKA-
LEMOYKH — CEMU MaTepUAJIbHBIX TOYEK C MACCOH M1, M>... M7, CBA3aHHBIX IONAPHO )KECTKOW HEBECOMOM
CBsI3bI0 JUTMHOM L1, Lo... L7. Ha Touku oT mepBoii 10 mmrectyro (pearnocieHI0n) IeHCTBYIOT TP CHIIBI:
CHJIa TSDKECTH W JIB€ CHUIBI, CO3[aBacMble JBYMS COCEIHUMH CBs3sMH. Ha cembMmyro (IOCIEIHION)
MaTepUaIbHYIO TOUKY JIEHCTBYET TOJILKO OJIHA «TAHYIIAS CHJIa CBS3H. DTO 3BEHO HAIIETO MasTHUKA-IICTIH
OTJIUYACTCS OT OOBIYHOI'O MASTHUKA JIMIIb TEM, YTO TOYKA €ro KPEIUICHUS HAXOJUTCS B JBUKCHHUU.
AHaJIUTHYECKOTO pelleHns TaKoii cucTeMbl quddepeHuansapix ypasaenuii Het™. [TosToMy IpuxoauTes
npuOeraTh K YMCICHHBIM METOJIaM — K TeHEPAIUU TaOJUIIbI PEIICHUH C MOCISAYIONICH HHTEPIIONSIIUCH
MUCKPETHBIX 3HA4YeHWH Tak, dYroObl MOMydwiInch Tiaakue auddepeHmupyemple (yHKIuun. A
nmud hepeHnrpoBaTh UX HYKHO ISl TOTO, HATIPUMED, YTOOBI OMPEIEIUTH CKOPOCTh IBUKEHHS, a IO Hell —

KHHETUYECKYIO DHEPTHI0 MAaTEPHUATbHON TOUKH (CM. HUXKE).

30 EcTh aHAamMTHYECKOE pENIEHNE 3a4a49n O Konebanuu 1BoiMHOro Mastaruka [4]. Ho 0HO Takoe rpoMO3Koe, 4To
paboTaTh ¢ HUIM OY€Hb CII0)KHO HECMOTPSI Ha TO, YTO cama MOJIeJIb IPEIeNIbHO YIPOIeHa — B HEH CHHYCHI
3aMEHEHbI Ha caM yroil. A 3T0, Kak U3BECTHO, MOXHO JeJIaTh TOJIBKO JAJIsi MaIbIX yriioB. O0 aHATMTHYECKOM
pELICHUH 33/1a41 O CEMH MasTHHKaX HE MPUXOANUTCS Aaxe MedyTaTh. Ho, «MeuTaTh He BpEHO» — CM. TIOTIBITKY
Takoro pemenus Ha caiire M. H. Kupcanossim http://vuz.exponenta.ru/PDF/SOL/cep.html. Ipyroii npumep. Ectb
AQHAJIMTHYECKOE PElICHHE 3a/1a4H O JIBI)KCHHUH TUTaHETHI ¥ CIyTHUKA (3yutuiic!). bosee Tpexcor jiet MaTeMaTHKu
MCKaJIM OZ00HOE peleHune ISl CUCTEMBI He U3 JBYX, a U3 TPeX KOCMUYECKHX Tell, TOKa He TOHSUIH, YTO 3TO
czienaTh HeBO3MOXHO. KpomMe Toro, pa3BuTie KOMITBIOTEPHBIX CPEJCTB PEIICHHUS 3a4a4 PE3KO OXJIaJIMII0 BT TeX,
KTO MIIET aHAIMTHYECKUE PELIeHNs], 2 BHUMaHHe MaTeMaTHKOB IIEPEKIIIOUMIIOCH HA COBEPIICHCTBOBAHHE
YHCIIEHHBIX METO/IOB, Ha CIIOCOOBI BEpU(HUKALINH PEIICHHUH.



6-th pendulum Initial position (x6-y6), force (FB) and velocity (x6-y8’)
x6(0s) = L Si”leibegin:' +Ls Si”|_92begin:' +Ll3 Si”|_93begin:' + Ly Si”ladbegin:' +Llg Si”leSbegin:' +Lg Si”lasbegin:'

yB({0s) = L4 E”5|B1begm’ +L EDSNQbegin’ +L3 Eus|e3begin} + Ly EDS'%begin? + Lgcos| eEbegin? + Lgcos| BGbegin”
F6{0s)= 0N x6'(0s) = Omds y6'(0s) = Omds
System of equation (xB(t) - x5(1))% + (vB(t) - y5(1))°= Lg"

mg - x6(t) = FE(t) XEU)L'GXE © _rgpy XTU):E W g y6r(t) + mg - 9= F(1) YG(”L"GYS O _Fr yT(t)L—?yG ®

