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IIpeauciaoBue pegakTopoB

Hannas KHura, BOOOIIE TOBOPs, HE SIBJISIETCS YIEOHMKOM II0 CTaHIAPTHOMY
KyPCYy MEXaHUKH CILIOIIHBIX CPeJl, KOTOPBII BXOJUT B IPOTPAMMY IIOJINOTOBKI
OakaJlaBpOB B YHUBEPCUTETaX U TEXHUYECKUX By3axX. KHUra, Iper/jie Bcero, ajape-
COBaHa UNTATEJII0, KOTOPBIN yrKe 3HAKOM C MEXAQHUKOI CIIOIIHBIX CPeJ U UMEEeT
HEKOTOPBI OIBIT pabOThl B 3Toi objacTu. OMHAKO 110 CTUJIIO U3JI0XKEHHUsI KHUI'a,
SIBJISIETCSL YI€OHUKOM; KPOMe TOT'O, OHA, JIOIOJIHEHA, IPUJIOKEHISIMU, 00J1erIaioIi-
MU IIOHMMaHIe OCHOBHOI'O TekcTa. [[09ToMy KHUI'Y CMOXKeT IPOYeCcTb U HauNHAIO-
T

OrmeTnM, 9TO KpOMe HECKOJIbKUX IJIaB U IPUJIOXKEHUI, TeMaTuKa KOTOPbIX
TPaUIINOHHO OTHOCUTCSA K OOJIACTH MEXaHUKHU, KHUTA COJEPIKHUT TJIABBI, ITOCBSI-
IeHHbIe pobJieMaM 3JIeKTPOAUHAMUKN, KBAHTOBOH (DU3UKU 1 TEOPUU OTHOCH-
TEJIbHOCTHU, & TaKrKe NPUJIOYKEeHHsI, B KOTOPbIX 00CY:KJIAI0TCs IIbe30YIPYTIOCTh 1
MArHUTOYIPYTOCTh, T. €. TEOPUH, JIeXKAllle Ha CThIKe MexaHuknd u dusuku. OT
JPYTUX KHUAT aHAJOTMYHOTO cojep:Kanusg kuury [I. A. 2Kuinna oryimyaror nc-
I0JIb3yeMble B Heil 110JIX0/Ibl 1 MeTOAbl. Bee 6e3 NCKIIIOUeHNsT MOJIEIIH, IIPeII0KeH-
Hble B KHITE, IIOCTPOEHBI Ha OCHOBAHNH (DYHIAMEHTAJIHHBIX 3aKOHOB MEXAHUKH C
HCIIOJIb30BAHIEM METOJI0B MEXaHUKI CILIONIHBIX CPEJI.

Llesb, KOTOPYIO CTABUII IIepeji coOOi aBTOP, — PACIIIPUTH 001aCTh ITPUMEHEe-
HIUsI MEXaHUKHU, PACIPOCTPAHUB ee Ha Te chepbl, KOTOPbIE TPAJINIIIOHHO OTHOCAT-
¢ K 00J1aCTH APYTHUX eCTeCTBeHHbIX HayK. Creyiolas MuTaTa XOpoIlno OTparKaeT
upeacrapienne 1. A. 2Kunnna o Mecre 1 poin MeXaHUKH B COBPEMEHHOM €CTe-
crBosHaHuu. “Mexanuka, xax nayxka, — MO HE MEOPUA KAKUL ObL MO HU OBLAO
asnenuti IIpupodu. Mexanuxa — amo memod uccaedosarus Ipupodv. Muenue o
MOM, Y4IMO MEXAMUKE UMEEN, 02PAHUYEHHYIO 00AGCND NPUMEHUMOCTIU, OCHOBAHO,
2AG6HBLM 00DA30M, Ha €€ Phaxmuueckoti HECNOCOOHOCTIU 8 HACTNOAULEE BDEMS ONU-
camv yeavili pad AsaeHuli, U3BECMHHIT 8 IKCnepumMenmarvrol gusure. Tem ne
MEHEE HUKMO He JOKa3an, YMO METAHUKA NPUHUUNUAALHO He CNOCOOHG ONUCAMY
amu Assenus’.

[napuyto npuunny ciaoxxusiieiics curyarun [1. A. 2Kuiun Buges B ToM, 9TO
BCE TOIBITKI OIUCATH ¢ TOUYKN 3PEHUSI MEXaHNKI N3BECTHBIE B IKCIIEPUMEHTAJIb-
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HOM (pu3KKe sIBJIeHUsT Ha3upoBasnch Ha MexaHuke HbioToHa (MexaHUKe MarTepu-
aJIbHBIX TOYEK ), B KOTOPOii HCCIeyeTCst TOJMBKO O/Ha (hopMa JIBUKEHIH — TpaHC-
Jsiimonuble Jprzkennst. [1. A. 2Kuyinn 0611 ri1yboKo yOexKaeH B TOM, UTO IIPH OIU-
CAHUU SIBJICHUII B MUKPOMUPE OIPOMHOE 3HaUEHKEe IPUOOPEeTaeT yIeT CIIMHOPHBIX
JIBUZKEHNUI, TP KOTOPBIX TOYETHOE TEJI0 MEHsIeT CBOIO OPHUEHTAINIO B IPOCTPaH-
CTBE, XOTsI €ro IOJIOYKEeHIEe B IIPOCTPAHCTBE MOYKET OCTaBaThCd HEM3MEHHBIM. B
MeXaHUKe BCe IepEeMEHHbIE IIPEJICTaB/IeHbl B BUJIE CONPSZKEHHBIX Map: TPAHCJIsI-
IUOHHBIM JIBUZKEHUSIM OTBEYAIOT CHJIBI; CHIUHOPHBIM JIBUZKEHUSIM OTBEUYAIOT He3a-
BUCHMBIe MOMEHTBI. CBSI3M MeXKIy CHJIaMHI 1 MOMEHTAMH, C OJHOI CTOPOHBI, 1
TPAHCISIITUOHHBIMI ¥ CIIMHOPHBIMI JIBUZKEHUSIMU, C JAPYTOil CTOPOHBI, YCTAHAB/IN-
BaIOTCsI MMOCPEJICTBOM TaK Ha3bIBaEMbIX OIpejesisdionux ypasuennit. [Ipu nasm-
YUI ONPEJIEISIONINX YPaBHEHI Bce XapaKTePUCTUKN MEXaHNIECKOI'O MOBEIeHIs
TeJIa OIPEJIEISA0TCs Ha OCHOBE 3aKOHOB JumHaMuKn. B mexannke Hpiorona ectb
TOJIBKO OJITH HEe3aBUCUMBII 3aKOH JIMHAMUKN — BTOpoil 3akoH Hpiorona. Baejie-
HUE CITMHOPHBIX JBUKEHUI U HE3aBUCUMBIX MOMEHTOB B KOPHE MEHSIET CUTYAIINIO.
Bosaukaer HeoOX0nnMOCTh OPMYJINPOBKI ABYX HE3aBUCHMBIX 3aKOHOB JMHAMI-
KI: TIEPBOTO 3aKOHA JTUHAMUKN Ditjiepa (KOTOPBIi siBjisieTcst 00001IeHIeM BTOPOTo
3akoHa HbloTOHA) 1 BTOPOro 3aKOHA JIMHAMUKU Diljepa, OTBEYAIOIIEro 3a CIii-
HOpHBIE JBIzKeHns. MeXaHnKy, OCHOBaAaHHYIO Ha JBYX 3aKOHaX JIMHAMUKN Jiiaepa,
aBTOP KHHUT'U Ha3bIBAET 3il/IepoBoil MexaHWKOil. VIMEeHHO ¢ 39ii1epoBoil MeXaHUKOM
IT. A. 2Kuyinn cBsI3bIBaJ BO3MOYKHOCTH PACIPOCTpaHeHusT 00J1aCTH TPUMEHEHUsT
MEXaHUKHU Ha IMUPOKUIT KJiace 3ajad coBpeMennoil dusuku. Cieyionias nurara
JaeT SICHOe IIPeJICTaB/IeHNe O €r0 MHEHHN OTHOCHTEIHLHO BO3MOXKHOCTEH MexXaHN-
kn Herorona n mexanuku Ditiepa. “ [lonammo, wmo cywecmsyem neobo3pumviii
oxean 3a0au, 20e yapPCMBYem HHIMOHOBCKAA MEXanuKra. B amuxr cayvasx stne-
POBA MEXAHUKG €08G AU YMO-AUOO cMoxcem dobasumyb. OOnaro 02panuenHocms
HBIOMOHOBCKOT METAHUKU NPUBEAL K MOMY, YN0 METAHUKA OMKA3AAACD O, U3Y-
YEHUA INEKMPUMECTNGA U MAZHEMUIMA U Uea020 pada dpyeux npobaem. Xovemces
BEPUMDB, UMO IUNEPOBA METAHUKA NO3BOAUM PACUUPUMD cPhepy Jeticmeus Mexa-
HuKu Ha 3adavu, uccaedyemvie 6 Hosetiwel gusuke. B wacmmuocmu, ona no3eo-
AAEM C COBEPULEHHO HOBOT MOYKYU 3PEHUA B32AAHYMD HA NPOOAEMDBL KEAHMOBOT
pusuru’”.

XapakrepubiM jijist kaur [1. A. ZKujuna [1-6] siBiisiercs yriy6/ieHHbIH nHTEpEC
K OCHOBaM W TIEPBUYHBLIM dJIeMeHTaM MeXaHukn. Jlannas Kaura — He NCKII0UYeHne
13 3TOrO MpaBmia. B Heil mogapobno oOCcyKIaI0TCA TaKue TOHATHA, KaK ITPOCTPaH-
CTBO, BpEMsI, CUCTEMbI OTCUeTa, TPAHC/IAIIMOHHBIE U CIIMHOPHbBIE JIBUXKEHU, TeJla-
TOUYKH, TeJIa 0OIIero BUja, JMHAMUYICCKIE CTPYKTYPBI T€JI, BO3IEHCTBUS (CUIIbI U
MOMEHTBI ), OJTHAST U BHYTpeHHsst dHeprust. PopMymupyoTcs GyHIaMeHTaTbHbIe
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3aKOHbI MEXaHUKU: ypaBHEHHe GajaHca KOJMIeCTBa JIBUXKeHUs (I1epBblil 3aKOH
JTMHAMUKHN Diijiepa), ypaBHeHne OajiaHca KMHETHIeCKOr0 MOMeHTa (BTOpOil 3aKOH
JTUMHAMUKHI Difjiepa) n ypaBHeHue bajtanca sHeprun (epBblil 3aKOH TepMOIMHAMI-
K1), 00CY?KIaI0TCsI pasjindHbie (GOPMYJIHPOBKI BTOPOTO 3aKOHA TEPMOJINHAMUKI.
Bce nepeunciiennoe JIEXKUT B OCHOBE PAUUOHAALHOT MEXTAHUKU — HAYKH, KOTO-
pas Oa3upyeTcs Ha MEePBBIX MPUHIUIAX U CTPOTMX MaTeMaTHYeCKUX MeTojax U
B KOTOPOIl MHTYUTHUBHbIE TIPEJICTABIEHNA O PUBNIECKIX SABJIEHUSIX HAXOJAT CBOE
BbIpaykKeHue B MaTeMaTHIecKoil hopme.

Hesbzst He orMeTuTh, UTO n3j0xkenune Mmexanunku B kaure I1. A. 2Kuiuna pac-
XOJUTCST CO MHOIMMU YCTAHOBUBIINMUCS TPaUIUSAMU 1 B3TJIsiiamu. Mbl yoex ie-
HBI, 9TO 9Ta KHUTA HE OCTABUT YUTATEsS PABHOIYITHBIM. Y KOI'O-TO OHA BBI30BET
BOCXUIIEHNE HOBU3HOI U CMEJIOCTBhIO B3MJISAJ0B, Y KOT'O-TO — YYBCTBO IPOTECTA.
Imenno Takue KHUTH OKA3BIBAIOT BIUSHUE Ha pa3BUTHE HayKu B 1esioM. Maciirab
nuanoctn [lapra Annpeesnda 2Kuyinna u ero BKJa/1 B HayKy B IIOJIHO Mepe Oy e
olleHeH HayJHOI OOIEeCTBEHHOCTHIO, BIIIMO, TOJTBKO CITYCTsI MHOTO JIET.

Muorue pesyabTaThl, cojep Kalnecs B KHUre, Buepsbie moaydersl 1. A. 2Ku-
JUHBIM. B mepuoniecKnx u3JaHusgX OHW ObLIN OIyOJMKOBAHBI B OCHOBHOM B
1990-2005 rr. Ilo MHEHWIO pesKOJIIEruu, B JaJbHEHIeM TpU YIIOMUHAHUN STUX
Pe3y/IbTaTOB OY/IET MPaBUILHO CBA3BIBATL UX ¢ umeHem II. A. 2Kunna.

[Ipexkie Bcero, 3To OTHOCUTCS K TEOPUU CUMMETPUN HEEBKJINJIOBBIX TEH30POB,
KOTOpas U3Jaraercsd B 4eTBEPTOil IlaBe M KOTOPYIO II0 IIPaBy MOYKHO Ha3bIBATD
meopueti cummempuu A Uiuna.

Bropoit pe3ysbTrar OTHOCHTCS K OIMUCAHUIO CIUHOPHBLIX JIBUXKEHUIl, & MMEH-
HO Pedb UJIET O TEH30pe, IOCPEICTBOM KOTOPOI'O CBA3aHbI MEXKJY CO0OIi BEKTOD
VIJIOBOI CKOPOCTH U TPOW3BOJIHAsI OT BEKTOpa IOBOpPOTa. B TeKcTe KHUTU STOT
TEH30D HA3BIBACTCS TEH30POM-MHTEI'PATOPOM, OJHAKO IIPaBUJIbHEE €ro Ha3bIBaTh
men3opom 2Kuaruna.

Tperbe — 9T0 HOBOE OIpejie/ieHne MaTepuaIbHOi pon3BoaHoil. [1pemoxken-
Hast 1. A. 2KunmmapiM MaTepuasibHast TpOM3BOAHAS IPUMEHIMa B 6ojee 00X
CUTYaIsX, 9eM KJIACCUUIECKasi, U COJAEP:KUT B cebe KIACCHIECKYIO KaK IacTHBII
cay4aiil. [l HOBOI MaTepuaIbHOM TPOU3BOLHON MOXKHO HCIIOIL30BATEL HA3BAHIIE
“npoussodnan HKuaruna’.

YerBepThIil pe3yabTaT — 9TO creluaj bHas popMa ypaBHeHUs Oajanca dHep-
rum’, Ha KOTopoil ocHoBaH paspaborannblii 1. A. ZKmIMHEIM MeTO[ IOTydIeHns
orpejiesIdronux ypasuennii. CooTBETCTBEHHO, 3/1eCh YMECTHBI Ha3BaHUS * ypasHe-

nue KMusuna’ 1 “memod Kuiruna’.

1 B TekcTe KHUTHT 5TO YpaBHEHUE Ha3bIBACTCHA IIPUBEJICHHBIM YPAaBHEHNEM basanca QHEPI'UH.
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Erme ojnn pe3yabraT — 9T0 HOBasg (pOPMYJIMPOBKA BTOPOTO 3aKOHA TEPMOJIH-
HAMWKW, KOTOPYIO TaK:Ke I1e/1eco000pa3sHo Ha3bIBATH (PopMysuposkoti AHKuiuna.

K coxanennio, [1. A. ZKuiun He ycres 3aBepiinTh padoTy HaJl MaTEPUATIOM
kauru. Kuaura cocrasiena E. A. IBanoBoil n3 marepuaJjioB, XpaHUBIINXCA B JII-
noMm apxuse [I. A. ?Kunnna, a Takxke crareif, onmyOJMKOBAHHBIX B pPa3/INnIHbIE
rojpl. Peakinmonnast KOJIerns mocTapajach MaKCUMaIbHO OepexKHO OTHECTUCH
K aBTOPCKOMY TeKCTy. PenakTopckast paBka OCHOBHOI'O TEKCTa KHUT'M 3aKJ/I04a~
JIACH TOJIBKO B UCKJIIOUCHUU TTOBTOPOB U IPUBEJICHUN (DOPMYJI K €JINHOI cucreme
oboznadenuii. [TockoIbKy 3HAUNTEbHAS YaCTh OPUTHHAJILHOIO aBTOPCKOTO TEK-
cTa MPEJICTaB/IsIIa CODOI cTaThu, IpeJHa3HAYCHHBIE IS HAYyIHBIX »KYPHAJIOB, a
KHUT'a CO3/IaBajiach HAMU KaK YIeOHUK, Mbl COUJIM, YTO HEKOTOPhIE MECTa HY K 1A~
forcs B ogcaennn. Ctapasich ¢jiesiaTh KHUTY 6oJjiee TIOHATHO U JIEFKO YUTaeMOii,
peIaKInoHHAas KOJIJIETHsl, BMECTe C TeM, CTPOT0 Pa3rpaHnyunBa/ia aBTOPCKIIT TEKCT
u ero wHTEpIpeTanuio. [ToaTomy KHUTA COAEPXKHUT OOJIBIIIOE KOJMYECTBO IIPIME-
JaHUil pegaKInm.

Kuura pomoiHeHa TPUJIOKEHNSIME, 9acTh U3 KOTOPBIX (mpuioxkenust A—F)
COJICPKUT MATEPUAJI, MOSCHSIONIH OCHOBHOII TEKCT KHUTHU, OCTaJIbHbIE (IIPIIIO-
wkernst G—J) BKJIIOUEHBI Kak JONOJHUTEbHDIH Marepuas. [Ipunoxenns G, H u
[ comepxxar npen 1. A. 2Kuinna oTHOCHTEIBHO TOCTPOEHUS TEOPHiT HEYIIPYTHX,
MHE30YIPYTHX U MArHUTOYTIPYTUX CPEJl. DTU MATEPHUAJIbI TOMEIEHBI B KHUTY B Ka-
YecTBe MPUJIOZKEHHI, 8 He OCHOBHBIX IVIaB, IIOTOMY YTO OHU OCHOBAHbBI Ha, CTATHSIX,
TEKCT KOTOPBIX YaCTUIHO WJIM MOJHOCTbIO HamucaH yueHukamu [1. A. 2Kuimnna u
M0 CTUJIIO U3JIOYKEHUS OTJIMYaeTcs OT OCHOBHOTO TekcTa KHurd. [Ipmioxkenue J
CTOUT OCOOHSIKOM — OHO cojiep:KuT ctarbio 1. A. 2Kununa o Teopun obosiodex.
Pekostierus cowia 1e1ecoodpa3HbIiM BKIOUNTh 9TY CTATHIO B KAUECTBE IPUIOZKe-
HUSI, TIOCKOJIBKY CCBIJIKM Ha Hee MHOTOKPATHO BCTPEUYAIOTCA Ha CTPAHUIAX KHUTH,
a omyOJIMKOBaHa OHa B TPY/AHOAOCTYITHOM W3/IAHIH.

ABTopckuit BKJIaJ B Halicanue npuiozxkennii: X. Anbrenbax (npuiozkenne A),
E. H. Bunmbuesckas (npuwioxenust B, D u E), E. ®@. I'pekosa (npuioxenne 1),
1. A. 2Kumun (npunoxkenns C u J), E. A. Usanosa (npunoxkenus E, F, G, H, I),
4. 9. Konmakos (npmioxkenne H), A. M. Kpusros (npmioxkenne G).

BaBepiiasi [IpeJIIc/IOBHe, IPUBEJIEM ellle 0JHO BhicKasbBanue [1. A. 2Kumna,
oOpallleHHOEe, ITPEXK/JIe BCEro, K TeM YUEHBIM, KOTOPBHIM Hebe3pasz/imdaHa Ccyap0a Me-
XaHuku. “ K cootcanrernuro, 60ADUWUHCMEO METAHUKOE NOAG2AI0M, YN0 Y METAHU-
KU OCMamouno ceOUX NPOOAEM, U NOMOMY OHU CAMOYCTPAHAIOMCA OM, AHAAUSA
mpyonetiwur npooaem wosetiwels puszuru. Kastcemes, 4mo 3mo onacHas mer-
denyua. Te, kKmo caedam 3a pazeumuem HAYKU, A€2KO 3AMEMAM, KAK CIMPEMU-
MEALHO CHUNCAEMCA POAL U ZHAYEHUE METAHUKU 6 UCCACIOBAMENLCKUT U 00pa-
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308aMEALHBLT Npo2pammaz. Hexomopuie uccaedosament 6000ue nepecmants cuu-
mamov MexaHury Pyrdamenmanrvoroti nayxol. Owubourocms nodooHLT 6033pe-
HUtl NPOABUMCA OYEHD CKOPO, HO BOCCMAHABAUBAIMD NPECUINC MEXAMUKU Oydem
neaezko. Eouncmeennviti wanc 08 METAHUKY COTPAHUMD POAL PYHIGMENNAAD-
HOT HAYKYU COCMOUM 8 GKMUSHOM BHEIPEHUL 8 Pa3PaboOmKly NPobAeM HOBeTULE20
ecmecmeo3Hatus 6 wupokom cmoicae’. Mbl odeHb HajieeMcsi, 9To KHura Ilassa
Anjipeenya zZKninHa 1MoMoyKeT 9UTATENI0 HE TOJIBKO 1MO-HOBOMY B3IVISTHYTH Ha
MEXaHUKY, HO 1 HAfTH HOBbIE MHTEPECHbIC TEMATHKH JIJIsi CBOMX HAYYIHBIX UCCJIC-
JIOBAHUIA.

[TaBen Anuppeesnu 2Kumamsa coszja cBOO HaydHYIO IIKOIY. Ero BiansiHue n
IOMOIIL YIEHUKAM B CTAHOBJIEHUN MX KaK YUEHBIX TPY/IHO IepeoneHnThb. [laBes
AngpeeBnd ObL1 yOeKJIeH B TOM, 9TO O (DyHIAMEHTAJILHBIX HAYUIHBIX IPOOJIe-
Max OY/IyIIie yueHble JIOJKHBI Pa3MBIILIATD €Iie Oy/Iyun CTYJACHTaMU, U TOJHKO
B 9TOM cCJIydae, CIIyCTsl MHOTHE T'OJ(bl, KTO-HUOY/Ib M3 HUX CMOYKET BHECTU CBOI
BKJIaJ| B pEIIeHNE HAYyYHBIX BOIPOCOB, BBIXOJAIINX 33 PAMKH YacTHBIX 3a/1ad.
[ToaToMy OH HUKOIJIa He »KaJieJl BpeMeHH Ha, 00cy:KjaeHune (byHIaMeHTaIbHbIX BO-
IIPOCOB CO CTYJIEHTaM1, KaK B JITYHBIX Oeceax, Tak u Ha Jieknugax. Jlexkiun [Tasia
AnjipeeBnya otyindasio ryiybokoe IpOHMKHOBEHNE B CyTh Belleil, o ObLIN He T1e-
pPecKa30M M3BECTHBIX JIUTEPATYPHBIX UCTOYHUKOB, a, IPEXKJIe BCEro, N3JI0yKEeHNeM
ero cOOCTBEHHBIX HayIHBIX B3IVISI0B 1 yoexk aennii. [laBes AngpeeBnd HUKOIIa He
CKPbIBaJI CYILIECTBYIOIINE HAyYHbIE IIPOOJIEMBI, a, HA0OOPOT, cTapaJsicst 0OpaTUTh Ha,
Hux Buumanue. [Tagen Anjpeesnd — Yuenbiit, @uocod n Yauresb B CAMOM BbI-
COKOM MOHMMaHNN 3TuX cjoB. daxke mHemgosnroe obmenne ¢ IlaBaom AnnpeeBndem
MOTJIO U3MEHUTh MHUPOBO33PEHUE YeJIOBEKa, a Te, KOMY I0CYaCT/INBUIOCH OBITH
ero yUYeHUKOM, HaBCeryia COXPAHSIOT B JyIlle TOT yJIMBUTEIbHBIN B3IJIsI HA MU,
KOTOPLIi 1mo3Bosisst [laBimy AHapeeBumdy BHIETH BCE OKPYZKAloOIlee ¢ HEOXKIIaH-
HOI1, TTOPO# apaJIOKCAIbHONI CTOPOHBI, OTKPBIBATH TO, UYTO CKPBLITO OT OOBITHOI'O
B3IVId/la, HO IHOpayKaeT CBOeil IPpaBU/IbHOCTLIO U IIPOCTOTOIL.

Penaxkimonnast KoJuterns BbIpaxkaeT Ojaromapuoctb H. A. 2Kwiunoit 3a
IpeocTaBIeHHbIe MaTepuaJibl, wieHy-koppectnongenty PAH JI. A. Wuneiinesy,
akajgeMnky PAH H. ®. Mopososy, npodeccopam B. A. TTanbmosy u I1. E. Toeru-
Ky 3a BHIMaHue K paboram u TBopueckomy Hacseauto [1. A. 2Kununa, cryaearam
kadeapnl ‘“Teoperndeckas mexannka CIIOI'TIY 2011 roxa BblrycKa, KOTOpbIE ObI-
JIA TIEPBBIMHU CJIYIIATE/IIMI Kypca JEKIUil, COCTaBJIEHHOTO Ha OCHOBE MaTEPUAJIOB
9TOIl KHUT'HU, 3a MOMOIIb B PeJaKTUPOBAHUI U IIOJAIOTOBKE KHUTH K IEeYATH.

E. @. I'pexosa, E. A. Heanosa, A. M. Kpusuos



Kparkas oumorpadng II. A. 2Kunnna

[TaBes1 Anjgpeesny 2Kuimn ObL1 3aBeayionumM Kadeapoit “Teopermyeckast Me-
xaHnka’ CaHkT-IleTepOyprckoro rocyJapcTBEHHOIO IOJUTEXHUIECKOIO YHUBED-
cuTeTa, 3aBejIyIonuM Jjlaboparopueit “/InnaMuka MexaHnudeckux cucrem’ Vucru-
TyTa npobsem MmammHoBenenust PAH, wirenom Poccuiickoro HarmumonaibHoro ko-
MUTETa 110 TEOPeTHYECKON U NPUKJIAJIHON MexaHuKe, djaeHoM MexKyHapoIHOro
obImecTBa MpUKIaIHOM MaTemMarnku u Mexaauku (GAMM), wieHom mpesnamyma
Hay1Ho-MeTomdaeckoro coBera 110 HMPHUKJ/IAIHON MexaHnke MuHncrepcrBa BbIC-
mrero obpasosanust P®, neitctBurenbubiM uieHom Cankt-ITerepoyprekoit AH 1o
pobJieMaM npouHoctu. Emy npunaieskut cbiie 200 HayuHbix padot. [lox py-
koBojicTBOoM I1. A. 2Knymna 3ammuIieHo mecTHaanaTh KaH/IMJIATCKAX U CEMb JI0K-
TOPCKUX JINCCEPTAINIL.

[Tasesr AuypeeBud pojumiicst 8 despadist 1942 r. B ropojie Besmukuit Yerior Boiio-
I'OJICKOIT 00J1aCTH, IJle ceMbsl OKazaJiach BO BpeMs BoitHbl. JlercrBo [Tapia Amnjpe-
eBr4a 1poinio B Boixose u Ilonnopoxbe — ropojax, cBsi3aHHBIX ¢ pabOTOi ero
orma, Anupest [TaBnosuua 2Kuinna, riiaBaoro mHKenepa Kackaga CBUPCKUX THI-
poaniekTpoctannnii. Mare IlaBia Annpeesuda, 3os AstekceeBna 2Kuinnaa, BOCIIu-
ThIBaJIa CHLIHOBEI U BeJia joMalinnee xossiictso. B 1956 . Anupeit IlaBiosua O6bL1
1epeBeJieH Ha JIOJPKHOCTD IVIABHOI'O SHEPreTHKa BO BCEeCOI3HOM Tpecte “T'mupo-
9JIEKTPOMOHTaK 1 ceMbsl nepeexasia B Jlennnrpas. Crapmmit Opar, Cepreit AH-
npeesnd 2KuuH, 1oIres1 o cronaM oTia, cTajl sHepreTukoM. IlaBesr AnjpeeBud
B 1959 1. 3akonumn 172 cpegHIon0 MIKOJYy W MOCTYNWI B JIeHWHTpajicKnii mosm-
rexHn4yeckuit nactutyT. Emte B mkoste [laBesr AuapeeBund mo3HaKOMUIICS CO CBOEI
oynyeit »xenoit, Hunoit AjiekcanapoBHoil, KoTopast Obljia eMy BEpHBIM JPYTIOM U
HOMOIITHIKOM Ha TPOTSXKEHUU BCel »KU3HU.

B nepuost 1959-1965 rr. [TaBest Anjnpeesud 2Kuinn yauscs B JIeHHHIpaJIcCKOM
IOJIUTEXHUYECKOM MHCTUTYTe Ha Kadepe “MexaHnKa U HPOIECCHl YIIPABICHUsT
pusrKo-MexaHn4ueckoro gakysbrera. ITy »Ke Kadeapy 3akoHUmIa 1 J09b [laB-
na Anjgpeesuda, Oubra IlapimoBna zKuninmHa, BIOCIEJICTBUN KaHIUJIAT (DU3UKO-
MaTemMaTuidecknx Hayk. [To okonuanun nncrturyta [1. A. 2Kunmnn momydaun kBasm-
dukaiuo nHKeHep-PU3MNK 110 clienuaj bHoCTH “JInHaMiKa 1 ITPOYHOCTH MallluH’
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u B repuoj 1965-1967 rr. paboras nHKEHEPOM B OTJieJie IPOYHOCTH TUJIPOTYPOUH
[leHTpaJIbHOTO KOTJIOTYpOMHHOTO MHCTUTYTa. B 1967 1. ObL1 npuHAT Ha Kadeapy
“MexaHuKka 1 MPOIECChl YIIPaBJIeHUs , Tjie padoTasl cHada/a B JOJKHOCTH aCCHU-
CTEHTa, 3aTeM CTapIIero HayvIHOI'o COTPYIHUKa, joneHTa u mnpodeccopa. OcHo-
BaTesieM Kadeapsl u ee 3aBeaytomM ObL1 Araronuit Mcaakosua JIypbe, JoKTOD
TeXHHYIeCKnX Hayk, rnpodeccop, wien-koppecrnougenr AH CCCP, Bcemupno ns-
BecTHBIN ydenblit. Hayunoe mupoBosspenne [lapia AxjapeeBnda B 3HAUNTEILHOM
crerienn (popMupoOBaIOCh 1o, Bianganem Anarosust Mcaakosuua. I1. A. 2KummH —
KaH1aT (pu3nKo-MaTeMaTndecknx Hayk ¢ 1968 1. (tema muccepraium “Teopust
pebpHCTHIX 060J104eK”), TOKTOP (PU3NKO-MaTeMaTnIeckux Hayk ¢ 1984 r. (Tema
nucceprarnun “Teopust IPOCTBIX 000JI0UYEK U ee MPUJIOKEHUs ), TPOheccop 1o Ka-
denpe MexaHNKN U IporeccoB yupasiaenns ¢ 1989 r. B 1974-1975 rr. I1. A. 2Ku-
JIMH TIPOXO/TIJT CTasKUpoBKY B Jlarckom Texumaeckom yausepcutere (lammst). Pa-
borasi Ha Kadepe ‘Mexanuka u rnporeccol yipasiennsi’, I1. A. ZKunnn auras
JIEKIUH 110 aHAJTUTUIECKON MeXaHUKe, TeOpUN KoJebaHuil, TeOpun yrpyrocTu, Teo-
pun 000/1049€K, TEH30PHOMY aHaJ N3y, MeXaHUKe CILIOMHBIX cpel. B 1988 . oH ObLI
mpurIamies Ha cemectp B Apmykckuit yausepeurer (Mopmanus) st ocTaHOBKE
Kypca “MexaHnKa CILIOMHBIX cpeji’ Ha dpusndeckoM daxyabrere. O IHOBpeMEHHO
¢ mpenogasanneM [1. A. 2Kuann akTuBHO Bes1 HAyIHYIO paboTy B 00J1aCTH TEOPUN
IJIACTUH U 000JI09€eK, HeJTMHEIHOI Teopun cTepKHEl, TEOPUH YIIPYTOCTH, MeXaHU-
KU CILIONIHBIX CPEJT; UM TIOJIYUYeHO TPHU CBUJIETE/ILCTBA 00 n300peTeHnn B 061acTu
BUOPOM30JISAINK U MUJIPOAKYCTUKH, eMy IpucBoeH 3HaK “M3ooperaress CCCP”.

C 1989 r. ITaBen AnjpeeBnu — 3aBeytonuii Kadepoit “Teoperumdeckas me-
xaHUKa' . 3a BpeMs ero PyKOBOJCTBa KadeIpoil IMaTepo COTPYIHUKOB 3alllUTIIN
JIOKTOPCKIE JINCCepTaIln, y deTBepbix u3 HuX [laBes AHipeeBud ObLT HAYTHBIM
KOHCYJIbTaHTOM. K 3TOMY 1Ieprojy BpeMeHI OTHOCSITCSI €r0 NCCJIeI0BaHUST CIIMHOP-
HBIX JIBUYKCHII B MeXaHUKe 1 (pu3nKe, pa30BbIX MEPEXOI0B U SABICHUI HEYIIPYTO-
CTHU, JIEKTPOJMHAMUKN C MMO3UIUI PAIMOHAJILHON MeXaHuKM, JIOTHIECKIX OCHOB
mexauuku. Bo Bpems pabotsl Ha Kadejpe “Teoperndeckas mexanuka’ [1. A. 2Ku-
JINH TIOCTABUJI ¥ YU TaJI OPUTHHAJILHBIE KYyPChI TEH30PHOI aredbpbl, TeOPETHIECKO
MEeXaHUKHN 1 Teopun crepzkHeit. B sror nepuos [lasesr AujipeeBnd cepbesno padbo-
TaJl B 00J1aCTU UCCJIEIOBAHUS U pa3padOTKN (ByHIAMEHTAIBHBIX OCHOB MEXaHUKH.
Co3JIaHHBII UM KYPC TEOPETHIECKON MeXaHUKH [2] He MMeeT aHaJIOrOB B MUPOBO
JIUTEepaType, TaK KaK B HEM COBEPIIIEH Mepexo/ OT HbIOTOHOBCKOI MEXaHUKHN K Me-
XaHuKe JDiljepa n N3/10KeHNe BeIeTCs Ha T3bIKE MPSIMOTO TEH30PHOTO NCUNCICHUS .
C 1994 r. ITaBest AnjipeeBud — 3aBejtytoniuii sadboparopueit “‘JInHaMnka MexaHuIe-
ckux cucrem” Mucruryra npobsem marmunosegennss PAH. C 1993 . on cocrosit
YJICHOM HAYyIHOTO KOMHUTETa €XKETOJHON MeKTyHAPOHON TTKOIbI-KOH(DEPEeHTINN
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“Akryasbhbie npobsembl Mexanuki (“Advanced Problems in Mechanics”), mpo-
Bogumoit VacturyToMm npobsiem mamunoBeaernst PAH.

