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BCTYII

[Iporpama HaB4YasbHOI AUCHUILIIHK «BapiamiiiHi TPUHIMIN KIACMYHOI MEXaHIKH Ta
MeXaHiKa CYIUIBHHX CEpeIOBHIN» CKJIaJeHA BiJMOBIJHO IO OCBITHRO-HAYKOBOi (OCBITHBO-
npodeciiiHoi) mporpaMH IMiAIrOTOBKH MEPIIIOTO PiBHIO BUIOI OCBITH — OaKajiaBp

crenianbHOCTI 104 — i3uka Ta acTpoHOMIs

OCBITHs ITporpama — (pizuka

1. Onuc HaBYAJILHOI AMCHUILIIHA

1.1.Mera BUKIIaJaHHS HABYAIBHOI AUCIHUILTIHU
MeToro BUKIJIaJIaHHS HaBUYaJIbHOI MUCHMILTIHA «BapialiiHi NPUHIUIINA KJIACUYHOI MEXaHIKH Ta
MeXaHiKa CYyLUUJIbHHX CEpeJOBHUIN» € HaJaHHS CTyAeHTaM Kadeapu TeopeTHdHoi ¢i3uku
MOTJIMOJICHUX YSBJICHBb PO BapialliiiHi IPUHITKIIH, PO 3aKOHU 30epeKeHHs, T0OyI0BY Ha OCHOBI
BapiallifHUX MPUHIMIIB TEOPii pyXy MEXaHIYHUX CHCTEM B JIATPAH)KEBOMY Ta T'aMiJIbTOHOBOMY
dopmanizmax, y dopmanizmi piBHsSHHS ['aminbroHa—K001 SK Ui HEPEISATHUBICTCHKUX TakK 1
PEISTHBICTCHKUX MEXaHIYHUX CHCTEM, BCTAHOBJICHHS 3B’SI3KY MK KIIACHYHOIO Ta KBAHTOBOIO
MeXaHIKaMH, MPO BHUKOPUCTAHHS BapialliiHUX MPHUHIMIIB y KJIACHYHIA MeXaHIIl Ta y MeXaHilli
CYLUIBHUX CEPEeOBUIIL — TEOPii pyXy PiAMH, ra3iB Ta TBEPAUX TLI.

1.2. OcHOBHi 3aBI1aHHA BUBYECHHSA JUCIHHUILIIHA

€ HaBYUTH CTYJICHTIB:

— BUKOPHMCTaHHIO BapiallifHUX MPUHIHUIIB 7151 OTPUMaHHA PIBHAHb KJIACHYHOI TA PEISATUBICTCHKOI
MEXaHIKU

— pO3B’s3aHHIO 33/1a4 KJIACHYHOI MeXaHiku MeTonamu Jlarpanxa, ['amineToHa, ['aminsrona—Sko61
— OCHOBHHUM IOHATTSIM MEXaHIKH CYIIUIBHUX CepeIOBHIL,

— cnocobam omucy Efinepa Ta Jlarpamnxka,

— PIBHSIHHIO HENIEPEPBHOCTI Ta TEH30PY HAIPYKEHHS,

— OCHOBHHM pPIiBHSHHSM PYXY 1I€aJIbHOI PiIMHH,

— OINKCYBATH I'paBiTalliliHi, 3BYKOBI, CPepuyHi, yIapHi XBHUIII,

— XapakTepu3yBaTH B’SI3Ky piANHY,

— OCHOBHHM PIiBHSHHSAM TE€OPIil MPY>KHOCTI,

— pO3B’sI3yBaHHIO 3a/1a4i Ae(OpMyBaHHS CTEPIKHIO,

— pO3TIIsLIaTH PO3NOBCIOKEHHS 3ByKOBUX XBUJIb,

— JIOCIKYBAaTH TEOPETUYHHUM IIJISIXOM TEIUIONPOBIHICTD, B’ A3KICTh, OTJIMHAHHS 3BYKY,

— KOPUCTYBAaTUCh HABYAILHOIO Ta JIOBIJIKOBOIO JIITEPATYPOIO Ta OOMPATH aJIeKBaTHI METOIN
PO3B’s13aHHS 3a/1a4 MEXaHIKU CYIIIBHIX CEpPEIOBHIIL.

Komnemenmuocmi, wo 3a6e3neuyiomoscs OUCYUnIiHoIo!

* 3/1aTHICTh PO3B’SA3yBaTH CKJIAHI CIIeIiasli3oBaHi 3a/1a4i Ta MPaKTUYHI IpodaeMu 3 Hi3uKH
Ta/abo acTpoHOMIi y mpodeciiiHii IiSIpHOCTI ab0 y Tpoleci MOAAIBIIOr0 HAaBYaHHA, IO
nepeadavae 3acTOCYBaHHS TNEBHMX Teopid 1 MeroaiB (isuku Ta/abo acTpoHOMIl 1
XapaKTepU3yeThCs CKIAAHICTIO Ta HeBU3HauUeHIcTio yMOB (IK).

* 3IaTHICTH 710 a0CTPaKTHOTO MHUCIIEHHS, aHaii3y Ta cuHTe3y (3K-1).

* 3IaTHICTh 3aCTOCOBYBATH 3HAHHS y NpakTHYHKUX cuTyamisx (3K-2).

» HaBuuku BUKOpUCTaHHS iHpOpPMaIiitHUX 1 KOMyHiKaiitHuX Texrouorii (3K-3).

* 3MaTHICTh OyTH KpUTUYHKUM i camokputuaHuM (3K-4).

* 3nmaTHiCTh MpuitMaTu o0rpyHToBaHi pimeHHs (3K-5).

» HaBuuku mixkocobucticuoi B3aemoii (3K-6).

* 3IaTHICTH OLIIHIOBATH Ta 3a0€3MeuyBaTH SAKiCTh BUKOHYBaHHX pooiT (3K-8).

» Bu3HaueHICTh 1 HAMOJIETIUBICT MO0 MOCTABICHHUX 3aBAaHb 1 B3ATHX 000B’s13KiB (3K-9).