7-th (last) pendulum  Initial position (x7-yT), force (F7) and velocity (x7-y7")

x7(0s)=L4 3i”|_91beg|n? +Lg Si”lBZbegm? +Ll3 3i”|_93beg|n? +Lly Si”laalbegm? +Llg Si”leSbegln? +Lg Si”lasbegm? + L?Si”leﬂ}egln?
y7(0s) =Ly C°5|_91begm’ +La C°S|_92begin’ +L3 C°5|_93begin:' + Ly C°S|94begin:' +Lg CUS\_GSbegin? +Lg C°S|_96begin:' + LTCUSlBYbegm”
F7{0s)= 0N X7 (0s) = 0m/s Y7 (0s) = 0m/s

System of equation  (x7(t) — x6 (l}}2+ (y7(t) - y6 (t}}2= LT2

m7 - x7(1) = FT’U)M my7 -y (t)+ my - g= F?(t)LmL" vB(o)
e 7 T 7
y1 y1
Solution 1 1
*2 %2
y2 y2
x4 w4

y4 | = Odesolve|| v4 |.t.tangl 4 _ g Lend

— .t
end
F4 Fa 10000

F3 F3

®T xT

y7 yr
\F7) LLF7 )

Puc. 28. dparmeHT Mathcad-pacyeTta KonebaHUa CEMU3IBEHHOTO MaATHUKa-LEMOYKM

®yukuus Odesolve renepupyer 21 GyHKIHIO MOJIB30BATENS — 10 TPH VI KaXKIOH U3 CEMHU
ToueK: abcIyccy X U OpAMHATY Y IBIXKYILEHCS MaTepHalbHOM TOUYKH, a Takxke cuity F, neficTByromyro Ha
cBs3U. Y 3TuX (pyHKIHI aprymeHT Bpems L.

Ipumeyanne. MOXXHO OTKa3aThCsl OT NPSMOYTOJIBHOH CHUCTEMBI KOOPJAMHAT U padoTaTh c
TOJISIPHON CUCTEMOM, T7e HET BepTHKAIU (OpIUHATEI) ¥ TOPH30HTAIH (aOCIIUCCHI), a €CTh YToJ U PaJnyc.
B sToMm ciyuae 3amada OyzaeT ympolleHa B CMbICIE €€ NMOCTAaHOBKU M pemieHus. Ho «mpsSMoyroibHbI)
MOJIXOJT K PEIICHHIO 33/1a4H O MasiTHUKE KaxeTcst 0oJiee «(PU3NMIHBIM» — CHJIa TSDKECTH JIEHCTBYET CTPOTO
1o BepTukany. [1osipHbIe KOOPIUHATHI OyIyT YMECTHEe IPH PEIleHUH 3a/1a4 HeOecHo# mexanuku [11],
I7Ie CHJIBI TATOTEHUsS ISHCTBYIOT MO pajuycaM M Il HeT BepTHKaIM U ropu3onTani. Ho unrartens Moxer
MOIBITATHCA PEIINTH 3a/1a4y O MasiTHUKE-1IETIN B MOJISIPHON CHCTEME KOOPIUHAT.

W3BecTHO, 4TO Yy MasiTHUKA OTEHIMAIbHAS SHEPTUsl IEPEXOIUT B KHHETHUECKYIO 1 00paTHO. Ecin
HE YYHMTHIBATH TPEHHUE C AUCCHUIIAIINEN SHEPIUM, TO CYMMa 3THX SHEPTHUH ocTaeTrcs nmoctosanoi®!, Kerarw,
ypaBHeHus Jlarpanka, KOTOpbIE MOyYaroTCs NPH aHAIM3E 3a1a49d O MAasTHUKE U APYTHX AMHAMHYECKHX
CHCTEM U KOTOpBIE OBIJIM YIIOMSHYTHI BBIIIE, BRITEKAIOT U3 y4eTa 3THX dHepruid. Ha pucyHke 29 mokazaHbl

I‘pa(l)I/IKI/I HU3MCHCHUSA BO BpEMCHHA 3HAYCHUI 3Heprnﬁ CCMHU3BCHHOT'O MasTHHUKa-LICIIN.

31 B [3] nan pacyer crenuduIeckoro MasTHUKA, y KOTOPOTO CBSI3U HE KECTKUE, & yIpyrue. ITO MPYKUHbI, KOTOPHIE
MOT'YT PacTSATHBaTbCS M CXKUMATHCS, TOAIUHSSACH 3aKoHY ['yka. TaMm K IByM mepBbIM 3HEPrusiM (IIOTEHIMATbHAS
SHEPTUs MOJOXKEHHS TPy3a U KHHETHYECKasi SHEPT sl €ro JBIDKEHUS ) J0OABISAETCS ¥ TPEThs SHEPT U —
MOTEHIMAIbHA SHEPTUsl CKATON/pacTHYTOH NMpy>KUHBL. Hecno)KHO yuecTs B TaKMX pacyeTax U CHILY
conpoTuBiieHHs cpe/ibl. COOTBETCTBYIOIINE aHUMAIMK MOYKHO YBH/IETh Ha CAlTaX CTAaThH.