4 nexadbps 2005 roma Ilases Amapeesua zKuun yimesn u3 3Toit »Kusau. Ero
JKI3HEHHBIN 1IyTh CTaJ YacTbio UCTOPUU HayKu. TPyIHO OLEHUTH BJIUSIHUE, KO-
Topoe okazaJs [laBen AHapeeBnd Ha €ro y4eHHKOB, KOJLIET, BCEX, KOMY BBIIAJIO
cYacThbe JIMYHOI'0 3HAKOMCTBA € HUM. Y Hero ObLjia HeOOBIKHOBEHHAs CIIOCOOHOCTD
IpoOy»K1aTh UHTEpeC K HayKe, 3aCTaB/IsIThb B3LVISHYTH II0-HOBOMY, C HEOXKUIaH-
HOII CTOPOHBI Ha OKpy:Karoruii Hac mup. [laBes AHjpeeBud ObLI OT3bIBUMBBLIM,
JIOOPBIM Y€JIOBEKOM, Y KOTOPOI'O JIJIsl KayKJIOI'0 BCEr/a HAXO/IMJICs JIeJIbHBII COBET
u nojiep:kka. IHopaxkanu B I1aBiie AngpeeBude ero BBIIAIOIINIECS T€JIOBEUECKIIE
Ka4uecTBa, ero abCoJIIOTHAsI HaydHas U dejoBedecKaslh YeCTHOCTb. Mbl, yUeHUKH,
OstarojapHbl cyabbe, MojapuBIieil HaM BO3MOXKHOCTH OOIIEHHUsI ¢ 9TUM 3aMeda-
TEJIbHBIM Y€JIOBEKOM 1 BBIIAIOIIMMCA YICHBIM, CTABIINM JIJIs1 HAC OJIUIICTBOPEHIEM
JIyXOBHOCTH.

Bosee nojipodbnyto mHdopMammio o KU3H u jedrenbrHoctu IlaBna Anjape-
eBnda 7ZKujmHa, 0 ero Hay4YHbIX MHTEpecax U JOCTUKEHUSIX, ero (buaocopCKmx
B3IVIS/IAX U CYZKJICHUAX 110 PA3/JNIHbIM HayIHBIM 1 HEHAYTHBIM BOIIPOCAM MOYKHO
HaliTu Ha BeO-caiiTe

http://teormeh.spbstu.ru/Zhilin.htm
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Kparkuii ncropuieckuii o0630p

BBenenue

OcHOBOIT KJ1accuIecKoil MeXaHUKM, JiexKalleil BHe JIOTHIeCKUX CTPYKTYD, sIB-
JisieTcst yOerKJIeHne B BOBMOXKHOCTH OObEKTHBHOI'O OIMCAHUS OKPYrKAIOIIEro Hac
Mupa. [J1aBHOIT 0COOEHHOCTBIO TPEXTHICIUEICTHEIO PA3BUTUS MEXaHUKH SIBJISCT-
cd ee IBOJIOIMOHHBIN XapakTep, P KOTOPOM BCE OCHOBHBIE CTPYKTYPhI MeXaHU-
K1 (POPMUPOBAIUCH U YIJIyOJISLINCH MHOTUMU ITOKOJIeHUsIME yueHbIX. Kormga Tomy
I THOMY YTBEPKICHUIO MEXaQHUKHN ITPHUINCHIBAIOTCS NMEHa yIeHbIX, TO 9TO, KaK
IIPaBILJIO, HE UMEHA OT/IEeJbHBIX aBTOPOB, & JaHb BEJIUKIM 3aCayraM 3TUX YUICHBIX.
[TosTomy coBpemeHnHbIe (DOPMYJIUPOBKU MHOI'MX HNPUHIUAIIOB 3HAUUTE/IHHO OTJIH-
JaloTcsd OT IepBOHAYAIBLHBIX, HO ellle 3HAauYNTe/IbHee OTJIMYAIOTCS COBPEMEHHbBIE
GOpMBI X NPUMEHEHUsI. 3aMeTUTh 9T U3MEHEHHUsI YIAeTCsl TOJIbKO Ha OOJIBIINX
NHTEpBaJIaxX BPEMEHU.

Pesostionins B dpusuke, Npon3oiie/inast B Hadaje XX B., He ©3MEHNJIa 9BOJIIO-
IIIOHHOI'O XapaKTepa PasBUTHUsI MEXaHUKU, HO PE3KO 000CTPU/Ia BHUMAHUE K ee
JIOTUYECKNM OcHOBaM. BMecTe ¢ TeM HavaJj CTPEMUTEILHO PACTU Pa3PhIB MEXK LY
HoBefimeil (pusnkoit n Kjaaccudeckoit mexanukoii. IlociienHss He NpUHSIA MHO-
I'uX KOHIIEIINiT HOBefIell (pU3uKM BCJIeJCTBIE UX JIOTUUECKON HEeIoC/1e[0BaTe h-
noctu. C apyroit croponbl, K KoHiy XIX B. yKe OTUETJINBO IPOSIBUIOCH, UTO
KJIACCUYIECKOI MeXaHIKe 4ero-To HejocTaeT. Hukakoe jiornieckoe coBepIieHCTBO,
KOTOPOE K TOMY K€ HEeJIOCTUKIMO, He MOIJIO 3aTyIIeBaTh TOr0, 9TO CYIIECTBO-
BaJI IeJIblil Psij (PaKTOB, KOTOPhIE KJacCudecKaslh MEXaHKa He MOIJIa He TOJIbKO
O0bSICHUTDB, HO JlayKe M IIOJHOIICHHO OIMUCATL. [JIaBHBIMM 3J1eCh OBLIN SBJICHUSI
9JIEKTPOMAarHeT3Ma, KOTOPhIe He BIIMCHIBAIICH 063 0UeBUIHBIX HATSIXKEK B CTPYK-
Typbl MexaHuKH. JIpyrum dpakToM gBIIsLIOCH “TiedabHoe TToBejieHne” (BbIpayKeHme
A. 1O. Nnmnckoro) Mepkypust. Bouin, pasymeercst, u gpyrue GpakThbl. YKa3aH-
HOE, OJIHAKO, He IIPUBEJIO HU K KPU3UCY MEXaHUKHU, HU K ee 3acTolo. HampoTus, ¢
korta XIX B. HaUa0 pasBUBATbCd HEKOE PacIImpeHne KJIaCCHIecKOol MeXaHuKH,
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CBSI3aHHOE C BKJIIOUEHHEM B cepy JIeCTBUS MEXaHUKN HE TOJHKO TPAHCJIAIINOH-
HbIX (OOBITHBIX) JBUKEHNUIT, HO U TaK HA3BIBAEMBIX CIMHODHBIX JIBIKeHHil. Be3s
MOCJIeTHIX, 110 Bo33peHusaM J[xx. Makcsesia, orncanne 3/1eKTPOMariiTHOTO TIOJI
HeBo3MOxKHO. HoBeilast pusnka mnoiia 1mo ApyromMy 1myTH 1 TPaKTyeT MarHUTHOE
110JIe KaK YUCTO PEeISITUBUCTCKII 3(pdeKT, 4To HeyMBUTEIbHO, NOO B HOBeiilel
dusKKe 1 37IEKTPUIECKOE U MATHUTHOE TI0JI BBOAATCS depe3 MOHsITHe CUIbl. JIpy-
ol Ba2KHO# 0COOEHHOCTBIO, He YUUTBIBAEMOI KJIaCCUIECKO MEXaHUKOI, ABJISETCS
OTCYTCTBUE B Hell MOHATUS M3JIyUEHUs, C [TOMOIIbI0 KOTOPOT'O OIMCHIBACTCS B3aH-
MOJIeiiCTBHE 3JIEKTPOMArHUTHOIO I10JIsi C BEIIECTBOM.

OrnucaHHble 1 HEKOTOPBIE JIPyIrue 0COOEHHOCTH KJIACCUYECKOH MeXaHUKH Obl-
JIN TOYEMY-TO OObSIBJIEHBI OPraHMYIECKUMU MTOPOKAME KJIACCHIECKON MeXaHUKI,
1 HOBeiilllasg (pU3NKa 3asBUIa O “PENIUTETHHOM OTKa3e OT BO33PEHUIl Kraccude-
CKOIl MEXaHUKM Y OIUCAHUH sIBJIEHUI MUKpoMUpa’. 31eCh He MECTO BllaBaThCs
B juckyccurn. OTMETUM TOJIbKO, YTO UCTUHHBIE BO3MOXKHOCTH MEXaHUKN HAMHOI'O
OoJIbIIIe TEX, O KOTOPBIX roBopsT ¢pusuku. OTpoMHBII BKJIaJ B (POPMUPOBAHIE
9TUX B3MJIAIOB BHec Jleonap Ditjiep, KOTOPBIN BliepBbie yKa3a/l Ha TPUHIUIN-
AJLHYIO HEOJHOTY HBLIOTOHOBCKOI MexaHuku. Ilokazarenbno, uro posb JI. Dii-
Jiepa JI0Jiroe BpeMst octaBajachk HeocosHanHoit. Hampumep, . Tepr |7 nurmer:
“...IJIaBHbIe Bexu (pasBUTUsI MEXaHUKN) 0003HaYeHbl nMeHaMu Apxumesa, [ajm-
nest, Hetorona, Jlarpamka”. Kak Bujgnm, uMs Jiljiepa B 9TOM IepevuHe Jlaxke He
durypupyer. IlogobHast mo3uins NpUCYIA U IOJABJIAIONIEMY OOJIBITUHCTBY CO-
BPEMEHHBIX PadOT 110 TeOpeTHUecKoil (pusnke. KcTecTBEHHO TPEIIOIOKUTE, YTO
ecin Ob1 [k, Makceses, I'. Jlopenn n jqpyrue kpynuneitnne gpusukn XIX B. ObLin
OCBeJIOMJIEHBI O pe3ysbTaTax 1o3iuHero JI. Ditaepa, To 00K coBpeMeHHO# (hu-
3UKN MOT' OBbI OBITH COBEPIICHHO JpyruM. K coxKajeHunio, pe3ko HeraTuBHYIO POJIb
chirpaJia 3/1eCh TaJaHT/INBas, HO KpaiiHe JierkoBecHas KHura . Maxa [8].

B 3ak/todenue moluepKHEM, YTO, HECMOTPs Ha OOMJINE aKCHOM, M3JI0YKEHHOEe
naJjee HI B KOEM CJIydae Helb3sd PACCMaTPUBATHL KaK MOINBITKY aKCHOMATHIECKOTO
IIOCTPOEHMST MeXaHUKH. BIioJiHe 0ueBmIHO, YTO TaK Ha3biBaeMasl IecTast poodJjema
['mabbepTa NPpUHIUINAIBLHO HE JIOMYCKAET PEITCHUS.

1.1. PaL[I/IOHaJIbHaﬂ 1N 3KCIIEpUMEHTAJIbHAA MEXaHUKaA

MexaHUKa CIJIONIHBIX CPEJl sIBIAETCS 0OBEKTOM MPUCTATLHOTO BHUMAHWA UC-
cJieoBaTes el B TeUeHe HeCKOJILKUX cToJieTuil. VIMeHHO B 9TOil 00/1acTH 3HAHUA
3apOJINJICS aHaJn3, Teopus JuddepeHInaIbHbIX YpaBHEHH, BaprallloOHHOE UC-
qucjenne u MHoroe jpyroe. Ilepsoe nuddepenimaibioe ypaBuenne B NCTOPUN
Haykn ObLI0 yeraHoBieHo ¢1. Bepuysim (1694) mpn msydennn paBHOBecust Tuo-



22 ImaBa 1. Kpartkuii ucropuieckuii 0630p

kux Hureit. OHO nMeeT BT
T'(s) + pF(s) = 0, (1.1)

rie T — yewmme B ceuennn; pF — BHemHgas Harpyska, IITPUXOM 0003HAYEHA
IIPOM3BOJIHAA 110 KOOD/MHATE S.
YpaBHerne nonepednbix Kojtebanuii crpyner (2K. Jamambep, 1749)

9%u(s, t) lazu(s,t)

— 1.2
0s? c2 ot? 0 (12)

1 ypaBHEHUsI JIBIKEHUs njeasbHoil xxkuakoctn (J1. Ditzep, 1755), KoTopble nmpuBe-
JIEHbI B CJIETYIONIEM pasjiesie, IBUJINCH MEePBLIMU IIpUMeEpaMi YpPaBHEHU ¢ JacT-
HbIMU TIPOU3BOAHbIME. C 9TOro BpeMeHH HA4YaI0Ch MHTEHCHBHOE HCCJIeI0BaHIe
IIOBEJIeHUsI TBEP/IBIX JIe(DOPMUPYEMbIX TeJI IIPU BO3/eiCTBIN Ha HUX BHEIIHEll Ha-
I'PY3KOIl, a TaKxKe M3yUdeHne JuHaMuieckux 1mpodseM. CHavdasa 370 ObLIN TOHKHE
yupyrue crep:kau. B 1771 r. JI. Ditsiep BuepBble BbIBEJ ypPaBHEHUsI PABHOBECHSI
TOHKUX CTepKHEe

T'(s) + pF(s) =0, M'(s) + R/(s) x T(s) + pL(s) =0, (1.3)

He 3aBUCSIIIE OT YACTHBIX CBOWCTB MaTepuaJa. 3jech M — MOMEHT B cedeHun
crepxkHs; R — pajimyc-BeKTOp, Olpe e IOl ToJI0XKeHe JIaHHON TOUKU CTEPK-
Hs; pL — BHemHAA MOMeHTHas HATPY3Ka.

Jluneiinast Teopust yupyroctu oObiia mocrpoera O. Kormm (1822) u ocraercst
HEM3MEHHOI BILIOTH JI0 HamMuX JHeil. Mcropus ee co3anus BecbMa IOKa3aTe b
Ha. B 1821 r. O. Kommu 0b11 perienzenToMm pabotsl A. HaBbe, B KoTOpoil Ha ocHOBE
KOPITYCKYJIAPHBIX TTPeJICTaB/IeHnii BIlepBble ObLIN BbIBE/ICHBI yPABHEHN JTNHEHHOM
TeOPUH YIPYTOCTH C OJHON yrpyroit nmoctogunoii. Ko oTHecest K 9Toit pabore
BeCbMa KPUTHYECKH, B pe3yJibTare dero padora Hasbe Oblia ormyOImKoBana TOIb-
Ko B 1827 1. JIj1st mocTpoeHust Teopun yupyroctu Kol BeIOMpaeT APyroi moaxol,
CTaBINNII OCHOBHBIM B MEXaHWKE TBEPJABIX JlepopMupyemMbrx Te. OH BBOJUT I10-
HATHE YIIPYTOro KOHTHHYYMa, CTPOUT TEOPHWIO HAIpsKeHWi 1 jgedopMaruu Jiis
9TOr0 KOHTHUHYYMA, MOCTYJIUPYET JUHEHHYIO 3aBUCUMOCTD TEH30pa HAPIKEeHMT
OT TeH30pa jiepopMaliii 1 BHIBOJUT ypaBHEHUs paBHOBecHs. Pe3yabTupyronas
cucreMa ypasHeHuit Korm

V-t+pF=0, T1=C--¢, &= (Vu)’, (1.4)

rje T — TEH30D HAIpPAXKEeHUil; U — BEKTOp IepeMelleHnil, TeH30p 4YeTBEPTOro
panra C Ha3bIBaeTCsA TEH30POM YIIPYTOCTH.
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[TocTpoenne ymneitnoit Teopun yrnpyroctu ob110 Bbinosineno O. Ko 3a cau-
Tannble Mecdnbl. [locsie gero B Tedenne cjeayommux 15 JeT, BILUIOTH g0 1837 1.,
Kommu nbrtasics yayamunts nocrpoernst A. Hapwe. ITpobiieme BbIBOma ypaBHEHNMIT
TEOpUN YIPYTOCTU U3 KOPITYCKYJIAPHBIX ITPEICTaBIECHUN OBLIN TOCBAIIEHB MHOTO-
nernue uccaepoanns C. [1. Ilyaccona. Pesynbrarsl oka3ajnch MaJoOyI0BICTBO-
PUTETLHBIME. YKa3aHHoe 00CTOATETHCTBO BeChbMa HATVISITHO JIEMOHCTPUPYET CHTY
METOJIOB MEXAHUKH CILIONIHBIX cpejl. MexK 1y TeM, eJINHCTBEHHOE BaxKHOE JIOTTOJTHE-
Hue K Teopuu Ko, KoTopoe cOCTOsIO BO BBEJCHIH TOHATHS SHEPrun jiepopMa-
IIIU U TIOCTYJTUPOBAHNN ypaBHEHN OaJsianca sHeprun, ObL1o caetano JIx. ['purom
(1839). Tak 6bLM MOJTyUeHBI cOOTHOIeHNs Korm—I puna

_ou B U
rine U — maccoBas IJIOTHOCTH SHEPTHH jedopMaliun; p — 00beMHasd IIOTHOCTD
MaCCHhl.

Bce ykazannoe XopoIo U3BECTHO U 00CYZKIAeTCs C MEJIbIO MOTIEPKHYThH BaxK-
upiit dakt. Co Bpemenn BeiBosia ypasuennit (1.1)—(1.5) mpomnuio mocratodnoe Ko-
JINYECTBO JIET, B T€UYEHNE KOTOPBIX HAIIN IIPEJICTAaBICHUS O IIPUPO/IE CYIIEro paiu-
KaJIbHO M3MEHN/INChL. TeM He MeHee yKasaHHbIE ypaBHEHUs] COXPAHU/IN CBOI B/
0e3 KaKnx-amdo, Jgarke caMbIX MHUHUMAJbHBIX, n3MeHeHuii. Cnocobrocms me-
TAHUKU CNAOWHBLT CPED CMPOUMD YPABHEHUS, UCTNUHHOCTML KOTNOPHLL
He ONPOBEP2aeMCs 8peMeHEM U KOMopsle He mPebyrom ymouHeHull, 16-
asemces ee sadxrcretiwsum docmourcmaeom. Ilocienyroriee pa3suTne Mexanm-
KU JIOIIOJIHIJIO, HO He M3MEHWJIO 3TU ypaBHEHUsl. 37eCh YMECTHO OOCYIUTH ellle
OJINH BaxKHBII ncropudeckuit daxt. [Tocte BeiBoa ypasuerust (1.1) . Bepry-
JIA, BILUIOTH JI0 cBoeil cMepTH B 1705 T., Ge3yCIentHo MbITaJICA BHIBECTH YpaBHEHHE
u3ruba CTeprKHsI, T. €. BTOpoe ypasHerue B cucreme (1.3). Dra 3ajada, Kak Obl 110
HaCJIeJICTBY, neperia K JI. Diirepy.

Caepxrenuto Jditjiepa MOHAJI00MIOCH TOYTH IOJICTOJIETHSI, YTOObI BBIICHUTH
NCTUHHYIO NPUYNHY HeyJIadn TeHuajbHoro #. Bepnymnm, a mmenno B 1771 1
JI. Ditnep OKOHYATEJHLHO YCTAHOBIJI, UTO HBIOTOHOBCKAS MEXaHUKA IPUHIIUIIN-
aJIbHO HEIOJTHA. 3aMEeTHUM, UTO HbIOTOHOBCKAsI MEXaHUKa — 9TO MEXaHUKa TPaHC-
JISIIMOHHBIX JIBVXKEHWI, yIpaBjeHne KOTOPBIMU OCYIIeCTBIseTcd cuaamu. Ho B
[Ipuposie cyrmecTByeT erre OJH THUIT JIBUZKeHUs! (CIIHHOPHOE JIBIZKEHIE ), KOTOPOe
He CBOJUTCS K TpaHCasAnrnoHHOMY. COOTBETCTBEHHO, HAPSLY C CUJIAMU, B MEXaHU-
Ke HeoOXOMMO pacCMaTpPUBATD €ITe OJUH TUIT BO3JIEHCTBUI, & UMEHHO MOMEHTHI,
KOTOpble B OOINeM CJiydae He CBOJATCH K MOHSITHIO MOMeHTa cuiibl. [losromy 6
METAHUKE, MOMUMO YPaBHEHUS baraHca Cun, HEOOTOOUMO TOCMYAUPO-
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sams eue 0dun 3aKoH — yYpasHenue basarca momermos. CoOCTBEHHO,
9TOT 3aKOH OBbLIT OTKPBIT ere Apxume oM B hopMe IPUHIIIA phyara.

M3BecTHO MHOXKECTBO MOMBITOK JIOKA3aTh MPUHITUI pbluara Ha OCHOBE ypaBHe-
Hus Oajanca cui. Buaumo, moceHsst ONbITKA TAKOTO poJia OblLIa MpeIIpuHITa
Jlarpamzkem yzKe mocyie cMepTu Jitiepa. Jlarpam:k mnosaras, 9To eMy yJIaJIoch J10-
KazaTh NPUHIMI pblyara. OTcio/ia cjejoBajio, 9To ypaBHeHne dajiaHca MOMEHTOB
MOXKeT OBITH JIOKa3aHO B HHLIOTOHOBCKOI MexaHmnKe. [losToMy HET Hy Kbl BbIJIBU-
raTh JIOTOJHUTENBHBI MOCTYIaT. JTa omudKa Jlarpamka 3ajep:kaJia pa3BUTHE
MEeXaHUKM, 110 KpaiiHeil Mepe, Ha CTOJIETHE W BbI3BaJjia IJyODOKHE HeraTUBHbBIE I10-
CJIeJICTBUSI B COBpEMEHHOI Teopermdeckoii ¢pusuke. Bozppainasich K JI. Ditepy,
oTMeYaeM, 4TO B HE BIIOJTHE OCO3HAHHON hopMme Diljiep UCIOIH30Ba ypaBHEHHE
OaJiaHCca MOMEHTOB ellle paHbIlle, IIPU BbIBOJE YPAaBHEHUI TUHAMUKN TBEPJIOIO Te-
na. [IpumepHo Tak ke MOCTyHaJI MHOTHE HUCCJIE0BATEIN MPU UCIOJIH30BAHIH
IMPUHIATIA pbluara, B MPaBUJILHOCTA KOTOPOTO, pa3yMeeTcs, HUKTO He COMHEBaJI-
ca. OHAKO B TEOPUH CTePzKHell 11og00HbIi mpueM He cpabaTbiBasi. HammoMHunM, 910
B TO BpeMs TEOpHUsi HAIPsKEHUIT B TPEXMEPHBIX CpejlaxX ele He CYyIIecTBOBaJa.
CrepzkeHb paccMaTpUBAJICS KaK ylpyras JIMHAs, JIUIIeHHas ToJMUHbL. [ToaTomy
BBecTH MOMeHT M KakK MOMEHT CHUJIbI OBLIO HEBOBMOXKHO U €TI0 IPUIIJIOCH BBECTH
KaK CaMOCTOSITEJIbHYIO CYIIHOCTD.

B 1776 r. JI. Ditiep gaeT oKOHYATEIBHYIO (POPMYJINPOBKY (PYHIaAMEHTAIbHBIX
3aKOHOB MEXaHUKHU B BHJIE JIBYX HE3aBUCUMBIX MTOCTYJIATOB: 3aKOHOB JHHAMUKN
Ditnepa. Tonbko B Hauase XX B. CIIMHOPHBIEC JBUXKEHIS BHOBD IOJIYUMIA ITPU3HA~
HUe, a 3iepoBa MeXaHuKa CTaja WHTEHCUBHO Pa3BUBATHCS TOJBLKO B IOC/IEIHIE
50 sret. XIX B. or™MeueH hOpMYTUPOBKOil elle JIBYX (pyHIaMEHTAJIbHBIX 3aKOHOB,
MOJIYIUBIINX HA3BAHUS [I€PBOIO W BTOPOIO 3aKOHOB TEPMOIMTHAMUK.

[lepBoIit 3aK0H TEPMOIMHAMUKY, UK ypaBHeHne Daianca SHEPrun, ObLT chop-
mysmposan Jk. I'purom B 1839 1. m yxke ymomunascg panee. Bropoit 3akon
TEPMOJIMHAMUKY, WJIM HEPABEHCTBO IPOM3BOJICTBA SHTPOINH, POXKIAJICSI B BEJIH-
KX MYyKax, IMeJ MHOYKECTBO (pOPMYJIMPOBOK U, HAKOHEII, YTBEPJINJICSI B MEXaHU-
Ke CILIOIIHBIX cpeli B hopMe HepaBeHcTBa Kiaysnyca—/liorema—Tpycnenna. /lea
3axoHa JuHamukru IJlUaepa u 08a HAUAAA MEPMOOUHAMUKU COCMABU-
AU KAPKAC, 8HYMPU KOMOPO20 U CMPOUMCS COBPEMEHHASL METAHUKA
CNAOWHBLE cped. BaxKHo O TUepKHYTh, YTO YIIOMSIHYTBII KapKac He OIpe/le/Is-
eT KOHKPETHDBIX MOJIeJIell CILJIONTHBIX CPe/T, TOCKOIbKY JlaeT HE3AMKHYTYIO CUCTEMY
ypasuennit. Cozianme MOJIe/IN CILJIONTHON CpeJibl PABHOCUIBLHO PEIIEeHIO pob.ie-
MBI 3aMbIKaHNs YKa3aHHOI paHee cUCTeMbl ypaBHeHUil. VHBIMU cjioBamMu, cosja-
HUEe MOJIEJIN CILJIONTHOM CPeJibl PABHOCUIBHO HAITMCAHUIO HEKUX JIOTOJIHUTETHHBIX
ypaBHEHWIT, KOTOpble TPUHATO HA3BIBATH OMPEJIEISIONUMI U KOTOPbIE YCTAHABIII-
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BalOT CBA3U ME2KAY OCHOBHBLIMU II€EPEMEHHBLIMHU, BXOJAIIINMU B (byH,ZLaMeHTaJH)HbIe
3aKOHDBI.

oJsiroe BpeMs CUNTaI0Ch, YTO YCTAHOBJIEHUE OIPEIETIAIONTINX YPaBHEH W AB-
JIsieTcsl 3ajiadeil SKCIepUMeHTAJIbHOI MeXaHNKU. JTO IIPABUJIbHO B TOM CMBICJIE,
4TO 3KCIEPUMEHT ABJIACTCA HEYCTPAHUMBIM 3BEHOM IIPU [OCTPOEHUU OIIPEIe/IATO0-
MUX YpaBHEHWII KOHKPETHBIX MAaTEPUAJIOB. 1eM He MeHee TIOCTPOeHNe OIpe;Ies-
IOIUX YPABHEHUH ABJIAETCSA TEOPETHIECKON TTpod/1eMoit, KoTopas TPUHIIUITHAILHO
HE MOKeT ObITh pelleHa MeTOJaMU KCIepUMEeHTaJbHOI MexaHnKu. K obcyxkie-
HUIO 9TOI'0 BOIIPOCA MBI €Ille HEOJJHOKPATHO OyjieM oOpalliaThbcs B JlaIbHENHIIeM.
B nacrosiiee Bpems 1mpobdsemMa 3aMbIKaHUs YAOBJIETBOPUTENLHO PeIieHa TOJIHKO
JIJId TaK HA3bIBACMbIX HEJIUHEAHO YIPYIUX CPeJl, & TeOpUud JUHEHHO YIPYTIUX Cpel|
obpeJia NMpaKTHIeCKn KaHOHIYECKYI0 (popMy.

CyIecTByIOT MaTepHuaJsibl, KOTOPbIE Y/JIUBUTEIHLHO XOPOIIO MOJIEJUPYIOTCS
HEeJINHENHO YIIPYToil cpejioii B JIOCTaTOYHO IIMPOKOM HHTepBaJie Jedopmaninii. OJ1-
HAKO 3TOT KJIACC MaTePUAJJIOB BECbMa Y30K. DOJILITNHCTBO PeaJbHbIX MATEPHAJIOB
XOTsl U MPOABJACT CBOHCTBO YIPYIrOCTH, HO JEMOHCTPUPYET ABHOE OTKJIOHEHUE
OT TOr0, YTO MPUHSITO HA3BIBATH YIIPYTrOCTHIO. [[09TOMY OCHOBHBIE ITPOOJIEMBI Me-
XaHUKK JepOpMUDPYEMBIX TeJI B HACTOsIIIee BpeMsi CKOHIIEHTPUPOBAHBI B 0bJa-
CTU HEyIpYyroro moBejeHUs MaTepuajoB. HecMoTpst Ha TO 4UTO 3jieCh HaKOILJIEH
OTPOMHBII SKCITEPUMEHTATBHDBIN MaTepUaT U OMYOJIUKOBAHBI THICIYIN TEOpeTUIe-
CKUX PabOT, UTOrOBbIE JOCTUXKEHUsI B 9TOH 00JIACTU OCTABJISIIOT KeJaTh MHOIO
aydiero. O6 9TOM CBUJIE/IBCTBYIOT, B YACTHOCTHU, U ITOCTOSHHO IOSABJISIIONINECST
HOBBIE ITyOJTUKAIINN, COJIEPXKAIEe MONBITKH YJIVUIIATH OCHOBBI CYIIECTBYIOIIIX
Teopuit. Huuero mojiobHoro ne mabdJroaeTcss B HEJMHEHHON TEOPUU YIPYTOCTH,
rJie yCUIng uccjegoBaresieil HallpaB/IeHbl NUCKJIIOYUTEIbHO Ha PelleHne KOHKPeT-
HBIX TTPOOJIEM, HE MEHSIONIUX OCHOB TEOPUM, HO yIVIYOJISIONINX U PaCIITHPATOIIIX
pPEe3YyJILTATUBHYIO YaCTh TEOPUN.

B 4eMm ke cocTonT TiiaBHAs NPUYNHA CTOJIb PA3UTENbHBIX OTJIMUMI MEXK Iy
JIBYMsI POJICTBEHHBIMU Teopusamu?! [lo-BuamMoMy, OCHOBHasI IPUINHA 3aKJIHOTa-
eTcss B TOM, YTO B TEOPUU HEYIPYIHUX MaTePHasIOB Tejera MoCTaB/IeHa BIEPEeIn
Joma . B HeJImHeHOH Teopun yIpyrocTu Beaylias poJib IPUHAJJIEKUT CYTy-
60 TeopeTHIecKoil njee riaagkoro guddepeHnupyeMoro MHOrooopas3us. JTa ujesd
HPUHIUIINAILHO He MOYKET BBITEKATh U3 SKCIepuMenTa. VHbIMU ciroBaMu, cHada-
Jia JIomiaib (TeopeTndeckas ujest U ee peasn3allin), a 3aTeM Tejera ¢ J06poM
(KOHKPETHBIMHU PEe3yJIbTaTaMU, YTOUHSIOMUMICS W TPOBEPSIONINMICSA SKCIIEPH-
MeHTOM>. B TCOPHHN HEYIIPYTIUX MaTCPpUaJIOB TEOPETUYCCKUEC MOJJCJIN IIbITarOTCA
BLIBECTH U3 SKCIEPUMEHTAJILHLIX (hakToB. IIpn sTOoM oTcyTeTBYeT 00Ias Teope-
THIeCKast KOHIEIIITHSI.
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MzBecTHO, HalpuMep, 9TO IIPHU JOCTATOYHO OOJILIINX HAIPSIZKEHUSIX BCSIKUIT
MaTepuaJj odpeTaeT CBOMCTBO TEKYyUYeCTH, U 3TO CBONCTBO 3aKJIa IbIBATCs B OIIpe-
JIeJIeHIe TeOPeTHIecKoil MoJiein B Bujie Kpurepus: Tekydectu. Ho dro sBisiercs
IPUUNHONR TEeKydeCcTH U 9TO, COOCTBEHHO, HA3bIBAETCS TEKYYeCTbio, He 00CYyK-
naercst. He obcy»Kaaercs: TakzKe 1 OlpejiesieHe NCXOJIHOI0 00beKTa: OT MOJIE/IH
CILJIOIITHOM CPejbl B BUJIE IVIAJIKOr0 JudepeHImpyeMoro MHOroodpas3us Ipuxo-
JINTCST OTKA3bIBATHCSI, HO HUKAKOI 3aMEHbI 9TOMY He IIPeJIaraeTcsl.

Mexy Tem, omka3d om udeu 2aadxoz20 JugpdeperHuupyemoz0 MHO20-
obpa3usi no Heobxrodumocmu eaedem 3a coboli omra3d om MpalduyUoOH-
HO020 NMOHUMAHUSA KOHUENUUU ONPEIEAAOULUL YPAS8HEHUT, Tero B CyIle-
CTBYIOIIUX TEOPUSX YIIPYTOILIACTHIECKUX MaTepUaJIoB He TpoucxonuT. HanpoTus,
NMEHHO Ha OIIpPeJIeJIAoIIe YPaBHeHUsI B UX TPAUIINOHHON TPAKTOBKE BO3/IAraeT-
Csl BCS OTBETCTBEHHOCTDL 38 OCHOBHBIE CBOICTBA IpejljlaraeMbIX K PacCMOTPEHUIO
TEOPUIii.

1.2. PannHuii nepuo/i cTaHOBJIEHUS
MEXaHUKW CILJIOMIHON Ccpebl

[IpuHsITO CYNTATH, YTO TEOPUsT COIMPOTUBJICHUSI TBEPIbIX TeJl J1ehOPMUPOBa-
Huto ocHoBana [asmiteo Fammieem (1564-1642) B ero mociemaem Tapakrate “Be-
ceibl 0 JBYX HOBBIX HaykKax (1638). “Becenbl” usiokeHbl B BHje IHAJOTOB 1
pasjiesieHbl Ha IecTh JHeil. [lepBble 1Ba JIHS MOCBSIIEHbI CIEIJIEHNIO YaCTHIl B
TBEPJIBIX Te/IaX, CONPOTUBJICHIIO 1 PA3PYIIEHUIO IPU N3rube U PacTsizKeHIH YIIpy-
rux GAJIOK, & TAKyKe 3BYKOBBIM KOJIEOAHUsIM. 371eCh (DOPMYJIUPYIOTCS: a) 3a1a49a O
paspyIieHnn yIpyrofi mpu3Mbl Ipu u3rude; 6) 3ajada 0 paspymuieHun IITHPU-
JecKoro Opyca mpu 1pojobHOM pas3pbiBe. IlepBast 3aj1a4a crasa oTIpaBHOIl j1Is
6osiee yeMm croJieTHero IukJa padbor. [Ipu paccMoTpeHun BTOPOI 3ajadu B pac-
cyxaennstx Canbpuaru (lamies) HesiBHO IPUCYTCTBYIOT JIBa (DY HIAMEHTAIbHBIX
MOHSITHA: &) NMPUHII 3aTBep/ieBanus; 0) monsTre o Hanpsikennu. Jlo Tammes
CIUTAJIOCH, UYTO CIJIA, IIOTPEOHAast JI/IsT pa3pbiBa KaHaTa, 3aBUCUT TOJILKO OT JIJTIHBI
KaHaTa. deM JIMHHEE KaHAT, TeM MeHbIe cujia pa3pbiBa. CerojHsa M3BeCTHO, ITO
BCJIEJICTBIE HAJIN4INs 1e(eKTOB 9TO JIefCTBUTEIbHO BEPHO, HO B HICATBHOM Ka-
HaTe 3TO He TakK. TpeboBajiach MOpasuTeIbHaAs IPO30PINBOCTD, YTOOBI, BOIIPEKN
9KCIIEPUMEHTAbHBIM (DaKTaM, YTBEPXKaTh, UYTO CUJIA, OTPeOHAas JIJisi pa3phiBa
KaHaTa, IPOIOPIIMOHAIbLHA ILIOIIAIN CeIeHIs KaHATa I He 3aBUCUT OT €ro JIJINHDL.