* 31aTHICTH CIIIKYBATHCS JCPKABHOIO MOBOIO SIK YCHO, TaK i muchMoBo (3K-12).

* 3/1aTHICTh CHUIKYBATHCS iHO3eMHOI0 MOBOIO (3K-13).

* 3HaHHS 1 PO3YMIHHS TEOPETHYHOI'O Ta EKCIEPUMEHTAIBHOTO 0a3ucy cydacHoi (pi3uku Ta
actponomii (OK-1).

* 3/IaTHICTh MpAIfOBAaTH i3 HAYKOBHM OOJIQJIHAHHSIM Ta BHMIPIOBAIBHUMH TPUIAJIAMH,
00pOOJIATH Ta aHATI3yBaTH pe3yibTaTh A0CiKeHb (DK-4).

* 3/1aTHICTP BUKOHYBaTH OOYHCIIIOBAJIbHI EKCIIEPUMEHTH, BUKOPHUCTOBYBATH YHCEINbHI
METOJTU JUTSl PO3B’sI3yBaHHsI (DI3MUHUX Ta ACTPOHOMIYHUX 3a]1a4 1 MOJICTTIOBaHHS (PI3UYHUX CHCTEM
(DK-5).

* 3/1aTHICTh MOJIENIOBATH (Bi3UYHI CUCTEMH Ta aCTPOHOMIUHI siBUIna i nportecu (OK-6).

* 3aTHICTh BUKOPHCTOBYBAaTH 0a30B1 3HAaHHsS 3 (DI3UKH Ta aCTPOHOMII JJIs PO3yMiHHS
OyZ0BH Ta OBEIHKHM MPUPOIHUX 1 INTYYHUX 00’ €KTIB, 3aKOHIB ICHYBaHHS Ta €BOIIOLIT BeecBity
(DOK-7).

* 3/1aTHICTD MPALIOBATH 3 JUKEPEIaMU HaBYaJIbHOT Ta HayKoBoi iH(popmartii (PK-9).

* 37aTHICTh CAMOCTIHO HABYATHCS 1 OAHOBYBATH HOBI 3HAHHS 3 (Di3UKH, aCTPOHOMII Ta
cymixkuux ramyseit (OPK-10).

 YcBigomieHHS IpoQeciiHIX eTUYHUX acTeKTiB (hi3MYHUX Ta aCTPOHOMIYHUX JTOCHTIKEHb

(DK-12).

+ OpieHTarlis Ha HAWBUILI HAYKOBI CTAHAAPTH - 00I3HAHICTH MI0/I0 QyHAAMEHTATBHUX
BIJIKDUTTIB Ta TEOPiH, SKi CYTTEBO BIUIMHYJIM HA PO3BUTOK (Di3UKH, aCTPOHOMII Ta 1HIINX
npupoanrunx Hayk. (PK-13).

* 31aTHICTH 3100yBaTH TOJATKOBI KOMIIETEHTHOCTI Yepe3 BHOIPKOBI CKJIaZ0B1 OCBITHBOT
porpaMu, CaMooCBiTy, HeopmabHy Ta iHGopManbHy ocBiTY (PK-14).

1.3. KinbKicTh KpeauTiB — 5.
1.4. 3aranpHa KinbKicTh rogud — 150.



1.5. XapakrepucTuka HaBUaIbHOI JUCITUILTIHU

3a Bubopom

Jlenna ¢popma HaBuaHHs

Pik niaroroBku

3-i

Cemectp

S5-i

Jlekuii

64 rox.

[TpakTH4Hi, CEeMiHAPChKIi 3aHATTS

He nepenbaueHi HaBUaIbHUM TIJIAHOM

JlabopartopHi 3aHITTS

He nepenb6ayeHi HaB4aaIbHUM TUIAHOM

CamocrTiitHa poboTa

86 rox.

[HMBiTyanbH1 3aBIaHHS

KypcoBa po6ota 20 roa. 3a paxyHOK caMOCTIHHOI poboTH

1.6. 3rigHOo 3 BUMOTraMu OCBITHBO-TIPO(ECiitHOT MPOrpamMu CTYIEHTH OBUHHI JOCSTTH TaKUX
pe3ysbTaTiB HaBUYAHHS:

3HaTty, po3yMiTH Ta OyTH 3JaTHUM 3aCTOCOBYBATH Ha MPOo(eciitHOMY piBHI MPUHITUIIH 1
TEOPETUYHI MiIXOH JI0 OMUCY aHai3y, TIIyMaueHHs, TOSICHEHHS 1 Kiacudikarii cyTi
BapialliiHUX TPUHIHITB KJIACHYHOI MEXaHIKH.

3HaTH, pO3yMITH Ta OYTH 3JIaTHAM 3aCTOCOBYBATH Ha 0a30BOMY PiBHI MEXaHIKY CYIIIBHHX
CEPEIOBMIIL JJIs1 BCTAHOBJICHHSI, aHATI3Y, TIIyMaueHHs, MOSCHEHHS 1 Kitacugikaiii cyTi Ta MeXaHi3MiB
pi3HOMaHITHUX (DI3MYHMX SIBUII] 1 IIPOIIECIB, SKI BiIOYBaIOTHCS Y pIAMHAX, Ta3axX, TBEPAUX TiIaX, — 3
METOIO pPO3B’sI3yBaHHS TUIOBUX (DI3MUHMX 3a/1a4.

ByTH 31aTHUM 3aCTOCOBYBATH MaTeMaTU4H1 3HAHHS 3 Teopli JU(epeHLIaTbHUX PIBHSIHD,
BapialifHOro 0OYHMCIEHHS, Teopil JIHIHHUX MPOCTOPIB 3 METOI PO3B’sA3aHHS 3ajauy KJIACHUYHOI
MEXaHIKU PI3HUMH METO/IaMHU.

Bytu 3maTHMM 3acTocoByBaTHM 0a30Bi MaTeMaTH4HI 3HAHHS 3 METOMIB ONKUCY CYLIJIBHUX
CEePEIOBHIIL 3 METOIO OTPUMAaHHS (Pi3MYHUX XapaKTEPUCTUK PiJIUH, ra3iB, TBEPAUX TilL.