PE(t) + KE(t) - -~ - N

PE(t)

Puc. 29. F'padnk M3MEHEHUA BO BPEMEHU MNOTEHLMANBbHON N KUHETUYECKOW IHEPTUIA
CeMN3BEHHOro MaaTHUKa-Lenu

Kakwe BBIBOJIBI MOXHO CJIENaTh MOCJIe aHaI3a PUCYHKOB 27 1 297

Jo npumepno t = 0.3 S moTeHIMaNbHAas SHEPTUS CEMU T'PY3UKOB (MAaTEPHAIBHBIX TOYEK) IIABHO
CHIDKAeTCs, a MX KHHETHYeCKas 3HEprus IUIaBHO IOBBIIAETCS, HO INPH 3TOM HX CyMMa OCTaeTcCs
MOCTOSTHHON. A 3TO OCHOBHOW (HEOOXOAMMBIN, HO HEOCTATOYHBIN ) MPU3HAK MTPABIIIFHOCTH PEIICHUS —
ero cootBercTBUs (husnke 3axaun. [Ipu 0.3 S <t < 8 s HabmomaeTcss HEKU WHKYOAIIMOHHBINA TIEPHO —
HaAKaTUTHBAIOMIANACS OIMHOKA YMCICHHOTO PEIIeHNMS 3a1a4n HapymaeT oamanc suepruit (puc. 29). Ho moka
9TO SIBHO HE CKa3bIBAETCS HA XapaKTepe KadaHus MasTHHKa-Iend (cM. puc. 27, a Jiydlie aHUMaIHio Ha
caite CTaTLI/I). W Tonbko mpu t > 8 S «OeIIeHCTBOY 1IeNH CTAHOBUTCS OYSBUIHBIM. 33/1a4a 0 CEMU3BEHHOM
MasTHHKe-1IeNH OKa3anach He mo 3ybam ¢ynkimn Odesolve. Tonpko mepBbie Ba Kajapa aHMMAIMU Ha
puc. 27 MOXHO CYUTATh OoJiee-MeHee COOTBETCTBYIOMMM (u3nke 3amaadu. [Ipunuiocs 3amady ymnpomars
— YMEHbBILIATh YHUCIIO0 TOYEK.

Ha pucynke 30 mokasaHel Kaapbl aHUMalMd KoOJNEOaHUs MATU3BEHHOI'O MAasTHHUKA-LEHH C
0TOOpaXEHHEM HE TOJBKO IOJ0XKEHHUS TOYEK, HO M U3MEHEHHs SHEPruil CUCTEeMbl — NOTCHLUAIBHOM,
KUHETHYECKOM U MX CyMMBI (ILIECTU3BEHHBII MasSTHUK TOXKe «cOeCHIICa»). BHIHO, 4TO «MHKYOAIMOHHBII
nepuoj OeIIeHCTBAa LENW» PE3KO cokparwics — cM. Ha puc. 30 mociuenHuid Kaap aHWMAalHU C
0o0paMJIEHHBIM y4YacTKOM rpaduka u3MeHeHus: sHepruid. Kcratw, o mepuome — He HHKYOAlIMOHHOM
nepuoje, a o0 COOCTBEHHOM Iiepuoae KosebaHusi MastHuka-uenu. Ha pucynke 30 oH sBHO
NPOCMAaTPUBAETCS B KOJIEOaHUAX 3HAUCHUN SHEPTUN U €ro JAa)ke MOXKHO OLICHHTh 4ncieHHo. Ho xoporro
Obl HAWTH aHATUTUYECKYI (GOPMYINy JUIsI 3TOTO IEpUoJia, Kak 3TO CAETaHO sl KIIACCHYECKOTO

«OHOTOYCYHOI'0» MassTHHKA.
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Puc. 30. Kagpbl aHMMaummn konebaHMA NATU3BEHHOTO MaATHMKA-LEMNOYKN C MOKa3oMm
M3MEHEHUA NOTEHLMANBbHOW U KUHETUYECKON SHEepPrui