[IpunIun 3aTBepeBaHns JIJig TEOPUH TBEPIbIX J1eOPMUPYEMbBIX T€JI B siB-
Hoit popme 6611 cchopmysuposan [acronom [Mapmucom (1636-1673) B 1673 . On
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OTHOCUTCS K THOKUM HUTsIM (IOJIBECHBIM MOCTAM, IIEIHBIM JINHUSIM U T. J.) 1
yTBep:K/1aeT, u4To gopMa JI0O0i BbIJIETCHHON YacTH HUTH HE U3MEHUTCS, €CJIN
OTOPOIIEHHYIO YacTh HUTH 3aMEHUTH TOJXOMANINMU CUJIAMU, TPUIOKEHHBIMI K
KOHIIAM BBIJIEJIEHHO! YACTH HUTH U HAIPABJIECHHBIMHU BJOJIb KAaCATEIbHBIX K HU-
TH B KOHIIEBBIX TOYKaX. VIMEHHO B Takoii (popMe MPWHIUI 3aTBEp/eBAHISA OBLI
ncrosib3oBan fkobom Bepryman (1654-1705) B ero ucciaeoBaHUSAX MO MHOKIM
Hutam. B 1691 1. . Bepuysm BeIBOAUT ypaBHEHHSI paBHOBECHUs] TMOKUX HUTEN
[IpU JICHCTBUY IIPOU3BOJILHOI paclpe/ie/IeHHON HAaI'PY3KU

S S

T%:TO—JFde; T%:—JFyds, (1.6)
0 0

rae T — nponosbnoe yeunue; Fy, Fy — BHelnue 1norounble ycuius; § — JJIMHA

HUTH.

Haxe B XXI B. HU4Uero HeJyib3s J00aBUTh K 3TUM ypaBHeHusM. B 1660 r. Po-
oepr I'yk (1635-1703) orkpsit (omybsnkoBas B 1676 1.) cBOit 3aKOH yIIPYTOCTH.
B 1680 r. sTor 3akon ObLT He3aBHCHMO ycTanoBaeH . Mapnorrom (1620-1684),
KOTOPBIII IPUMEHUJI ero K uccjiegoBannio 3aa4un [ [ayimies 06 n3rude npusmal.
B ornnune ot [asimsiest, cauTaBIiero, 4To MoMepedHoe cedeHne MPU3Mbl ITOBOpa~
YUBaETCs BOKPYT CBOEr'0 HUXKHETO OCHOBaHUsI, MaproTT 1npaBu/ibHO PaCIOIOAKIII
OCb BpallleHUsI, HO JOIIYCTHJI OIIMOKY IIPU BBIYUCIEHUN MOMEHTa COIPOTUBJICHMSI.
B 1694 r. 4. Bepny/um Tak:ke obpaTuiics K pelieHnio 3ajadn [ajauies u npu
9TOM TIOJIy I CJIEJIyolee ypaBHEHUe:

1 M 1 d?w
= —: — = — 1.7
R EJ,’ R ds? )’ (17)

ryie 0003HAYEHIS BIIOJTHE COBPEMEHHBI I He HYKJIAIOTCs B MOSICHEHUSIX. DTO COOT-
HOIIIEHUE TIPUHSATO cuuTaTh (popmyJioit narndba Beprysmm—itaepa, XoTs OHO ObLIO
MOJTyIeHO 70 poxKaeHus JI. Ditaepa, KOTOPBI, TpaB/ia, MNPOKO NCIOJIH30BaJ €ro
B CBOUX TpYy/lax 110 KOJIeOaHUAM U YCTONINBOCTH OaJIOK.

[Ipu BeiBOsie (1.7) f. Bepmymmm ucnosnbzoBas 3akoH ['yka u, Kpome TOro,
JIBE TUIIOTE3bI: “1) cedeHus, IOCKIE U TEePIEeHINKYISIPHBIE K pebpaM MPU3MbI J10
ee M3rnda, OCTAIOTCS U I10Cjie U3rnda TaK»Ke IJIOCKMMHU U HOPMAJIbHBIMEU K 9THM
pebpaM 1 BOJOKHAM UJIN TTPOJIOJIHLHBIM 3JIEMEHTaM, KOTOPbIE CTAHOBATCS KPUBOJIH-
HefHbIMI; 2) BOJIOKHA, OJIHI PACTSIHYTBIE, JPYTHe YKOPOUEHHBIE, COPOTHUB/ISTIOT-
cs HE3aBHCHMO, KaK OY/JITO ObI OHU IIPEJACTABIIAIN cOOO0i MaJjible N30/ IMPOBAHHbBIE
PU3MbI, HE OKa3bIBAIOIINE JIPYT Ha JIpyra HUKAKOro JeficTBusA . 3/1eCh IIPUBe/Ie-
Ha (opMyIMpoBKa 9THX runore3 B TpakToBke b. 1e Cen-Benana [9], c¢. 385-386,
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KOTOprfI cduTaJl UX OHH/I6O‘{HI)IMI/11.

Ypasuenne (1.7) coxpatsieT cBoe 3HAYEHIE U B HAIIN JIHU, XOTsI €10 yKe 1 He
HasbIBatoT Gojiee ypasHeruem nsrubda. [leso B Tom, ato (1.7) BO3MOXKHO TpakTo-
BaTh JIBOAKO. BO-TIepBbIX, MOXKHO CUNTATh, YTO MOMEHT M B HeM 3ajaH, TOrJa
o (1.7) moxkuo HajiTu nporu6d Gasku. Tak u nocrymanu ¢1. Bepuysm, JI. Ditiep
u apyrue. Umenno B srom cmbicie (1.7) u HasbBalOT ypaBHeHUeM usruba. Bo-
BTOPBIX, ypaBHeHue (1.7) MOXKHO TPAKTOBATHL KaK OMPEIE/ISIONEee COOTHOIIECHNE
(amasior 3akona ['yka). TakoBa coBpeMeHHasi TOUKa 3pPEHIUsI.

7. Bepry/uim oTYeTINBO CO3HABAJ HEJIOCTATOYHOCTH ypaBHenusi (1.7) s
cO3JIaHus TIOJTHOM Teopwu m3runda OaJKM W JO0 KOHIA CBOEH »KU3HU He IpeKpa-
IT1aJT TTOTIBITOK BBIBECTH YPaBHEHUsI paBHOBECHs OAJIKK TP JICHCTBIH TOIIEPEIHOM
Harpy3ku. IIpudem 3Tu ypaBHeHUs] JOJKHBI ObLIM ObI OBITH BIIOJTHE aHAJOTHI-
HbIMI ypaBHeHusiM (1.6), T. €. He 3aBUCAIINME OT CBOWCTB MaTepuaja OaJK.
st sroit e f. BepHy/mm ncnob30Ba1 OCTPOYMHYIO MOJIEIb U3ruba OaJiKim,
CBOJIATILYIO U3TNO K MPOJOJLHOMY pacTsakenuio npykunbl. [lonbitku 4. Bepmyi-
Ju ObLTH HeyJdadnbl. [IpmanHa Heygad Oblia ycTaHOBJIEHA 3HAUNTEIHHO TO3/IHEe
JI. Ditnepom. Yaennkom ¢. Bepuysu Ob11 ero muaamnii 6par Morann Bepryir-
au (1667-1748), BHectiuii GOJIBINION BKJIAJ B MAaTeMaTUKy 1 MexaHuky. OJIHAKO
110 MHTEpecyIoIeMy Hac Borpocy 3acayra V1. Bepuy/in Oblia B TOM, 9TO OH BOC-
MUTAT JIByX BEJUKNX YIeHHKOB: cBoero ceiHa Jlanumra Beprymm (1700-1784)
u JI. Ditnepa (1707-1783). B memyape [10], uzpannom B 1744 1., JI. Diiep pac-
cMaTpuBasl 6aJKy (B JaHHOM cjiydae oH 00001 ypaBHenne beprysm (1.7) Ha
[IJIOCKUIT ITepBOHAYAJILHO N30IHY ThHII CTep}KeHb>

1 1 d’w W d 1
M =D _ - D Rl 1.8
R.(s) R(s) ds? + R2(s) v ds \ R(s) /|’ (18)

rme R u R, — paanmycbl KpUBU3HBI CTEPyKHS J0 U mocje jgedopmaiun; W(s) u
V(s) — HOpPMaJIbHBI W TaHTE€HIMAJbHBIA TPOruObl, KaK MaTepHaabHyI0 JIMHUIO,
NMEIONTYI0 OeCKOHEYHO MaJioe IonepedHoe cedenue. [Ipm sroMm on cumrTas BO3-
MOXKHBIM IIPUMEHATH K 9TOI JIMHUN BCe U3BECTHBIE 3aKOHbI MEXaHUKII.

B stom ke memyape (c. 492-498) JI. Ditsiep paccmarpusaet Borpoc “Orpejie-
JleHne abCOJIIOTHON YIIPYTOCTH IIOCPEICTBOM OIBITOB . AOCOIIOTHON yIIPYTOCTHIO

I' B memyape [9] Cen-Benan gaer dopmymposky runores $1. Beprymim u jasee usiaraer
X KPUTHUKY, KOTOpasl, KOHEYHO, sIBJISEeTCs IPABUILHOI, HO TOJIBKO ¢ ypoBHs 3uanuii XIX B. C
nosunuit koura XVII B. runoreza f. Bepuyiuin BoBce He SBJISIETCS TUIIOTE30H. ITO TEOPEMBI,
KOTOPBIE JIETKO JOKA3BIBAIOTCS IIPU OTCYTCTBUM Hamnpskenuit casura. [locyieaue eme e 6bu1m
oTKpbITHL. [ToaTomy KpuTuky “runores” 4. Bepry/im, mo Hamemy MHEHUIO, CJIEIOBAJIO U3JIaraTh
He Kak ommOKy f. Beprymmm, a kak-To nnade. K coxasennio, rpakroBka Cen-Benana momaJa
BO MHOI'ME PYKOBOJICTBA 110 TEOPUU YIIPYTOCTH.
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JI. Ditsiep HA3BIBAET YKECTKOCTH OAJKN HA U3THO. XOTs MPU HATUCAHUN (DYHKITHO-
naJsia JI. Ditep cunraer OaJKy IMEHHO JTUHUEH, B 9TOM IYHKTE OH I0JIaraeT, ITo
HoIepevdHoe cedeHne OajJKi NMeeT KOHEUHbIEe Pa3Mepbl U YCTaHABJINBAET 3aBUCH-
MOCTB KECTKOCTH Ha U3ruO OT Hpupojbl Martepuasa (Mojy/s yrupyroctu FOHra)
1 pasMepoB MolepevHoro cevenus. Koneunwrit pesysnbprar JI. Ditnepa okazasics
OIMUOOYHBIM: OH MOBTOPWJI ommoOKy [anuies. JIng mac mHTEpecen MMEHHO CIIO-
cob paccyzxiennit JI. Ditiepa, a He KoHeUHbBIH pe3ysabrar. JI. Ditjaep mpoosKmI
Tpyabl f. BepHy/n 1o BBIBOJY ypaBHEHUIT paBHOBecus rpu nsrude dajok. [Ipu
9TOM €My MPHUILIOCH CJIEIaTh JiBa OTKPLITHA. [lepBoe: HEOOXOMMMOCTEL BBEICHUA
mepepes3bIBaOINX yCunil (KacareabHbIX HalpsizKeHwuit). Bropoe: ycranosienne
HE3aBUCHUMOCTH ypaBHEHUil Oajianca cua U MOMEHTOB. VIMeHHO 3Tux QyHamMeH-
TaJIBHBIX OTKPBITUI 1 HejocTaBaso f1. Beprysan s BeIBoja ypaBHEHUN W3rHU-
6a 6asiku. CTporo roBops, MOHSITHE HAIPSYKEHUI CJIBUTa BIEPBble OBLIO BBEJICHO
A. Iapanom (1666-1716) B 1713 1., HO ero paboTa ocTajach HE3AMEIEHHOM 1, OUe-
BUJIHO, Hem3BecTHO! JI. Ditsiepy, nb0 OH HUIJE HA Hee He ccbliaercs. B anHoM
caydae cleyer YIOMsSHYTh, 9To JI. Ditep ObLI TEepBLIM, KTO BBEJ B yIOTpeOIe-
HUE CCBLIKHU Ha JOCTUZKEHUsI IIPEJIINeCTBeHHNKOB. 10 Hero takme CChbLIKKM HOCHIIN
TOJIbKO HEraTUBHO-KPUTHUIECKUIT XapakTep. decTh BTOPOro OTKPBITUS, OJIHOIO 13
CaAMBIX SPKUX B TBOPYECTBE NEHUAJLHOI'O YUEHOTO, MEJUKOM MMPUHAICIKUT €MY.
B coBpeMeHHBIX TepMUHAX, BIIPOYEM MAJIO OTIMIAIONINXCI OT WCIOJIb30BAHHBIX
JI. DitsepomM, 3it1epoBbl 3aKOHBI JINHAMUKN CHOPMYJIMPOBAHBI BO BTOPOIl IJIaBe.
[TpuMeHnTeIbHO K CUCTEMAM B3aWMO/IEHCTBYIONNX MaTepUAIBLHBIX TOYEK ITU 3a-
KOHBI MOT'YT OBITH BBIBEJICHBI U3 3aKOHOB HbloTona, HO Ditep MpuHIMAET UX KaK
HE3aBICHMbIE TIOCTY/IATHI, TIPUMEHIMbIEe K JTI000H MeXaHI4decKoii cucreme. (1o
00CTOSITETLCTBO YPE3BbIUAiHO BayKHO.) VCo/ib3yst 911 3aKOHbI, DHJIep MPUXOUT
B 1771 1. K ypaBHEHUSAM PaBHOBECHS ILIOCKOTO M30THYTOTO CTEPYKHS

‘;—:+%+sz0, ﬂ—%ﬂ—n:(}, %—N =0, (19)
rie I, N — pacrarusaloiee n npepesbiBatoniee yeuing, M — usrudarommii Mo-
MEHT.

Kpowme ypapuennit (1.9), JI. Ditep mpesioxua 0b00IeHne TPEThero 3aKoHa
HbioTona o paBeHCTBe JIeiicTBUSA U IPOTUBO/IelicTBUA. B coBpeMeHHOIT 3ammcu oHO
BBIDVISIIUT TaK

T(V) + T(_V) =0, T(v) =vT+nN, (110)

IJle 'V 1 I — BEKTOPbI JIMHUYHBIX KacaTe/IbHOI 1 HOpMaJil K MaTepuaJibHOI Jin-
nuu; npudeM T'(y) XapakTepusyer BO3ACHCTBUE B JAHHOM CEYCHUM YaCTH CTEPK-
Hsl, HAXOJIAIIETr0Cs CO CTOPOHBI MOJIO?KATEJHBHOTIO HAIIPABJICHIA KACATEJILHOI 'V Ha
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OCTABINYOCsT 9acTh cTep:kHst. AHajornanoe (1.10) paBeHCTBO UMeeT MeCTO 1 JIJist
momernTa M. Ypasaenusi (1.9) u (1.10) coxpaHmInch HEM3MEHHBIMU 10 HAINX
JTHET.

Urorn nccnepoBanuii mo teopun crepzkueii mojsesn [lapas Kymon (1736
1806) B cBOCIT HEOOIBIION paboTe, BhiyIeHHOM B 1773 1. B 91oit padore 1. Kyson
UCIIPABIJI OMINOKKM CBOMX IIPEJIINECTBEHHIKOB 1 JIaJl ITPABIILHYIO (DOPMYITY JIJIs
MoMeHTa conpoTtupiennd. Konery XVIII B. ormeuen aByMsi, cTaBIINMUI T3BECTHDI-
MU IIONBITKAMU IOJOWTH K IIPoOJeMe MOCTPOCHUsT Teopuu 000JI0UeK Ha OCHOBE
HPUHIUIIOB, UCIIOJB30BAHHBIX B Teopunu crep:kHeit. [leppast mnombiTka ObLIa Ipe/i-
upunsaTa JI. Ditaepom B 1776 1., KOrja OH HPEIJIOKII PACCMaTPUBATDL KOJIOKOJI
KaK COBOKYIIHOCTb KOJIEIl, KayKJ0e U3 KOTOPBIX BeJeT cedsl KakK ILJIOCKHUil KpUBOii
opyc. Bropast momnbitka Obiia coepiiera fxkobom Bepnysmm-magmmm (1759
1789) — coom Uoranna II Bepuysm (1710-1790). On pacemarpusai (1789)
000JI0UKY “KaK JIBOWHOI CJI0I KPUBBLIX OpycheB, MpudeM OpyCbs OJHOW CUCTEMBI
IEPECEKAITCsT ¢ OPyChbsiMU JIPyTOii cucteMbl mof mpsMbiM yriaom” [11] c¢. 19. Ko-
HETHbIE YPABHEHMUsI, KAK BBISICHIJIOCH BIIOCJICJICTBUN, OKA3aJNCh HEBEPHBIME (He
OBLIO YUTEHO 3aKpyUrBaHne OPYChEB).

B 1788 r. BeixoguT rnepsoe msnanne “Anamurudeckoil mexanukn® zKoseda-
Jlyn Jlarpanzxka (1736-1813), Bropoe (mocMepTHOe) U3/aHUe BBIILIO, BUJUMO, B
1814 r. @ynpamenTaababiM BKJIagoMm 2K, JlarpaHn:ka B MexaHUKy siBjisieTcst pop-
MYJIIPOBKA U CHCTEMATU4IeCKoe NPUMEHEHUE MPUHIUIA BO3MOYKHBIX IepeMelne-
HUl, XOTsI ero dacTHble (DOPMYJIMPOBKHU MOSIBUINCH 3310110 J1o Jlarpanxka. Ha
OCHOBE BBICKA3aHHOT'O MIPUHITAIIA JlarpaHK paccMaTpuBaeT U CILIONIHbIE cpejibl. B
JaCTHOCTH, B “AHAJINTHIECKON MexaHnKe BIEPBbIE BBIBEIECHO ypaBHEHIE PaBHO-
Becus: MeMOpanbl. [Ipn pacemorpenun asrmkenns »xkujgkoctn 2K. Jlarpamk mpuset
GopMyIMPOBKY 1 JIaJI HCTOJKOBAHUE JIMHEHHOMY TEH30DPY JedopMalinm

1
2

O6wraHO 31y hopmyity, Kak ykazasu JI. I. Jloingackuit 1 A. W. Jlypbe, npu-

(Vu+Vu'). (1.11)

muceisator O. Komm, Kotopolit mosyani ee B 1822 2.
[Tapukckast akajgemMus HayK oObsBHIa ITPOOJIEMY TOHKHUX IJIACTUHOK TEMOIt
ra KoHKypc 1811 1. B Tlpejcraiennoit Ha koukypce pabore Codu 2Kepmen (1776

2 Tomcon u Tat [12] noKaza M, YTO IPUHIUIT BO3ZMOKHBIX MepeMeIeHnii PABHOCUIIEH TPH
UTHOPUPOBAHUU ITPUTOKOB SHEPIUU HEMEXAHUYECKOT'O ITPOUCXOXKJIEHUs 3aKOHY OaJiaHca dHep-
run. B. JI. Kupninaes [13] mokaszas, 410 13 HEro mpu HAJOXKEHUN TPeOOBaHUS WHBAPUAHTHOCTH
OTHOCHUTEJILHO T'PYIIIBI YKECTKUX JIBUKCHUI CJIC/IYIOT HJIePOBbI 3aKOHBI JuHaMuKu. [losTomy
tpyaHo cornacuthest ¢ K. Tpycaennom [14], canratomum onucaHHbI Pe3yIbTaT JTOCTHKEHUEM
MeXaHUKH BTOPOI IIOJIOBUHBI XX CTOJIETHSI.
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1831) ucnosib3yercsi byHKIMOHAI, AHAJOTUYHBIH 11peiokernHomy 1. Beprysim B
Teopun OasoK. OTiindme 3aKII0UEHO B 3aMeHe KPUBU3HBI CTEPKHSI CYMMOIT IJ1aB-
HBIX KPUBW3H M30THYTON MOBEPXHOCTH ILJIACTHHKU. Kak cerojiHs M3BECTHO, 3TO
BEPHO TOJILKO JIJIsI 3allleMJICHHON IIJIaCTHHBI, HO Ha KOHEYHOM ypPaBHEHHU HE CKa-
spiBaeTcs. C. 7KepmeH npu BbIBOJIe ypaBHEHUs ILJIACTHHBI JOIYCTHIA OIINOKY,
kKotopyto ucnpasu 2K. Jlarpanxk, penensupoBasiinii ee padoTy. ¥ paBHEHHIE PaB-
HoBecud Jlarnamka—zKepmen nuMeer BH

AAW =P/D. (1.12)

BakaHunBast 3TOT pasjies, npuseaeM urary u3 kauru A. Jlsasa [11], c. 20: “Pe-
3yJIbTAThI BCEX TPYJOB U OCTPOYMUSI UCC/IeoBaTe el B 001acTu IpobJieM YIIPyro-
CTU MOYKHO TTOJBITOXKUTH K KOHILy 1820 T. ciietyrommum oOpa3oM: HecOBEPIICHHA
Teopusd U3ruba, omubdboIHAT TeOpUsd KpydeHus, HeJoKa3annasg Teoprusd KoJIeOanmil
cTeprKHell 1 IJIaCTUHOK U ornpenenenus momayseir FOura”. damee A. JIsgs ormedaer
OOJIBIIYIO POJIb ATUX KMCCJIEIOBAHNI B CTAHOBJICHIMH TEOPUN YIIPYTOCTH. XOTEJIOCH
Obl chOpMYINPOBATHL STH UTOI'M HECKOJILKO NMHade, a nMeHHO K 1820 1. ObLIu TBEpP-
JI0 YCTAHOBJIEHBI: &) TPUHIKIT 3aTBepeBaHust; 0) 9iIepOBbI 3aKOHbBI JUHAMUKI C
MPUJIOYKEHNEM K BBIBOJLY YPaBHEHIIT DABHOBECHsI CTEPKHEll; B) MOHSITHE HAIIPsi-
JKeHUIT, 0COOEHHO B THPOMEXaHNKe; T') 0600IeH 1 MHOTOKPATHO TPUMEHEH, B TOM
qucJie U B CILIOIIHOf Ccpejie, IPUHIUIT BO3MOYKHBIX TI€PEMEIeHuil; 1) 3aKOH YIpy-
roctut ['yka—MaproTTa un ero npuiozkeHust K 9aCTHBIM 3a1a49aM; €) o01Ias Teopust
MaJIbIX JilepopMalinii CIIONIHON cpeibl. K ckazaHHOMY, KOHEUYHO, cjejyeT jioda-
BUTH 1 T€ UTOIU, KOTOphIe cchopmyupoBanbl A. JIsiBoM Bejies 3a IPUBEIEHHOM
ATATON.

1.3. Teopus crepzKHeli 1 coBpeMeHHasi MeXaHNKa

Teopust TOHKHX cTepKHEH B NCTOPUN PA3BUTHsT MEXaQHUKN 1 MaTeMaTHIeCKO
pU3UKN chirpaJjia BbIJIAIONIIYIOCA POJib. dTOObI sicHee 0TOOPA3UTh BKJIAJ[ TEOPUH
TOHKUX CTEPXKHEl B Pa3sBUTHE €CTECTBEHHBIX HAYK, MEPEUNC/JINM TOJHKO HEKOTO-
pble paKTHhI.

Pooicderue obviknosennoir dugpdepenyuarornr ypashenut. B 1691 r. Hdxob
BepuyJuin Boises jpuddeperinaibHoe ypaBHeHe PABHOBECHs KaHaTa (HUTH ), KO-
topoe mmeer Buj (1.1). D1o GbiI0 MEepBoe nuddbepeHnnaIbHoe ypaBHEHIE B 1C-
TOPUHN HAYKI.

Pootcdenue ypasnenuti 6 wacmmoix npoussoonvir. B 1742 r. 2Kak damambep
BBIBEJI ypaBHEHHE MOMepeTHbIX Kojiebanuii crpysbl (1.2). D1o 6bu10 nepsoe jud-
depeHImaIbHOE YpaBHEHNE B YaCTHBIX IIPOM3BOIHBIX. Pa3zpaboTka MeTO0B ero
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peIlieHnsT IPUBeJIa K CO3MAHUI0 Meopul padiocenus Gynruyud 6 padv (lanumn
Beprymiu u Jleonap itsep).

Pootcdenue meopuu semenenus peweruts Heaunetinoir duddepernyuaronu
ypasrerut. B 1744 1. JI. Ditnep pemmi 3ajady O MPOJIOJbHOM U3rHbe CTEPKHSI,
HA3BAHHYIO BIIOCJIEICTBIN Jaacmukot IJU.iepa 1 MOJTOKUBIIYI0 HAUaI0 TeOPUN
BETBJICHUI PEIIeHNil 1 Teopun COOCTBEHHBIX 3HAUECHUI HEJIMHEHHBIX OIIepaTOPOB.

Pootcdenue oot mexanury u 0oKka3amesbcmeo HENOAHOMbL HHI0MOHOBCKOT
mexanuru. B 1771 r. JI. Ditsiep BriepBbie BbIBeJ 00INE yPaBHEHUs] PABHOBECHUsI
crepxkueit (1.3).

Yrober BeiBecTH ypashenus (1.3), JI. Ditnepy nonamobuaoch okosio 50 jer
pasMbiiieHuit. [Ipu 9ToM OH COBEPIIII OJIHO U3 BEJIUYANIINX OTKPBITHIT B MeXa~
HuKe 1 (pU3KKe, KOTOPOe B IIOJIHOI Mepe He 0CO3HAeTCs OOJIbIIMHCTBOM MEXaHIKOB
1 PU3MKOB BILJIOTH JIO HACTOSIIEIO BPEMEHHU, & MMEHHO OH OCO3HAJI, YTO ITOMIMO
CHIJI 1 MOMEHTOB CIJI B MeXaHuKe (DyHIaMEeHTAIbHYIO POJIb UI'PA0T MOMEHTHI KaK
CaAMOCTOSITEJ/IbHBIE CYIIHOCTH, HE OIpejie/isieMble depe3 MOHSITHEe MOMEHTa CHJIbI.
DT0 03HAYAJIO, BO-IIEPBbIX, HEOOXOIUMOCTD BBEJIEHIs HOBOT'O (DYH/IAMEHTAIHLHOIO
3aKOHa (DUBMKM U, BO-BTOPBIX, IPUHIINIINAIBHYIO HEITOJHOTY HBIOTOHOBCKOI Me-
XaHUKU. DTO oTKpbITHE JI. Ditjiepa nMeer rpomajiHoe 3HaUeHNE BO Beeil pusnke,
HO B TIOJIHOI Mepe ydeHble OCO3HAIOT €ro 3HavdeHue B OJvzKaiiieM Oy/IyIineM Mnpu
paspaboTKe sIBJICHHII MUKPOMHUpa, B KOTOPOM BTODOIl 3aKOH JIMHAMUKHU Diljaepa
UrpaeT ONpeesioNyo poib. Xors JI. Ditep cuenan perialonuii mar 1mo BBe-
JIEHUIO MOMEHTOB, HE3aBUCHMBIX OT ITOHSITHsI MOMEHTa CHUJIbI, 00IIee Olpe/ieeHIe
MOMEHTa, ObLIO JaHO cpaBHUTEIbHO HemaHo II. A. 2KuimabiM, 1 OHO elle He
BOIILJIO B yUCOHUKU MEXaHUKH.

Pootcdenue meopuu ycmotivusocmu mexoncepsamusnux cucmem. B 1927 r.
E. JI. Hukoman coobmmit pe3yabTaThl aHaan3a YCTONUYMBOCTH PaBHOBECHON KOH-
durypaiun cKkpy4eHHOTO CTEPXKHsI U II0Ka3aJl, YTO OHA HEeyCTOIYnBa IIpu JH0OOM
CKOJIb YTOJIHO MAJIOM 3HAYEHUH KPYTSIIero MoMenTa (mapajokc Hukoman). 9ror
pe3ysbTaT OYyKBAJLHO MIOKUPOBAJ YIEHBIX TOI'O BPEMEHU, HMPUBBIKIINX K TOHSI-
THIO KpUTHYECKNX cHJI 1o Diyiepy. Oanospemenno [I. @. [TanmkoBuy ykaszaJg, 9To
pedb uaeT 06 aHaI3e HEKOHCEPBATUBHOI CUCTEMbI U [IOTOMY HE CTOUT YJIUBJISITh-
Cs1 TIOJIYI€HHOMY Pe3yJIbTaTy, MOCKOJIbKY BO3MOXKHA HaKadKa SHEPIUU B CUCTEMY.
[Tocsietytoniee pa3BuTHe TEOPUN YCTONUYMBOCTH HEKOHCEPBATUBHBIX CHCTEM BbI-
SIBIJIO U JIPyTUe YIUBHUTE/bHbIE (DAKTHI, HAIIPUMEp, J1eCTabUJIM3UPYIOIIYIO POJIb
BHyTpeHHero Tpenus. Hanpumep, napajiokc Hukonan o0bsacHAETCA TPUINHAMU,
HE CBSI3aHHBIMI HENOCPEJICTBEHHO ¢ HEKOHCePBATUBHOCTHIO cucreMbl [15]. Tem He
MeHee TeOPHUsl YCTONIMBOCTH HEKOHCEPBATUBHBIX CUCTEM B HACTOsIIIEE BPEMSI sB-
JISIeTCsl OJTHUM U3 BayKHBIX Pa3/1e/IoB MEXaHUKH.
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Pooicdenue meopuu cummempuy, 6 MHO200DUEHMUPOBAHHBLT NPOCMPAHCMEAT.
B 1977 r. II. A. ?Kuime 1npn mocTpoeHnn onpeessioinX YpaBHEHN B TeOpun
cTepkHell 1 00607109eK 0OHAPY KM, IYTO IIPUMEHEHNE KJIaCCUIeCKOi TEOPUH CHM-
METpUU BeJleT K abCyp/HBIM pe3y/abTraTaM. AHaJn3 MoKas3aJj, YTO NPUIUHON COo-
3JIABIIEIOCST TYIHKA ABJISIeTCsS] TOT (DAKT, UTO B TEOPUU CTEPrKHEl 1 000J109eK BBO-
JINMbIe TEH30PHbBIE 0O'BEKTHI JICHCTBYIOT B IPOCTPAHCTBAX C JIBYMsl HE3aBUCUMbBIMU
opueHTanAMu. [losTOMy B TaKOM TPOCTPAHCTBE CYIIECTBYIOT TEH30PbI YeThIPEX
pa3IMYHBIX TUIOB. Kiaccuyeckas Teopusd CUMMETPHUN IPUMEHUMa, TOJBKO K II0-
JIIPHBIM TE€H30paM, T. €. 00beKTaM, He 3aBUCSIIIIM OT BbIOOpa OPUEHTAIUI B I1PO-
cTpaHcTBe. B pesysnbrare ocozHaHus 9TUX (PaKTOB HE COCTABUJIO OCOOOIO TPya
paspaboTaTh 0OOOIEHHYIO TEOPUIO CUMMETPHUHU, TPUMEHIMYIO K TeH30paM JTI000-
ro tura. Cienyer ykasaTb, 4To 0€3 0000IeHHOI TeOPUN CUMMETPUN KOPPEKTHOE
IIOCTpOEHNe 0011eil Teopun crep:KHeil 1 000/104eK, a TaK:Ke 00IIeil TeOpU MUKPO-
MOJIIPHBIX CPEJi OKa3bIBAETCS HEBO3MOXKHBIM. Paszymeercs, MOyKHO 00ONHTHUCH 1 O€3
9TOI TEeOpUH, ecJIM MaTepuaJs CTEPXKHA WM 000JOUKN MOTIUHIETCS M3BECTHBIM
ypaBHEHUSIM TCOPUHU YIPYTOCTH, 9TO CIIPaBEJIMBO JajJeKo He Becerga. Ho maxke B
9TOM YACTHOM CJIydae BO3HUKAIOT, CTPOT'O T'OBOPsI, HEIIPEOI0JUMBbIe TTPOOJIEMBI.

Panee ObL/IM OTMEYEHBI TOJIBKO Te (DAKTHI, KOTOPBIE TOBJIUSIN U TTPOJIOJIZKAIOT
BJINATH Ha CTAHOBJIEHUE TEOPETUYIECKOTO (pyHIaMeHTa COBPEMEHHOI MeXaHUKN 1
MaTeMaTuideckoil ¢pusnku. O rpomMaJIHOM 3HAUYEHUN TEOPHUHU CTEpyKHEl Ipu perre-
HUU aKTyaJbHBIX 11POOJIEM TEXHUKU U CTPOUTE/IHLCTBA MOXKHO U HE NOBOPUTH.

Hepewenrvie npobaemovr meopuu cmeporcredi. B Teopun creprkHeil 1M0JIyUeHO
HEMaJIO YAUBUTEIbHBIX U JIa2Ke apa0KCAIbHBIX PE3y/IbTATOB, KOTOPhIE TPEOYIOT
SICHBIX 0ObsicHeHuil. Kpaiine cjiabo n3ydeHbl IpocTpaHCTBeHHbIE (DOPMBI JIBUKE-
HUs crepxkHeil. B pamkax cyiecTBytonieil Teopun cTepyKHeil TPyJIHO CTPOro UC-
CJICJIOBATH BayKHbIE JIJIA MIPUJIOXKEHNN 3a/1a91 COBMECTHON JIMHAMUKN CTePXKHE 1,
HAITPUMeEP, aOCOJTIOTHO TBEPJIBIX TeJI, IIOCKOJIBKY 3T JIBa Pas3jiesia MEXaHUKH W3J10-
JKEHbI Ha, PA3/JINIHBIX U TPYIHO COBMECTUMBIX sI3bIKax. OCHOBHBIM IIPEISITCTBIEM
Ha IIYTU TPEOJOJICHUS BCEX ITUX TPYAHOCTEH dABJIAETCA OTCYTCTBUE JOCTATOUHO
o0I1Ieil HeJTMHEeTHOM Teopruy cTepXKHEell, M3I0yKEeHHO Ha, YJI0OHOM JIJIsl TTPUJIOZKEH NI
SI3BIKE.

1.4. I'mapomexaHHUKa

Eciin He 06cy»K/1aTh TEOPUIO0 TOHKUX CTEPyKHE, TO 1epBOil MOJIEJIbIO CILIOII-
HOI cpeJibl ObLIa TaK Ha3bIBaeMasl 1jieaabHasl »KIJIKOCTh, YPAaBHEHUSI JJIsi KOTOPOil
ObLIN 1peoxkens! JI. Ditaepom B 1755 r. B obo3HaveHunsIX, IPUHSITHIX B OCHOBHOM
TeKCTe KHATH, YPaBHEHNA TUHAMUKH *KUJIKOCTH CBOJIATCA K CJEAYIONIell cucremMe
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ypasuenmuit [16]:

di Pl ivxt) v|-L|=o,

E I5(g) I3(g)

(1.13)

—Vp+pF=p iV+V~VV
dt

STa CUCTEMa 4YeThbIpEX CKaJIAPHbIX ypaBHeHI/IfI COLCP2KUT IIATb HEU3BECTHDLIX.
151 ee 3aMbIKaHUsT HEOOXOUMO IIPUHSITH OIpe/Ie/Isdolnee YypaBHEHNE, CBI3bIBAIO-
mee JaBJIeHrue p C IJIOTHOCTBLIO (. I/ISBGCTHBI pa3/InYHbIC OIIPpEAC/IAIIINE YPDaBHE-
HUA OJIA 2K JIKOCTH. ,ZLJIH WJUIIOCTpalluy IIpUBEAEM YpaBHEHUE, KOTOPOE B JIMTEPaA-
Type He UCIOJIb3YeTCs, HO, BO3MOXKHO, JIydIlle OTpaykaeT MoBeJIeHue “UJIeabHON
JKIJIKOCTHU

p=vp(p)=po(C™—=CT"), ¢

Po
—, m > mn. (1.14)
Y

35ech Py, M, M, Po CyTh XapaKTEPUCTUKHU YKUJIKOCTH, OMpeJIeseMble SKCIIe-
pUMEHTaJIbHO. BasKHBIM CBOICTBOM JIIOOOI0 OIPEJIEISIIONIEro yPpaBHEHUs JTOJIXKHA
6bITb KOHE€YHasd IIPOYHOCTL 2KMIAKOCTH Ha pPa3pbIB, IIPpUYEM JJIAd 2KHJJIKOCTHU OHa
BECbMa MaJia.