IIpoepammi pezynomamu Ha84aHH, WO 3a0e3NeUyIOMbCs OUCYUNTIHOINO:!

* 3HaTH, PO3YMITH Ta BMITH 3aCTOCOBYBATH Ha 0a30BOMY piBHI OCHOBHI HOJOXEHHS
3arajibHOI Ta TEOPETUYHOT (PI3UKH, 30KpEMa, KIIACUYHO1, PEISTUBICTCHKOT Ta KBAHTOBOI MEXaHIKH,
MOJIEKYJISpHOT (P13UKH Ta TEPMOINHAMIKH, €JIEKTPOMAarHeTU3My, XBHJIbOBOI Ta KBAHTOBOI ONTHKH,
¢Gi3uKkM aromMa Ta aTOMHOTO sipa Ui BCTAHOBIICHHS, aHAJi3y, TIyMadeHHs, MOSICHEHHS M
kiacugikamii cyTi Ta MEXaHi3MiB PI3HOMaHITHUX (i3WYHUX SIBUIL 1 IPOILIECIB I PO3B’A3yBaHHS
CKJIQJIHUX CTICI[ialIi30BaHMX 33124 Ta NPAaKTHYHKUX poOsieM 3 ¢i3uku Ta/abo actponomii (ITPH-1).

* 3HaTU 1 pO3yMITH (i3UYHI OCHOBM ACTPOHOMIUHHUX SBMII: aHAJi3yBaTH, TIYMAa4yHUTH,
MOSICHIOBATH 1 KJ1acu(ikyBaTH OyIOBY Ta €BOJIIOIII0 aCTPOHOMIYHHMX 00’ €kTiB BeecBiTy (muianer,
3ip, MJIAHETHUX CUCTEM, TATAKTHUK TOIIO), @ TAKOXK OCHOBHI (Di13MYHI IPOIIECH, SIKi BiI0OyBalOTHCS B
uux (ITPH-2).

* 3HaTH 1 pO3YMITH EKCIIEPUMEHTAbHI OCHOBH (DI3UKU: aHaNII3yBaTH, OIMCYBATH,
TIYMa4UTH Ta TMOSCHIOBATH OCHOBHI €KCHEPUMEHTalIbHI MIATBEP/DKEHHS 1ICHYIOUMX (PI3MYHUX
teopiit (ITPH-3).

* 3HaTH OCHOBHI aKTyaJibHi Ipo0eMu cydacHoi ¢izuku ta acrporomii (ITPH-5).

* O1iHIOBaTH BIUIMB HOBITHIX BIJIKpUTTIB Ha PO3BUTOK Cy4YacHOi (Di3UKKU Ta acTPOHOMIi
(ITPH-6).

* Po3ymiTn, aHami3yBaTH 1 TOSICHIOBATH HOBI HAyKOBI PE3yNbTAaTH, OJEP)KaHI Yy XOJIi
NpoBeICHHS (PI3UYHUX Ta ACTPOHOMIYHUX JTOCIIKEHB BiNOBiIHO A0 cremianizanii (ITPH-7).
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* Matu 06a30Bi HaBHYKM CaMOCTIHHOTO HaBYaHHS: BMITH BIJIIYKOBYBaTH IOTPIOHY
iHpopMalilo B JPYKOBaHMX Ta EJCKTPOHHUX JDKEpelax, aHali3yBaTH, CHCTEMaTHU3YBaTH,
PO3YMITH, TIYMA4YUTH Ta BUKOPUCTOBYBATH 11 /ISl BUPILICHHS HAYKOBHX 1 MPUKJIATHUX 3aB/JIaHb
(ITPH-8).

* BMiTH ynopsiIkOByBaTH, TIIYMAYUTH Ta y3arajJbHIOBATH OJICpKaHi HAYKOBI Ta MPAKTUYHI
pe3yibratu, pooutu BucHoBkH ([TPH-11).

* Po3ymiTu 3B’5130K (i3uKH Ta/ab0 acTpOHOMII 3 IHIIMMH TPUPOIHUYMMH Ta 1HKEHEPHUMU
HayKam#, OyTH OOI3HaHUM 3 OKpEMUMHU (BIAMOBIIHO O CHeEIiani3allii) OCHOBHUMH MOHSATTSIMU
NpUKIaaHOi (Pi3MKKM, MaTepialo3HABCTBA, 1HX)EHEPii, XiMil, 610JI0TIT TOIIO, a TAKOXK 3 OKPEMHUMHU
00’ekTaMu (TEXHOJOTIYHMUMH TPOLECAMU) Ta TPUPOAHUMH SBUINAMH, IO € IPEIMETOM
JIOCJTIJDKEHHS 1HITUX HAYK 1, BOJAHOYAC, MOXKYTh OyTH IpeaMeTaMu (Hi3UuIHUX a00 aCTPOHOMIYHUX
nocinimkens (ITPH-13).

* 3HaTH 1 PO3yMITH POJIb 1 Miciie (i3UMKH, aCTPOHOMII Ta IHIIMX MPUPOJHUYUX HAYK Y
3arajibHii CUCTEMI 3HaHb PO NPUPOAY Ta CYCHIJIBCTBO, Y PO3BUTKY TEXHIKM W TEXHOJOTIH Ta y
dbopmyBaHHi cydacHoro HaykoBoro ceitorisiay (ITPH-17).

* Posymit 3HaueHHS (I3WYHUX JOCHIUKEHb JUIS 3a0€3MEYeHHS CTajoro pPO3BHUTKY
cycmiaberBa (ITPH- 22).

* Po3ymiTu icTopito Ta 3aKOHOMIPHOCTI pOo3BUTKY (hisuku Ta actpoHomii ([TPH-23).