Pemenue cuctem cioxHbIX Au¢epeHIHaNbHbIX YPaBHEHHH — 3TO CBOEGOOPA3HOE ITyTEIIECTBHE
mexay Cuwuioil n Xapubmoi. Anamutuueckoe perieHue (HazoBeM ero CHHUION) OOBIYHO MOKHO
HOJYYHUTh TOJIBKO MPH CYIIECTBEHHOM YIPOILIEHUH MCXOAHOW MaTeMaTH4eCKOW MOJAEIH, BBOAA B pacyeT
cnenuanbHbIX GyHKUMi THHa GyHKuuil beccens. UncnenHoe xe pemenue (Xapubaa) yacTo MCKaXKaeTcs
M3-32 HAKAIUTMBAEMOH OIIMOKY BBIYMCICHHI, a TO U MPOCTO MPEPHIBAIOTCSA HA TOJITYTH H3-3a CIHIIKOM
OOJIBIINX WJIH CIUIIKOM MAJIBIX YHCENl, HEOMYCTUMBIX Ha JaHHOM IIH()POBOM KOMITBIOTEPE.

Teker smurpada 310l 9acTu cTaThil MOXKHO HPOJOIDKUTH Tak: «Moil criyea npunec ¢ yiuysl He
MONLKO MO0 uilyOy, HO U O0OpbIBOK Yenu, Komopylo nomepsaia 63becugwiascs cobaxa. A pewiun
UCNONL3068AMb IMY YeNnsb 0 PUIULECKUX ONbINOE, KOMOPLIMU 5 yeneKaacs. A cman usyyamoy Konebanue

amoii yenu 6 mom ducie u ¢ noOmoubo mamemamudiecKkozo MOO@JZMpO@aHuﬂ uepes3 4ucileHHoe peuerue



cucmemul ouppepenyuanvuvix ypasuenuu. Okasanoco, umo OoavHaAs cobaka 3apasuia OeueHcmeom He
MOILKO MOI0 ULy0y, HO U CBOI0 Yenb BMecme C ee MamemMamuieckol MoOebio. .. »

Kcraru roBops, mpunaraTebHble «OCIEHHBIN» H «CYMAaCIISIIIAI MOTYT UMETh ITOJI0KUTEITbHBIN
OTTEHOK U cMbIci. XKuteiickuil mpumep. Jlama nepes; pOMaHTHUYECKUM CBUAAHUEM, TPUHUMASI OT CBOETO
KaBaJsiepa 1moapok (Harmpumep, 10poroil KyJI0H Ha yenouxe), MOXKET CKa3aTh eMy: « Thl cyMacuie Iimuii!».
Jlyumie#t ke TOXBaJlOW AaMbl KaBaliepy TMPH MPOIIAHWW TIOCIE CBUAaHUsA OymyT cioBa: «Twr ObLI
OermeHHBIH ! ».

Ho... mrytku B cropony!

UuraTeabr MOMKET CKadaTh ¢ caiitoB crateu Mathcad-daiinel ¥ MpPOXOIDKWTE YHCICHHEIE
KOMITBIOTEPHBIE JKCIEPUMEHTBHl C MAasSTHUKOM-IIENOYKOW. B BBHIIENPUBENICHHBIX MPUMEPaX MAaCCh
MaTepUaNIbHBIX TOYCK OBLIM OJWHAKOBBIMU. OJMHAKOBBIMHU OBLIM U PACCTOSHHUS MEXITY HUMHU — JTUHBI
cBa3eil. Ho aTo orpannuenne MokKHO CHsITh. VIHTEpecHBIN ciydail — Macchl TPY3UKOB YMEHBIIAIOTCS 110
Mepe YBEJIIMUCHUS PaCCTOSHUS OT MeCTa KperyieHns1 KOHCTpYKuuu. [lonydaercs Hekuid Ouy, nacmyuteckuil
KHYm, KOHEIl KOTOPOTO MPH B3Maxe MOKET JOCTUTaTh CBEPX3BYKOBOI CKOPOCTH M BBI3BIBATH XapaKTePHBIN

3BYK, MIyTaloldi CKOT U IOMOTAIOIINI NAaCTyXy YIPaBIATh CTAIOM. ..