B kagecTBe nmpuMepa 3a/laHus I'PAHTIHBIX YCJIOBUI PACCMOTPHUM MTPOCTERIITY IO
curyaruio. [IycTh »KujkocTh 3aHuMaeT IuanHpudeckyo objactb 0 < v < R.

['panmia v = R MojempyeTcs CHJIOBBIM TOJIeM® BHIA

R—r\" R—1r) ¢

F—_F
0 1 1

er, l<R, p>aq. (1.15)

Kak BuuM, rpaHudHble YCIOBUS MOJIEIUPYIOTCA 3aJaHUEM MaCCOBBIX CII,
npudeM Ha exuauily obbema jeficrsyer custa pF. Cienyer noq4epKkayTh,4T0 Ipu
MPABIIHLHOM 3aJIaHNI OTPEJIeISIIONIEero ypaBHeHus, HanpuMep B ¢dopme (1.14),
9Ta CUCTEMa CIOCOOHA OIMCATH OOJIBLIIMHCTBO U3BECTHLIX 3KCIIEPUMEHTAJLHBIX
dbakros. IIpaBa, B HEKOTOPBIX CJIydasdX HEOOXOIUMO JOIOJHUTEILHO YINTHIBAT
TepMoMexanundeckne ahderrol. Pasymeercs, npu ananuse cucrembr (1.13), (1.14)
HEOOXOAMMO YUUTLIBATL HAJIMUYNE Y Hee paspbiBHLIX pernenuii. Crepyer uMeTh B
BHJLY, 4TO BHelHss mpoctota cucrembl (1.13), (1.14) obManunBa u ee perenne
HATAJIKUBAETCA B HETPUBUAILHBIX CAyUYasX Ha 3HAYUTE/NbHLIE MATEMATHIECKUE

3 D7a Waed IPUHAJICIKAT YICHNKY U KoJutere apTopa A. M. KpuBIOBY, KOTOPHIII ¢ ycrexoMm
IIPUMEHSIET €€ B 3aJ1a9aX MOJIEKYJISTPHON JTUHAMUKH.
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TpynHocTH. UpesBbruaiino momysdapHas Mojedab Kujgkoctn Hasbe Crokcat, xo-

TS M IPUBOJUT K OCMBICJIEHHBIM TPAKTHIECKUM De3y/IbTATaM, HElPHeMJIEMa C
dbynaMenTagabHol TouKkK 3penns. zsectHpiil (haxT NpUIMIAHUSA KUJIKOCTH K
CTEHKAM KaHajia O0bACHAETCA OTHIOJb HE BI3KOCTBIO YKUJKOCTH B OOIIENPUHSI-
TOM HOHUMAHWH, & B3ANMO/IEHCTBIEM YKIJIKOCTH CO CTEHKAMU KaHa/a. Y Ka3aHHOe
B3AMMOJIEHCTBIE ONICHIBAETCS CHJIOBBIM I0JIEM, 33/[aBAEMbIM TTOTEHIIHAIOM TUIIA
Jennapaa—/Ixkonca. DTuM B3aUMOJEHCTBIEM TaKkKe O0bSICHAIOTC U KA/~
Hble siBjiennsi. CyIecTBeHHO U3MEHUTH OIUCAHUE JKUIKOCTH MOYKHO TOJIBKO yUe-
TOM, B JIONOJIHEHNE K TPAHCJIAIMOHHBIM JIBUKEHUSIM, HE3aBUCUMBIX CIITHOPHBIX
JBUZKEHUH (BpalnaTe/bHbIX cTeneHeil cBoOOJIbI), KOTOPbIE BIIEPBLIE OBLIN BBE/IE-
Hbl B MexaHuky JI. Ditjepom [17].

1.5. IlocTrpoenmue Teopum ynpyrocrtu
1 poxKJieHne Teopuu o00JI0ueK

Haunnas ¢ 1821 r. pazBuTne Teopum yupyrocTu MU IOCTPOCHHE Ha €€ OCHOBE
PA3JIMIHBIX TPUKJIAIHBIX TEOPHUil MPOTeKaao BecbMa NHTeHCUBHO. Vexonsa 3 kop-
myCKyIsipHBIX mpecrasennii Jlyn Aupn Hasbe (1785-1836) B 1821 1. ipeijioxKmt
ypaBHEHUS] PaBHOBECUS U30TPOIHbBIX YIIPYIUX TeJ

w(Au+VV-u)+ pF = pi, (1.16)

rjie [ — MOJLYJIb CJIBUTA.

B ypasnenne (1.16) BXOguT TOJBKO OJIHA MOCTOSTHHAS |4, TIO9TOMY €r0, CTPOTO
rOBOPsI, HEJIb3sI IPU3HATH YpaBHEHNEM PaBHOBECHsI YIIPYTUX W30TPOIHBIX TeJT 00-
mero Bujia. B 9ToM ke 1oy Teopus yrnpyrocTu npuBieksia BauMaHune OriocreHa
JIyn Ko (1789-1857). U yuxke x ocenn 1822 1. O. Ko BbIBeT Bce OCHOBHBIE
ypaBHEHHsI Teopun yupyroctu. Komm BBOAUT B pacCMOTPeHNE CILIOMIHYIO CPEJLy,
HAIIPSZKEHHOe COCTOSHNE B KOTOPOI OIpeIe/IsieTCsT e IMHCTBEHHBIM CUJIOBBIM TEH-
sopoM. Jlasee Kormmm umcrosib3yer TpUHINI 3aTBEpeBaHIsA U SilJ€pOBBI 3aKOHBI
JUHAMUKN. B pesysibraTe OH BIepBble HOJIyYaeT YpaBHEHNs JBUYKEHUsT TPeXMep-
HOIT JlehbOpMUPYEMOii CpeTbl

V-t+pF =pii, t1=1. (1.17)

Ecnun npunats T = p E, To npujeM K SiijIepoBbIM yYpaBHEHUSIM JIBUKEHU
xukoctu. [logaepknem, ato y HaBbe He 66110 anaora ypasuaernus (1.17), ne 3a-
BHCSINETO OT CBOHCTB Marepuasia. Ypasuenus (1.17) aBisiorcest BecbMa 0OmmME

4 TIpocrorta momemn Hasbe CTOKca cBsfA3aHa ¢ TeM, 9TO B Heil OTCYTCTBYIOT Pa3pLIBHBIC
perenus.
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¥ OIUPAIOTCST BCEIO Ha JIBA JIOMYIIEHHsI: a) TeJIO SBJISeTCsS TPEXMEPHBIM MHOI000-
pasuem; 6) B KaXKJI0# TOUKe cpeJibl AeficTBYeT TOJLKO OJINH CUJIOBOI Ten3op. s
Hero Ko ycranas/imBaeT CBOICTBA

T, =n-T, T, +T_,=0. (1.18)

Tenzop pedopmannii 6611 BBejIeH 2K. Jlarpanzkem. Kormm moctympyer JInHei-
HYIO CBSI3b MEXKJy TeH30paMu HalpsKeHuil n jgedopMaliuii, T. e. 1aeT odbodienme
3akoHa ynpyroctu ['yka-Mapuorra

tT=C--¢, d--C=C-.--d=0, Vd=-d, (1.19)

rie C nasbiBaeTcsl TeH30poM yipyroctu. B obmem ciaydae Terzop C umeer 36
HE3aBUCHUMBIX KOMIIOHEHT, a JIjIs U30TPOITHOTO TeJla UMEETCs BCEro JIBa MOJLYJIA
YIPYTOCTH.

Bce pesysibrarhl 10 JIMHEHHON TEOPUHU YIPYTOCTH, COXPAHUBIINE CBOE OCHO-
BoOIIOJIaraolee 3uadenne, Komm moydus MeHee dem 3a roj. B Tedenue mocie-
nytormux 15 jer Komm mblTaeTcs yaydmuTh mocTpoennst HaBbe. DToMy Takzke
MOCBATIEH PsAJi paboT JApyroro Bbijatorierocs maremarnka Cumeona Jlenm Ilyac-
cona (1781-1840). Kak m3BecTHO, 9TH yCHJINs HE YBEHUAJNCH YCIIEXOM, HA UTO
caejlyeT oOpaTUTh BHUMAHUE IPHU OIEHKE JOCTOMHCTB U HEJOCTATKOB IPSMOIO
M0/TX0/1a K MTOCTPOEHUIO MOJIE el CILIONTHBIX CPE/I.

Cy1ecTBeHHOE JONOJTHEHIE K Teoprun yipyroctu Jitnepa—Kormm ObLIO c/ea-
HO OJIHUM U3 [EePBBIX aHMmiicKkux MareMaTukoB Jlxxopkem ['punom (1793-1841)
B pabore “O 3aKOHAX OTPayKeHUs U IPEJOMJIEHUs] CBeTa Ha 00IIell IOBEePXHOCTH
JBYX HeKpucTasmndeckux cper’ (1839).

B ykazannom tpyie /2. I'pun 1101pobHO 00Cy KI8T MOTBITKIA BHIBECTH YPaB-
HEHUST TEOPUN YIIPYTOCTU M3 KOPIYCKY/ISPHBIX MPEJCTaBICHUIT U Jlajiee TOBOPUT:
“... boaee HAEHCHBIM MEMOJOM NPEOCABAAECMCA BLIOPAML 8 KAUECMEE 0CHOGYL
Kaxot-nubydo obwull dusuveckuti npuHyun, a He ucroumsv U3 ONPeoeeHMHO-
20 cnocoba deticmeus, KOmMopwil, 6 KOHUE KOHUOS, MOHCEM ZHAYUMENDHO OM-
AUMAMBCA OM MO20 METAHUIMA, KOMOPHLIM NOAL3YEMCA npupoda. ... I[Ipunyun,
U3OPaAHHLIT 6 Kavecmee 0cHosbl paccysrcdenuti 6 amoti pabome, MaKos: Karxum Ovi
obpasom nu deticmeosasu dpye wa Opyea saemernmol 410000 MAMEPUANLHOT CU-
cmemol, ecau 6ce Jeticmeyouue BHYMPEHHUE CUABL NOMHOACUMD HA IAEMEHMDL
UT COOMBEMCMBYWUL HANPABAEHUT, 00Wan CYmma i A10000 onpedesennoli
wacmu meaa 6cezda 6ydem noarvim dugdgepenvyuanom nexomopot gymruyuu” 18],
c. 110. MaremaTuieckoe BbIpaKeHIE CKa3aHHOTO ['puHOM MMeeT BU/T

dU =T - - de, (1.20)
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riie U— sueprus jpedpopmaruu. OTciojia ciaeayior dopmysl ['puna

dU d’u

T:E = C:dede'

(1.21)

B jaHHOM citydae 9Yucjio YIpyrux MOCTOSHHBIX MOXKHO COKpaTuTh 710 21. Cpas-
rnTeabHo negasno B. B. Hosoxmios [19] mokaszast, 9To cymecTBeHHbl TOJIBKO 13
komronenT. @opmysisr (1.17)—(1.21) cocTaBasgi0T 0OCHOBY COBPEMEHHOIT JTMHEHHOM
Teopun yupyroctu. Iloguepknem, 4To Bce 3TN ypaBHEHUS OBLIN TOJIyUeHbl U3
OOIINX 3aKOHOB MEXaHUKHU, TPUMEHEHHBIX K aDCTPAKTHON CILIONTHON cpe/jie, a IMo-
IBITKN YIECTh JIEHCTBUTE/IHLHOE CTPOEHIE BEIeCTBA OKA3aINCh He3aBePITeHHBIMU.
[Tocnennss 3aja4da He HaILIa MOJHOTO PENIeHNs U B HACTOSAIIEE BPEMH.

[Tocse cozpanust Teopun yupyroctu ditnepa—Komu—I'puHa HacTymia HoBast
S10Xa B pa3pabOTKe MPUKJ/IAHBIX TEOPHUil cTepKHEll, TIacTul n odostouek. [Ipu-
YeM 9TU TEOPUU CTAJU BLIBOJIUTHLCA KaK OoJjiee NI MeHee JIOTHIECKHUe CJIe/ICTBUA
u3 Teopun ynpyroctu. [lepBbIMU K BBIBOY ypaBHEHUIT TEOPUU ILJIACTUH U3 yPaB-
Heruit reopun ynpyrocrun obparminch Kormn (1828) u Ilyaccon (1829). Ouu mc-
MOJTH30BAJIN PA3JIOYKEHUS 110 CTEIeHAM TOJIIUHHON KOOP/IMHATHI U OI'PAHIMIUINCH
ToJIbKO Hu3muMu diaeHamu. Meron Komu—Ilyaccona moaseprest KpuTuke co CTO-
porbl B. jie Cen-Benana (1797-1886). Kputnka Cen-Benana usioxkena B mpume-
JaHusx K ppaniy3ckomy repeoay Kanru A. Kiebma “Teopust yipyroctu” (1883)
1 CBOJUTCS K COMHEHHUSAM B CXOJIMMOCTH UCIOJIB3yeMbIX pasJyiokenuit. Hecmorps
Ha OTCYTCTBHUE CTPOI'UX J0Ka3aTeabCTB, MeToj Komu—Ilyaccona mmpoKo nemosib-
3yeTcs W B HACTOSAIIEe BpeMs.

B 1850 r. Boimia nepsas pabora ['yeraBa Pobepra Kupxroda (1824-1887)
10 TeOpUH IJIACTHH. B 9T0it paboTe BIepBble BBEJICHBI B PACCMOTPEHNE MUITOTE3bI
Kupxroda u nosydyeno ypapienue Jlarpanxka—z2KepMen BMecTe ¢ JIByMsi KPaeBbl-
mu yestousivu (BMecto Tpex y [lyaccona). B 1859 r. Beixour pabora I'. Kupxroda
[0 TEOPUM CTEpKHEl, B KOTOPOil MCIOJIb30BaH COBEPIIEHHO HEOOLITHBIH MO TeM
BpeMeHaM MeTO/I.

Onucanne ykasaHHOTO MeTo/a MOyKHO Haiitm B kHure Kupxroda ‘“Mexa-
ruka’ [20]. Vaenuk Kupxroda @. [epuHr pacrnpocTpaHmi JaHHBIT METOJI Ha
Teopuio IIacTuH. B ymydmennom Buae meTon Kupxroda m3moxkeHn B JIEKIUIX
Ne 28-30 kuurn “Mexanuka” (1876). Xorst KoHeUHbIe YpaBHEHUST TEOPUHU TLJIACTHH
B miocieHeit Bepcun Kupxroda coBmajaioT ¢ ero mepBoHavaIbHON Bepcueii, cie-
JIyeT Mo TIepKHYThL 1 O60JIbIoe pazandne. Ecan B iepBoit pabore rumnore3nl Kupx-
roda MPUHUMAJINCH AIIPUOPHO, TO B IOcjeHell Bepcun “runore3nl’ Kupxroda
SIBJISTIOTCS CJIEJICTBUEM COUYeTaHUs JBYX BIIOJIHE CTPOTMX METOJIOB: MeTOJIa “BHYT-
peHHIX ypaBHEHUiT” (TO3BOJISIIONIEr0 ONEHUTh ACHMIITOTHIECKNE MOPSAIKNA BCEX
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e )

HAIPsIZKEHWi) 1 MeTo/la ‘KuHeMaTndeckux cootHomenuit” Kupxroda. B o Bpe-
Msl KaK MeTO]l “BHYTPEHHUX YpaBHEHUIl’ COXpaHU/ICS B HEM3MEHHOM BHJIE JIO CHX
0P, KMHEMaTHIeCKNe COOTHOIIEHUs] BBIIIA U3 YIOTPEOJIEHUs, U9TO, BEPOSITHO,
00bsICHSIETCS CYTyDO UCTOPUIECKUMU IIpUIMHAMU. BBOJIsI B pacCMOTpEHNe pacTsi-
JKeHue ToJIUHHO Koopaunarel z = hz', rie —1/2 <z’ < 1/2, Kupxrod Bsogut
B ypaBHEHUS PABHOBECHs U KUHEMaTHUeCKNe YpaBHEeHNs MaJIblil TapaMeTp, mocje
Yero HaXOJUT aCUMIITOTUYECKUE MOPSIIKN BCEX IePEMEHHBIX B IVIABHBIX UJIEHAX.
asnee 13 KMHEeMaTUYEeKNX YPaBHEHUN HEPA3PBIBHOCTU HAXOJATCS AlllPOKCUMa-
AN JIJIs1 TIlepeMelleHnii 110 TOJIIIMHHON KoopanHaTe. HaligeHHbIe almpoKcuMaIun
IIOJICTABJISIIOTCST B (PYHKIIMOHAJ SHEPTUH 1 TPOU3BOINTCST OCPEIHEHUE TI0 TOJIIITITH-
HOIl KoopiHaTe. Pe3yibraToM sBJIsSIeTCs JIBYMEpPHBIN (PYHKIIMOHAJ, U3 KOTOPOIo
clle[lyeT KaK ypaBHEHHe u3rnda IJIACTUH, TaK U JBa KPAEBbIX YCJIOBUS (BMECTO
tpex y Ilyaccona).

Metoy Kupxroda ObL1 ¢ SHTY3HMa3MOM BOCIPUHAT COBPEMEHHUKAME 1 IITUPOKO
npumensiyics. Ero ncnonbzosas A. Kiebmr B ceoeit “Teopuu ympyrocti” (1862). B
9TOIl KHWUTe BIIepBbIe OBLIN BBEJIEHBI B pACCMOTPEHNE YCUINS U MOMEHTBI BMECTO
nanpsizkeunit. OjHako ypasaenus Kiebrna nojsepriuck kputuke A. Jlssa. Ha
ocHoBanun MeTojta Kupxroda Kiebdn nmpaBuibHO yCTaHABIMBAET, YTO B IJIABHOM
qJIeHe TiepepesbIBaoIe YCUIns 00pPAIaoTcst B HYJIb (AaCHMITOTHYECKE MaJIbl 110
CPABHEHUIO ¢ PACTATHBAIONMMHI YCUJINSIMN), U OH UX otOpacbiBaet. JIsB obparmt
BHUMAaHUE HA TO, YTO MAJIOCTh ITePEPE3bIBAIOIINX YCUJIN He T03BOJISIeT UX 0TOPO-
CHUTD, MTOCKOJIbKY OHH BXOJISIT B ypPaBHEHU MOMEHTOB, KOTOPbIE€ TaKyKe sIBJIAIOTCS
MaJTBIMH.

IlepBast moMnbITKA BBIBOJIA YpaBHEHUT Teopuu 000JI09eK U3 YpaBHEHU TeOpUn
yipyroctu Obuta npeanpunsTa . Aporom (1874). Ou ucnosbzosan meron Kupx-
roda n MOJIydmJ BeChbMa CJIOKHBIE YpaBHEHHUs, HO BbIpayKeHUe JIJIsi SHEPIUun y
HETO 0Ka3aJI0Ch TeM Ke, UTO U B Teopuu Iiactun Kupxroda. Pazimmane coctosio
B 9HEPruy U3rnda: BMECTO KPUBU3H J1epOPMUPOBAHHON TJIACTUHBI, CTOSIN pa3-
HOCTH KPUBU3H MOBEPXHOCTH JI0 U Ttocsie gecdbopmarun. OTHAKO TPU BEITUCICHUN
KpUBU3H APOH JIOIYCTHJI HETOTHOCTH.

Poxkienne coBpeMeHHO#T Teopun, BUINMO, CJIe/lyeT ¢Bsi3aTh ¢ pabotamu A. JIs-
Ba (1888), A. Baccera (1892) u X. JIsmba (1890). B mesom, pesynbrars! JIsvba u
Baccera noarsepamin Teoputo A. Jlgsa. Creayer ykazaThb, 9ro B pabore A. Jls-
Ba (1888) ucrnosb3oBascs meron Kupxroda-Tepunra 6e3 obpaiieHusi K THIIOTe-
zaMm Kupxroda. B cuibHO paciimpeHHOM BHjie, yUUTbhIBaloleM KpUTuky bBaccera
un JIsmba, pabora JIgBa uzjioxkeHa B IIepBOM H3JaHUU BTOporo Toma Marema-
tuaeckoit Teopun yrnpyrocru” (1893) [21]. B 1903 r. seimia “Harypasbhast dpu-
nocodust’ Tomcona u Tata. Biaarogapst yiadHoMy HM3JI02KEHUIO MaTepuaJia, 9Ta
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KHHUT'a OKa3aJia 00JIbIIoe BIUsSIHUE Ha BCIO MexaHuky. B gacraocTu, Teopusi Kupx-
roda msjaraercs cieayomum oopaszoM. CHadasia GOPMYIUPYIOTCA “THIIOTE3bI
Kupxroda n crpoutcs Bcsi Teopus IIACTUH. TOJIBKO TOCJIE 9TOrO yIOMSHYThIE
“runore3nl’ JoKa3bIBatoTcs MeTogoM Kupxroda. Takzke moctynumt n JIgs Bo BTO-
poum mznanun “‘Maremarudaeckoit Teopun ynpyrocru” (1906), HO it KpaTKoCTH
MeTOJI JJoKa3aTesbcTBa ‘Tunores”’ Kupxroda omycrus. VIMEeHHO 9TO M3JI0KEHUE 1
M3BECTHO HammM dntare/iam 1no kuure [11]. Creyer ykasarh, 9T0 B IEPBOM 13-
JAHUK COJICPYKUTCS 3HAYUTETBHO OOJIbIIee KOJMIECTBO BAPHAHTOB COOTHOIICHMI
VIPYTOCTH.

aJibHeiilee pasBuTie TeOpUU 000JI0UYEK IOILIO0 10 JIBYM CYIIECTBEHHO pa3-
JINYHBIM HallpaBjieHusIM. [lepBoe, HazbIBaeMOe KJIACCHYCCKUM, MPOJIOJIZKIIO UC-
CJIeJIOBaHUSI 110 BBIBOJIY ypaBHEHUIT Teopun 000JIOUEK M3 ypaBHEHUT IIPOCTpaH-
CTBEHHOIT Teopun ynpyroctu. Bropoe HalpaB/ieHne CBSI3aHO C IIPSIMBIM [T0IXO0I0M
K IIOCTPOEeHUI0 Teopun 00oJiouek. CyTh €ero B MOJACIUPOBAHUN 000J0UKK Jedop-
MHUPYEMOIl TOBEPXHOCTHIO U MOC/IEIYIONIEM M3y IeHUN MEXaHUKN TAKUX [TOBEPXHO-
crei.

1.6. HeauHeliHass Teopust ynpyrocTu

Curestytorneil mocjie THAPOMEXaHUKN TPEXMEPHON Teopueil CILIONTHON CpeJibl,
pas3paboTaHHOl B MexaHuKe, Oblia JIMHEiHasl, a II03/IHee 1 HeJUHelHasl Teopusl
yupyrocru. B paHHoM ciiydae HET HeOOXOIMMOCTH JIaBaTh NCTOPUIECKIE CCBLIKM.
CyIecTBy0T MOJIHBIE 0030PbI O JaHHOl Teme, HarpuMep [22]. Kocuemes: Tosibko
TeX acCleKTOB TEOPUU, KOTOpble MMEIOT HEelOCPeJICTBEeHHOe OTHOIIEeHnEe K 00Cy K-
JlaeMbIM BoripocaM. [Ipn n3BEeCTHBIX YCIOBUSX cpejla MOXKET BecTh cedsi Tak, 9To
YACTUIIBI CPEJIbl, KOTOPbIe OBbLIN OJIM3KK 10 JedOpMallin, OCTAIOTCs OJIM3KIMU B
poiiecce Jedopmannn. Takoe 1oBejeHe Cpejibl MOXKHO HA3BATH YIIPYTUM.

C dopmaJibHOI TOUKK 3peHus YIPYIYIO CPely MOXKHO OTOXKJIECTBUTH C IJIa/l-
KuM JinpdepeHImpyeMbIM MHOI00Opa3ueM 1 UCI0JIb30BaTh TaK Ha3bIBAEMOE Ma-
TepruajbHOE WM JIArPAH»KEeBO OIMCcaHue cpejbl. B Takoil cpejie MOXKHO BBECTH
IOHATUsT MaTePUAJIbLHBIX JIMHII, IOBEPXHOCTel 1 00beMOB, KOTOPbLIE B IIPOIECCe
11eOPMHUPOBAHNS COCTOSIT U3 OJHUX U TeX »Ke JaCTHI[. JTU IIOHSITHS HeJIb3sl BBe-
CTU IS WJjieaIbHON KIJIKOCTH WU HEeYIIPyToil cpejibl. [IosToMy B rujipoMexaHmke
HCIIOJIb3YEeTCs IPOCTPAHCTBEHHOE, WJIK SM/IEPOBO, OIKCAHKE, IPU KOTOPOM B JIaH-
HOIl TOYKE CHCTEeMbl oTcuera 3ajaiorcs jase pyukuuu p(x,t) u p(x,t), koropnie
HE CBSI3aHbI ¢ KOHKPETHBIMU YACTUIAMU YKUJIKOCTH.

YucTo npocTpaHCTBEHHOE OIHMCAHKME TBEPJbIX J1eDOPMUDPYEMBIX TeJl B JINTe-
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patype’, BujmMo, He paszpaborano. OcHoBHOE pazamdne MaTepHaJbHOrO U IPOo-
CTPAHCTBEHHOTO OMUCAHNIN MPOSIBJIAETCS B TPAKTOBKE OMPEIE/IAIONINX YPaBHEH NI
[Toapobuee peub 00 3TOM 1OIAET B jlajibHelineM. Ecan orpaHnInTbest paccMOTpe-
HUEM YIPYTHUX TeJl, TO MaTepraJbHOrO OIMUCAHUS BIIOJTHE JIOCTATOTHO JIJIs TIOJTHOTO
aHaJII3a, MMOBEJIEHUS HEJIMHEHHO yIPYToro Teja.

K nacrosiemy BpeMeHu HeJIMHeHAas TeOpUd YIIPYTOCTH Y2Ke 0bpesia KaHOHM-
yecKyio ¢opmy. Bee, uTo HEoOX0UMO ¢ieaTh JIId BOSMOKHOCTH PEIICHUST KOH-
KPETHBIX 3aJ1ad, — 9TO 3aJIaTh BUJI dHEprun jedopmaini (BHYTpeHHel SHeprun,
cBOoOOIHOIT sHEpTHH ). C YHCTO TEOPETHIECKOIT TOUKY 3PEHMUsI 3/1eCh HE CYIIECTBYET
HUKAKUX 1TPobJieM. dHepruto jgedopMalun MOXKHO 3ajaBaTh MPOou3BobHO. OJ1-
HAKO 3Heprus jedopMaliil MaTepUAJIOB, CIIOCOOHBIX YCTOWYMBO CYIIECTBOBATD
JIOCTATOYHO TPOJIOJIKUTE/ILHOE BPeMsI, JTOJIZKHA YIOBIECTBOPATDL HEKNM YCJIOBU-
sIM, M3BECTHBIM IT10JT HAa3BaHUEM JOMOJHUTEIbHBIX HEPABEHCTB B TEOPUN YIIPYTO-
cru [25,26]. [Ipn MmaTeprajbHOM OnncaHnN HAMOO0JIee BAYKHBIM 13 YCJIOBHUIT TAKOTO
POJia ABJISETCA YCJIOBHUE CUJILHON SJTNITHIHOCTHA B CTATHKE WJIA YCJIOBHE CTPOTOi
rurepOOJIMIHOCTH B JIMHAMUKE YIIPYTHUX Te/I. DTO YCJIOBHE 00eCIIednBaeT KOPPEKT-
HOCTb BO3HUKAIONINX KPAeBbIX 3a/1a4. BripoueM, yc/ioBre CUILHOM /TN THIHOCTH
OKAa3bIBAETCSA HEJIOCTATOUHBIM, UTOOBI 0OECTIEYNTh CYIIECTBOBAHNE YCTOWIMBBIX,
T. €. OTPAHUYEHHBIX BO BPEMEHW, PElIeHuil y KOPPEKTHO TOCTABJICHHBIX 3aJ1ad.
B kadecTBe MJIIOCTPAIUN BayKHOCTU YCJIOBHUS CHJIBHON SJTUNTUIHOCTH MOXKHO
yKazaTh CJIEIYIONi pakT: ecjin 3TO YCJIOBUE HAPYIIIECHO, TO CTATHYECKas 3a/1a4a
HEeJIMHENHOM Teopun yIPYrocTH NMeeT HecueTHOEe MHOXKECTBO PellleHMil. JHeprusd
JepopMalliy peabHbIX TEJT 3aBEJIOMO HE MOYKET YJIOBJIETBOPATH YCJIOBUAM CUJIb-
HOI 3JUIMIITUIHOCTH JIJIS JITOOBIX AedopMaIiuii, TOCKOJIbKY 9TO 03HAYAJIO0 OBI CyIIe-
CTBOBaHUE HEPa3PYHMIUMbBIX Tel. PaKTUICCKN BCAKNE MPOSIBICHUS LJIACTUICCKITX
CBOMCTB y TBEPJIbIX TeJ CBA3AHBI C HAPYIIEHUEM YCJOBUN CUILHOMN SJTUITUYHO-
CTU, HO 00 9TOM pedYb IOMJIeT HEMHOI'O ITO37KeE.

Ob61rast cxema IOCTPOEHUsT HEJIMHEITHOW TeopUu yIPYyroCcTU BKJOYAET B cebst
TPH STara, TpudeM cpeja (YIpyruit KOHTHHYYM) PACCMATPUBACTCS KaK TVIAKOE
nnddepennmpyemoe MHOroobpasue. [lepsolii: pazpaboTKa Teopun HaPSXKEHMT
1 BBIBOJ YpaBHEHUI JIBUKCHUs, HE 3aBUCAININX OT CBOWCTB cpeibl. Ha BTOpOM
dTale pacCMaTpPUBAETCS YHMCTO TeoMeTprdecKkas Teopus j1epOPMUPOBAHIS MHO-
roodopasuit u BBOIATCS Mephbl gedopmanyuu. Ha srom sTarne cBoiicTBa cpejibl Tak-
JKe He UMeIoT 3HadeHns. BayKHo TOJIbKO, YTOOBI Cpejy MOYKHO ObLIO Obl CUNTATD
nIa KM MHOrooOpa3meMm. Hakomnerl, Ha TpeTheM 3Talle HAIPSKEHUs CBI3bIBAIOT-

® Ouucanue, ucnoab3yeMoe, Hanpumep, B [23,24] u HasbiBaeMoe 3iiePOBbIM, Ha CAMOM
JleJie sIBJISIeTCsl MaTepUasbHbIM (JIarpaHzKeBbIM ), B KOTOPOM B KA4eCTBE OTCUYETHON BHIGUPAETCsI
aKTyaIbHasd KOH(UTYPAITHSI.



1.7. O mpsMbIx moJaxogax K MOCTPOEHHIO KOHTHHYAJbHBIX TeOPHit 41

cs ¢ jiepopMalIusiMu TIOCPEJICTBOM TaK Ha3bIBAEMbIX OIPEIC/IAIONINX YPABHEHUI.
menno noceanne (pukcupyoT pu3ndeckne CBoiCTBa paccMaTpUBaeMOil Cpe/ibl.

Omnucannast cxema BIiepBble Obli1a BBejieHa JI. DitjiepoM Mpu MOCTPOEHNN TeO-
puM TOHKHUX cTepzKHeil, a B 1822 1. Obliia pacipocTpaHeHa Ha TPeXMEPHbIE CPEeJIbl
u cymecrsedHo pasputa O. Komm. C Tex mnop oHa (haKTUIECKH OCTAeTCS HEU3-
MeHHOIi. BoJsiee Toro, camraercs, 9TO yKasaHHBIH TOJIX0J] COXPAHSIET CBOIO CHITY
HEe TOJIBKO JIJIs YIPYTHX CpeJl, HO CIIPaBeJINB W MPU OOJBIINX HEYIPYTuX Je-
dopmarnusx. Mexk 1y TeMm, onmcanHas cxema UMeeT OrpaHuYeHHY0 00J1acThb IIPU-
MEHUMOCTH JlazKe JJIst yIPyTuX cpejl. [eiicTBUTe/IbHO, ¢ MO3UINN YUCTOH JIOTUKN
HEJTb3s1 YTBEPXKJIaTh, UTO HAIIPSIPKEHUs CBI3aHbl IMEHHO C TeMI MepaMu jiepopMa-
11T, KOTOPhIE OPOXKIAIOTCS IUCTO T'eOMETPUUIECKUME PaccyzkaeHnsMu. K Tomy
’Ke, B 00IeM cjiydae, 9TX Mep jiebopMaliiii MozKeT ObITH Topas3jio O0JIbIle, YeM
TeH30pOB HanpsizkeHuit. Heyb3s j1azke yTBep:K1aTh, 9TO HAIPSZKEHUST CBSI3aHbI C
neopMaInisiMIM.

st HeylIpyrux MaTepHuaJioB HETPY/IHO MOKa3aTh, YTO HAIPSXKEHUs] B IPUH-
[UIe He ONpeae/IAioTcd MepaMu JedopMalind B OOMIEIPUHATOM CMBICTE JlarKe
IpU ydere IpeblcTopun npouecca. st MyJIbTHIIONAPHBIX YIIPYTUX CPEJl, KOTO-
pble MOJCJIUPYIOTCSA OCHAIIEHHBIMI MHOI00OpPa3MsAME, OIMCAHHAS CXeMa, IIPAKTH-
d4ecKr He cpadaThiBaerT U HEeOOXOINMO WCIIOJIB30BaTh JApyroit momxon (cm. [Tpu-
noxkerne J). Mepamu jgedopmalinu caeyer cIuTaTbh 0ObEeKThI, Ha N3MEHEHHsIX
KOTOPBIX COBEPIIAl0T PabOTy TEH30pbl UCTUHHBLIX Hamnpshkenuit Komm. Ciryuaii-
HO 0Ka3aJI0Ch, UTO B KJIACCHIECKOI TEOPUHU YIPYTOCTH HEIOJISIPHBIX CPeJl JaHHOEe
orpejiesienne JepopMaliii COBIAJIO C YHCTO MeOMETPUICCKUMU MTOCTPOCHUSIMU.
OrpoMmHBIiT 1, pazyMeeTcst, BIIOJTHE 3acay Kennblit ycrex Teopun O. Kormmm mpuses
K TOMY, 9TO pa3paboTaHHasi CXeMa, [IOCTPOEHUsI TEOPUN YIIPYTOCTH CTaJa UCIIOJIb-

30BaTbCd OAJIEKO 3a IIpeaciaMu ee HpI/IMeHI/IMOCTI/I6.