* Po3ymitu Micue (i3ukd Ta acTpOHOMIi y 3araipHiii CHUCTEMi 3HaHb MPO HPUPOAY 1
CYCIIUIILCTBO Ta Y PO3BUTKY CYCHIJILCTBA, TeXHIiKH 1 TexHojorii ([TPH-24).

» MaTu HaBUYKH CAMOCTIHHOTO PUAHSTTS PIllICHb CTOCOBHO CBOiX OCBITHBOT TPAEKTOPIi Ta
npodeciitnoro po3zsutky (ITPH-25).

2. TEeMATHYHHH IJIaH HABYAJILHOI AUCHHUILIIHA

Pozaia 1. MateMaTHYHNH anapaT TeOPEeTHYHOI MEXaHIKH

1. Beryn. JIBa dbopmymntoBaHHS 3aKOHIB MEXaHIKM: BEKTOpHA MEXaHIKa 1 aHaJIITHYHA
MeXaHiKa.

2. CuctemMu KOOpAMHAT: JEKapTOBlI KOOPAWHATH, KPUBOJIIHINHI KOOPIAUHATH, y3arajlbHEHI
koopauHaTtu. KoHirypauiiinuii npocrip.

3. OcCHOBHI XapaKTepUCTUKH KPHUBOJIHIMHUX KOOPJIMHAT: KOOPJMHATHI TOBEPXHI,
KOOPJIMHATHI JIiHi1, OpT KPUBOJIIHIMHUX KOOPMHAT, €IEMEHT JAOBXHUHU AYTH, (yHJaMEHTaIbHUN
METpUYHUIN TeH30p, koedimienTn Jlame, 3B’SI30K MK OpTaMu JEKapTOBUX 1 KPUBOJIHINHHUX
KoopauHaT. KpuBoutiHiiiHI OpTOroHanbHi KOOPJMHATH Ha IUIOIIKHI 1 B TPUBUMIPHOMY IPOCTOPI.
[Tpukiaau KpUBOIIHIHHUX OPTOTOHATHPHUX KOOPAWHAT HA IUIOIIMHI 1 B TPUBUMIPHOMY TTPOCTOPI.

4. IIBUAKICTH 1 IPUCKOPEHHS B KPUBOJIIHIMHUX OPTOTOHAIBHUX KOOPJMHATAX.

5. OcHoBu BapianiiiHoro uyucieHHsa. @yHkuioHan, Teopema Elnepa—Jlarpanxa.
IuBapianTHicTh piBHsAHHS Elnepa—Jlarpanka BiIHOCHO MEPETBOPEHHS KOOPIUHAT.

Po3aina 2. Jlarpan:keBa Ta raMiJibTOHOBa MeXaHika

6. IMpunnun waviMenmoi nii ['aminbToHa. Oynkuig aii. @ynkuis Jlarpanka MexaHi4HOT
cuctemMu. BuBeneHHs piBHsAHb Jlarpamka 3a JOMOMOror MPUHIMIYY HaWMEHIIOl [ii.
V3aranpHeHUH IMIynbC 1 y3aragbHeHa cuia. [lukimiyHi KoopauHATH. 3aKoH 30epeKeHHS
y3arajJibHEHOro IMITysbcy. Yac, Sk HuKIigyHa KoopauHaTa. 3aKoH 30epekeHHs eHeprii. OyHKIis
["aminbTOHA.

[Tpuxnanu noGynosu ¢yHkii Jlarpanxka 1 piBHAHb Jlarpanka i pi3HUX MEXaHIYHUX CHCTEM.

7. T'aminbTOoHOBa MexaHnika. [leperBopenHst Jlexkannapa. Y3arajibHeHI KOOpIMHATH Ta
y3arajbHEeH1 IMITyJIbCH, SIK He3asekHl 3MiHHI. KaHOHIUHO cnpsbkeHl 3MiHHI. Da30BHil mpocTip.
PiBusnus ["aMinbpToHA (KaHOHIYHI piBHAHHS). BuBeneHHs 3aK0HY 30epeXeHHs eHeprii BUXOI4n
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3 piBHaHb [aminbToHa. Ilpuknamum po3B’s3aHHs 3amad MetoaoM [aminbToHa. IlopiBHSHHA 13
MetooM Jlarpanxa.

8. IToBHa moxigHa BiJ GYHKIT KOOpAUHAT, iIMITYJIbCIB 1 yacy. yxku Ilyaccona. Jlyxku
[Tyaccona i 3akonu 30epexenHs. Ilpuknanu obuucnenus nyxok Ilyaccona. Komyratop asox
orepaTopiB — KBaHTOBMIi aHanor nyxok Ilyaccona. /loka3z TorokHocTi SIk006i 3a JOMOMOTroro
KOMYTaTOpIB.

9. Kanoniuni neperBopeHHs. lleperBoproroya (yHKIS Bif pi3HMX Map KaHOHIYHO
cupsbkenux. [Ipuknaaym po3B’si3aHHs 33a4ad 3a JTIOMOIOTOI0 KaHOHIYHHUX MEPETBOPEHb. 3B 30K
KaHOHIYHUX NIEPETBOPEHB 3 YHITAPHUMH MEPETBOPCHHSIMHU B KBAHTOBINA MEXaHIII].

10. [is, ax pynxuis koopaunat. PiBusHas ["aminsroHa—SK00i.

[ToBHuii iHTETpas piBHSIHHSA ["aminbTOHA-IKO001.

11. Teopema Sko0i.

12. Tlomin 3miHHMX B piBHAHHI [aminbToHa-fKO0I B JEKApTOBUX, NUIIHIPHUYHHUX,
cepuIHHUX KOOPJMHATAX 1 B TOBUIHUX KPUBOJIHIMHUX OPTOTOHAIBHUX KOOPAWHATAX.
[Tpuknanu po3B’s3aHHS 3a7ad MeToAoM ['aminbToHa-SIk00i: BilbHA YaCTHHKA, YaCTUHKA B
OJTHOPITHOMY TIOJTi, TApMOHIYHHIA OCHMIIATOD, 3afada Kemepa, cepudnnii MasiTHUK, TOTEHITIal
[Termnb-Tennepa, MmogidikoBanuii noteHmian [lemms—Temepa, morenmian Mop3se Ta iH.