[TocnecnoBue: UCTOPUS HAMMMCAHUS CTAThbU U APYroe
«Cena ya nmoexana. B Barone mokoiHo, TOITYKOB HET.»
®. M. JocroeBckuii «Urpox»
[lepBriii aBTOp MO 00pa30BaHHI0O — TETUIOIHEPTETHK, a MO cdepe mpwiokenus cun — |T-
CNCIMAIUCT B OOJIACTH TEIUIOTEXHUKH M TeIuiodHepreTuku. Ocobo ero mpuBiekaeT mpobdiema
UCIIOJIb30BaHMSI  COBPEMEHHBIX ~ MAaTEMAaTHYECKHX  KOMIIBIOTEPHBIX  MAKETOB IS PEIICHHUS
TEIJIOTEeXHUYECKHX 33/a4. B 97TOM MOXHO yOeIuThCs, 3aii/is Ha ero CaiT ¢ omyOJIMKOBaHHBIMU paboTaMu
B aToi obmactu — http://twt.mpei.ac.ru/ochkov/workl.htm. Ho stor aBTOp cO CBOMMM 3HaHHAMH U
HaBbIKAMH  PabOTHI c MaTmnakeTaMu «3ane3» " B CMEXKHBIC HayKH (cm.
http://twt.mpei.ac.ru/ochkov/work2.htm), B wactHocTu, B ¢usnky u marematuky [6]. Beuia, Hanpumep,
Uccie/loBaHa BO3MOYKHOCTh MCIIOJIb30BaHusi BcTpoeHHoi B Mathcad ¢yukimu Minimize anst pemenus
HEKOTOPBIX 33/1a4 TEOPETHYECKOH MEXaHUKH. TpaJMIIMOHHO pelIeHHe TaKUX 3aa4 CBOAMIOCH H CBOIUTCS
K TIOMCKY KOPHSI CHCTEMBI aareOpandecKux ypaBHEHHH, ONMCHIBAIONIMX OajlaHC CHMJI 1 MOMEHTOB CHJI B
MexaHu4ecKkoi cucteme. Ho ecim Takast cucteMa MMeeT TOCTaTOYHOE YHCIIO CTEIEeHeH cBoOObI, TO OHA
MOKET CBOJAMTCSA K 3a7ade ONTHUMHU3AIMU C OrPaHUYCHUSIMH, KOTOpas MpPAaKTHYeCKH HE ONMCaHa B
KJIACCHYECKUX y4eOHHMKaxX M 3alauHUKaX IO TEOPETUYECKON MEXaHUKE, OPUCHTHPOBAHHBIX HA PYYHOE, a
HE KOMIIBIOTEPHOE pelIeHHe. DTH U3bICKaHUS BBUTHIIMCH B CTAThIO [4], KOTOPYIO aBTOP MOCIIAN B BETYLIHIA
JKYpHaJI IO TEOPETUYECKON MEXaHWKe, W3/1aBacMblii Ha MEXaHHKO-MaTeMaTtuueckoMm Qakynbrete MI'Y.
ABTOp 0KHIAJ U3 )KypHaIa JIM0O0 HUKAKOTO OTBETa, IMOO OTBETA, ONMMCHIBAEMOro MOroBopKoit «He cyiics
CO CBUHBIM PBUIOM B CYKOHHBIH psin!y». Ho riaBHOe, 4ero 0uan aBTop — 3TO OLEHKH CHeIHATHCTAMU
ero paboThl B 00JIaCTH, I/Ie aBTOP HE CYMTAET ce0sl MOTHOICHHBIM criennaniuctoM. K yauBieHuto aBropa

H3 pe€AaKuy MpHUIICT OTBET B TOM ILJIAHE, YTO CTUJIb U 00BbEM CTaTbU HE IT03BOJISET OHy6HI/IKOBaTL €C B



JKypHaJsle, HO OHa PeKOMEH/I0BaHa 1oJ] Ha3BaHHeM «Mexanuka u Mathcad» s exerogHoro cOopHHKa
MI'Y no teopernueckoii Mexanuke [4, 9]. Ho rmaBHOe, 9TO B cTaThe He OBLIO HaliIEHO HUKAKOM MEXaHUKO-
MareMaTuueckoi Kpamosbl. CTaThsl BBIIIUIA U3 IIeYaTH psiioM co crareii «Llens Ha koHyce» [9], koTopast u
MOCITY’KWJIa TOTYKOM K HallMCAHUIO AaHHOH cTaThu. 1 BOT mouemy!

B cratbe [9] npHBOISTCS JOBOJNBHO CIIOKHBIE MaTEeMaTHYECKUE BBIKJIAJKU, KOTOPBIC OCTAIOTCS
«KUTAHCKON IPaMOTOM» I/l MHOTHX, HE UMEIOIIUX COOTBETCTBYIOIIET0 MaTEMaTUIECKOT0 00pa30BaHus U
tanaHTa. /|y aBTOPOB IaHHOM craThy, Hanpumep. Ho momoGHbIe 3a1auyy MOXKHO PELIMTH C MOMOIIBIO
«MaTeMaTHUYECKOTO aKCeJIepaTopay — C MOMOIIbI0 KOMIIBIOTEPA C MAaTEMAaTUUYECKUMHU IIPOTrPaMMaMH.

B nanHO cTaThe npuBeIEHO MHOTO aHajorui. ITpusenem eme oHy.