1.7. O mpsgMbIX HOax0ogaxX K IIOCTPOEHUIIO
KOHTUHYAJbHBIX TEOPUIil

[IpsiMBbIMU yCJIOBUMCST HA3BIBATD T10JIX0/IbI, OCHOBAHHBIE HA ITPUMEHEHUH 3aK0-
HOB MEXaHMKHN K aDCTPaKTHOM CILIONIHON cpejie. [IpuMmepbl ncoab30BaHms Hpsi-
MBIX ITIOJIXOJIOB JOCTABJIAIOT: Teopusl BepHy/in rmOKuxX HUTE, Teopusl cTeprKHell
Ditnepa, Teopust yrnpyroctu Kommu—I'puna, Teopust nsrnda mactul Jlarpanzka—
2Kepwmen.

6 JTomosHnTeIbHOE 06CYZKIEHNE STUX BOIIPOCOB U HEKOTOPBIE IyTH WX Pa3pelleHns IIpe/l-
crasjenbl B [Ipunoxkenun G. ([Ipumeu. ped.)
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[Ipu mpsSIMBIX MOJIX0/IaX BOIPOCH 0O0CHOBAHMST MOJTy9AeMBIX yPABHEHMUIT 0CTa-
IOTCSL B CTOPOHE U JIOJIZKHBI PEIIATLCST OTAEIBHO, UTO SIBJIAETCA BEChMa, CIIOXKHOT
pobsiemoit. Harmpumep, Kiaccinaeckast Teopust yupyroctu 000CHOBaHA TOJIBKO IKC-
IepUMEHTAJILHO; 00JIACTH €€ IPUMEHUMOCTH OYepUeHa, MO-CYIIECTBY, TOJLKO Ha
MHTYUTHBHOM YDOBHE. B TO 7Ke BpeMsi TeopHsi CTepKHeil 1 KJIaCCHIeCKast Teopus
obostotek Tuma JIsBa 0060CHOBAHBI ¢ MO3UIUIT TPEXMEPHOH TEOPHU YIIPYTOCTH.
Koneuno, 66110 ObI XOPOIIIO, ecyii Obl BCe BAPHAHTHI TEOPUN 000JI04UeK, HEOOX0IH-
Mble JIIsl IPUKJIAIHBIX T1eefi, MOKHO ObLJIO Obl BHIBECTH U3 TPEXMEPHOI Teophn
yupyrocti. Ho 9170 HEBO3MOKHO 10 JBYM OCHOBHBIM nputniaM. [lepsast: morne
TT0JIC3HbIE TIPUKJIAJIHBIC TEOPUH 000JI0UEK, BUINMO, HEIb3s 0DOCHOBATDH M3-3a OT-
CYTCTBHUS KPUTEPUEB JIOCTOBEPHOCTH; HEKOTOPbIE XapaKTEePUCTUKN TAKUX TEOPHil
IPUOJIIYKEHHO COBIAJIAIOT C TPEXMEPHBIMH, JIPYTHE — JaKe KaueCTBEHHO HE COB-
I1a/1A10T ¢ TpexMepHbIMI. Bropas: BO MHOTHX CJIydasix, HCCIEAYEMbIX ¢ MO3UIHI
Teopun 000JI0UEK, TPeXMepHast Teopus BOOOIIE OTCYTCTBYeT. TaKoBa, HAIIPUMED,
TeopHst MATKUX (M3 TKaHeil) 060/10UeK Wi Teopust 6uosorndecknx MemMopan [27].
K sromy Kitaccy 060/109€K OTHOCSTCS CIydan, KOT/ia TOBEPXHOCTHAST SHEPT U CTa-
HOBUTCSI CPABHUMOIL ¢ 00'beMHOiI dHEepruei (pa3Horo po/ia IJIEHKU, BKJIIOYasl IIbe-
309JIEKTPUIECKIIE).

[Tocse cozpanus Teopun yupyrocTu mnepBoii paboToil, B KOTOPOil paccMaTpu-
BaJINCh TEOPUU CTEPrKHEN, IJIACTUH U 000JI0YEK 1 TPEXMEPHBIE CILIONIHBIE CPEJIbI
¢ mo3uIuii mpsiMoro mnojxo/a, obuta kanra K. u @. Koccepa (1909). losiroe Bpemst
nosixoj1 Koccepa Bbinagaln us mnoJist 3perust ucciaegopareseit. OpHako, HaUNHAS C
paboter K. Tpycaemna u JIx. Dpukcena (1958), 9T0T M0X0/] HAYAT HHTEHCUB-
HO Pa3BUBATbLCH, TVIABHBIM 00pa30oM, B paboTax 3apyOerKHbIX HccjaegoBaTeneil. B
CCCP noyiobubie paboThl He MPOBOININCD.

Mpu1 He OyjieM onmchbIBaTh Beex JlocTHXKeHnit Koccepa m ux rocjejoBareseii,
XOTd 3/1eCh U MOJIyIeHbl BayKHbIE PE3YJIbTAThI, MTOCKOJBLKY 3TOT TOJIXO/] B JIaHHO
KHUTI'e He UCIoJib3yeTcs. OnuiineM KOPOTKO TOJBKO OCHOBHYIO 1jeto. bparbs Koc-
cepa BBOJAT B PACCMOTpEHNe yIPYThil KOHTUHYYM, KaKJI0€ TeJI0-TOUKa KOTOPOTro
MOXKET UCHBITHIBATH CMEIeHNs 1 He3aBUCHMbIE TTOBOPOTHI. YPYTUuil KOHTUHYYM
MOYKET OBITh OJIHOMEDHBIM (CTEPKHN ), JIByMEPHBIM (000JI0UKHN) WK TPEXMEPHBIM
(korTuryyM™ Koccepa). Jlasee B paccMoTpenne BBOAUTCSA (DYHKIIMOHAT €BKJINI0BA,
JeiicTBud (L[GﬁCTBI/IH 110 FaMMﬂbTOHy), KOTOPDLII OIlpe/ieieH Ha MHOXKECTBE BEKTO-
pPOB cMerieHnii 1 moBopoToB. OCHOBHBIC YPaBHEHUsI BLIBOJSITCS U3 YCJIOBUI CTa~
[IIOHAPHOCTH 9TOro (PyHKIMOHAJIA.

C Teoperndeckoii TOUKN 3peHusi 1Mojaxo/1 Koccepa XoTst 1 orpaHudeH, HO JIO-
rudeckn 6e3ynpeden. OHAKO 9Ty TEOPUIO OYEHb HEIPOCTO UCIOJIL30BAThH B IIPH-
KJIQJIHBIX Teasax. KonedHo, Korja OoTBET 3apaHee M3BECTEH, TO HETPYIHO IO0-
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OpaTh COOTBETCTBYIONINI (PYHKIIMOHAJ, HO 9TOI0 HEJ0CTATOUHO. VIMetoTes u Jpy-
rue TpyaHoctu. B teopun Koccepa “yemmmst” u “MOMEHTBI OINPEIEIAIOTCS KaK
IIPOM3BOJIHLIE OT JIarpaH:KiaHa U OKa3bIBAIOTCS OTJIMYHBIMU OT HACTOAIINX YCH-
JINIT 1 MOMEHTOB, ¢ KOTOPBIMU IIPUBLIK UMETh JIeJI0 HHKeHep-pacueTdnk. laJee,
BapuallllOHHAsl [I0CTAHOBKA, MMeeT MHOI'O JIOCTOMHCTB, HO UMEeT U HeJOCTATKH,
CBSI3aHHBIE C HCIOJIL30BaHUEM SHepruu. KoHeuHO, B T€OPeTUYeCKOM OTHOIIEHUIH
3J1eCh HeT HUKAKUX [IPOOJIEM, OJHAKO B IIPUKJIAJHOM ILIaHE 9TH IPOOJIeMbl BeCh-
Ma cymiecTBeHHbI. [lesio B TOM, 9TO (DYHKIMOHAJ SHEPIuH KpaiiHe KPUTUYEeH K
CKPBITBIM HEKOHCEPBATUBHOCTSM, HEYYTEHHBIM ITOTEPSIM SHEPIUu U T. JI.

[IpuBesem ojiHy HMIKOJIBHYIO 3a/1a49y: Ha abCOJIOTHO IUIAJ KON ITOBEPXHOCTH Jie-
JKAT CBepHyTas B “KOMOYEK IIeIb C IIONOHHOI IJIOTHOCTBIO P; 3aTeM KOHEIl 3TOil
el HAYMHAIOT BBITSITUBATL C IOCTOSIHHON CKOPOCTBIO V TaK, UTO BCE OOJIBLIIASI
9acTh NN MPUXOIUT B JIBIZKeHHe (“KOMOUYEeK’ OCTAeTCsl HEMOJBUKHBIM); CIIpa-
[IIIBAETCsI, KaKasl CUJIa JIOJYKHA OBITH IIPUIOXKEHA K KOHILY IeIn’

Pentenme I: [lepBoiit 3aKkoH JuHamMuku Diijiepa

d;lv =F, m(t) = ps(t), % =V = F = pv?,

rje s(t) — amHa BBITAHYTONH YACTU IIEIIN.

Pemenmne II: YpaBuenue Oajtanca sHepruu

d mv? pV?
TR A A N

s cuibl F ostyamn pa3uble oTBeTHI. [IpaBuibHbBIN OTBET JlaeT MepBhIil 3a-
KOH JItHaMUKU. [Ipn BTOpOM 10JIX0/e CIeyeT UCKATh CKPBIThIE YTeUKN SHEPIUN.
Koneuno, oHI Bcerjia HaXo/sITCsd, HO He BCErJia SCHO, YTO UX HAJI0 MCKATD.

MozkHO ObLIO ObI Ha3BATh W COBPEMEHHbIE PAaOOTBI 110 TEOPHUH ILJIACTUH, IJe
JIOTTYIIEHBI OIMOKN aHAJIOITIHOIO THIIA.

Ob6paTtumcst K Teopurt 000JI09eK U PACCMOTPUM SHEPreTHIecKuil (BapualioH-
HbIT) To/1x0/1. YacTo moctynaroT Tak. BepyT sHepru TpexMepHOro Teja. 3aTeM
ee OCPEJIHSIOT TeM WU MHBIM CIIOCOOOM U IIOJIyJaloT JIBYMEPHBIH (hyHKIIMOHAJ
SHEPIUH; MOCJeIHsAs IPUIIChIBacTCs 060a0uKe. Bepro jm sto? Her, nesepno’,
160 TpexMepHast SHEPIUs YINTBIBAET SHEPTHIO TeX JBUKEHUN YacTUIl 000JTOUKI —
TPEXMEPHOTO Tejia, KOTOPble HUKAK He CKa3bIBAIOTCH Ha JIBUXKEHUN COOCTBEHHO
JIByMepHOit 060s10ukn. B TO »Ke BpeMsi 3aKOHBI JUHAMUKK Diljiepa COBEpIIeHHO
HEe YyBCTBUTEJILHBI K I10JIOOHOTO pojia obcTosgTe/bcTBaM. BermoMuuM, 910 ypas-
HEHUS JIBUZKEHUsT 00OJIOUKM MOTYT OBITH TMOJIYIEHBI U3 TPEXMEPHBIX ypPaBHEHUIH

JIBUZKEHUS [TOCPEJICTBOM BIIOJIHE TOYHBIX Ollepaliuii ocpeHEHNS].

T o Gyzer BepHO [28] TOBLKO B TOM cilydae, KOrjla JOIMYCTHMO MCHOIb30BATh IMIIOTE3bI
Kupxroda—/lssa.
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CkazaHHoe HM B KOEM CJlydae HeJIb3s BOCHPUHUMATH KaK KPUTHKY IOJIX0/a
Koccepa. Pabora Koccepa BHecs1a BblIarONIUiica BKJIa/ B MEXaHUKY JiebopMupye-
MOl CpeJibl, 1 ee MOJIE3HOCTh Y2Ke J0Ka3aHa B MHOTOUYMCJIEHHBIX paboTax. [Ipocto
ee IPUJIOZKEHNEe K TEXHMIECKNM 3ajadaM TpeOyeT M3BEeCTHONH OCTOPOYKHOCTHU, a Y
NHKeHepa 3a4aCTyio HEeT BPeMeHM JiJisi 00 yMbIBaHUsI BCEX acIIeKTOB 3a/1adi: OH
BBbIJICJIET TJIAaBHOE U PAbOTaeT TOJIBKO ¢ HUM. [ToaTOMy HYKHBI TapaHTHH, JI0CTaB-
JisieMble 3aKOHAMU JIMHAMUKEI DiljIepa.

B 1iesiom ojixor Koccepa o3navdaeT pajuKaabHbIN OTX0J] OT FeHepaJbHON JTH-
Hun Beprynnn—9itiepa—Komm. B maHHO#l KHUre Mbl BepHEMCsI K 9TOi JIMHUM.
O3HAKOMHUTbLCSI ¢ pasBuTHeM Teopuu Koccepa MOKHO 110 paboTaM, COJePIKAIIITM-
sl B crucKe Jjinrepatypsl, u 110 o63opy 11. M. Haxu [29].

1.8. (I)YHﬂaMeHTaJIbHBIe 3aKOHbI MEXaHNKN
n TepMOJANMHAMUKN

CoBpeMenHast palioHa/bHasd MeXaHUKa OCHOBaHa Ha deThIpex (yHIaMeH-
TaJLHBIX 3aKOHAX: JIBYX 3aKOHAX JUHAMUKY Dilaepa n JByX HauaJIax TePMOIHA-
muku. Cymiecrsyronye GOpMyJINPOBKI 3TUX 3aKOHOB U JOHOJIHSIONAS X TeOPUsT
OLIPEJIC/ISIONNX YPABHEHUI TIO3BOJISIIOT BIIOJIHE YJOBJIETBOPUTEILHO OINCHLIBATD
KJIACCHYECKUE YIPYTHE CPeAbl 6€3 paspblBOB CILIOIMIHOCTH, XUMIYECKUX IPEBPa-
menuii, GpasoBbIX nepexonos n T. j1. OJHaKO yzKe ydeT HeyIpYTuX CBOHCTB MaTe-
praJia HOPOXKIAET BECbMa Cepbe3HbIe IPOOJIEMbI, KOTOPBIE JI0 CUX II0P OCTAIOTCSI
repereHabiMu (eM. [30]). MoxkHO yKazaTh MHOXKECTBO JIDYTUX sIBJIEHUIT, KOTOPbIE
HE OIMCBLIBAIOTCS U HE MOI'YT OBITH ONUCAHDI CYIIECTBYIONMMU TCOPUSIMU.

[TobITKY IPEo10/1eTh BO3HUKAIOIINE IPOOIEMbI Ha OCHOBE PA3HOI0 POJIA 4aCT-
HBIX JIONYINEHUI IPEJIPUHAMAIOTCS B TedeHne MHOIMX jecaruaeruii. Moxno jm
CUNTATHL TU HOILITKU BIIOJIHE yenemubiMu? Buaumo, nenbss. CBuueTeLcTBOM
9TOMY SIBJIAIOTCS, HAIIpUMeED, COBPEMEHHbIE paOOThI 110 TeOPUH IJIACTUIHOCTH, aB-
TOPDLI KOTOPBIX IIPEJIJIAraoT BCE HOBBIE ¥ HOBBLIC BADUAHTHI TEOPUH [LJIACTUIHOCTH.
Hugero 110106H010 He HabJII0JAeTCd, HAIIPUMED, B HeJIMHEIHO TeOpuH yIIPYTOCTH,
rJe pasBUTHE TEOPUHM HOCUT IIOCTYIATEIBLHDBIA U MPEeMCTBEHHBIN XapaKkTep, T. €.
K CYLIECTBYIOUMM Pe3y/IbTaTaM J00aB/IsSIOTCA HOBLIE PE3YJILTATHI, JOIIOJIHSIONIE,
HO HE OTBepraloliue ykKe cylecrsylonye. Pagee ynoMunajach Teopust IL1acTHy-
HOCTH I10 TOfi IIPUYKHE, 9TO IOCTPOCHUE YJIOBICTBOPUTEILHON TEOPUN HEYIPYIHX
CpeJl Ha CaMOM JIeJIe peliaeT MHOXKECTBO JIDYIUX HPOOJIeM, HeIOCPEICTBEHHO He
CBSI3AHHLIX C T€OpHell IIaCTHYHOCTH.

YUro Ke dABJisieTcsl IVIABHON HPUYMHON CTOJIb PAa3UTEILHOIO HECXOICTBA, TEO-
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puit ynpyrux u Heynpyrux cpeji? Ilo Halmemy MHEHUIO, OTBET 3aKJIIOYACTCS B
caemyionieM. Bo-TiepBbIX, ycrex obecnedmBaeTcs TeM, 9TO YIPYTHe CPebl MOTYT
MOJICJTIPOBATHCS TUIaIKUM JuddepeHnnpyeMbiM MHOTOOOpa3neM. Bo-BTOpbIX, Cy-
ecTBytoIe hopMyJIUPOBKH (DYHIaMEHTAJIBHBIX 3aKOHOB MEXaHUKU COJIepKaT
B cebe BCe 9JIeMEHTDI, HeOOXO/IUMbIe JIJIi CTPOrOTO MOCTPOEHUST TEOPUU YIPYTHX
Cpe.

s Heynmpyrux cpeji 0TKas3 OT MJIen IV IKoro indepeHImpyemMoro MHOT000-
pasusi sABJIIeTCsl HeOOXOIMMOCTBIO — 9TO TJIaBHas HepelleHHas 1mpobsema. Kpome
Toro, pyHaMeHTaTbHbIC 3aKOHBl MEXaHUKI HYXKIAI0TCSI B HEKOTOPBIX YTOUHEHNU-
X 1 JonoHennax. [lepeuncanm HeKoTOpbie U3 HUX.

Ilepsoe. OyHaMeHTaIbHBIE 3AKOHBI JIOJXKHBI (POPMYJINPOBATHCST J1J1s1 OTKPbI-
TBIX CHCTEM, OOMEHUBAIOIIIXCSA CO CBOUM OKPYKEHUEM MACCOI, KOJIMIECTBOM JIBU-
JKeHWsT, KUHeTHIeCKUM MOMEHTOM 1 sueprueil. Ckazamnoe HeOOXO MO, €CJTH MBI
XOTHUM OINCHIBATH TaKue siBJICHUs, KaK parMeHTalldsl MaTepuaJa, 3apoxKiIeHie
TpenuH, obpa3oBaHNEe TaK Ha3bIBAEMbIX KBAHTOBBIX TOUYEK W IEJbIH psijl JIpy-
rux ¢gakToB. [Ipn peaymszanyuym cKazaHHOIO TPUXOJAUTCHA BBOJUTL JIBE HE3ABUCH-
MBIX (DYHKITNH, OTTICBIBAIONINX pacipejiesienne YacTUIl 1 MAacChl B ITPOCTPAHCTBE.
IMeHHO 9TO 06CTOATEILCTBO HE YINTBIBAETCS BO BCEX CYIIECTBYIONINX TEOPUIX.
Hamnpumep, ipu o6pa3oBaHiu pa3pbiBOB (TPEIUH) Ha JIMHUN PA3PhIBA TPOUCKOUT
KaK ObI yJIBOEHUE YNCJIa YACTHIL, XOTS MaccoBas IJIOTHOCTH TP 9TOM He MeHIeT-
cd. [loaromy K crnmcKy QyHiaMeHTaJIbHbIX 3aKOHOB HEOOXO/IMMO JI00aBJISTh JIBa
HEe3aBHUCHUMBIX 3aKOHA: ypaBHeHUe DaJjlaHca Macchl U ypaBHeHUe OajiaHca JacTHull.
[TojruepkHeM, 4TO 9TO HEOOXOAUMO JIeJIaTh JazKe I OJHOKOMIIOHEHTHBIX cpejl. B
JACTHOCTHU, 3TO HEOOXOAMMO JIJIT KOPPEKTHOTO BBEJCHUS TAK HA3BIBAEMOTI'O XM~
YeCKOT'0 IOTEHINaa, O KOTOPOM OyJIeT CKa3aHO HECKOJIBKO CJIOB B JlaJibHEIeM.

Bmopoe. Heobxogumo 0ojiee TOYHO YUNTHIBATH CIIMHOPHbBIC JIBUYKEHUS U, CO-
OTBETCTBEHHO, 0OoJiee TOUYHO (POPMYJIUPOBATH BTOPOIl 3aKOH JIMHAMHUKHU Diijiepa.
Baxkmnyto posib B JJAHHOM CJIydae UTpaeT TeopeMa O IPeJICTaBJIeHNN TeH30Pa M10-
Bopora (cM. [31]). Kpome Toro, Heobxomumo gath 6ostee obiee onpe/ieseHne Mo-
MEHTa, He CBOJISINEr0Cs K MOMEHTY CUJIbI. DTH (paKTOPhI UT'PAIOT OIPEJICISIONTYIO
pPOJIb B TeOpuu, HaIlpuMep, peppOMAarinTHBIX MATEPHAJIOB.

Tpemwve 00CTOATE/IHLCTBO CBA3AHO C TOJIHON (POPMYJTMPOBKOI ypaBHEeHUs Oa-
JIAHCA, SHEPI'UH UJIN [1ePBOro HavaJia TepMOAMHAMUKN. B KIaccuiecKoil MexaHuke
9TO ypaBHeHMe Kak (pyHIaMeHTaJ bHbII 3aKkoH He dopmynupyercs. He Brosme
VJIOBJIETBOPUTEIbHA €r0 (POPMYJINPOBKA U B TEPMOJUHAMUIKE, TOCKOJIBKY OTCYT-
CTBYIOT OIIpeJIeJIeHNsT BayKHEHIINX MOHSATUI: SHEPIUU, TeMIIEPATYPbl, SHTPOIINH,
XUMUYECKOIro MOoTeHIua a u T. J. Pazymeercs, B Gojiee mim MeHee M3yUeHHBIX
CUTYyaIsIX WCIOIb30BaHNEe ITHX MOHATHI He BbI3bIBaeT 3arpyanenuii. Opnako B
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MeHee M3YyUYeHHBIX CJIydasix, HaIpuMep IIpU aHaju3e PaJualliOHHOIO CTapeHUs
MaTepuaJa, CUTyalusl OKa3blBaeTcsl 00JIee CJIOKHOIA.

[IepBoe HEoTYETIMBOE ITPEjIcTaBIcHIE 00 SHEPTUU BOSHUKJIO B He3allaMsITHbIE
BpeMeHa. /locTaTouHo BCIOMHUTH 30.40Moe npasuio METAHUKU. 8blU2PbLEaAa 6
cune, NPoOULPHIBALULL 68 NYMA. DTOT 3aKOH IbITaJICT 000CHOBATD €Ille ApUCTOTe b,
B sToM 3aK0HE sHEpPIUs MOSIBJIAETCH 110 Ha3BaHeM padoThl. B 6ojiee oTyeT/nBoOI
dopme ypaBHeHne OajiaHCa SHEPIUM IIOsIBUJIOCH B (bOpPMe HPHUHIINIIA BO3MOXKHBIX
nepemertenuii, mepsasi GopMyIpoBKa Koroporo npunajyiexut V. Bepuysiu [32].
7K. JlarpaHzK NpuHSLIT HPUHIIT BO3MOXKHBIX IIepeMeIeHnil B KaueCcTBe NCXOIHOIO
[I0JIOZKEHN CBOCH aHAJIMTUIECKON MEeXaHUKMA.

HecMmoTpst Ha BCIO CBOIO BayKHOCTD JIJI MEXaQHUKU, IPUHIIAIT BOBMOXKHBIX IIe-
peMerennii He ABJISIETCS TOYHBIM aHaJOrOM ypaBHEHHUs OaJjianca SHEePruud B €ro
cOBpeMeHHOM BHJie. BoJjiee TOro, aTOT NPUHIIUII HE SIBJISETCS HE3aBUCUMBIM yTBEP-
JKJIEHIEM U MOXKeT OBbITh ITOJIyYeH B KAYeCTBe CJIEJICTBUS U3 MTEPBBIX JIBYX 3aKOHOB
IUHAMUIKK. B TO »Ke BpeMsi, IMeHHO IPUHIIAII BO3MOXKHBIX IIepeMeIeHnil HaTOIK-
myn JIxx. [puna [33] Ha mepByto hopMysnpoBKy ypaBHeHust 6ajiaHCa SHEPIUH, B
KOTOPOIl BIIEpBBIE BBOJUTCSA HOBOE JIJIsi KJIACCUUECKON MEXaHUKHU IOHSITHE BHYT-
pEeHHel SHepPruu.

[IpumepHo B 9TO Ke BpeMmsd, T. €. B 1epBoil nosiopuae XIX B., Bo3HUKJIA U
HavaJja MHTEHCUBHO DPa3BUBATLbCs HOBasl HaykKa — TepMojumHamuka. llociiennss
BKJIIOUAET B cedsl yUeHHe O pas3mIHbIX (popMax SHEPIUH U CIocobax ee mepexoa
u3 ojiHOi bopMbI B Jpyryio. HeT HeobxoauMocTn obCcy»K1aTh HCTOPUIO BOBHUKHO-
BEHIs TePMOJIMHAMUKHI, [TOCKOJIbKY OHA U3JI0ZKeHa BO MHOZKecTBe pabor [25,34,35.

MHorue BblaloNIIecss UCCAeI0BaTe/ I CIUTAIOT, YTO TEPMOJUHAMUKA HE Me-
Hee TOYHasl HayKa, 9eM palllOHaJIbHasi MeXaHuKa. Mbl He pasjiessgeM I0g00HOM
MO3UIINH, XOTd, Pa3yMeeTcsd, MOJTHOCTBIO MPU3HAEM BayKHEHITYI0 poJib, KOTOPYIO
urpaeT TepMoJIMHAMIKA B COBpeMeHHOI Hayke. COMHEHUs CBsBAHBI HE C PE3YJib-
TATUBHOI YaCTbIO TEPMOJIMHAMUKH, & UCKJIIOUUTE/IHLHO C €€ JIOTUIeCKUMI OCHOBa~
HusiMu. IIpobiiema 3akodaeTcss B TOM, 9TO TEPMOJMHAMUKA ONEPUPYET C ITOHSI-
THSMU, KOTOPbIE He OIpeJie/ieHbl U He MOTYT ObITh OIpeJie/ieHbl B paMKaxX caMoil
TepMonHaMuKn |36].

[TombITKE 060CHOBATH TEPMOAMHAMUKY B paMKax KJIACCHUCCKON MEXaHUKIS
3aBEJIOMO 0OpeYeHBI Ha HeyAady, 100 Ha caMOM Jiejie TePMOJIMTHAMIKA BBIXOJUT 32
PaMKH KJIACCUIECKON MEXaHUKU, YTO U BIPAXKAETCsI B JIOTOJIHUTEILHOM PUHSI TN
TpeThero QpyHIaMeHTaJbHOTrO 3aKOHA, & WMEHHO B MOCTYJIMPOBAHUN YDPaBHEHUS

8 Tlon kaccuueckoil MexaHnkoil B pusnke (TepMOJMHAMEKE) OOBIYHO MOHUMAIOT HBIOTO-
HOBCKYIO MEXAaHUKY (JacTO aMHJIBTOHOBY MEXAHUKY), KOTODBIE SIBJISIOTCH OYEHb YaCTHBIMU
paszJiesaMn MEXaHUKN.
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bastanca sueprun. CCbUIKE Ha CTATUCTHYECKYIO Gusnky [37] Takrke He KaxKyTCs
yoenuTenbabIMU. [101poOHBII pa3dop 10IX0I0B, MPUHATHIX B TEPMOJIMHAMEIKE W
CTATUCTUICCKON (pU3MKe, JaJeKO BBIXOIUT 3a PaMKH JaHHOI paboThl. OTMmeTnM
TOJIbKO OJiuH hakT. VI3BecTHO 3HaUEHME, KOTOPOE MPUJIACTCA B JTUTEPATYPE TOHSI-
THSIM PaBHOBECHBIX UM HepaBHOBeCHBIX IpolieccoB. Ciemgyer oOpaTuTh BHUMAHHIE
Ha TO, YTO MCIIOJIb30BaHUE 3TUX MPEJACTABJICHUN CBA3aHO HEe C HMPUPOJION BeIleit,
a UCKJIOYUTE/ILHO € HPUHSTBHIM CIIOCOOOM PACCYXKJICHUs] U BBEJICHHS OCHOBHBIX
[IOHSATHIA.

B nasbHeiiem OyzieT MCIOJIB30BaH JPYIroii MOJIX0, P KOTOPOM HE BO3HMU-
KaeT HeOoOXOIMMOCTH B Pa3IMIEeHNN PaBHOBECHBIX I HEPaABHOBECHBIX I1POIECCOB. B
JIAHHOIN KHure Oyer mpusejieHa ooIasi GpopMyJInpOBKa ypaBHEHHUsT OajtaHca SHep-
Ui, KOTOpasi, 110 CYLIECTBY, CJIYKUT OIIpeJle/IeHIeM II0JIHON SHEePIuu CUCTEMBI.
[Ipu sTOM OyeT 1mokasaHo, 9TO IMOHATHE MEXaHUIEeCKOI SHEPIuH, BhITEKAOIIee 13
3aKOHOB JIMHAMUKH, sIBJISETCS] HEJOCTATOUHDBIM.

Mexanndeckasi 9Heprusi He siBJisieTCsl HOBBIM IoHATHEM. 11 ee BBejeHUsI
JIOCTATOYHO HCIIOJIb30BaTh IIepBble JIBa 3aKOHa JMHAMUKHU. Ecjin BHyTpeHHHE u
BHEIIIHIE BO3JICHCTBUSA HE UMEIOT JIMCCUIIATUBHBIX COCTABJISIONINX, TO U3BECTHA
IPOoIIe/lypa He TOJIbKO ITO3BOJISIET BBECTH MEXaHIMIECKYIO SHEPIUIO, HO U J0Ka3aTh
ee coOXpaHEHHe, T. €. MOJyYUTh UHTerpaj sHeprun. K coxKaJeHUuo, ONUCAHHBIN
II0JIXO/I IIPUT'OJEH TOJIBKO B JIOCTATOYHO HPOCTHIX cuTyarusx. OObIYHO BHYTPEH-
HHUE CIJIBI B TeJIaX 3apaHee HEM3BECTHBI 1 IO/I/IeZKAT OIIPEJIe/IEHNUIO.

[TocTynmmpoBanne ypaaenust 6ajanca sneprun mno3sosuao k. 'puny moxa-
3aTh, YTO B YIIPYI'OM TeJie UMEHHO BHYTPEHHsIsI SHEPI'usl IOPOXKIAeT BHYTPEHHHIE
CUJIbI U SIBJISIETCs JIJIsi HUX MOTEHIIMAJIOM. 3aJlaHue BHYTPEeHHel SHepruu 0ObITHO
sIBJIsIeTCsl OoJiee IIPOCTOil 1 OoJiee sICHOI IIpOoLeIypoii, HeXKeIu 3a/iaHie BHYTPEH-
Hux cut. [TonsiTre MexaHUYIeCKOit SHEPIUH TO3BOJIAET MOJTYUUTh IPEIBAPUTEILHOE
1peJicTaBjieHre 00 SHEPrUn, KOTOPOe sIBJISIETCS JOCTATOYHBIM MDY MCCJIeI0BaHNN
OrPOMHOI'0 MHOYKECTBa 3aJa4. 'TeM He MeHee, eCJIi OIPAHNIUTHCA TOJIBKO ITOHATH-
eM MeXaHU4IeCcKOil 9Hepruu, To MHOIUe BayKHbie (DU3MIECKNEe sIBJICHUST OKaXKyTCs
3a paMKaMi MeXaHUKN. B 4acTHOCTH, OCTAlOTCs 3a KaJpOM BCe TeIlJIOBbIE sBJIe-
HUsI, BBEJIEHNE TeMIIePaTyPhl, SHTPOIINN, XUMIYECKOI'O ITOTEHIINA/Ia U YIeT TaKOIro
SIBJIGHUSI, KaK M3JIyIeHHe.

B oTindne o 1mepBhIX JIBYX 3aKOHOB, ypaBHEHHE DaJiaHca SHEPIUN CyMMUPYET
B cebe sIBJIeHUsI caMOil pa3HOil IPUPOIbI, OO BCEe OHU TaK UJIM MHAYe MOI'YT ObITh
oXapaKTepu30BaHbl B TepMuHax sHeprun. O6yiacTh JielicTBUs ypaBHEHUs OaJiaHca
SHEPIUM CTOJIb MIUPOKA, U9TO CYIECTBOBAJIO IeJI0e HATIpABJICHIE B HayKe (dHepre-
TH3M), B KOTOPOM OaJIAHC SHEPIUN CUUTAJICS JOCTATOUHBIM JIJIsi OIMUCAHUS BCETO
cymero. I[locrerieHHO SHepreTw3M BbIIIE U3 YIIOTPeOJIeHNs, HO, TeM He MeHee,
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3HaUYEHUE ypaBHEHUs OajiaHca sHeprun Kak Bceeobiero Murerparopa Beex mpo-
IIECCOB COXPAHM/IOCHh. A caMO ypaBHEHHe Da/laHCa SHEPIUU CTAJIO HEOTbEMJIEMOi
JACThIO MEXaHUKU U (PUBUKH.

U3 najiexoit JpeBHOCTH MPUILIO MPEJICTaBIEHUE O JIBYX TUIAX SHEPIUU: M-
HAMUYIECKOI SHepIrun U npuTdaruBatolieil sueprun. C nuHaMIYIecKoil sHeprueit Bce
SICHO — 3TO KMHeTu4eckas 3Heprusd. [[purarusatomas sgeprusg — 3To TO, YTO CO-
eJIMHSIET COBOKYITHOCTH MEPBUYHBLIX “aTOMOB’ B €JMHOE Hepacla alolneecs Teso
A. Posb npurgarusaromeii sHeprun B paloHaJbHOI MeXaHUKe UrpaeT BHYTPEeH-
HsIsl SHEPTHS.

Bazkneiinyio poJjib B MeXaHUKe HEYIIPYTUX CPeJi UI'PAaeT HeKOe YpaBHEHUE, siB-
JISIOIIEeecs CJIeJICTBUEM 3aKOHOB JUHAMUKN W ypaBHEHUs OaJjianca SHEPrun, Ha3bl-
BaeMoe MMPUBEJCHHBIM ypaBHeHUEeM OaJianca suepruun. Mmenno npu opMyInpos-
Ke MIPUBEIEHHOTO YpaBHeHnst Oatanca SHEPT U BOSHUKAIOT U OITPEJIE/IAIOTCS TaKie
MOHATU, KAK BHYTPEHHsIsI SHEPIUsl, TeMIIepaTypa, SHTPOINSA U XUMUIECKUl 110~
rtennuaj. Crporoe onpejie/ieHre 9TUX MOHSATHI Ha OCHOBE YUCTO MEXaHUIECKIX
paccyzKJIeHnil MPUBOJUTCA BIEPBLIE, W 3Ta 9aCTh PAOOTHI SABJISETCS TTPWHITHII-
aJbHO HOBOM. B nmreparype 1o ¢pusmke n TepMOITHAMIKE YaCTO MOXKHO BCTPeE-
TUTL YTBEpKJleHns Tuia: “XUMIIeCKIM TMOTEHIINAIOM Ha3bIBAETCS ITPOU3BOIHAS
OT BHyTpeHHell (umu cBoOOjHOIT) sHepruu 1o Macce (win ducay dactui)’. [Tpu
9TOM TIOJ[Pa3yMeBAETCsA, UTO BHYTpEHHssT (WM CBOOOJHASI) SHEPIHsl OTKY/Ia-TO
N3BECTHA, XOTs OIPEJIe/ICHIST STUX IMOHSATHIl OTCYTCTBYIOT.