13. Knacuuna ta kBaHTOBa MexaHika. PiBHsHHsA ['amimbroHa—SK001 B P-300pakeHHI.
EneMeHTH raMilbTOHOBOT ONITHKHU.

14. Oco6nMBOCTI 3acTOCYBaHHS BapiallilHUX MPUHUIIB B PENISTUBICTCHKIN MEXaHIII.
[Tpuxmnanu: po3B’S30K peNsATUBICTCHKOI 3amauyi Kemiepa B peisTHBICTCBKOMY BHIMAJIKY,
«PENSATUBICTCHKHID OCIIIISITOP, PYX B IOCTIHHOMY OJTHOPITHOMY €JIEeKTPOMarHiTHOMY TOJIi.

Po3ain 3. OcHOBHI OHATTA MeXaHIKH CYNJIBHUX cepel0BHUII

15. [loBepxHeBi Ta MacoOBi CHJIM, BEKTOp HaIpykeHHs, (hopmyia Ko, TeH30p Harpy>KeHHs.

16. TToximHa 3a yacoM (YHKIIIT TOYIII Ta IHTETrpary 1o 00’ emy.

17. KinemaTuka cyuinbHux cepenosuil: croci6 Eitnepa Tta cnoci6 Jlarpanxa.

18. 3akoH 30epeKeHHsI MacH 1 piBHSHHS HENEPEPBHICTI.

19. 3akoH 3miHM iMIynbey. TeH30p TYCTHHU MOTOKY IMITYJIbCY.

20. 3aKOH 3MiHH MOMEHTY IMITYJIbCY 1 CHMETPisl TEH30PY HaNpPy>KEHHs.

21. PiBHsIHHS 3MiIHM KIHETMYHOI €Heprii.

22. JlokanbHO piBHOBaXXHUH cTaH. OCHOBH TEPMOJMHAMIKU Ta PIBHAHHS 3MiHH BHYTPIIIHBO]
eHeprii Ta eHTporii.

Po3znin 4. IneanbHa pinnna
23. PiBHSHHS pyXY 1/Iea]IbHOI PiIUHU.
24. XBWIbOBE PIBHSHHS I 3BYKOBOT XBHJII.
25. 3anexHICTh IIBUIKOCTI 3BYKY BiJl TEMIIEPATYpH.
26. [Tnocka MOHOXpOMAaTHYHA 3BYKOBA XBUIIS.
27. BnacHi KOJMBaHHS.

5. B’sa3ka pinuna
28. TeH3op HanpyXeHHS TSI B’ I3KUX CEPEIOBHIII.
29. PiBusinns Hap’e-Crokca.
30. Cramionapsi Teuil B’a3Ko1 xkuakocti: Teuis [lyaseins, Tedis y noii TSHKIHHS 10 HOXUIIIH
TUTOIIMHI.
31. ducnepcis Ta HOTJIMHAHHS 3BYKY.

6. Teopist npy:xHoCTi
32. TepmonuHamika aeOpMyBaHHSI.
33. BinbHa eHeprist KpUCTaTIB Ta 130TPOMHMX T Y BUMAIKY MaIUX JAeopmMartiii.
34. TpyxHi B1acTUBOCTI KpucTaiiB. Bekrop nedopmartii.
35. Tenzop nedopmartii. 3akoHu ['yka 7151 KpECTATIB Ta 130TPOITHOTO YIIPYTOTO TiJa.
36. OnHopinHi xedopmarrii.



37.
38.
39.
40.
41.
42.
43.
44.
45.
46.

PiBHSHHS piBHOBAary.
Kpytinus crepxkHio.
Burun (crum) cTepxHro.

[TpyxHi XBUIII Y 130TPOITHOMY CE€PEIOBHIIIL.

[TpyxHi XBUIII y KpHCTaax.

[ToBepxHeBi XBUIII.

PiBHSHHS TETUTOTIPOBIAHOCTI B TBEPIUX TiJIax.

TermonpoBiAHICTh KPUCTAITIB.

B’s3KicTh TBEpIUX TiJ.

[TornmuHaHHs 3ByKy B TBEpAUX TijJax.

3. CTpyKTYpa HaBYaJbHOI AV CUMILIIHA

HasBu po3aini i Tem

KinpkicTs rogun

JneHHa hopma

yCbOI0 y TOMY YHUCIT
I o J1a0. 1HI. C. p.
1 2 3 4 5 6 7
Po3nin 1. MaTeMaTH4YHHUIA aniapaT TeOPeTHYHOI MeXaHiKH
Tema 1 3.5 1 2.5
Tema 2 45 2 2.5
Tema 3 45 2 2.5
Tema 4 45 2 2.5
Tema 5 55 2 3.5
Pazowm 3a pozaisiom 1 225 9 13.5
Po3aia 2. Jlarpan:keBa Ta raMmiJibTOHOBa MeXaHika
Tema 6 5 2 3
Tema 7 6 3 3
Tema 8 6 3 3
Tema 9 6 3 3
Tema 10 6 3 3
Tema 11 5 2 3
Tema 12 6 2 4
Tema 13 6 2 4
Tema 14 6.5 3 3.5
Pazom 3a pozninom 2 52.5 23 29.5
Po3aia 3. OcHOBHI NOHATTA MeXaHIKH CYNJIBHUX Cepel0BHII
Tema 15 25 1 1.5
Tema 16 25 1 1.5
Tema 17 25 1 1.5
Tema 18 25 1 1.5
Tema 19 25 1 1.5
Tema 20 25 1 1.5
Tema 21 25 1 1.5
Tema 22 25 1 1.5
Pazom 3a pozisiom 3 20 8 12
Po3nia 4. IneaabHa pinnna
Tema 23 25 1 1.5
Tema 24 25 1 1.5
Tema 25 2.5 1 1.5
Tema 26 25 1 1.5