[TonTopa Beka Ha3zaj MyTeLIECTBHE MO CBETY MOTJH MO3BOJHUTH ce0€ TOJNBKO OYCHb OOraThie W
¢usnuecku 3m0poBble NMOoAM. HO ¢ TOSBICHHWEM COBPEMEHHBIX TPAHCIOPTHBIX CPEICTB TaKoe
YIOBOJIBCTBUE CTANO IOCTYITHO KIIUPOKUM MaccaM TPYASALIUXCS», a HE TOJIBKO N30paHHBIM: CEJ B CAMOJIET,
aBTOMOOWJIb MITH HA TI0€3]] — M 3a KOPOTKOE BpeMs ¢ KoM(opTOM J00pacs 10 T000ro yromka 3eman?,

UYro-To mog00HOE MOKHO CKa3aTh M O MareMaTuke. PaHbiie B ee 1e0py MOTIIH 3a0HPaThCs TOIBKO
M30paHHbIC JTFOJIM — JIIOJIU ¢ 0COOBIMU MaTEMaTHUYECKUMHU CIIOCOOHOCTSIMH (C OCOOBIM «MaTEMaTHYECKUM
CIIyXOM») W MMEIOIINE COOTBETCTBYIOIEE MaTeMaTHuecKoe oOpazoBanue. Ho B Hacrosimee Bpemst Kpyr
TaKuX I/I36paHHI>IX CYHECCTBCHHO PAaCIIMPUIICA 3a CUCT NOABJICHHA... KOMIIBIOTCPHBIX MATCMATHYCCKHUX
IMMaK€TOB, KOTOPLIC O6J'I€F‘-I3IOT MyTCIIECTBUEC B MUP MAaTCMAaTUKU. Y CIIOBHO MOKHO CKa3aTb, YTO BO3HHUK
HEKHUI MacCOBBI MaTEMaTUUYECKUI TYPU3M.

U eme onHO BakHOE BBOJIHOE 3aMEUaHME.

st yero u3y4yaroT MaTeMaTUKy B IIKOJIE U B By3e?

Bo-nepBbIx A71s1 TOr0, YTOOBI MOKHO OBUIO OCBOUTH IpyTue yueOHble MPOQMIbHBIC AUCLUIIIHHBL
GU3UKYy, XHMMHUIO, TEOPETHYECKYI0 MEXaHHKY, TIHMIpOra30JUHAMHUKY, COIPOTHUBICHUE MAaTepHaoB,
WH)XEHEPHYIO TpaduKy, SKOHOMHKY, puHAaHCOBOE A€o0 U T.A. IloaToMy-TO Kypc MaTeMaTHKH YUTAIOT B
camMoM Hayajie yueObl B By3e!

Bo-BTOpHIX, BCeraa Hy»KHO MOMHUTb, YTO MaTeMaTriKa — 3TO JIy4luasi TMMHACTHKA (putHece) s
yMma. M3ydas 3Ty «KOpOoJIeBY HayK», Mbl Pa3BUBaE€M CBOM YMCTBEHHBIE CIIOCOOHOCTH, KOTOPBIE IPUTOASTCS
HaM IIpU PpCHICHUU HE TOJIBKO YMCTO MAaTEMAaTUYCCKUX, HO U pa3HbIX MPOMU3BOACTBECHHLIX U JKUTEUCKNX
3ajad.

U, B-TpeThux, u3yueHHe MmaTeMaTHKH (IyTEIIECTBHE B €€ «IeOpm») — 3TO camo Mo cebe
WHTEPECHOE U yBIIEKaTeJIbHOE 3aHATHE, KOTOPOE MOXKET OBITh BHICOKOMHTEIUIEKTYalbHBIM X000u. Ho 6e3
MaTeMaTHYECKHX KOMIIBIOTEPHBIX MAKETOB MPOCTHIM JIFOJSIM 10 HEJaBHETO BPEMEHH 3TOTO JIENaTh ObLIO
IMOYTHU HEBO3MOXKHO, €CJIN, IIOBTOPSIEM, HE OBLJIO OCOOBIX MAaTEMATHYECKHUX TAIIAHTOB U COOTBETCTBYIOUICTO

MaTeMaTH4ecKoro 00pa3oBaHMUA.

32 Cnosa B smurpade k [locnecnoBuo NPOU3HOCUT Napalu30BaHHas «6a0yIeHbKa», KOTOpas «IUIIUIACH HOT» 1
KOTOPYIO TIEPEHOCST C MecTa Ha MecTo B Kpecie. OHa CHIoKoHO >xmiia B MockBe (BTopas nojosuHa XIX Beka), HO
pas3orHaina Bpauel, cena B IO€3] U «CBAIMIACh KaK CHET Ha TOJIOBY» CBOEMY POJICTBEHHUKY — IeHepally, KOTOpPbIHA
Haxoauics B PynerenOypre (mporotun — Hemenkuii ropon banen-banen) u koTopslii xain cMepTH «0a0yIeHbKI»
U HacnecTBa oT Hee — cM. http://ilibrary.ru/text/67/p.1/index.html.