B Tpetbeii ryiaBe OyzieT MoKa3aHo, UTO TMOHATHS SHEPTUU, TEMIIEPATyPbl, JH-
TPOIUN W XUMUYECKOTO MOTEHINA/a BBOJIATCA OJHOBPEMEHHO U 110 OTJETbHOCTH
OIIPe/IeINTh WX MPUHININAJIBHO Helb3sd. MeTonka BBejleHnsT 3TUX MOHATUN T10-
Ka3bIBAET, YTO MOYKHO BBECTH B PACCMOTPEHHE MHOI'O Pa3/JNYHBIX TeMIepaTyp M,
COOTBETCTBEHHO, SHTPOINIL, OTBEYAIONINX PA3HBIM SHEPreTMIecKM rmoTokaM. Ha-
IpruMep, MOYKHO BBECTHU TEMIIEPATYPHI TPAHCIATTMOHHBIX U CIUHOPHBIX JTBUZKEHNI,
TeMIepaTypy paJinallioOHHbIX U3/ydeHuil u T. 1. He MeHee BayKHOI oKa3bIBaeTCsI
POJIb TIPUBEJIEHHOIO YpaBHEHWS Oajianca SHEPIrUU PHU OUpeeeHuN TaKuX I10-
HATUN, KaK Mepbl JedopMarnui. B oTimdue oT Teopun yupyrux cpej, Tje S9TH
MOHATHSA MOTYT OBITH BBEJCHBI Ha OCHOBE YNCTO T€OMETPUUECKUX PACCYKJIEHNI,
B TEOPUU HEYIPYTHUX CPeJl, JJIsd KOTOPHIX OTCYTCTBYET MOHATHE OTCYETHON KOH-
duryparun, reomeTprmIecKnX paccMOTpenuit Hejoctarouno. Mepol medpopmariun
BBOJIATCA KaK OObEKTHI, Ha M3MEHEHNIX KOTOPBIX COBEPIIAIOT PAOOTY TEH30PbI CH-
JIOBBIX I MOMEHTHBIX HampsizkeHuit. [Ipn aTom camu Mepsw! nedpopMarn HaamHAOT
3aBUCETH OT CBOWCTB MaTepuaJa.

PaccmoTpennbie Tpu gpyHIaMEHTAJbHBIX 3aKOHA B HACTOSIIEE BPEMsi, 110 Ha-
eMy MHEHUIO, ICIEPITHIBAIOT CIINCOK (PYHIaMEHTAILHBIX 3aKOHOB MeXaHmKu. O1-
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HAKO IIOYTHU ODIIEIPUHSITO B KAUYeCTBe ellle 0JHOr0 (pyHIaMeHTaIbHOIO 3aKOHa, Me-
XaHIKN PACCMATPHBATH BTOPOIl 3aKOH TEPMOJIMHAMUKNY, B OCHOBAHUI KOTOPOT'O
JIEZKUT OIIBITHBIA (PaKT O TOM, YTO BCSI MeXaHUUeCKasl SHEPIHsl MOKET ObITH IIe-
peBejieHa B TEIJIOBYIO SHEPIUIO, HO MOJHOCTHIO II€PeBeCTU TEILIOBYIO SHEPIUIO B

MEXaHIIECKYTO SHEPIHUIO HEBO3MOXKHO [25,34].

O060011IeHHO TOBOPS, (POPMYJIMPOBKA BTOPOr0 3aKOHA TEPMOJMHAMUKU — 9TO
IIOIILITKA BBECTH HIEI0 HEOOPATUMOCTH MHOIUX HPUPOJIHBIX M TEXHOTEHHBIX IIPO-
IIECCOB B palllOHAILHYIO HayKy. Bo MHOIUX, ec/in He BO BCeX, CIydasiX sl BBeJie-
HUSI U HeOOPATHMOCTH B PACCMaTpPUBAEMBbIE ITPOIECCHI JOCTATOTHO OOBITHOIO
3JIPABOr0 CMbIC/Ia. TeM He MeHee MHOTHX HCCJIeoBaTe el He OCTaB/IsIeT YKeJIaHe
[epeBecTn UJer0 HeoOPATUMOCTH C YPOBHSI 3/IpaBOr0 CMbIC/Ia Ha YPOBEHL (DYyH-
JIAMEHTAJIbHOIO 3aKoHa. MHOrUe 1moJjiaraioT, YTo 3TOT MEePEBOJL YKe OCYIIECTBIICH
GOpPMYIMPOBKOIT BTOPOI'0 3aKOHa TEePMOJMHAMUKU. MbI cuuTaeMm, 9To B JaHHOM
ciIydae JKejaeMoe BbIIaeTcs 3a JefCTBUTEeIbLHOE.

DakTUIecKn B HACTOsIIIEE BPEMs HE CYIIeCTBYeT (hOPMYJIMPOBKU BTOPOIO 3a-
KOHa TePMOJAMHAMUKH, 0OJIaJaloneil Toil »Ke CTeleHbI0 ODIIHOCTHU, KaKoil obJia-
JIAI0T 3aKOHBI JIMHAMUKU U ypaBHeHHe Oajanca sHeprun. OcHOBHag 1podsieMa,
BO3HUKAIOIIAs IIPU TTOIBITKE JIaTh 001y (DOPMYJINPOBKY BTOPOT'O 3aKOHA TEPMO-
JIMHAMUKH, CBsI3aHa CO CJCAYIOMNUM 00CcTosATeIbeTBOM. DyHIaMeHTAIbHbIE 3aKO0-
HBI IIPEJICTABJIAIOT OO0l YTBEP:K IeHHsI, KOTOPble IPUHITUIINAIBLHO HE MOI'YT ObIThH
OIPOBEPTHYTHI SKCIIEpUMEHTaJbHO. [[odyemy Takue yTBeprkjieHHs BCEOOIIEro Xa-
pakTepa BoobIe BO3MOXKHBI? Jlej10 B TOM, 4TO J1t000i (byH/IaMeHTaIbHbBIN 3aKOH
MOKHO BOCIIPUHUMATDL KaK OIpejie/ieHne HeKOi HOBOI BeJinunHbI. [lepBbiii 3aK0oH
JMHAMUKK BBOJIUT B PacCMOTPEHNEe HOBOE IOHsITHE CUJIbl. BTOpOil 3aKOH AuHAMU-
KU BBOJIUT B PACCMOTPEHIE HOBOE IIOHSTHE MOMEHTa. Y paBHEHHE DaJlaHca SHEPrun
BBOJIUT B pacCMOTpEHNE HOBOE MOHsITHE BHyTpeHHell sneprun. Kombunaiust Bcex
TPex 3aKOHOB I103BOJIsIET BBECTU B PACCMOTPEHHE TeMIIepaTypy, SHTPOINIO, XIMU-
JecKuil moreHimast. dTo ke octaercs Ha J0JII0 BTOPOro 3aKOHA TEPMOINHAMUKI !
OH He BBOJUT HUKAKUX HOBBIX IOHATHUI, HO ITOCTYJNPYET HEKNE OrpaHuvueHns Ha

9 Barugae: I1. A. 2KuauHa Ha BTOPOIt 3aKOH TepMOJIMHAMUKH 33 HOCIeAHIe 25 JIeT ero Ha-
YUHOIT JIesTeJbHOCTH CYIIeCTBEHHO M3MEHUINCh. [Ipu moctpoernu Teopun 0607109€K (paboThI
neproga 1965-1980 rr.) I1. A. 2Kwinn npumepKuBaeTcss TpaKTOBKH BTOPOIO 3aKOHA TE€PMO-
nuHaMuKHd, npejmoxkenubrit K. Tpycaemrom, n pasBuBaeTr 3Ty TPAKTOBKY NPUMEHHTETHHO K
JIBYMEpPHBIM MaTepuajbHbiM 00bekTaM. [Ipu moctpoerun obieit Teopun crepxkueit 6] (pabora
2005 r.) I1. A. 2Kwina BooOIiie He yrmoMuHaeT BTOPOil 3aKOH TEPMOJUHAMUKHA B KaKOH ObI TO
HU OBLJIO M3 €ro U3BECTHBIX (POPMYJIMPOBOK. B 3TOM pasjiese cojepKuTcd TpaKTOBKa BTOPOIO
3aKOHA TEPMOJIMHAMUKU, TPEJICTaB/IeHHAasd B cTaThdax “‘Mamemamuveckas meopus Heynpyaur
cped” 2003 r. [38] u “Ochosnvie ypasrerus meopuu neynpyeux cped” 2001 1. [39]. (ITpumen.

ped.)
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y7Ke BBEJIEHHbIe BeJIMUMHBI. DTH OIPAHUYEHUS OTPAarKaloT HAIIM IIPE/ICTaB/ICHHSI
0 XapakTepe IOBeJIeHUs CUCTEMbl 1 HOCSAT OIBITHBIN XapakTep. OTcrolia ciiemyer,
YTO HOBbIE HAOJIIOJEHUs I HOBBIE OIBITHI MOI'YT U3MEHUTDh KaK HAIN IIPeIcTaBIe-
HUSI O TIPUPOJIE CYIIEro, Tak M, CJej0BaTe/lbHO, (POPMYJIUPOBKY BTOPOIO 3aKOHA
TepMogmHAMUKM. 1o 9Toi#f mpuunHe BTOPOIl 3aKOH TEPMOAMHAMUKI B €0 CyIIe-
CTBYIOIIEHl TPAKTOBKE HeJIb3s HAJAEJUTh CTaTyCcoM (byHIaMeHTAJILHOIO 3aK0oHa. B
J00aBJIeHIe K CKA3aHHOMY MOYKHO OTMETHUTH, 9TO B JIIOOOM CJIydae poJib BTOPOIo
3aKOHa, 3aK/II0YaeTCs B IMOJIyIeHUN yTBep:KieHuit Tuna: *“ Ten.so mevwem om 20pAa-
wez20 Kk xonodnomy’. Ho Takoro pojia orpaHudeHus pu HEOOXOJIMMOCTU HETPYIHO
IPUHSITDH 110 COOOParKEHIIM 3/IPaBOI'0 CMbIC/IA, 0e3 CCBLIKHU, He Beera 000CHOBaH-

HOIl, Ha BTOPOil 3aKOH TepMOIMHAMIKHI .

B ocroBannm BTOPOro 3aKOHA TEPMOIMHAMUKI JIEYKUT OIBITHLIN (PaKT O TOM,
YTO BCA MeXaHudeckasi padoTa MOKET OBbITh MepeBejieHa B TEIIO, HO TOJTHOCTHIO
[IePeBeCTH TeIIo B paboTy HEBO3MOXKHO. 3a ITHM SKCIIEPUMEHTAIbHBIM (DaKTOM
CTOUT TeopeTwdeckas ujes (QpyHJaMEeHTaJbHON BayKHOCTH O HeCyIeCTBOBAHUN
M30JIMPOBAHHBIX CHUCTEM, €CJIN TOJILKO TIOJ CUCTEMON He MOHUMATh BCIO MPOSB-
JIEHHYTO U HemnposiByiennyio Beenenmyro. Mexanndeckasi paboTa coBepIiaeTcs pac-
CMaTPUBAEMOI CUCTEMOI, a IIOTOMY OHA TTOJTHOCTBIO OIpeJieieHa 1, CJAe0BaATe /b
HO, MOXKeT ObITh IepeBejieHa B TeII0. B MpOTUBOIOIOKHOCTL 9TOMY TEII0 —
9TO HeKas XapaKTePUCTUKa COCTOTHUS He TOTBKO PACCMATPUBAEMOIl CHCTEMBI, HO
1 ee OKpYy»KeHHs. Terio Hem30e:KHO U3JIydaeTcss U3 CHUCTEMbl, B TOM YHCJIEe U B
HEINPOSIBJIEHHYIO, T. €. He YUYUThIBaeMyIo HaMu, BceleHnyro.

[Ipu BBemeHNE BTOPOIO 3aKOHA TEPMOIUMHAMUKU OOBIUYHO PACCMaTPHBAIOTCSI
TeIJIOBble MallMHbl U UKl KapHo. I To m japyroe MHoHSTHS OTHOCSITCSI, CKO-
pee, K 00J1aCTU TPaBJIONOI00HBIX PACCYKJCHU, HEXKEIN K PaIlMoHaIbHON HayKe.
[1aBHBII HEZOCTATOK PACCyrKJIeHUIl, CBA3aHHBIX C BBEJEHUEM IOHSITUS IUKJIOB,
COCTOUT B TOM, UTO pPaccMaTpPUBaeTCs He caMa CHUCTeMa, & CUCTeMa ILIIC OKpPY-
»kerne. Hampumep, B m30TepMIYIECKOM IIPOIIECCe K CHCTEMe IIOABOINTCS MIN OT-
BOJUTCSI TEILIO OT TepMocTaTa. IIpu 9ToM HCIOo/Ib3yeTcs: HOHATHE PABHOBECHOI'O
poliecca, caMo CyIecTBOBaHUE KOTOPOT'O JIAJIEKO He BCerja BO3MOXKHO. B kade-
cTBe mJuIrocTpalun 3Toro daxra HamoMaIM 3hderT Capapa—Maccona. MoxkHo
CKOJIb YTOJIHO MeJJIeHHO M3MEHATH BHEIIHIOK CIITY, JeOpPMUPYIOIIYI0 00paselr.

TeMm He MeHee IPOoIeCC IJIACTHYECKOro J1epOpMUPOBAHUST HOCUT CKAIKOOOPa3-

10 31ech 3akanumBaerca TekeT crarbu Kuaun I1. A. Mamemamuveckan meopus neynpy-
euz cped / II. A. 2Kunun // Venexu mexanuxu. — 2003. — T. 2, N 4. — C. 3-30. Hanee, 1o
KOHIIa pasjiesa, ciaeayer Teker cratbu Kuaun [1. A. Ochoshvie ypasHerus meopuu Heynpyaur
cped / II. A. 2Kunun // Tpyoww XXVIII semnet wrorv, “Axmyasvrvie npobiemvl MexaHU-
ku”. — CII6., 2001. — N 4. — C. 14-58. (IIpumen. ped.)
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HBI XapakTep, TpPUYeM CKOPOCTb MPOTEKAHUsI CKAYKOOOpa3HBIX U3MEHEHU sB-
JIsieTcsl XapaKTePUCTUKOI Tesla, a He YCI0BUIT HarpyskeHusi. MokHO u3bexKaTb
CKaYKOOOpa3HbIX M3MEHEHUI, €CJIN UCIOJIb30BaTh YKECTKOe HArpy»KeHue, T. €. 3a-
naBaTh He cuiy, a Jedopmanuio. Ho B TakoMm ciiydae Mbl U3ydaeM He CBONHCTBa
MaTepuaJa, a CBOMCTBa CUCTEMbI U3 00Opaslia 1 HarpyzKaroleil Mmamunnbl. VIMeHHO
110 9TOI NPUYMHE SKCIIEPUMEHTATOPHI y2Ke JIJABHO OTKA3aJUCh OT CXEMbl YKECTKOI'O
HarpyKeHus Mpu U3y4YeHUn CBOIMCTB MaTepuaJia.

Ha mexaHuKy CILUIONIHBIX CPeJ BTOPOil 3aKOH TEPMOJMHAMUKN OBLI pacIpo-
crpaten lroremom [34|. Ilpunstas B HacTOsiliee BpeMsi TPAKTOBKA BTOPOTO 3aK0-
Ha TepMOJIMHAMUKN B (hopMe HepaBeHcTBa Kitaysnyca—/lorema OblLta mpeioxe-
wa K. Tpycnemnom B 1960 r. [22] u siButack passutuem uieit Tiorema. B nanuoit
pabote OyJieT MCIIOJIb30BaHa JIPyras CXeMa BBEJICHHUsSI BTOPOTO 3aKOHA TEPMOJIU-
HAMUKI U TOHATUS SHTPOINNN, KOTOPas B OOJIBbIIEH CTENeHn ONMMpPaeTcs Ha YUCTO
MexaHn4deckne coobparkenusi. IIpu aToMm ciiejlyer mOJUepKHYTh, YTO HU OJIHA U3
CYIIECTBYIOIINX B HACTOsIIEe BpeMst (POPMYJIMPOBOK BTOPOT'O 3aKOHA TEPMOIU-
HAMUKN HE MOYKET IIPETEHJIOBaTh Ha TOT Ke ypPOBEHb (PYHIaMEHTAJHLHOCTHU, Ka-
KM 00/1a/IaI0T 3aKOHBI JMHAMUKE Diijepa n ypapHenue Oasjanca sHeprun'’. B
COBPEMEHHOI MeXaHMKe CILIOIIHBIX CPeJl 9TO IIPOCTO HEKUIT IIpUeM, IIpuYeM 0YeHb
HECOBEPIICHHDBI, [TO3BOJIAIONINIT B U3BECTHOI Mepe YIeCTh SHEPTUIO JBUKEHIs He
YINTBIBAEMOT0 HaMHU O€CKOHETHOI'0 MHOYKECTBa cTereHeil ¢cBOOOIbI KaK CaMoro Te-
JIa, TaK 1 €ro OKpyzKeHus. bojiee Toro, MajgoBeposiTHO, YTO B 0O03PUMOM OY/TyIIIeM
yJIaCTCsI BBIABUHYTH TaKyl0 (pOPMYJIUPOBKY BTOPOIO 3aKOHA TEPMOINHAMUKU, KO-
Topast OyJIeT MOJTHOIIEHHO OTParkaTh BCIO COBOKYITHOCTH UJIEH, CBABAHHBIX C STUM
3akoHOM. [Ipobiema 3/1eCch OTHIOND HE B 3aTPYTHEHUAX C HAITNCAHIEM TOJIXOIAIIE-
ro nepaBeHcTBa. Vcrunnas mnpob/ieMa 3aK/I09aeTcsd B COMHEHUSAX OTHOCUTETHHO
BCEOOIITHOCTH CaMOI'o BTOPOI'O 3aKOHa TepMojuHaMuKU. [IpmMeHnTEIHHO K pe-
aJILHBIM TEIJIOBBIM MalllMHAM OH, KOHEYHO, cIpaBejiyinB. Ho BepHO Jin 9TO pu-
MEHUTE/IbHO KO BCeM IpolieccaM, cyiectBytonmuM B [Ipupose? [Ipoctoit npumep.
Paccmorpum cuny Bazkoro tpenns F = —bV. Bo muorux ciaydasx HeoOXoanMo
CYNTATH, 9YTO KOI(PMDUIIMEHT BA3KOTO TpeHus b rojioxuTeneH. MoxKHO HanucaThb
HEPABEHCTBO, BhIPasKaloliee BTOPOIl 3aKOH TEPMOIMHAMUKU, U3 KOTOPOTO TOJIO-
JKUTEJIbHOCTh KO (DUIIMEeHTa BA3KOIO TPeHUs OYJIeT BhITeKaThb B KaduecTBe HeoO-
xXoJuMoro ciejicteusi. Ho Bce €10 B TOM, 9T0 KOI(MMUIUEHT BSI3KOI'O TPEHUST He
00s13aH OBITH TIOJIOYKUTETBLHBIM Beerjia. MoyKHO CKOHCTPYUPOBATH CUCTEMY, B KOTO-
poit on Oy/ieT OTpUIATENHLHBIM 1 Oy/IeT MPONUCXOINTH HAKATKa SHEPTUU B CUCTEMY,

1 TTpo6ema cocTONT B OTCYTCTBHN CTPOTOTO ONPEICTCHNS HOHATHS TEMIEPATYPHI. DTO
MOHSITAE HEBO3MOXKHO BBECTH 6€3 MCIOJIb30BAHUS KOHIEIIINN SJIEKTPOMATHIUTHOTO TIOJIs, KOTO-
poe ¥ BBIHYZKJIA€T TEILJIO T€Ub OT TOPAIEro K XOJOTHOMY.
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BMecCTO ee paccesnus. Cutyarus 3/1eCb HAIIOMUHAET TPOOJIEMY JIOTIOJTHUTE/IHLHBIX
HEPAaBEHCTB B HeJMHEHHO# Teopun ymnpyroctu [25]. Muorme n3 HuX mOJIe3HBI 1
BazKHbI B T€X NJIN MHBIX CJIy4YadX, HO HX OJHO N3 HUX HEJIb3d IIPUHATH B Ka49€CTBE
00s3aTeJILHOTO YCJIOBUS.

1.9. PaI_H/IOHaJIbHaH MeEXaHUKa 1 JJIEKTPOAJMHaAMUKA

ObpaTumcst K 00CY>K/IEHNIO CaMOT'0 BayKHOT'O U JI0 CUX IIOP HE PEIeHHOTO Me-
XAHUKOIT BOIIPOCA O IIPUYNHAX JIOTTYECKO HECOBMECTUMOCTH KJIACCUIECKOIT MexXa-
HUKHU W 3JIEKTpOAMHAMUKN. [lesio 3/1ech coBceM He B NMPUHIINAIIE OTHOCUTEIHLHOCTH
Tasmes'?. [Tpuuanna JeKUT TOPasio riy6o:ke I CBOMME KOPHAMI YXOJUT Ha JIBa
ThICSTUIe/IeTHsT Ha3a . KarkeTcst HeOOXOAUMMbIM XOTsI ObI KPATKO 3aTPOHYTb OJIMH
ACTICKT UCTOPUYIECKOIO PA3BUTUS MEXAHIKH.

OCHOBBI paIMoOHAJIBLHON MEXaHUKN OBLIN 3a/I02KEHBI eIe ApPXIMeJIOM, Cpejii
MHOTHX JIOCTUYKEHII KOTOPOI'O BBIJIESIIOTCS JiBa (PyHIAMEHTAJIbHBIX [TOJI0YKEHHS,
OTHOCAIINXCST K PABHOBECUIO TeJI: &) ypaBHeHue Oajanca cui; 6) ypaBHeHue Oa-
JaHCA MOMEHTOB (IpUHIUIT pbrdara). Apxume s GOpMyJIUpyeT 9TH JBa MOJI0XKe-
HUSI KaK He3aBUCHMbIe 3aKOHBI IPUPOJIbI. Bee nasbHeiiiee pasBuTne MeXaHUKN
COIIPOBOYK/IAJIOCH TIOUCKaMK OTBeTa Ha Borpoc: “lleficTBuTeibHO Jin GajIaHC CuJI
1 OaJlaHC MOMEHTOB SABJISTIOTCS HE3aBUCUMBIMU yTBep:Kaenusamu?!”’ Ilonadamy sra
1pobJIeMa 1ccjIe0BaIach TOJAbKO B craruke. Haumnast ¢ korra XVI u BILIOTh J10
koua XVIII B. muin HenpepbIBHbIE aTakKu Ha HPUHIUI pbluara Apxumesa. Boi-
JIO HaliJleHO MHOTO 0oJiee UM MeHee CTPOIruX JIOKA3aTeIbCTB MPUHIIAIA, PhlUara
1 Jazke YTBEPAUIOCH MHEHHE, 9TO OaJaHC MOMEHTOB He SBJIsIeTCS He3aBUCHMBIM
yTBEp:K/IeHneM. DTO MHEHHUE TTPeICTaB/JIeH0 BO MHOIUX COBPEMEHHDLIX YIeOHIMKaX
110 MeXaHWKe. YIUBUTE/IHLHO, HO CAMOI0 TJIABHOIO 0OCTOSITE/ILCTBA B IIPUBOIMMBIX
JI0OKa3aTe/IbCTBAX MPUHIINIIA phlUara “He 3aMevaroT’ JIO CHX 110D, a UMEHHO BO BCEX
9TUX JIOKA3aTETHLCTBAX CYIEeCTBEHHO NCIOIB3YIOTCH coobpazkenns cummeTpun. Ho
¢ nosiBjieaneM paboter . Herep (1918) Bcem cTasio MOHATHO, 9TO COOOPaAXKEHNUST
CUMMETDPUN BIIOJIHE MOI'YT 3aMEHUTh TpedoBaHus OajiaHca CuI U MOMEHTOB. Ilo-
9TOMY NPUHIINI pblYara eCTh He3aBUCUMOE OT HajaHnca CUJI yTBEPXKICHIE.

CoBpeMennas palnoHaJbHasg MeXaHUKa NMeeT, MOYKHO CKa3aTh, TOUHYIO JIa-
Ty poxkjenus (1638), u ee ocHoBareseMm 1o mpaBy cuntaercs lasmieo ameit
(1564-1642). Orxportue Fanmneem npunina nuepin (1638) sBigeTcs rraBHBIM
COOBITHEM B KJIACCHUIECKON (pU3MKe, M3 KOTOPOTO YK€ €CTECTBEHHO BLITEKAET 3a-
KOH, BIIOCJICJCTBUN HA3BaHHBII BTOpPbIM 3akoHOM Hbrorona. YactHas dhopmyiiu-

2.0 mpunnmme ornocurenprocTn Lammmaes n o6 ypasHennax Maxcsesa cu. paszgern 7.1
(Ipumen. ped.)
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POBKa 9TOI'0 3aKOHa TakrKe OTKpbITa [asmieeMm, 1modromy HbIOTOH HasbIBaeT ero
zakonoM [ammiesd. B 1687 r. nossisioTes “MaremaTndeckne Hada a HATypaTbHOM
dbunocopun” Ucaaka Herorona (1643-1727). Hecmorpst Ha TO 9TO B 9TOM TpYy/Ie
He OBbLJIO IPEJICTABICHO HOBBIX (DYHIaMEHTAJBHBIX IIPUHIMIIOB, 38 MCKJIIOUYEHUEM
TpeTbero 3akoHa, ‘Hadasia” cbirpajim orpoMHYIO POJIb B HCTOPUU MEXaHUKH, 10O
9TO ObLJIa IepBas MOIMBITKA CHCTEMaTHIECKOIo U3JI0yKeHUsT MexaHuku. KoneuHo,
riaBHbIM B “Hauasiax” gB/sifoTcst 3aKOH BCEMUPHOI'O TSATOTEHUsI U CJICACTBUS U3
HETO.

C Touku 3peHust pyHIaMeHTAJIbHBIX TPUHITUIIOB IVIaBHOI 3acyyroit HproTona
SIBJISIETCS TIOCTAHOBKA 3a/1a9l O HEOOXOIMMOCTH ITOCTPOCHUST MEXaHIUKHN Ha, OCHOBE
SICHO BBIPA’KEHHBIX MCXOJIHBIX ITOCTY/JIATOB, HO CaMUX STHUX HocTysaToB HboToH
He 3Has1. HbloToHy yia/ioch pa3pemuTh TOJbKO OTpaHUYEHHYIO 33Jady: Kak I10
M3BECTHBIM JIBUZKEHUsIM HaXOIUTh CHJibl. MHOrHe KpyiiHeiinme yueHbe (HAIPU-
mep P. Kupxrod) naxke depes jBa crosieTusi ObLIN HACTOJBKO OYaPOBAHBI ITHM
ycriexoM HbioTona, 4T0 Beepbe3 cunTasim BTopoii 3akoH HbioTona omnpejeiennem
cuibl. HaxouTh 1o 3aJlaHHBIM cujiaM JiBH2KeHne HBbIOTOH He TOJIbKO He yMell,
HO JlaxKe cuuTaJl, 9To copMy/InpoBaHHbIX B “Hauasax’ 3aKOHOB /Il 9TOIO sIBHO
HEJ0CTATOYHO.

Uror cBomx BO33peHmit Ha MexaHuky cdopmyaupoBai cam V. Hploron B
1717 r.: “Vis inertia ecTh NaCCUBHBIN IPUHITUIL, ITIOCPEICTBOM KOTOPOI'O TeJja IIpe-
OBIBAIOT B X JIBIKEHUN WM IOKOE, HOJIYYaIoT JBIZKeHHe, IponopIuoHaIbHOe
IPUJIOYKEHHON K HUM CHJIe, U CONPOTUBJISIIOTCSA HACTOJIBKO YK€, HaCKOJIbKO CaMU
BCTPEYAIOT CONPOTUBIICHNE (3716Ch (GOPMYINPOBKA BCEX TpexX 3aKOHOB. — 1. 2K.)”.
[To osHOMY 3TOMY B MuUpe eliie He MOIJIO Obl ITPOU30HTH JIBUKEHIE. Bl HeoOX0-
JIUM WHOW NPHUHIUI, YTOOBI IIPUBECTH TeJIa B JBHUXKEHHE, U pa3 OHU HaXOISTCs
B JIBUDKEHUN — TpeOyeTcs elle OJINH NMPUHINI JIJIsT coOXpaHeHus JBrxKennd. V6o
U3 Pa3JIMIHOIO CJIOXKEHUs JIBYX JIBUXKEHUI BIIOJIHE SICHO, YTO B MHUPE HE BCErJia
NMeeTCsl OJHO M TO »Ke KOJMYEeCTBO JBU:KeHusi. Ecim npa Imapa, coelnHEHHbIE
TOHKUM CTEpPzKHEM, BPAIaloTcs BOKPYT OOIIEro IEHTpa TAXKECTH PaBHOMEDPHBIM
JIBUZKEHNEM, B TO BpeMsi KakK IEHTDP PABHOMEDPHO JIBUKETC 110 NPSIMOl JIMHUM,
IIPOBEJICHHON B IIJIOCKOCTH UX KPYT'OBOI'O JIBUYKCHUS, TO CyMMa JIBUXKEHUI JIBYX
IIapOB B TOM CJIydae, KOIJa Iapbl HAXOASTCS Ha HPSMOil JIMHUK, OIIMChIBAEMOI
X HEHTPOM TszKecTu, Oyjaer OoJbIle, YeM CyMMa UX JIBUKEHUIT, KOrja OHU Ha-
XOJISITCS Ha JIMHUU, TIEPIIEHINKYJIPHOT K 9Toii nipsimoit. I3 9roro mpumepa sicHo,
qTO JIBUKEHEE MOXKeT nosydarhea u repatbest’ [40], ¢. 301. Dt crosa Oblin
HamcaHbl depe3 30 JieT rocje Bbixoja ‘‘MaremarmyecKux Hadaj, ¥ OHU JIalOT

13 Tlon nBuzkeHmeM 37ech U gasee HBIOTOH TIOHMMAET TO, UTO ceiidac Ha3bIBACTCS KOJIMUe-
CTBOM JIBU2KEHMUSI.
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SICHOE TIPEJICTABICHUE O COCTOTHUI MeXaHUKN Toro BpeMenn. CToJib JIJIMHHAS 11~
TaTa KarkKeTcss HeoOX0AUMOI, 100 NCKaXKeHUsl JIeICTBUTEIbHON HCTOPUN MEXaHIKI
B JIUTEepaType BecbMa 3HAUNTeIbHbI. HBIOTOH J0CTaTOYHO BEJIMK O3 TOTro, YTOOBI
IPUIICHIBATH €My TO, 4ero oH He jesai. Kaura 9. Maxa (8|, rie Briepsbie nosiBu-
JIOCH yTBEp:KJieHne, MOJTyIuBIIee 3aTeM OOJIbIIOe PACIPOCTPAHEHNe, O TOM, 9TO
“nocyie HproToHa B MexaHUKy He ObILJIO BHECEHO HUYErO IMPUHIIUITIAILHO HOBOI'O
siBJIsieTCst cCOOpHUKOM paHTasmii camoro . Maxa.

3ajiaua, mocrapiaeHHas HbloToHOM, ObLIa B 3HAYNUTE/NLHONW Mepe pelieHa
JI. Ditrepom (1707-1783). Ha Ditnepa orpomuoe Biusiaue okazan B. JleiOmui,
A. u U. Bepraynmu, I Toitrenc, 2K. damam6ep. CoBpemennasi (hopma 3aKoHA
lammes—Hpiorona 6ni1a orkpoita K. Makmopenom B 1742 1. Vimenno Jleomap
Ditiep BBEJI MOYTH BCE TOHATHSA, KOTOPBIMI TOJIb3yeTCsl COBPEMEHHAsT MeXaHUKa
(MCKJTIOUAsT, Pa3yMeeTcsl, FaMUIbTOHOBY MEXaHUKY ).

To, 4TO ceroyHsi HA3BLIBAETCsSI HBIOTOHOBCKOI MEXAHHMKOI, ObLIO ITOCTPOEHO
JI. Ditnepom B 17351758 rr. OmuycruB Bce HOAPOOHOCTH, OTMETUM TOJILKO (hop-
MYJIIPOBKY TIepBOro 3akoHa auHaMuK (1756): “CKOpOCTh U3MeHeHnsT KOJIMIeCcTBa
JIBUZKEHUST TTPON3BOJIBLHOM CHCTEMBI PaBHA TJIABHOMY BEKTOPY BHENIHUX CHJI, JIefi-
CTBYIOIINX Ha 3Ty cucreMmy’. ITa (HOPMYJINPOBKA HECPABHUMO CHUJIbHEE 3aKOHA
lanunes—Hpiorona. B wacraocTn, u3 Hee ciepyer Tperuii 3akon Hbrotona. Oj1-
HAKO JIeJIO JTayke He B TIePBOM 3aKOHe JUHAMWKN, a UMEHHO B CTPOTOM BBEJICHUN
OCHOBHBIX IOHATHIl, BK/IIOUasl IIOHSTHE CHJIbI, YHIITOKUBIIIEE IIPOIACTh MEXKy
CTaTHKON u jJuHaMuKoi. Bee mocTpoenus: npoBejieHbl DiJIepOM ¢ TaKOil JIer'KO-
CTBIO U U3SIIIECTBOM, C TaKOIl eCTeCTBEHHOCTHIO, YTO MHOIME COBPEMEHHUKI (1 He
TOJIbKO COBPEMEHHUKI) Jlazke He MOHSJIN, 9TO Ha CAMOM JieJie TIPOM3OIILIO.

B 1771 r. JI. Ditjep okoHYIATEJIHLHO YCTAHOBIJI, 9TO YPaBHEHUE OaJiaHca KOJIH-
YecTBa, JIBUXKEHUST U KMHETUICCKOTO MOMEHTa — CYThb HE3aBUCUMBbIE 3aKOHBI Me-
XaHUKHI. A 9TO 03HAYAJIO IPUHINITNAJIBHYIO HEIIOJTHOTY HbIOTOHOBCKOW MEXaHUKH.
Bosuukiia HOBast MeXaHIKa — MexXaHnKa difjepa, B KOTOPOil MeCTO MaTepHuaJibHOM
TOYKHU B HBIOTOHOBCKO# MeXaHUKe 3aHJI0 aDCOTIOTHO TBepoe Tes1o. C 3Toil nops!
“s7eMeHTapHasd’ JacTUIla HaJEeIAeTCsd He TOJbKO KOJMYEeCTBOM JIBUZKEHUs, HO U
COOCTBEHHBIM KUHETHIECKIM MOMEHTOM. Ditjiep popMyaupyeT BTOPOil 3aKOH JIu-
HaMmuku. Ero coppemennast (popma Takopa: “CKOpOCTh U3MEHEHUsI KHHETHIECKOIO
MOMEHTAa [TPOU3BOJILHON CHCTEMbI PaBHA IJIABHOMY BEKTOPY BHEITHMX MOMEHTOB
1 MOMEHTOB BHEITHUX CHJI, JAEHCTBYIONUX Ha 3Ty cucremy . B Mexanuke Ditje-
pa BBOJIATCS BO3JEHCTBUS JIBYX TUIIOB. Boz/eiicTBUsA, BhIpazkaeMble MOJIPHBIMA
BEKTOPaMI, Ha3bIBAIOTCsI crjtaMi. BozieiicTBUsI, BbIparKaeMble aKCUAJIbHBIMU BEK-
TOpPaMM, Ha3bIBAIOTCS MOMEHTaMU.