Tema 27 2.5 1 15
Pazom 3a pozainom 2 12.5 5 7.5
5. B’si3ka pinnHa
Tema 28 25 1 1.5
Tema 29 25 1 1.5
Tema 30 25 1 1.5
Tema 31 2.5 1 15
Pazom 3a pozaiiom 5 10 4 6
6. Teopist npy:KHOCTI
Tema 32 2.5 1 1.5
Tema 33 2.5 1 15
Tema 34 2.5 1 15
Tema 35 2.5 1 1.5
Tema 36 25 1 1.5
Tema 37 2.5 1 15
Tema 38 2.5 1 15
Tema 39 2 1 1
Tema 40 2 1 1
Tema 41 2 1 1
Tema 42 2 1 1
Tema 43 2 1 1
Tema 44 2 1 1
Tema 45 1.5 1 0.5
Tema 46 15 1 0.5
Pa3oM 3a po3tiziom 6 32.5 15 17.5
Ycboro 150 64 86

4. TeMM NPaKTHYHHUX 3aHATH (ceMiHapiB)
He nependaueni HaBYaIbHUM IUIAHOM.

5. 3aBpaHHs A9 caMOCTiliHOI podoTH

[TosicHeHHS 11010 TOTO, 110 TOBUHEH 3pOOUTH CTYIEHT 1]l YaC CaMOCTIMHOI poOOTH:

1. Tlo BciM HWX4Ye BKa3aHUM TeMaM OMpAIIOBAaTH KOHCIEKTH JIEKIH, MpOYUTaTH
BIJINOBIIHI Naparpagu B Miipy4yHUKax Ta MOHOTpadisx;

2. Buxonatu moMmarrdi 3aBIaHHs

Ne Buau, 3micT camocTiiHOT poOoTH Kinb-
3/I KiCTb
T'OJVH
1 [TopiBHSATH PO3B’sA3aHHS 3aa4l TPO MATEMATUYHUN MAaSTHUK METOJIOM 2.5
HeloTOHA Ta 3a JOTOMOT010 3aKOHY 30€peKeHHsI eHeprii
2 | 3HaiiTH B JiTEpaTYpHUX JDKEpellaX NPUKIIAJAN KPUBOTIHIHHAX KOOPAWHAT 2.5
3 | Obuucnut QpyHIaMEHTAIBLHUA METPUYHUIN TEH30p AT PI3HUX 2.5

KPUBOJIIHIMHUX OPTOrOHANIBHUX KoOopAUHAT. OOUUCIUTH OTMHUYHI OPTH,
€JIEMEHT JIOBXKUHH YT, TOOYAyBaTH KOOPJMHATHI TOBEPXHI Ta
KoopauHatHi JiHii. [Ipuknanu koopauHat quB. B [6].

4 | 3HaiiTu mpoeKii MPUCKOPEHHS Ha BiCl IMIIHAPHUYHUX, CPEPUUHUX Ta 2.5
napaboJI0iTHIX KOOPIUHAT
5 | 3HaiiTu QyHKIIOHATBbHY MOXiAHY BiA QyHKIIOHATY (QYHKIIT IBOX 3.5

3MIHHHX.
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6 | Po3p’s3aTu 3amauy mpo cdepuuHuil MasTHHK MeronoMm Jlarpamxka Tta 3
MerogoM ["aminbproHa. 3HaTH (yHKIi0 ['amMinbTOHA PENATHBICTCHKOL
YaCTUHKM B MarHiTHomy moii. IlepeiiTh 1m0 TpaHUYHOTO BHIAAKY
KJIACUYHOT MEXaHIKH.

7 | HaBectu npuknaau o0uncieHHs ayxok Ilyaccona. 3

8 | 3HaliTu mpuKIaAM MEPEeTBOPIOYNX (QYHKINHN AJIs PI3HUX Hap KaHOHIYHO 3
crpshKeHUX 3MiHHUX. [IpounTaTs po 3B 30K KaHOHIYHHUX TTEPETBOPEHB 3
YVHITapHUMU NIEPETBOPEHHSIMH B KBAaHTOBIH MEXaHIiIli.

9 |3Bamucatm piBHAHHA [ aminbToHa—SKO0I JUII MaTeMaTHYHOTO Ta 3
c(hepryHOro MasiTHUKA, JIsl MOABIHHOTO MasiTHUKA.

10 | 3maiitu moBHuil iHTerpan ['amimpTOoHa—SKO0I A7 MaTEeMAaTUYHOTO Ta 3
chepryHOro MasiTHUKA, JUIs MOABIITHOTO MasiTHUKA.

11 | IloBTopuTH A0Ka3 TeopeMu SKoOi. 3
12 | IIpoBectu monin 3MiHHUX B piBHSHHI [ 'aminbroHa-fKk00i B IEKapTOBHX, 4
HATIHAPUYHUX, CHEpUUHUX KOOPJIWHATAX 1 B JOBLILHUX KPHUBOJIHIMHHX

OPTOTOHAIBHUX KOOPAWHATAX JUIsl YACTUHKHU Y 30BHIIIHBOMY ITOJII.

13 | Posp’s3atu Metonmom ["aminbroHa-fko6i 3amady mpo YacTMHKU B IO 4
TSOKIHHA 3eMJTi, B rpaBiTalfiiiHomy nodii (3agada Kerutepa), mpo pyx TOUKH
B MOJI TSOKIHHA 3eMIll, SIKa PyXaeTbCs 10 MOBEPXHI KOHYcCa, MOTEHIiall
[Memnb-Temnepa, moxidikoBanuii morenuian [lenurs-Temepa, moreHmian
Mop3e Ta iH.

14 | Banmcatu Ta po3B’s3atu piBHAHHA [amimbToHa—SKOOI U1 YaCTHHKH B 3.5
OJIHOPITHOMY TOJI Ta AJii TapMOHIYHOTO OCHWISATOpPAa B IMITYJIbCHOMY
300paKeHH.