JuBepTtrcMeHT. LleHTp TsxkecTr Cla0KHOU DUTYpPBI
Ha pucynke 4 (Hadano cTaThbd) IOKa3aHBI OMPEICIICHHBIE HHTETPaIbl OT X1 0 X2, IO KOTOPBIM

paccUMTHIBAIOTCS opouHamsl (Yp M Yu) LEHTPOB TSHKECTH JABYX YYaCTKOB 3aMKHYTOW LETOYKH,
MOJBEIICHHON Ha OBYX TBO3ISX. DTH OpPAWHATHI M JUIMHBI caMuX y4yacTkoB Lp um L — Lp ompenensior
noreHnuanbHyo sHepruto PE Beeit nenouku. [lo apyrum nogo0HbIM MHTErpajaM MOYKHO pacCcUUTaTh U
abcyuccel ITUX BYX TOYEK — B MOJIBIHTETPAJIbHOM BBIPRKEHUH JOCTATOYHO OyneT (YHKLMIO Y mepen
KBaJpaTHbIM KOPHEM 3aMEHHUTh Ha apryMeHT X. Jlajee MOXHO IO HECIOXHBIM (popMysiaM paccuuTaTh
KOOPJMHATHI LIEHTpa TSHKECTH BCEH MPOBUCAIOIIEH 3aMKHYTON LIEMOYKH, COCTOSAIIEH U3 ABYX YacTei.

3amada HaXOXKAEHUsI LIEHTPA TSHKECTH CIIOKHOH IIIOCKOM (PUTYpbI — 3TO THUIMHYHAS 3a7ada Kypca
TEOPETUYECKOM MEXaHMKH B TEXHHYECKMX By3ax. CTYyAEHTB IOJDKHBI HAY4YHTHCS Pa3OWBaTh CIOKHYIO
¢urypy Ha OTAEIbHBIE MPOCTHIE I'€OMETPHYECKHE (PUIYpPBl — MPSIMOYTONBHUK, KPYT, CEKTOp Kpyra,
TPEYTOJIBHHUK U T. [I., y KOTOPBIX IEHTPHI TSHKECTH PACCUMTHIBAIOTCS IO U3BECTHBIM (POPMYJIaM H MPaBHIIaM.
VY TpeyroiapHHKA, HAPUMEp, IEHTP TSHKECTH HAXOAMTCS Ha mepecedeHur MeauaH. Jlanee oTH GuUrypsi
MOMIAPHO OOBEAMHSIOTCS TIO MPABHITY phlyara U 'y HUX OMPEJEIIOTCS OOIIMI EHTP MacChl, YTO B UTOTE
JlaeT HY>KHBIH OTBET — KOOPAMHATHI LIEHTPA MAcChl BCEH CIIOXKHOM TUIOCKOH (urypsl. Takas e IpuMepHO
METOAMKAa HMEET MECTO M MpPH ONpelesIeHMHM LEHTpa TSDKECTH Tella, COCTaBICHHOTO M3 IPOCTHIX
TeOMETPUUECKHX TeJl — MapajulesIenuea, KOHyca, MOIyIapus U T. .

[lepBeiii aBTOp pa3padboTan METOAUKY OINIpEeNICHHs LIEHTPa Mace IUNIOCKUX (Uryp, 00beMHBIX Tell
U Jaxe OOBEKTOB C Pa3MEPHOCTHIO OoJjiee TPeX C HCIOIb30BAHUEM COBPEMEHHBIX MH()OPMAIMOHHBIX
texnojnoruii [12]. Dta paboTy B IIKOJE M By3e TaK)K€ MOXKHO MPOBOJHUTH B KaueCTBE MHTEPECHOIO U
MI0JIE3HOTO NMPAKTUYECKOTO 3aHATHA Ha CThIKE GU3UKH U HH)OPMATHKH.

Ha pucynke 31 nokasan Mathcad-pacuet KOOpIHHAT IIEHTpPa TSHKECTH CXEMbI 3aMKHYTOH IETTOYKH,
NOJBEIICHHON Ha ABYyX IBo3dsx. [yis srtoro rpaduk AByX LENMHBIX JUHUAN (CM. pucC. 8§ BbIle) ObLT
npeBpaiiieH B bmp-daiin, koropsiii uactpymertamu Mathcad ObuT KOHBEPTHPOBAH B OMHAPHYIO MATPUILY
M, y KOTOpoW HECIOKHBIM CYMMHPOBAaHHEM OINPEAETSAETCS «IIEHTP» TsHKEeCTH. MeToa, Kak TOBOPHII
KMHOIEPCOHAX €Ille OJHOTO KyJIbTOBOTO COBETCKOrO (UIbMa®’, «HEICTETHYHBIH, 3aTo JIEIIEBHIi,

HAJSKHBIA U IPAKTUYHBIIA.