MpI BIUTOTHYIO MOJONIIN K NHTEPECyIoIIeil Hac TOUKe pa3phbiBa MeXKly MeXa-
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HUKOI 1 9JIEKTPOJNHAMUKO, HO HEOOXOIMMO CKa3aTh eIle HECKOJIbKO CJIOB.

Bujnmo, eIumHCTBEHHBIM YeJI0BEKOM, OCO3HABIINM OTKpbLITHE iijepa, ObLI
2Kosed Jlyu Jlarpanxk (1736-1813), HO 110 psijly HPUYUH OH HE 3aXOTeJI ¢ HUM
COIVIACUTBCsI. B IONBITKAX ONPOBEPIHYTH OTKpbITHE iijiepa JlarpaHK BHOBb U
BHOBB OOpallaeTcst K JIOKa3aTeJIbCTBY MPUHIUIIA PhlYara 1 JOBOJUT 3TO J0Ka3a-
TEJILCTBO JIO BBICOKOI CTEIeHN COBEPINEHCTBA, XOTs N30aBUTHCA OT COODparKeHMit
CUMMETDPUN €My, pasyMmeeTcs, He yjaercd. [enuit Jlarpamrka mo3BOJIUI €My Ha-
CHITUTb HBIOTOHOBCKYIO MEXaHUKY HOBBIMHU HAESIMH, ILJI0JOTBOPHOCTH KOTOPBIX
HAJI0JINO OTBJIEKJIA BCEX MEXAHUKOB OT OCHOBHBIX IIPUHIUIIOB 1 OOpPATH/Ia UX BHU-
MaHHe Ha pelleHne BaykKHeHIINX KOHKPETHBIX IIPOo0JeM, BKJIoUYas IPOOJIeMbl Me-
XaHUKH CILIOIIHBIX cpeJl. Tak 1 MOJIyIIIoCh, YTO, PE3KO IPOJABUHYB BIIepe OJIHH
aCIeKThl MeXaHNKH, JlarpaH:K MOYTH Ha CTOJIETHE 3aJieprKajl IIPOrPecC MeXaHUKI
B JIpyrux, 0oJjiee BayKHBIX aclleKTax. BoucTuHy npas cKa3aBIInii, YTO TeHUil yIeHOo-
I'0 OICHUBACTCsI TEM, Ha CKOJIbKO JIeT OH 3aJieprKaJjl pa3BuTue Hayku. [Ipasja, 31o
BEPHO TOJIBKO B OTHOIIIEHUN T'eHieB. EcTh ele cBepXreHunn, njien KOTOPhIX BXOJISIT
B HAyKy HaBCerJla, HO CBePXI'eHNH KpaiiHe pejku. B ncropun pusnkn uMu ObLIN:
Apxumen, lamieo Fasmeit, Jleonapy Ditnep n Ixeitme Kitepk Makcesesi.

Ob6paTumMcst K OIUCAHIIO 1TPOOJIEMbI, KOTOPYIO CTABUT IIePe] MEXaHUKOI 9J1eK-
TpojinHaMuka MakcseJiia.

B HBIOTOHOBCKOII MeXaHUKe HCXOJHBIM OOBEKTOM $BJISIETCS MaTepuasibHast
TOYKa, KOTOpasl HaJIe/IdeTCs e MHCTBEHHBIM CBOICTBOM — Maccoil. MHbiMu ciioBa-
MU, B HBIOTOHOBCKOII MeXaHUKe 3a/1efICTBOBaHbI YaCTHUIILI TOJIBKO OJIHOIO copra. B
9JIEKTPONHAMUKE CYIIIECTBEHHYIO POJIb UI'PAIOT YACTHUIBI TPEX COPTOB: HENTPAJIb-
HbIE, [T0JIOZKUTE/IbHbIE U OTPUIATEIbHbIE, KOTOPhIE HAJIC/IAIOTCS HE TOJIbKO MaCCOi,
HO 1 3apsijoM. [Ipupoa 3apsijaa 0 cux 1Mop TOYHO HE U3BECTHA, KAaK, BIIPOYEM, U
pupoa Macchl. 1103ToMy BarkKHBIM 3J1eCh SABJISIETCsSI HE TO, KAKIMU KadeCTBaMI
00J1a/1aeT YaCTHUIla, a IICI0 HECBOAUMBIX APYT K JAPYTry KadecTB, KOTOPHIMU Ha/le-
JIEHa JacTHIla, T. €. BaXKHa ‘PasMEpPHOCTH YaCTUIIbl. B HbIOTOHOBCKOII MeXaHUKe
“pazMepHOCTb’ JIEMEHTAPHON YaCTULIbl PaBHA, €IMHUIIE, ‘PAa3MEPHOCTD  abCOJIIOT-
HO TBePJIOro Tejia B MAaKPOMeXaHIKe PaBHA YeTBIPEM, & B 3JIEKTPOIMHAMEIKE ‘pa3-
MEPHOCTL YaCTHIIbI JIOJI?KHA OBITH 3aBeJIOMO OOJIbIIIe YeThbIpex, YTOObI BKIIOUYNTh
3apd. YiKe Mo OJHOI 3TOi mpudmHe OYeBUIHO, UYTO JIOTUYECKUNl pa3pblB MEK-
/Iy HBIOTOHOBCKON MEXaHNKON U 3JIeKTPOIMHAMUKON Hen30eKeH 1 HeyCTPAHUM.
MakcBeJu1 $iCHO 0CO3HaBaJI 9TOT PA3PbIB 1 IILITAJICS €10 YCTPAHUTD, 1300PeJI 3JIeK-
TPOJIMHAMUKY ¢ “‘KoJiecukamu’ . MoxkeT ObITh, HallpacHO B JIaJIbHENIIIEeM STH YCHIHSI
HUKEM He OBLIN Ipoao/iKeHbl. Heslb3st 3a0bIBaTh, YTO CBEPXIE€HNN 3HAIOT HAMHOIO
0O0JIbIIIE TOI'O, YTO OHU B COCTOSIHUN BBIPA3UTH B TEPMHUHAX PAIMOHAJIBHON Hay-
ku. Tak win nnade, Ho MakcBeJsi1 He cyMesI IIPeoJio/IeTh pa3pbiB, CYIIECTBY 0NN
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MEZKJIy MEXaHUKOH W 3JIEKTPOJMHAMUKON. BMecTo 9TOoro oH mpocTo “‘nepenpbir-
HyJT depe3 MPoNacTb U HAIINCAJ YPABHEHUS JIEKTPOIMHAMIKI TaKUMU, KAKNMI
OHM JIOJI?KHBI ObITH Ha OCHOBAHUU M3BECTHBIX (paKTOB. Kcm ObI B 9TH ypaBHEHUA
BXOJIUJIO TOJIBKO 3JICKTPUUIECKOE I10JIe, TO BCe ObLIO Obl IPOCTO 1 HUKAKOI'O pa3-
pbIBa ¢ HbIOTOHOBCKOIT MexaHMKOil He ObL10 Obl. OHaKko B ypaBHeHust Makcpesiia
BXOJIUT BEKTOP MArHuTHOrO 1ojisg. Cyasd Mo MHOTHM Ipu3HakaMm, MakcBesa Boc-
HPUHUMAJI €r0 KaK MOMEHTHOE Bo3jieficTBIe. B HbIOTOHOBCKOIT MeXaHNKe MOMEHThI
MOPOXKJIAIOTCA CUJIAME: €CJTM HET CUJI, TO U HET MOMEHTOB. B sjieKTpojnHamMuke
JIeJI0 OOCTOUT WHAadYe: JIEKTPUIeCKOoe M MarHuTHOE MOJIA B OOIIEeM ciydae He CBO-
JIUMBI OJTHO K JIPYTOMY, MarHUTHOE I10JIeé MOYKET CYIIeCTBOBATH IIPU OTCYTCTBUN
9JIEKTPUUIECKOIO T10JIsI, 1 HA000pOoT. BOT NMeHHO B 9TOM IIyHKTe MaKcBes1 1 BCTY-
U B BOIMUIOIIEE MTPOTUBOPEYNE ¢ HHIOTOHOBCKOHM MeXaHWKOil. Buammo, 910 ObLI
MEPBBIIT TPEBOKHBIIN CUTHAJ, KOTJIa peasibHble (DAKThI YKA3LIBAIN Ha ITPWHITHIII-
aJIbHYIO HEIIOJTHOTY HbIOTOHOBCKOI MexaHuku. OHako HUKTO, Kpome Makcpesia,
HE yCJIBIIIaJ 3TOro curtaJia. Bropuuno on npossydast B 1918 1., korjga 9. Herep
nokasaJa, 9To OaJlaHC CHUJI BBITEKAeT W3 OJHOPOJIHOCTU MPOCTPAHCTBA, a DaJlaHc
MOMEHTOB CJIeIyeT U3 W30TPOITHOCTH HpocTpaHcTBa. Teopema 3. Herep obparu-
Mma. [losromy, ecyin JIOIyCTUTH, YTO OajlaHC MOMEHTOB €CTh CJjejicTBHE OajaHca
CHJI, TO cpa3dy MNPUXOJIUM K abCypHOMY BBIBOJY, UTO M30TPOIHS MPOCTPAHCTBA
(cucTeMbl OTCUETA) €CTH CJICJICTBIE €r0 OJHOPOHOCTH.

Mexannka Ditjepa 1MoJyduia cBoe pa3BUTHE TOJIHKO B XX B., TJIABHBIM 00pa-
30M, B nocsiesinue 40 jieT. B nacTosiiiee Bpems ona obpeJia BIoJiHe OPOPMUBIITYIOCS
CTPYKTYPY B MeXaHUKe CILIOMHBIX cpe/l. OTHAKO MOMBITOK 00beIMHEHUST MEXaHH-
KI W 3JIEKTPOJMHAMUKN B paMKax MEXaHWKH Jiijiepa JI0 CUX Top He TPEITPIHSTO.

Kaxkune ke 1epTbl MeXaHUKN Diljiepa O3BOJISIOT HAJIESIThCs, UTO Pa3PhIB MEZK-
JIy MEXaHUKOH 1 9JIEKTPOJANHAMUKON MoykeT ObITh yeTpanen?! [Ipexkie Bcero, 3To
MOJIeJIb “dJIeMeHTapHON YaCTHUIlbl, KOTOpas B MeXaHHKe Jiljiepa aHaJOrnIHa a0-
COJIFOTHO TBEPJIOMY TEJIy B TOM CMbBICJIC, YTO €€ KUHETUYECKAsT SHEPIUsl SIBJIACTCA
KBa/I[paTUIHON (POPMOIi JIMHEIHONW M yIJIOBOI cKopocTeil dacTuiibl. Koadduru-
€HTBI ITOI KBaJApaTUIHON (POPMbI HA3bIBAIOTCsSI TEH30paMU MHEPIHH, & ‘pasMep-
HOoCTh  dacTuibl paBHa 10. B 3aBucmMOCTH OT CTPOEHUsI SHEPIUM YACTHUIBI pa3-
JIMYAIOTCS 110 copTaM. ¥ HeHTpPaJbHBIX YaCTUI[ OTCYTCTBYET MEPEKPECTHBIH WIeH
B SHEPIUU: 9TH YaCTHUIbI BIOJHE aHAJOIMIHBI aDCOIIOTHO TBEPIOMY TEIy B MaK-
poMexaHUKe, a TPAHC/IAIMOHHBbIE U BpalllaTe/bHble JIBUXKEHUs] Y HUX KakK Obl He
B3aMMOJICICTBYIOT MKy c000il. Y “HOJIOXKUTE/IbHBIX U “OTpUllaTe/IbHBIX dYa-
CTUIl IPUCYTCTBYET MEPEKPECTHBIN UIeH B SHEPIUuU, IpUIeM OJUH COPT UaCTHI]
OTJIMYAETCS OT JIPYroro CTPOEHUEM IIEPEKPECTHOIO WjIeHa, T. €. Y 00CYKIaeMbIX
YACTUIL B3aNMO/IeiCTBIE TPAHCISIIIUOHHBIX U BpalllaTe/IbHbIX JIBUYKEHUI HeycTpa-
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HuMo. [IpsiMoit aHaJIOruu 3TUX YACTUIL ¢ aDCOJIIOTHO TBEP/bIM TEJIOM B MaKpO-
MeXaHUKe He CYIIECTBYET, a KOMIIO3UIIUS “TI0JIOXKUTEJbHBIX U “OTPUIATEIbHBIX
YACTUI[ IPUBOJNT K HefTpaJbHON dacTuiie. JII000IBITHO, YTO eC/Ii 9TH JYaCTUIbI
JEeHCTBUTEILHO MOXKHO OTOXKJIECTBUTH C 3aPsKEHHBIMHI YaCTULAMU, TO HHU 3JIEK-
TPOH, HU IPOTOH HEJIb3sI IIPEJICTaBUTh cebe B BHJEe MaJeHbKHUX IapukoB. BoJee
TOI0, IX BOODIIE HeJIb3sl BOOOPA3UTh B BUJIE OOBITHOI'O MaJIEHHKOI'O TBEPIOro TeJia.
meercst eme ogHa 0COOEHHOCTD, OTJINYAIONMIAasl “9JIeKTPOH OT MaJIeHbKOro abco-
JIIOTHO TBEPJOrO TeJja: OYeHb II0XOyKe Ha TO, YTO He CYIIEeCTBYeT MHePIUaJIbHOI
CUCTEMBI OTCUYETa, B KOTOPOIl TpaeKTOpus “TeHTPpa Macc JBUXKYIIEIOCs 110 WHEP-
1un “91eKTpoHa’ ObLIa Obl psMosnHeliHoil. Bupodem, 6e3 dopmyst Bce 310 00b-
SICHUTB JIOBOJIbHO TpyuaHo. Crernudndna B MexaHHKe Diljepa akCHOMaTHKa, JIJIsI
BO3/ICIICTBUIL, HO BO MHOTUX OTHOIICHUAX OHA JlayKe MPOoIle, 4eM B HbIOTOHOBCKOIA
MexaHnKe. Ecim /s cujIoBbIX 1 MOMEHTHBIX BO3JIEHCTBUI BBECTH ITOTEHIUAJIBI,
TO OHU OYeHb [TOXOXKH Ha IIOTEHINAJIBI B 9JIEKTPOIUHAMUKE, U HAJIUYINE IIPOU3BO/I-
HBIX II0 BpeMeHHU B ypaBHeHUsAX Makcpesia CyIIeCTBEHHO CBA3aHO C HaJIMIneM
IIEPEKPECTHOr0 UjIieHa B KMHETHYeCKOil sHeprun dactuil. K coykajieHHio, B JlaH-
HBIfI MOMEHT HEBO3MOXKHO yTBEP:K/IaTh, YTO B paMKax MeXaHUKN Jiljiepa pa3pbiB
MeXKJIy MEXaQHUKOI 1 3JIEKTPOJIMHAMUKON JefiCTBUTE/ILHO MOYXKeT ObITh YCTPAHEH.
BonpocoB moka 60JbIIe, 9eM OTBETOB Ha, HUX. 3aTO COBEPIICHHO SICHA HEOOXOTH-
MOCTb pEIIeHUs] CJeYIONIEeH TUIeMMBbI.

JInbo MexaHmKa CyMeeT BK/IIOUNUTH B CBOU CTPYKTYDPBI JIEKTPOJNHAMUKY, U
TOrJa OHa IOJATBEPIUT CBOE IIPABO CUUTATbCsS (DyHIAMEHTAJIbLHON HayKOM, Jiu-
00 MexaHHUKa JOJ2KHA NPU3HATH CBOIO MPUHIUINAIBHYIO OI'PAHMYEHHOCTh U CO-
IJIACUTBCS C POJIBIO BayKHOM TIpukJ/ajaHoit Hayku. I[IpaBja, B mocieaneMm ciydae
JIOJIZKHA OBITH IIOCTPOEHA KaKas-TO JApyrast HayKa, KOTopas MOIJia Obl 3aMEHUTD
MEXaHUKY U KaKOBOII II0Ka YTO He IIPOCMaTPUBAETC.



I'maBa 2

OCHOBHBIE ITOJIOYKECHUA
3iij1IepoBOii MeXaHUKN!

BBenenue

B namnmoii riaBe paccMaTpuBaIOTC COBPEMEHHbIE TPAKTOBKI OCHOBHBIX MTOHSI-
THIT MEXaHUKH. DTU TPAKTOBKH 110 GPopMe, & HHOTJIA 1 110 CYIIECTBY, OTJINIAIOTCS
OT MPUBOJUMBIX B YUeOHHMKAX MEXaHUKU. XOTS BBOJUTH KakKue Obl TO HU OBLIO
MO/ InpUKAIIN B YCTOSBITHECS KaHOHLI KpaiiHe HeKeJlaTelbHO, TeM He MeHee B
JII000# pa3BUBaloIIeiics HayKe HACTyHaeT MOMEHT, KOrjia MOJIMMUKAIIIN He0OX0-
TIMMBI. BaxKHo TOJILKO, 9TOOBI 3TN MOAN(MUKAIINY He BCTYIIAIN B TPOTUBOPEUNE C
y2Ke JIOKa3aHHBIMU MTOJIOYKEHIAMEI U He OTPUIIAIN HIYEro U3 JIOCTUTHYTOIO paHee.
B wactHoCcTH, 3it/IepoBa MexXaHUKa BKJIIOYAET B ceOS BCE JIOCTUKEHUS HHIOTOHOB-
CKOIl MeXaHUKHN 1 J00ABJIIET K Hell BayKHbIEe HOBbIE BOBMOXKHOCTH, PACIITHPATOIIIE
cepy IpUIoKEHNsST MEXaHUKU.

2.1. IIpoctpaHcTBO, BpeMs, ABUKEHUS

2.1.1. Tena orcuera. Bpemsi. Cucrembl oTcyera

Haubosee rimyOuHHBIMI TIPEJICTABIEHUSMEI B MEXaHUKE SBJIAIOTCS MPEJICTaB-
JIEHUs O MPOCTPAHCTBE U BpeMeHu. /lo/iroe Bpems 9Tu TpeJicTaB/IeHns ONMUPAJINCDH
Ha YUCTO MHTYUTHBHOE BOCHPHUATHE STUX MOHATHI. B dacTnocTu, obImen3sect-
HbI HbIOTOHOBCKHUE OTIpeJie/ieHusi abCOJIIOTHOrO TipocTpancTBa u Bpemenn [44]. Oc-

! Marepuas 3T0if T1aBBI OCHOBaH Ha Tpex crarbax 11. A. ZKwumuna [41-43|: “Ucxommbie
HOHsITHs U (DYHJIAMEHTaJIbHbIE 3aKOHBI panuoHanbHoit Mexanuku” (Tpyaer XXII jerneit mko-
JIbI “AHa/IN3 ¥ CUHTE3 HEJIMHEITHBIX MeXaHn4IecKux Kosebareapbubrx cucrem”. — CII6., 1995, —
C. 10-36), “Ocuosuble nosoxkennst sitteposoit Mexauuku” (Tpyapr XXIX serneit mkosbr “Ak-
TyasbHble pobiembl Mexanukn’. — CII6., 2002. — C. 641-675), “Ilpunimn oTHOCHTEIBHOCTH
Tamunes u ypasuenust Makcsesna” (Tpyner CIIGITY. — CII6., 1994. — N 448. — C. 3-38).

Bosee nospobroe usioxKeHne 3i1epoBoil MexaHnKn MOXKHO Hafitu B kuure [2|. (IIpumey. ped.)
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HOBHBIM B HHX SIBJISIETCs IIOCTYJIaT 00 OOBEKTHBHOM XapaKTepe IIPOCTPAHCTBA U
Bpemenn. OJIHAKO MCIIOJIb30BaTh HBIOTOHOBCKHUE OIPEJE/ICHIST B pPalliOHAIbHBIX
IIOCTPOCHUSIX HEBO3MOXKHO, MO0 B OJHOPOIHOM, JIMIIEHHOM BCSAKUX METOK IIPO-
CTPaHCTBE HEBO3MOXKHO OOHAPY2KUThH JBH2KEHIE, PABHO KAaK 1 HEBO3MOXKHO JATh
paloHaJIbHOE HCTOJIKOBaHIE PaBHOMEPHOMY XOAy BpeMeHu. Bce 3To 1moapobHO
obbsacHgeTca camuM Hpioronom. [lo sToit mpuunHe B paloHaJIbHON MeXaHUKE
BBO/ISITCsI HEKIE€ PYKOTBOPHBIE KOHCTPYKIIMH, Ha3blBaeMble TejlaMi oTrcuera. [is
9TOI'0 B pacCMOTPEHNEe BBOJIUTCA pelep ¢ BepLINHOIl, obo3HadaeMoil meTkoit O, u
TpeMsi HeKOMILJIaHAPHBIMU “BeKTOpaMi’ €y, T. €. TPEMsI CTPeJIKaMU, CJIeJIaHHbIMI,
HaIllpUMep, U3 JiepeBa. DTOT perep HUKAK He IPHUBS3aH K HEIOJIBUKHOMY abCo-
JIIOTHOMY IIPOCTPAHCTBY, MO0 y Hac HET BO3MOXKHOCTHU CJeaTh 3TO. “BekTopbl”
ey HeJIb3s Ha3BaTh HACTOSIIUMU BEKTOpaMHU, MO0 HEBO3MOXKHO OIIPEIe/NTb HX
HalpaB/eHns B abCOMIOTHOM (HEINOBUYKHOM ) IpocTpaHcTBe. BoJee TOro, HEBO3-
MOYKHO CKa3aTh, OCTAIOTCSI JIM 9TU HAIIPaB/eHusl (PUKCHPOBAHHBIMU OTHOCUTE b
HO abCOJIIOTHOIO HPOCTPAHCTBA MM OHM KaK-TO MEHSIIOTCS, HO CYIIECTBOBAHIE
“BeKTOPOB” €y II03BOJIsIeT BBECTH B PACCMOTPEHHE MCTUHHBIE BEKTOPhI, HAIIPaB-
JIEHIe KOTOPBIX OTHOCUTEJIbHO ‘BEKTOPOB’ €y olpejieideTcsl oJHO3HauYHO. VTax,
seesin perep {O, er,e;,e3}. BozbMeMm J10IOIHUTEILHO TPU OJHOMEPHBIX MHOZKE-
ctBa —o00 < x¥ < 00, (k =1,2,3), re uncia x* 6e3pasMepHbI, I BBEIEM BEKTOD
10JIOYKEHUST

r=x“e,=x'e +x*e; +x’e;z, —00 < x*< o0, (2.1)

Bynem cauTaTh, 4TO BEKTOD T, OTBEYAIONINI HEKUM (PUKCUPOBAHHBIM 3HAYCHI-
AM unces X<, onpesensger TouKy, GUKCHPOBAHHYIO OTHOCHTEILHO perepa {0, ey ).

OnpejiesiuM cKajsipHOe ITPOon3Be/ieHne “BEKTOPOB~ €y

Omn = €m*€n = |em’ |en| COs (em> en)» (2'2>

IJIe YUCJa Jmp ONPEACTEHDBI, €CJIN Mbl yMeeM M3MEPATh JJINHBI 1 YIJIbI, T. €. IMe-
€M COOTBETCTBYIOIIE NHCTPYMEHTBI, 1 00pa3yI0T CUMMETPUIHYIO TT0JIOXKUTE/IHHO
olpeJie/IeHHYI0 MaTpuily. B obiiem ciiydae, 9uciaa gmn ONPEIEISIOT MacHITadbl
JUIMH 1 yIJIbI B Tejle orcdeTa. Ecam uncia gmn 3aJaHbI, TO MOXKHO OIPEICIUTh
paccrosinue Mexk 1y Toukamu A u B o dopmyiie

|rA - rB|2 = Omn (XE o X?) (XR o XE) . (23)

Yucia xlj\ Ha3bIBAIOTCA KoopJAnmHaTaMn Toukn A. BepinHe perepa oTBedaioT

KOOP/INHATEI x];\ = 0.
Onpedenerue. Penep {O, ey} ¢ npucoedurernvim £ HeMy MHOHCECTNEBOM MO-
uer (2.1) nasvieaemes mesom omeuema.
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Cawm pernep {O, ey} HA3BIBAETCS OTCYETHBIM, & IHCJIA x]f\ Ha3bIBAIOTCA OTCUET-

HbIMI KoopnHaTtamMu. Hu orcuerHblil periep, HI OTCYETHBIE KOOPANHATHI HUKOLA
HE MEHsIOTCs, 100 MMEHHO OHH U IOPOXKJIAIT Tejo oTcdyera. KoHedHo, B Teje
OTCYEeTa MOYKHO BBOJIMTH CKOJIBKO YI'OJIHO JAPYIMX CUCTEM KOOPJMHAT, HO 00 9TOM
OyJieT CKa3aHo IM03/Hee. 3/eCh BayKHO MOYEPKHYTh, 9TO TEH30PhI JII0OOr0 paHra
JIMIIEHBI BCSIKOTO CMBIC/Ia BHE TeJjla OTCUeTa U HUKaKhe Olepalni MeyKy TeH30-
paMu, 3aJJaHHBIMI B pa3HbIX TeJaX OTCUYETa, HEBO3MOYKHBI.

JIerko moHsITH, YTO TEJIO0 OTCYETa €CTh TPEXMEPHOE €BKJINI0BO IIPOCTPAHCTBO.
HeBo3MOKHO OOHAPYZKUTL JIBUKEHHE Teja OTCUYeTa OTHOCHUTEILHO BOOOparKae-
MOTO (MJTM HCTUHHO CYIIECTBYIOIIEr0) abCOTIOTHOTO TPOCTPAHCTBA, HO JIBUYKEHIE
Pa3HBIX TEJI OTCUETa JIPYI OTHOCUTEJILHO JIpyra OOHApPY»KUTh MOYKHO. JIerko oo0-
HAPYZKUTH 1 JIBUKEHIEe KAKOI'o-JIn00 Tejia OTHOCUTEILHO Tesa oTcdeTa. ['oBops o
JIBUKEHIH, MBI [IOJIpa3yMeBaeM, 4TO BEKTOP I0JIOXKeHHUsI MaTepuaIbHON TOUKU B
JIAHHOM TeJie OTCYeTa OIpejessercd KakK (PyHKIMS He3aBUCUMOIl repeMeHHoi t,
Ha3bIBaeMOIl BpeMeHeM. [[J1s1 m3MepeHust BpeMeHU HUCIIOJIb3yeTcst Tpudop, Ha3blBa-
eMbIil JacaMu.

[TonsiTie BpemeHu — OJHO M3 HauboJiee TPYAHBIX B Haykax o IIpupoje.
. Hetoron mmcan [45], c. 45: «Takum 0Opazom, MOBCIOLY, Ijie B JAJbHEHIIeM
BCTPEUaEeTCs CJIOBO “BpeMsi’ ... IIOJ HUM HY>KHO IIOHUMATb He BpeMsi B ero ¢op-
MaJIbHOM 3HAYEHUHU, & TOJILKO Ty OMAUYHYI0 OM 8PEMEHU BEIUUNHY, TTOCPEICTBOM
PABHOMEPHOT'O POCTa WJIN TeYeHUs] KOTOPOI BbIPAXKaeTCsl U MU3MEPAeTCA BPEM».
[TpunsiTh 9TO BbICKA3bIBAHIE MOXKHO TOJIBKO Ha IIyOOKO MHTYUTHBHOM YPOBHE,
HO HUKAK He Ha YPOBHEe JIOIm4YecKoro MmbliieHus. ITosromy K konmy XIX B. B Me-
XaHIKe yTBep/nach TOUKa 3peHus, 3adukcupoannas JI. Boabimanom: “Bariisi
Ha XPOHOMETD JaeT HaM 3HadeHure TOW He3aBUCHMOI IIePEeMEHHOI, KOTOPYIO MBI
nazBasin Bpemenem’ [46], c. 8.

KoneuHo, HeyI0BJIeTBOPEHHOCTH IOJ00HBIM OIIPejeeHneM BPEMEeHH OCTaBa-
nack. Hampumep, B IpomnioM cyIecTBoBajIa TPaIulins 3aBEepPIIATh JUCCEPTAIIIH
crickoM HepereHHBIX 1pobsiem. B 1900 1. I1. Bosb cpein TakoBbIX 11pod/ieM yKa-
3aJ1 cenyrontyio: “7zKenarenbHo ObLI0 Obl BBECTH BpeMsl B MeXaHUKY OoJiee yio-
BJIETBOPUTEJILHBIM 00Pa30M, UeM 310 jeaercs terneps’ [47], ¢. 198. Anasorumanoe
TpeboBaHUE MPO3BYYaJO U B 3HaMeHUTOM Jjlokiaje . I'mabbepra wa II Mexy-
HAPOJTHOM KOHrpecce 1o Maremaruke B [lapmke (1900) mpu dbopmynnpoBke mm
IECTON MPOOJIEMBI.

TpynHocTH, BOSHUKAIOIINE IIPK OIPEJIeJIEHUNN BPEMEHH, Jia U MHOTHX JIPYTHUX
HOHATUI MEXaHUKM, Haubo,/1ee IOJIHO ObLIN IPOaHAIN3UPOBAHBI BO MHOI'IX pabo-
tax A. Ilyankape (cu., manpumep, [48,49]). YausurebHO, 9TO 9TH UCC/IEI0BAHUS
JI0 UX TOp JInOO BOOOIIE UTHOPHUPYIOTCS, JUO0 OYEBHIHBIM 00Pa30M HCKarKatoT-
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cs1. Ecin roBoputh 0 Bpemenn, To coryacio A. Ilyankape ryaBnast nmpobjiema B
TOM, YTO OTCYTCTBYET TapaHTHUs JIeHCTBUTEIHLHOTO PAaBEHCTBA ABYX PABHBIX II0
BBIOPAHHBIM YacaM UHTEPBAJIOB BPEMEHH, T. €. 9TO IIP0obJIeMa HbIOTOHOBCKOT'O PaB-
HOMEpPHOro TedeHus: BpeMmenn. OIHO U3 MIABHLIX MHTYUTUBHBIX IIPEICTABICHII O
CBOIICTBAX BPeMeHH 3aKJ/II0YAETCsI B IPUHATHN 0O0bEKTHBHOIO XapaKTepa IMOHSITH
nporuioro u oymymiero. Muorne yoexkjaeHbl B HeOOpaTUMOCTU T€UEHUS BPEMEHH,
T. €. B TOM, YTO IPOILIOE U OyayIlee HUKOTJIA HEe MEHSIIOTCS MecTaMu. B 3ToMm
1 COCTOWUT IIPUHIUI IPUINHHOCTH, IPUHUMAEMbI IBHO WM HESIBHO B MEXaHUKE.
[TpaBia, B HOBeiimeit GpusKHKe MOHATHS IPOILIOTNO 1 OYIYIIEro y»Ke OTHOCHTE b
HBbI W 3aBHUCSIT OT BBIOOpa cucreMbl oTcdera. [1o3ToMy HpHHIUII TPUIMHHOCTH B
HoBeflmeil ¢pusuke He padoraer. He Brapasicb B JIHMCKYCCHUU II0 9TOMY BOIIPOCY,
OTMeYaeM, 9TO JTaHHasl PaboTa CAeAyeT KIACCHIECKIM TPA M.

Onpedeaenue. Tero omcuema, CHAOHCEHHOE YACAMU, HA3DIBACNCA CUCTE-
MOoU omcuema.

Mo:KHO BBECTH CKOJIBKO YIOJIHO CHCTEM OTCYeTa, U II0Ka UTO BCE OHU PaB-
HolpaBHLL. [lycTh Hekast MaTepua/bHasl TOUKA JIBUXKETCsI B BLIODAHHOI CHCTEMe
OTCUETa, T. €. €e BEKTOD MOJIOXKEHUS Ia 3a1aH Kak (yHKIus BpeMmenn ra(t). ITo-
CJIeJTHSISI TIOJIHOCTBIO OIIPEJIesIsieT JIBUKEeHNEe YaCTUI[bI OTHOCUTEIBLHO TeIa OTCUETA.
OHaKO Takoe OINCaHIe He HOCUT 00beKTHUBHOI'O XapakTepa, 100 Mbl HE B COCTO-
SIHUU TIOHATH, YTO MMEHHO JBIZKETCSI: JaCTUIla, TeJI0 WA U TO U JIPYroe BMeCTe.
[Ipudem cremenb HAIEro HE3HAHUS IIPOM3BOJILHO BeJnKa: Jrobast PYHKIS Ia (t)
MOZKET TPAKTOBAThHCSI KaK JBUYKEHIE JII000H JacTUIbI OTHOCUTEIHHO KaKOI0-J1100
Tesia orcuera. IIoHSITHO, 9TO 1OMOOHOE ONMCAHUE JIBUYKEHUsI HIKOI'O He MHTepe-
cyer. He mmeroT 00beKTHBHOIO XapaKTepa CKOPOCTD I'a (t) 1 yckopenne ©'a (t) ga-
CTUIBI, TOCKOJIBLKY, IOMIMO HEOIPeIeIeHHOCTH B MCTOJKOBAHUU BEKTOpPa Ira(t),
3/1eCh J00ABJISIETCSI HEOIIPEIE/IEHHOCTDL B BBIOOPE BpeMeHH, 100 BpeMsI, BBEIEHHOE
pamee, OIIPeIeIeHO ¢ TOYHOCTLIO J0 Ipeobpasosanus t — @(t), rue @(t) — Jso-
60e MOHOTOHHO Bo3pacTatolee orTobparkenue. CoryiacHO CKa3aHHOMY BBeEJICHHBIE
paHee CHCTEMbI OTCYETa — STO COBCEM HE Te IOHSITHs, Ha KOTOPBIX Oasupyer-
cst (110 CyTIeCTBY) KJacCHIecKast MexaHuka. HyKHbI KakKne-To JOTOJHUTEIbHBIE
MIOCTYJIATHI, HOCSIIe He JIOTMIecKuil, a dpusndeckuii (MHTYUTHBHbI) XapakTep.
B kauecTBe Takoro mocrysara B KJIACCHIECKON (DU3MKE HCIIOJIb3yeTCsl MPUHIINIL
uHepiyn [ammies.

2.1.2. IIpumiun naeprun lasmiesi. VHepiimajabHbIe Tejla OTCYETa

Panee ObL710 BBEJIeHO MHOYKECTBO TeJl OTCUETa, W ITOKA 9YTO OHU BCE PABHO-
npaBHbL. /lasbHeliniee mpoaBuzKeHne BO3MOXKHO TOJBKO MPHU HMPUHATHN KaKOTO-
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JINOO TPUHITAIIA, POJIb KOTOPOT'O UTI'PACT MPUHITUIT HHEPIIH [ ajtuies, aBIsionuics
dyHmaMeHTOM Bceil (bu3uKu.