15 | 3anmaua kmacu4HOi Teopii mosst. Jledopmarris. 3

16 | Be3nepepBHICTh CepeIOBHIIIA. 3

17 | Pyx. 3

18 | MatepianbHuii Ta IPOCTOPOBUI OMHC. 3

19 | PiBHsAHHS OGe3nepepBHOCTI MaTepii Ta MacH. 3

20 | baratTokoMNOHEHTHI KOHTIHYYMH. 3

21 | 3aranbHi piBHAHHS OanaHCy. 3

22 | PiBHsHHS OayiaHCy MacH. 3

23 | PiBusaHHs GanaHcy 3apsia. 3

24 | PiBHSHHS pyXYy. 3

25 | PiBHsHHS OayiaHCy IMITyJTBCA. 3

26 | MexaniyHa piBHOBara. 3

27 | PiBHsAHHS OaslaHCYy MOMEHTY KUIBKOCTI PyXY. 3

28 | PiBHsHHS OanaHCy KIHETUYHOT €Heprii. 3

29 | PiBHsAHHA OGanmaHCy MOTEHITIALHOT €HEeprii. 3

30 | PiBHsHHS GanaHcy MexaHIYHOI €Hepril. 3

31 | JlokasbHi )OpMH MEPIIOTO i APYTOro 3aKOHIB TEPMOJMHAMIKH. 3

32 | 30epexeHHs eHeprii 1 piBHIHHS OaIaHCy BHYTPIIIHBOT €HEprii. 3

33 | PiBusHHS OanaHcy eHTpOIIIi Ta BAPOOHUIITBO €HTPOITi. 3

34 | JliHiiHI KIHEMAaTUYHI PIBHIHHS. 3

35 | CriBBiIHOIIIEHHS B3a€MHOCTI. 3

36 | [IpuHIMI HAtMEHIIIOTO PO3CISTHHS €HEPrii. 3

37 | HepiBHOBakHI MOTeHIIIANBHI QYHKITIT. 3

38 | JlokanbHi (hOpMHU NPUHIIMITY. 3

39 | I'ayccoBa opma JIOKaIbHOTO MPUHIIMITY. 3

40 | BuxopucraHHs JIOKaJIbHOIO IIPUHLUILY. 3

41 | [IpuHIMIT MiHIMAIBHOTO BUPOOHHUIITBA SHTPOITII. 4
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42 | CramioHapHi CTaHU HEMIEPEPBHUX CHCTEM. 4

Ycevozo zooun 86

6. InauBinya/jbHi 3aBIaHHSA

Kypcosa po6ora.
3anporoHoBaHi TEMU KYPCOBHX POOIT
JUis HacTYMHMX MOTEHIaJbHUX EHEpriil JOCHIAWTH pPI3HUMH METOJAaMH pyX KIACH4YHOI

HepeJISITI/IBiCTCBKOi' YaCTUHKHU B TaKUX ITOJIAX:

1.

10.

11.

2
U(x,y,z):k)2(+ d ; k>0,a>0.

u(xy,z)=U, exp[ }
U(x,y,2)== Yo .
X2 +y ( j

2
U(x,y,z)=ax+ky7+£ a>0,k>0,5>0.

k(y 2 ), U,>0,a>0,k>0.

QJ

a>0,U,>0.

72’

2 2
U(x,y,z):w—az, k>0, a>0.

U((x,y,2)= Utg( j+ay Pz, U,>0,a>0,5>0.

MeTtonom Jlarpanxa JOCHIAUTH PyX KIACUYHOI YACTUHKH, KA PYXA€THCS 110 BHYTPIIIHIN
MOBEPXHI KOHYCa B MOJ1 TSKIHHS.

MeTtonom 'aminbTOHA TOCIIIUTH PyX KJIACHYHOT YACTHHKH, SIKA PyXa€ThCS 110
BHYTPIIIHII MOBEPXHI KOHYCA B MOJII TSXKIHHS.

Mertonom I'aminbToHa—K001 JOCHIIUTH PYX KIACUYHOI YACTHHKH, SIKA PyXa€ThCS MO
BHYTPIIIHII MOBEPXHI KOHYCA B MOJII TSXKIHHS.

Metonom Jlarpanka JOCTIANTH PYX KIACUYHOI YACTUHKH, KA PYXA€THCS 110 BHYTPIIIHIH
MOBEPXHI cepu B Mol TSHKIHHS (chHepuuHUN MasSTHUK).

Jocaiautu pyx KI1acUYHOI YaCTHHKH, sIKA PyXa€eThCs IO BHYTPILIHIN MOBEpXHI chepu B
1oJI1 TSOKIHHS (ChepuuHUN MasSTHUK)

Metoznom ["aminbToHa—SK001 JOCHIUTH PyX KIACHYHOT YACTHHKH, KA PyXa€ThCs MO
BHYTpILIHII MoBepxHi chepu B MO TKIHHS (CHEepUUHNN MAITHUK)

JIOCIITUTH PYX «PENIATUBICTCHKOrO» C(HEPUYHOI0 OCHMISATOPA 3 TOTEHIIaIbHOIO

enepriero U (I) = %

Jlocmigutn pyx penstusicrepkoi uactunku B moni U () =——, A>0.

r2’

7. MeToau KOHTPOJII0
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[linroToBKa MHCHMOBOI JOMOBIAI JjIi BHUCTYIy Ha CEMiHapl, BHUCTYN Ha ceMiHapi,
MiArOTOBKA Ta 3aXHCT KypcOBO1 poOOTH, 3aJiK.
8. Cxema napaxyBaHHs 0aJiiB

ITorounuii KOHTPOJIB, CAMOCTIH{HA poOoTa \ 3amnik \ Cyma |

Po3n. | Po3n. | Po3xa. | Po3a. | Po3a. | Posn.
1 2 3 4 5 6
(T1 (T6- | (T6- | (T6- | (T6- | (T6-
-T5) | T14) | T14) | T14) | T14) | T14)

Kypcoga po6ota Pazom

10 10 5 5 5 5 20 60 40 100

Jnst 3apaxyBaHHsI po3finiB 1-2 Tpeba HabpaTu y miJCyMKy He MeEHIIe S OaniB, ais
3apaxyBaHHS pOo3/LIiB 3-6 — He MeHIue 2.5 3a pe3yabTaTaMy MOTOYHOT'O OITUTYBAHHS Ta IIEPEBIPKH
3aB/aHb I CAMOCTIHHOT poOoTH 1Mo TeMax 1-46, BUKOHATH Ta 3aXUCTHTU KypCOBY poOOTYy (HE
menme 10 6aniB). 3a 3aiKOBY IUCBMOBY poOOTY CTY/AEHT OBUHEH HaOpaTu He MeHIe 20 6aiB
Ta 3arajoM He MeHIe 50 6aiB.