33 dumsm 1968 Tona «bpuUIITHAHTOBAS PYKa».
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Puc. 31. MaTpuyHbIlA meToA onpeAeneHna LeHTpa TAXKECTU NPOU3BOSIbHOW NNOCKON
burypbl
Ecnu HaliieHHyt0 opAuHATYy Y IIEHTpa TSDKECTH 3aMKHYTOW IIETIOYKH, OTOOpakeHHOH Ha puc. 31,
YMHOXUTH Ha €€ BEC, TO U MOJIyYUTCS B OTBETE Ta MOTEHIUATIbHASI SHEPTHUS, C KOTOPOU MBI «ITOUTPATIN B
CTaThe, U KOTOpas JOKHA ObITh MUHUMAJIBHOM.
BbIBOibI
Ilemouky MOKHO HE TOJBKO BELIATh HA LIE0 WJIM KPYTUTh Ha MajbliaX — C HEM MOXHO NPOBOJIUTH
MHTEpecHeHme (U3NKO-MaTeMaTHYeCKUe SKCIIEPUMEHTBI — peajibHble W KOMIIBIOTEPHBIE,
o0pa3oBaTeNbHBIX U HAyYHBIX Lensax. Hame uccnegoBaHne OpraHn4ecKy BIHMCHIBAETCA B Psil OAOOHBIX

uccienoBanuii [13-20]. Bonee Toro, 0HO MO3BOJIMIIO:



— CBSI3aTh «IIEMTHOE YUCIIO T» (TEPMHUH aBTOPOB) ¢ GOPMOIl MPOBUCAHUS 3aMKHYTOM LEMOYKH Ha

JBYX CKOJIB3SIINX OMOpax (Ha JBYX «TBO3MISAX» — CM. pHC. 8 u 9);

— HaWTH HOBYIO (PU3NYECKYIO KOHCTAHTY — KPUTUYECKUH YIoJl IPOBUCAHUS 3aMKHYTOW LETOYKH

Ha PaBHOCTOPOHHEM TPEYroJIbHHUKE (Ha IIeunkax — cM. puc. 21 u 22)

— HCCIeI0BaTh YNCIEHHBIE METOIBI PEIIeHHs anredpandeckux u AudQepeHaabHpIX YpaBHEHAN

(v ux KoMOWHaNMIT) Ha 3a1a4e KoIeOaHusT MasTHUKA-IIEIH C aHaIM30M OajaHca sHepruii (cMm. puc. 27, 29

u 30).
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Physical and Mathematical Informatics
with a catenary

Valery Ochkov and Massimiliano Nori

The article describes an educational laboratory work (real and virtual) along with interdisciplinary
connections at the intersection of computer science, mathematics and physics: the study of the static and
dynamic sagging of a closed chain with different points of support, as well as the swinging of the chain as
a pendulum. A technology of computer processing of photos and videos of a physical experiment with
subsequent elaboration of the media files on a computer is described. A recently discovered constant is
discussed — the chain number & (1.258... is the optimal ratio of the chain length to the distance between its
support points, as well as the boundary between two forms of sagging of a closed chain supported on two
nails). A new physical and mathematical constant 50.34...° is found and investigated — it is the critical angle
of sagging of a closed chain supported on an isosceles triangle (“on cloakroom hangers”). The connection
of this constant with the problem of the equilibrium position of a closed chain on a straight circular cone is
described. Approximations are estimated and an attempt is made to numerically solve the pendulum-chain
problem with different number of links. Methods of formulation of problems and of verification of the
numerical solution of systems of algebraic and differential equations, as well as their combinations, are
described and investigated. The applicability of the “optimization with constraints” computer tool for
solving problems of theoretical mechanics is investigated. A description is presented for the three main
tools of mathematical computer packages: numerical mathematics, symbolic mathematics and graphics. A
relatively new tool for solving physical and mathematical problems — the use of Internet forums — is
discussed. It is emphasized the importance of using units of measure when solving physical problems on a
computer. The problem of publishing mathematical formulas in articles and books is discussed. Methods
of teaching in schools and universities of courses of mathematical physics, physical and mathematical
computer science and differential equations are explained. Examples of the inclusion of fragments of
humanities, in particular, film and literary works, in technical classes are given. The concept of
"mathematical tourism™ is introduced.

Keywords: Theoretical mechanics, sagging chain, chain function, derivative, integral, potential energy,
kinetic energy, Lagrange-Dirichlet principle, Newton's law, constrained optimization, system of algebraic
equations, computer graphics, animation, Mathcad.
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