Akcumoma Al. Ilpuanun unepnnn Lanunest. Beakxas u3oauposamnmas
(00uHOKaA 60 BCEM MUPE) MAMEPUANDHAA MOUKA DGUNHCEMCA 6 AOCONOMHOM NPO-
CMparcmee NPAMONUHETHO U PAGHOMEPHO.

[Tpuamun nnepryn ['amnies, KoHevyHo, HeJIb3s CINTATH AaKCUOMOI B 0OIIIenpu-
HSITOM CMBICJIE 9TOro TepMuHa. /leiicTBuTe/bHO, B HEM (DUTYPUPYIOT TaKUe ITOHSI-
THsI, KaK “abCoJIIOTHOE IPOCTPAHCTBO”, “IIpsIMOJIMHEIHOCTE | “paBHOMepHOCTDL . Hut
OJIHO M3 3TUX IMOHATHI He OIpe/ie/IeH0 1 He MOYKeT ObITH Opejie/ieHO Oe3 BBeIeH s
TOr0, 94TO Jlajiee Ha3bIBACTCs MHEPHHUAJILHON cucTemoil orcdera. [losTomy mpun-
UM nHepiun [ajaniesa — 3To roJas ujesd, He MoIaloNaacsd SKCIepuMeHTaIbHOT
IIpoOBEPKE, HO Ha ITOM njiee JIepKUTCs Besd pusuka. Ham He JaHO 3HATH, 9TO TaKoe
abCOJTIOTHOE ITPOCTPAHCTBO, HO akcuoma Al orpejiesisieT OCHOBHbBIE CBOIICTBaA abCO-
JIIOTHOT'O IIPOCTPAHCTBA U II03BOJISIET M3 BCEI'O MHOXKECTBa TeJl 0TcdeTa 0ToOpaTh
Te, KOTOphIe 00/1a/1al0T MOCTYIupoBaHHbIMI B Al cBoficTBaMu.

[IpencraBum cebe, 9TO MBI pacmoJiaraeM W30JMPOBAHHON YacTHUIlEell, KoTopast
PN JIBUKEHUN OCTaBJISIET CJIeJi HAIlOo0ue ciejla peaKTUBHOTO caMoJieTa. JTOT
cJie]] Ha3bIBaeTcd TpaeKkTopueil yactunbl. [Iponadiiojiaem JBIKEHIE YaCTHITHI OT-
HOCUTEJILHO BCEX MBICIMMBIX TeJsl oTcdeTa. OTHOCUTEILHO OJIHAX TeJ1 OTCUYeTa TPa-
EKTOPHA OYJIET MPOCTO TOUYKOI, OTHOCUTEIBLHO JAPYTUX — MPAMON JMHUEH, HAKO-
Hell, OTHOCUTEJIbHO TPETbUX TPACKTOPHst Oy/1eT KPUBOJIUHEIHON. DTH IOC/IeIHIE
TeJla UCKJIIOYUM U3 YMCJIa MPETEH/IEHTOB Ha POJIb abCOJIOTHOIO MPOCTPAHCTBA.
3aIycTuM Ternepb BTOPYIO MPpOOHYI0 YacTuily (mepBas yxke yiereja B OeCKOHeU-
HOCTB) TaK, 9T00BI XOTsI ObI OTHOCUTEIHHO OJIHOTO Tejla OTCUeTa, B KOTOPOM TpaeK-
TOpUSI 1IePBOIl YaCTULBI ObLIA HPSIMOJIMHEIIHOM, TpaeKTOPHUsT BTOPOI N30IMPOBaH-
HOIT YacTUIbl ObLIa Obl MPIMOJIMHENHON U HelapaJsiebHON TPaeKTOPUHU MepBOii
yacTuibl. CHOBa IPOHADJII0IaeM TPAEKTOPUN YaCTHUIbI 1 BHOBb UCKJIIOUIM U3 Pac-
CMOTpEHU TeJia 0TCYeTa, OTHOCUTEJIbHO KOTOPLIX TPACKTOPUS BTOPOIl YaCTHUIILI
KPUBOJINHETHA. Y HAC OCTAJNCh TeJa OTCYeTa JIBYX TUIIOB: MEPBBIil TUIT BKJIIOYAET
B cebg Tesia oTcueTa, OTHOCUTETHHO KOTOPHIX TPAEKTOPUHN 00X YaCTUIL TPAMOJTHI-
HEIHBI; BTOPOIl TUII — TeJa OTCYeTa, OTHOCUTEJILHO KOTOPLIX TPAeKTOPUs epPBOil
YACTUIBI ObLIa TOYKOM, a TPaeKTOpud BTOPOIl — IpsMas JIMHUA, WX Ha00OPOT.
15t T oTcYeTa BTOPOro TUIa HEOOXOIMMO ITPOBECTH TPEThE UCITbITAHNE, & MMEH-
HO: BO3bMEM OJIHO M3 TaKUX TeJl OTcYeTa U IPOoBeJleM B HeM IIJIOCKOCTb, ITPOXO-
JLAILYIO Yepe3 TPACKTOPUIO-TOYKY U COJCPZKAILYIO HPAMOJIUHEHHYIO TPACKTOPUIO.
3amycTuM TPeThI0 JacTUIly TakK, YTOObI ee TPACKTOPUs He JierKaja B YIOMSIHYTOM
110cKOCTU. VICKTIOUNM U3 paccMOTpEeHus Bce Tela OTCcUeTa, B KOTOPBIX TPaeKTO-
pus TpeTbeil YacTUIbl KpuBoIuHeliHa. JIerko moHATh, 4TO JaJbHelIne NCibiTa-
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HUsI HE HYKHBI: J1I00as M30JIMPOBaHHAS YaCTHUIA OTHOCUTE/IHLHO OTOOPAHHBIX TeJI
oTcyeTa OYJeT UMETh IMPSIMOJIMHENHYI0 TPAeKTOPUIO M TPAEKTOPHUIO-TOUKY.
Onpedeaenue. Tena omcuema, OMHOCUMEALHO KOMOPBLIT MPAEKMOPUA N0~
601 U30AUPOSANHOT MOYKU (00UHOKOT 60 6CEM MUPE) YACTNULDL NPAMOAUHETHE
UAU ABAACTNCA MOYKOT, HA3BEAOMCA UHEPUUAABHBIMU TNEAAMU OTNCHEMA.
B onpenesnenun pedb mjeT 0 TPACKTOPHUAX, T. €. O HMOHATHAX, HE OINEPUPYIO-
X C MOHSTHEM BpeMeHHU. TakuM oOpa3oM, MHepIHaJbHbIe Teja oTcueTa obpa-
3YIOT TPEXMEPHBIIT KOHTHHYYM TeJI OTcUeTa, 00J1a/IalolnX 3aMedaTe/ IbHbIM CBOfi-
CTBOM: TPAEKTOPUHU BCEX TOUYEK OJIHOT'O MHEPIUAJIBHOIO Tejla OTCUYeTa OTHOCUTE b
HO JPYroro MHEPIUAJbHOIO Tejda OTcUeTa CYyTh HapaJlieJbHble TpsaMble. Muoxke-
CTBO MHEPIUAJILHBIX TeJI OTcueTa 0Opa3yeT KJacC SKBUBAJEHTHOCTH, OTHOIICHIE
SKBUBAJICHTHOCTH B KOTOPOM YCTaHaB/IMBAETCA NPUHINUIIOM HHepuuu [aJiies.
Onpedenenue. Mroocecmeo UHEPUUGALHIT MEA OMCUEMA HA3BLBAEMCA A0-
CONOMHDLM TPOCNPAHCTNEOM.
He ciejtyer yamBiasiTbcs TOMY, 9TO abCOJIIOTHOE IIPOCTPAHCTBO IIPEJICTaBIEHO
HE OJTHUM KaKHM-TO TEJIOM OTCYeTa, a KJIaCcCOM SKBUBAJEHTHOCTH. JTO JOCTATOY-
HO CTaHJIapTHasl CUTyalllsi B MaTeMaTuke. Hanpumep, BEKTOp — 9T0O He KaKoil-To
eJIMHUYHBII OObEeKT, a KJaCC dKBUBAJEHTHOCTHU, COCTOSIINI U3 MHOYKEeCTBa, Ha-
IIpaBJIEHHBIX OTPE3KOB, NMEIONINX OJNHAKOBBIE JIJIMHBI U OJINHAKOBbIE HAlIpaBJie-
HIS.

2.1.3. Bpemsa

ObpaTumMcst K MOHATHIO BPEMEHU, CAMOMY CJIOYKHOMY TOHSITUIO B HayKax O
[Ipupone. O peasbHOM BpeMeHH? MBI HE MOYKEM CKa3aTh HUUETO ONPEeIeHHOTO,
HEN3BECTHA JlayKe ero pa3sMepHoCThb. B moJb3y Jajieko He O9eBUIHON Tpexmep-
HOCTHU TPOCTPAHCTBA NMEETCA HEMaJIO BeCbMa Cephe3HBbIX apryMeHTOB. B 1mo/b3y
CaMOOYEBU/IHOI Ha TEPBBIIl B3IV OJHOMEPHOCTH BPEMEHU HET He TOJbKO ce-
PHE3HBIX, HO U BOODIIE HUKAKIX apryMeHTOB. A caMOOYeBUIHOCTD CJIMIIKOM Ya-
cTO 1o/IBOIMIA Jitojeil. [losroMy B MexaHuKe peajibHOE BpeMsi He 00CYKJIaeTcsd, a
BBOJIUTCS B PACCMOTPEHUE MAMEMANUYECKOE 8PEMA NN TIPOCTO 6PEMA.

Axkcumoma A2. Bpema ABAAECMCA HENPEPLIGHO MEHANOWEUCA BEAUMUNOTL,
npobezarueti 00HOMEPHOE HEOZDAHUNEHHOE MHOHCECTNEO (YUCA0BYI0 0CD); OHO Ha-
npasAeHo (OPUEHMUPOBANO) U Medem om npouLLo2o k 0ydyuemy.

A kcmoma A3. Mamemamuueckoe 8pems cywecmeyem camo no cebe u He
3G6UCUM HU OM KAKUT SHEWHUT obcmoamensvcme. B wacmuocmu, oHo ne 3a6u-
cum om deusicenus u om 6ub0pa uHePUuarvHozo measa omcuema (M. Hororom).

2 O peasibHOM BpeMeHu cM. nojpasenbl 7.3.2 u 7.3.3. (IIpumen. ped.)
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st m3Mepennsi BpeMeH! MPUMEHSIOTCS Jachl, T. €. MpUOOPbI, B OCHOBE JIeii-
CTBUSI KOTOPBIX JIEZKUT KaKoi-/1100 1nepuoandeckuii npomecc. Heobxomnmo, onxa-
KO, UMETbh rapaHTHIO, YTO STOT IPOIecC JeiCTBUTEIbHO epuoandeckuii. Hampu-
Mep, MBI JIOJIZKHBI ObITH YBEPEHBI B TOM, YTO JIITTETLHOCTH BCEX MUHYT 10 OOBIY-
HBIM dacaM JefiCTBUTEHLHO OJMHAKOBBI. JIMHCTBEHHBIM TapAHTOM 3/IeCh BBICTY-
naeT MPUHIUI uHepnun [amies, yTBepxKIaIoNnii, YTo JBUKEHNIE N30 UPOBaH-
HOIi IACTUI[BI OTHOCUTEIHHO NHEPIUATBLHOTO TeJIa OTCUeTa SIBJIACTCS (LTI, JTy dIie
CKa3aTh, HA3bIGAEMCA) PABHOMEDHBIM. DTO U JlaeT CIocob TAPUPOBKH YaCOB.

Onpedeaenue. Hacvl cuumaromes ommapuposaHHvLMU 6 COOMBEMEMBUL C
npunyunom Lasunres, ecau 36 00UHAKOBHLE MO IMUM YACAM UHMEPEANDL BPEME-
HU U30AUPOBAHHAA YACTNUUG NPOAEMAEM 00UHAKOBBIE PACCTNOAHUA 68 KAKOM-AUDO
(A1000M) UHEPUUANLHOM TEAE OMCYUEM.

Cy1ecTByeT MHEHNE, UYTO akcnoma A3 10/Ipa3yMeBaeT CyIeCTBOBAHIE CUT'HA-
JIOB, PACIIPOCTPAHAIOIINXCS ¢ OECKOHETHOI ckopocThio. Ho Takoe MHeHme HE Ha
YeM He OCHOBaHO. Jla, akCHOMAaTHKON KJIACCHYEeCKON MEXaQHUKH HE OMpPUuyatomcs
CUTHAJIbI ¢ OECKOHEUHOI CKOPOCTHIO, HO TaKNe CUTHAJBI HE HABA3LEAIOMCHA AKCH-
OMATHUKOI, B TOM YHUCJIe I aKCHOMaTHKOMN /710 Bo3ieiicTBuil. YTo0b OTTapnpoBaTh
Jacbl B COOTBETCTBUN C IPHUHIIUIIOM HHEPIUHU ['ajmies, JOCTATOYHO Pa3sMECTHUTh
X Ha M30JIMPOBAHHON YaCTUIlE U OTMeYaTh MOMEHTBI IIPOXOKIEHNs OJNHAKOBBIX
paccTosiHnii B MHEPIMaJIbHOM Tejie oTcdeTa. Ha ypoBHe ujeit 9To BIoJiHe JJOCTH-
JKIMasl BEIllb, a BCIKas HAyKa CTPOUTCS Ha ypoBHe mjieil. PeaabHocThb, pasymeer-
Cs1, OTJIMYAETCSI OT HAINX IOCTPOEHUI M, BUINMO, HUKOI/a He OyjeT y/IoyKeHa B
“HPOKPYCTOBO JIOXKe KaKO-/1M00 HAayKHU OYIIYIIEro.

YrobbI cesraTh IpoIecc TapUupPOBKN eAMHOOOPA3HBIM BO BCEX MHEPIHAJIbHBIX
TeJlaX OTcYeTa, MOXKHO IIPEJIOXKUTh MBICJICHHBI 9KCIIEPUMEHT, B OCHOBE KOTOPO-
IO JIEZKUT JIONYINEHNE O PaBHOIPABHOCTH BCEX MHEPIHUAJIBHBIX T OTCYeTa. DTO
JIOTIYIIIEHNe B HEMHOI'O PACIHINpeHHO Bepcun Oyner chopMyInpOBaHO B BHUIE OT-
JIeJIBHOTO YTBEP:K/IeHNsI, N3BECTHOIO IO/, Ha3BaHUEM IIPUHIINAIIA OTHOCHTEIHHOCTH
lamunest. [IpegcraBum cebe, 9T0 B KaxKJOM Tejie OTCYETa HEMOJIBUAKHO (OTHO-
CHUTEJILHO JIAHHOTO Tejia OTCUeTa) 3aKperieH HeKuil mpubop, CoCOoOHBIH HCITyc-
KaTh, HAIIpuMep, GpOTOHbI UM KaKue-1udo Jpyrue dactuiibl. Bee 3T npubopbl
(mm omme puUbOP, MOC/IEI0BATEILHO YCTAHABINBAEMbIIT BO BCEX TeJlaX OTCIeTA)
cunTarorcs niaeHTuIHbIMEU. ajgee, B MoMeHT Bpemenu t = 0, ¢purcupyemblii 110
KaKIM-TO, He 00s13aTe/IbHO OTTapUPOBAHHBIM, dacaM, IPpUOOpP UCIycKaeT (DOTOH.
Nsmepsiercst paccrostame T(t), mposeraeMoe K MOMEHTY BpeMeHu t, 1 BBOAUTCS
abcosrornoe Bpemst tqo = 1(t)/c, e ¢ — mocrostHHAas, UMEIOIIast PasMEpPHOCTh
CKOPOCTH U OJIMHAKOBasi BO BCeX TejiaXx oTcyeTa. BBejeHHOE ompejiesienne adbco-
JIIOTHOT'O BPEMEH! MOYKHO OOPATHUTDh U IOJIYIUTCS YHUBEPCAJIbHAsT TAPUPOBKA, da-
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Yacel uayT paBHOMEpPHO

Yacel uayt

t) HEPAaBHOMEPHO

TpaexTopus
X YACTHIIEI

Puc. 2.1. Tapuposka 1yacos 1o ['anunero

coB t = f(cty). Hamee Oyger MCHOIL30BATHCS UMEHHO abCOJIOTHOE BpeMs tg,
KoTOopoe OyJerT 0603HauaThCsi OYKBOIi t.

Ciietyer OTYET/IMBO IIOHUMATh, 9YTO IPUHATHIMUA aKCUOMAMHI MaTeMaTHIeCKOe
BpEeMsl BBEJIEHO JIOCTATOYHO >KeCTKO. /[T TOro 4roObl MPOSICHUTHL 9TO 0OCTOsI-
TeJILCTBO, PACCMOTPUM JIBYMEPHBII MHD, HaJleJIeHHbII MaTeMaTUIeCKUM BpeMe-
wem (puc. 2.1).

[Tnockocts XxOy — 310 AByMepHoe npocTpancTBo. [Ipsmas OP B miockocTn
xOy — upsimosinneiinas TpaexkTopus dactuiibl. Och Ot — och Bpemenu. [Lioc-
kKocTh tOP — 110CcKOCTh, B KOTOPOIL JIEZKUT MUPOBasl JTUHUST YACTUIIBI, T. €. MHO-
»KeCTBO TOYEK, KOTopoe Ipoberajia 4acThIla B TPEXMEPHOM IIPOCTPAHCTBE: IBa
IIPOCTPAHCTBEHHBIX U3MEPEHUsT U OJHO BpeMeHHoe nm3Mmepenue. Kpupas xOB, Je-
»kamast B maockoctu tOP, ecTh ojiHa 13 BO3MOXKHBIX MUPOBBIX JIMHUI, TIPOEKITHSI
KOTOPOIl Ha IIPOCTPAHCTBEHHYIO ILJIOCKOCTh €CTh TPAeKTOPUs-IIpsiMasi YaCTUIbI B
JIBYMEPHOM ITPOCTPAHCTBE. Y paBHEHNe 9TOH MPAMOIl mMeeT BHU/I

x = f(t)a, y = f(t)b, y = bx/a. (2.4)

Oyukiust f(t) mpu 3TroM MOKeT ObITH JIOCTATOYHO HPOU3BOJILHOM. Ilpumh-
mun wHepnun [ajmiest TpebyeT, 9TOOBI 3a OJMHAKOBBIE MHTEPBAJIbLI BPEMEHM
t; — 0 =1, — ty nposeranuck Obl olHAKOBBIE paccTogHust s3 — 0 = s4 — 3. Ec-
aun OB — kpuBasi, TO 9TO yCJIOBHE He BbIIIOJHEHO. pyras BO3MOXKHAasT MUPOBasI
JuHug — 910 npsmMast OA. 3ech, 09eBUIHO, TpeboBaHNe IPUHITIIIA HHEPIIUN BbI-
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IIOJIHEHO
t1 —0=1t —t = s1—0 =15y —s7.

OiHako npsiMbix Tuia OA MOYXKHO IIPOBECTH CKOJIBKO YTOJHO U He 00s13aTeIhb-
HO U3 HadaJia KoopjuHat. [Tosromy mMaremaTudeckoe BpeMsl IPUHIINIIOM UHEPIIAN
lasmusiest BBOJIMTCS ¢ TOYHOCTBIO JIO JIUHEITHOTO Mpeodpa3oBaHus

t —  kt+to, (2.5)

rae to onpejessierT BbIOOP Hadaia oTcyeTa BpeMeHU, a K — BBIOOD €MHUIbI 13-
MepeHnsT BpeMeHH (MacITaOHbIii MHOKUTED ).

IIMeHHO 9TOT OrpaHnYeHHbBIH IIPOM3BOJI B BLIOOPE MATEMATHIECKOTO BPEMEHN
MBI 1 IMEJIH B BUJY, TOBOPS O YKECTKO BBEJIEHHOM BPEMEHH.

2.1.4. NueprnuajbHble CUCTEMbI OTCUYETA

Onpedeaenue. Hrepuuarvroe meso omcuema, chabotcenoe 4acami, 0mima-
PUPOBAHHDIMU 6 COOMBEMCMEUL € NPUHUUNOM UHePUuU [arunea, Hasvieaemcsa
UHEPUUANALHOU CUCTEMOT OMCYEMAQ.

MueprnuaibHBIX CUCTEM OTCUYeTa OECKOHEUHO MHOIO, I BCE OHU PABHOIIPABHBI,
9TO U (PUKCUPYETCs MPUHITUIIOM OTHOCUTEIbHOCTH [aimies.

Axcuoma A4. Ilpunmun orHocutesbHOCTH lanmaesi. Bce unepuyu-
AABHDIE CUCTNEMDL OMCYEMa PABHONPAGHDL, M. €. HE CYWecmsyem Guauieckus
IKCNEPUMEHIM OB, NO3BOASOUUL BHLOEAUMD KAKYO-AUOO 00HY U3 HUL.

[TonsiTHO, 9TO caM 10 cebe NPUHIUII OTHOCUTEJLHOCTU HE ydacTBYyeT HU B
Kaknx roctpoeHusix. [IoaToMy HazbBaTh €ro aKCHOMOI MOXKHO TOJIBKO YCJIOBHO.
[Tpunnun oTHOCHTEILHOCTH HPOCTO (BUKCUPYET JIOCTATOYHOCTH HMPUHIINAIIA THEP-
mun [ammies. Hukakoii cyiecTBeHHON IMOJIb3bI U3 MPUHIUIA OTHOCUTEILHOCTU
[ajinies: m3BJ1€Ub HEBO3MOXKHO, IIOCKOJILKY JII00ast TeOPHsl, IOCTPOEHHAS Ha OCHO-
Be (pyH/IaMEeHTabHBIX 3aKOHOB MEXaHUKHU, Oy/IeT aBTOMATUIECKU YIOBJIETBOPATH
9TOMY IIPUHIIAILY.

Onpedeaenue. Abcoromuoe MPoOCMPAHCMEO, CHAOHCEHHOE ADCONOMHBIM
BPEMEHEM, ECMBL KAACC IKBUBANEHTMHOCNY HA MHOHCECTNBE BCET MBICAUMDLT
CUCTNEM OMCUEMA, NMPUYEM OMHOWEHUE IKGUBAAEHMMHOCTNU YCMAHABAUCBLEMCA
npuHyunom unepuuy I asunes.

[Ipusenem turary u3 kauru K. Tpycaena [25]: “Cucrema orcaera — 910 9u-
CTBII XOJICT, HA KOTOPOM MOXKHO PHCOBaTh KAPTUHBI IPUPOIBLI. DTOT XOJICT MOZKET
OBITH BBIOpaH XYIO:KHUKOM IIpErKJie, UeM OH IIPUMETCs 3a paboTy. XOJICT HaKJa-
JIbIBAET HEKOTOPhIe OI'PAHNYeHHsI Ha UCKYCCTBO XYIOKHUKA, HO HUKOUM 0Opa30M
He Ollpejie/isieT Te KaPTUHBI, KOTOPhIe XYI0XKHUK OyIeT pucoBaTh’ .
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3ameuanue. /Ijis1 MHOMUX KHHAT 110 (PU3UKE U MEXaHHKe XapaKTePHO MCIIOJIb-
30BaHUeE MOHSITHUS ‘akcuoMa B HETPAJIUIIMOHHOM JIJIS MaTeMaTUKU cMbIcje. VHo-
rj1a 3a0bIBAETCSI, YTO HE BCSKOE, Jlake MPABUJIbHOE, YTBEPKJIEHHEe MOYKET ObITh
IPUHSATO B KAYeCTBE aKCUOMBI, 100, CTaB aKCHOMOIl, 9TO YTBEP:KIEHIIE MOXKET IIpe-
BPATHUTbCsl B CBOIO IIPOTUBOIIOJIOXKHOCTh. PaccMoTpuM B KadecTBe MJLIOCTPAIINAN
CJICJTYIONTYIO aKCHOMY.

Akcmoma AX. Ckopocmov ceema, ucnyckaemozo 00HUM UCTNOYHUKOM,
00UHAKOBA B0 BCET UHEPUUANDLHBLT CUCTNEMAT OMCUEMA.

YacTo JyMaroT, 9TO 9TOI aKCHOMOI IOCTYIUPYETCs OJIMHAKOBOCTb CKOPOCTHU
CBeTa BO BCEX BBEJCHHBIX paHee MHEPIUAJIbHBIX cucTeMax orcdera. OJiHaAKO 3TO
He Tak. [J1aBHAst 0COOEHHOCTD J1I000H AKCHOMBI COCTOUT B TOM, 4TO il HeJIb3sl Ha-
BA3bIBATH KaKoe-/ 100 MHEHHe, aKCHOMa Ha BCe CMOTPUT CO CBOeil TOUKHU 3PEHMHSI.
[Tosichum Ha npumepe. omycTuM, UMeeTcst caji, B KOTOPOM PaCcTyT I'pyIleBble 1
sibjioHeBbIe JlepeBbs. [Ipumem akcnomy: “Ha Beex jgepeBbsix B cajty pacTyT Ipymin’.
[ToHsITHO, YTO I'PYIIN HE HAYHYT B CUJIY 9TOI aKCUOMBI pacTu Ha s10/10H5X. [IpocTo
C TOYKHU 3PEHM ITOI aKCUOMBI sIOJIOHN IIePeCTaHyT CUNTAThCA JepeBbaMu. 104-
HO Tak ke obcront gesno n ¢ akcumomoit AX. IlpuHsiB 3Ty axcmomy, HEOOXOIIMO
Ha paHee BBEJIEHHOM MHOXKECTBE CHCTEM OTCUYeTa IPOBECTH HOBBLIE MUCILITAHUS 1
0TOOpATh Te U3 HUX, KOTOPLIE sIBJISIIOTCSI MHEPLUUAJIbHBIMU ¢ TOYKU 3PEHUs aKCHU-
oMbl AX. Ecan mbI, gomyctumM, 3HaeM yTBepzKaeHrne AX Kak 3KCIePHMEHTAILHO
YCTAHOBJICHHBI aKT, TO HEOOXOUMO TOCTPOUTH TEOPUIO C ITOMOIIHI0 KaKUX-TO
JIPYTUX aKCUOM TaK, 9To0bI yTBepKaeHne AX sIBJISJIOCH X CJIeACTBHeM. Fcin ke
yrBep:kaeHne AX (opMyaupoBarh Kak aKCHOMY, TO 9TO OYIEeT IMPOCTO CyrKeHHe
KJIacca MHEPIHAJIbHBIX CUCTEM OTCUYeTa JI0 MHOYKECTBa, MHEPIUAJIbHBIX TeJI OTCUe-
Ta, IMEIOIINX OJHY TOYKY, B KOTOPOIl PACIIo/IoyKeH NCTOUHNK cBeTa. Beab akcnoma
Al npojosKaer JeficTBOBATD.

2.1.5. CucreMbl oTCcYeTa U CUCTEMBbI KOOPJIUHAT

Bce Toukm Tena orcuera MIACHTUQMUIUPOBAHBI OTCUETHBIMU KOOPIMHATAMU.
[Ipu >xejaHun MOYKHO M3MEHUTH CUCTEMY UJIeHTU(UKAINN TOYEK Tejia OTcUeTa.

Onpedeaenue. Cucmema udenmudurayuy, Movex mesa omeuema Ha3vl6a0-
emces cucmemots Koopoumnam.

CucreMoil KOOpJUHAT B KaxKJ0i1 TOUKE OTCUYETa CTABUTCSA BO B3aUMHO OJHO-
3HAYHOE COOTBETCTBHE TPOfiKa umnces Yy©

Y=y A0 D) =Yy, ) = X =X (Y. (2.6)

3/1ech UCIOJIb3YeTCsI IOJIBUKHAsI cucTeMa KoopiauHaT. CHcTeMbl KOOPJUHAT
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MOZKHO 3aMCHATD

v =y y,t) = Yy =y™y, 1), (2.7)

riae Kak Obl 3a0bITO O cyriecTBoBauun dhopmys (2.6). 3akoHbl mpeobpa3oBaHusT
KOODJIMHAT TEH30POB OIPEJIEISIFOTCsI HUMEHHO 110 OTHOIIEHUO K 3ameHaM (2.7), HO
HU B KOEM cJIydae He 110 OTHOIIEHMIO K 3aMeHaM cucTeM oTcuera. [10CcKOIbKY BbI-
60p crcTeMbl KOOP/IMHAT COBEPIICHHO MPOU3BOJICH, TO BBIJIBUTAETCS CIIEINAJIbLHOE
TpeboBaHUE.

ITpusiunn ob6bekTUBHOCTU. Bee dhusuveckue esudunvt U 3aKoHb, 005ek-
MUBHDL U HE 3ABUCAM 0M 8LLOOPG CUCTNEMDL KOOPIUHAM.

Ob6paTtnmM BHUMaHIE, 9TO MHOTHE (DU3MIECKHe BeJMINHbI (CKOPOCTH, KIHETH-
JecKast SHEPrus U T. J.) 3aBUCAT OT BbIOOpa cucTeMbl oTcueTa. [losromy Hemorry-
CTUMO CMEIIeHUe IIOHSITHI CICTeM OTCYeTa U CHUCTEeM KOOPIMHAT. 3aMeHbl CHCTeM
oTcUeTa MOJAPOOHO 00CYXKIAI0TCA B Hojpasene 7.1.2, rie TakzKe BBOIATCS MHBa-
puaHTHBIE JuddepeHinaabHble OIepPaTOPh.

2.1.6. TpaHcadgIIMOHHbIE U CIIMHOPHBbIE JIBU>KEHUS

Cy1iecTByIOT JiBa, NPUHIUIINAIBHO PA3JINIHbIX BUJIA JBUKEHUSA: TPaHC/ISIIN-
OHHBIE U CIIUHOPHBIE. [lepBble ompeae/doTesa 3aJaHneM BEKTOPOB IOJIOXKEHUN 1
OIHCBIBAIOT MepeMeIeH st (TPAHC/IAIN) Te/T B cucteMe orcaera. CIUHODHBIE B~
YKEHUsI OIIPeJIesISIIOTCs 3ajaHneM (PYHKINN BpeMeH!, 3HaUeHUsIMI KOTOPBIX SBJIsI-
I0TCsl COOCTBEHHO OPTOI'OHAJIbHBIE TEH30pbl pazmepHocTu Tpu. ColyTCTBYIOIINE
CIIMHOPHBIM JIBUKEHUSIM XapaKTEPUCTUKN (BEKTOPBI TOBOPOTA, YIJIOBBIE CKOPO-
CTU U T. JI.) ONUCHIBAIOTCSI C TOMOIIbBIO MOHATHS aKCUATIBHOIO BEKTOPA, IPoodpa-
30M KOTOPOI'O SIBJISTFOTCSI 00bEeKThI, Ha3bIBaEMbIe Jlajiee CIIMH-BeKTopaMu. VIMeHHO
CITMH-BEKTOPbI SIBJISIIOTCS MPSIMBIMI HOCUTE/ISIMI (PU3UIECKOI0 COJEPXKAHUST TOIO
WA UHOTO CIMHOPHOI'O ITOHSITHSI.

Y100BI OIpeIe/uTh CIMH-BEKTOD, HEOOXOIUMO B Tejie OTCUYeTa 3aJaTh IIPsi-
MYI0, Ha3bIBAEMYIO OChIO CIIMH-BEKTOPa, M B ILJIOCKOCTH, OPTOTOHAJILHOI ocHu, 3a-
JIaTh KPYTOBYIO CTPEJIKY, OXBATBIBAIOILYIO OCh. [lmmHa 9T0#t KpyroBoii CTpesKn
HA3BIBAETCsl MOJYJIEM CINH-BEKTODA, & HalpaBJeHUe CTPEJIKH IIOKA3bIBaeT Ha-
IpaBJieHre IO0BOpoTa win BpaleHusi. CINH-BEKTOPbI OYeHb YI00HBI JIjisi pabo-
Thl Ha MHTYUTHUBHOM YPOBHE, HO Ha (pOpMajIbHOM ypOBHE yaoOHee paboTarh He
C HIMH, & C TaK Ha3bIBAEMbIMU AKCHAJIHHBIMI BEKTOPAMHE, COIOCTAB/ISIEMBIMHI 10
OIIpeIeIeHHOMY IIPaBIIYy CIMH-BeKTOpaM. lIpuHsiTie 5TOro npabmia Ha3bIBAET-
csl OpHeHTallell cucreMbl orcuera. KarKoMy CIHMH-BEKTOPY a, COIOCTaBJIAETCH
“oObITHBII BEKTOD a:
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1) a pacro/iozkeH Ha OCU CIUH-BEKTOPA ay;

2) MOJIYJIb & PABEH MOJLYJIIO ay;

3) a HalpaBJIeH Tak, 4TOObI [IPU B3LJISAJIE ¢ 0 KOHIIA KPYToBas CTPe/IKa CIIMH-
BEKTODPa TM0Ka3bIBaJIa JIBIZKEHIe JTUHO MPOTHB XOJIa YacOBOH CTPEJIKE (IPaBOOPU-
eHTUPOBAHHAsI CUCTEMa OTCYEeTa), JIMOO 110 XO/Y YacoBOil CTPeIKN (JIeBOOPHEHTH-
POBaHHAsI CHCTEMa OTCUETa).

BexTopnl, conocrapisieMble 110 YKA3aHHOMY IPAaBUJLY CIIMH-BEKTOPAM, HA3bI-
BAIOTCA aKCHAJILHBIMEI. BUJVM, 9TO aKkcHaJIbHbIe BEKTOPLI HEe 3aBUCIT OT BLIOOPA
CUCTEMbI KOODJMHAT ¥ HE MEHSIFOTCsI [IPK 3aMeHe IPaBOil CUCTeMbl KOOPIMHAT Ha
JIEBYIO, 1 Ha0DOPOT.

Takum 0Opa3oM B OPUEHTUPOBAHHOI cucTeMe oTcueTa JefCTByeT JBa THUIIA,
BEKTOPOB (HAIIPABJIEHHBIX OTPE3KOB): OJIHN M3 HUX HE PearnpyrorT Ha H3MeHEeHHe
OPHMEHTAIN CHCTEMbI OTCUETa 1 HA3bIBAIOTCS HOJIAPHBIMU, a JPYIHe P U3MeHe-
HIM OPUCHTAIINH YMHOXKAIOTCA Ha (—1) 1 Ha3BIBAIOTCS aKCHATLHBIMIL.

CunHOpHBIE JIBUZKEHUST OLPEIEIAIOTC 3aIaHueM COOCTBEHHO OPTOrOHAILHOTO
renszopa P(t):

P-PT=P'-P=E, detP(t)=+1I. (2.8)

Tenszop P(t) masnee Oyner HA3LIBATHCS TEH30POM ITOBOpOTa. Bostee moapobmyto
nHGOpMAaINIo 0 TeH30pe moBopoTa MoxKHO HaiiTu B [Ipmioxkenun C. CoryacHo Teo-
peme Ditjiepa Jir000it TeH30p IOBOPOTa, OT/IMYHbII 0T K, 0gHO3HAYHO IpeacTaBuM
B BHJIE

P(t)=(1—cosO)m®@m+cosOE +sinfm x E, (2.9)

rje eJMHNYHBI BeKTop M = m(t) 9BJIseTcs HEIOABUKHBIM BEKTOPOM TEH30DA
P(t), . e. P(t) - m(t) = m(t), a yro