Ikana ouiHIOBaHHSA

Cyma OaniB 3a Bci Buau | OIiHKA 32 HAaIllOHAJIBHOIO IIKAJIOO
HaBHalbHOL  AVUIBHOCTL | 17y qyorupupiBHeBoi JUTS ABOPIBHEBOI
IPOTATOM CEMECTPY [IKAJIM OLIIHIOBAHHS | IIKaJX OIIHIOBAHHS
90 - 100 BIIMIHHO
70-89 no6pe 3apaxoBaHO
50-69 3a70BIJILHO
1-49 HE3aJ0BUIBHO HE 3apaxOBaHO

9. PekomengoBaHna Jiteparypa
OcHoBHa JiiTepaTypa

1. Lanczos C. The Variational Principles of Mechanics / C. Lanczos. - DOVER
PUBLICATIONS, INC, 1986. —418 p.

2. KosanwoB O. C. Mani konuBanHs. 1. JIiHilHI KOJMBaHHS : HABY.-METO/I. T10Ci0. /

0. C. Koaiibos, O. B. €3epcrka, 3. O. Maiizenic, T. C. Uebanosa. — X. : XHY imeni B.
H. Kapaszina, 2016. — 112 c.

3. Kiacmuna nuHamika y HBIOTOHIBCBKOMY Ta JIarpaHXeBoMy (opMaii3mi: HaBd.-METOI.
noci6. / O. B. €3epcrka, O. C. Kopanbo, 3. O. Maiizenic, T. C. Uebanosa. — Xapkis,
XHY imeni B. H. Kapaszina, 2019. — 148 c.

4. L.D. Landau, E. M. Lifshitz, Mechanics, Butterworth-Heinenann Linacre House, Jordan Hill,
Oxford OX2 8DP A division of Reed Educational and Professional Publishing Ltd — 1976. —

160p.
5. Goldstein H. Classical mechanics / H. Goldstein, Poole C., Safko J. Addison Wesley,
2002. — 638 p.

6. Arnold V.l. Mathematical methods of Classical mechanics / V.1. Arnold. Springer-
Verlag, 1989. — 516 p.

7. Landau L.D., Lifshitz E.M. Fluid Mechanics. Vol. 6 of Course Theoretical Physics.
Oxford-New York-Toronto: Pergamon Press, 1987. — 551 p.

8. Landau L.D., Lifshits E.M. Theory of elasticity. Vol. 6 of Course Theoretical Physics.
Oxford-New York-Toronto: Pergamon Press, 1982. — 236 p.
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HonomixHa JiiTeparypa

1. Morse P.M. Methods of Theoretical Physics. Part 1/ P.V. Morse, H. Feshbach. —
McGrau-Hill Book Company, 1953. — 998 p.

2. Zwillinger D. Handbook of Differential Equations / D. Zwillinger. — Academic Press,
1997. — 856 p.

3. MeroanuHi BKa3iBKH 10 CaMOCTIiHOT poboTH 3 nucuuiuiing «KinacuyHa MexaHika Ta
MeXaHiKa CYIUIbHUX CepeAOBUII JUIsI 3100yBayiB BULIOi OCBITH MEPIIOTO
(6akamaBpcpkoro) piBHs 104 «®Di3uka ta acrporHomis//yki. XaputonoBa O.A.—
Kam’suceke: JATY, 2018 p. — 51 c.

4. Kappanpkuii A. 5. MexaHika CyliIbHUX cepenoBuil [ EnekTponHuii pecypc|: HaBy.
noci6. — K.: KIII im. Iropst Cikopcrkoro, 2016. — 290 c.: in. — Bibmiorp.: c. 284-285.

10. Ilocunanns Ha indopmauiiini pecypcu B InTepHeTi, Biieo-aekuii, iHie
MeTON4YHe 3a0e3neyeHHs

1. Y46o0Bi Marepianu Ha caidTi Kadeapu TEOPETUUYHOI Pi3UKU

http://kaf-theor-
phys.univer.kharkov.ua/Robochi%?20programy/Kovalyov.%20Mali%20kolyvannya.%201.%20L.i
niyni%20kolyvannya.pdf

http://kaf-theor-
phys.univer.kharkov.ua/Robochi%20programy/Class Dinam Kovalev%20et%?20al.pdf

2. Y40oBi MaTepiaiy HIIUX YHIBEPCUTETIB
http://theorphys.onu.edu.ua/uploads/sharedfiles/Textbooks/mmf/mmf book b.pdf

http://theorphys.onu.edu.ua/uploads/sharedfiles/Textbooks/mmf/V.M.Adamyan M.Ya.Sushko |
ntroduction to Mathematical Physics Calculus of Variations and Boundary Value Problem

s.pdf
http://theorphys.onu.edu.ua/uploads/sharedfiles/Textbooks/mmf/quide mmf.pdf

3. EnexTpoHHI BapiaHTH A€AKUX MiIPYYHHUKIB Y BIAKPUTOMY AOCTYII

https://ia903206.us.archive.org/4/items/landau-and-lifshitz-physics-textbooks-
series/\V0l%201%20-%20Landau%2C%20L ifshitz%20-
%20Mechanics%20%283rd%20ed%2C%201976%29.pdf

https://archive.org/details/GOLDSTEINCIlassical Mechanics

https://ia801203.us.archive.org/14/items/v-arnold-mathematical-methods-of-classical-
mechanics-1989/v-arnold-mathematical-methods-of-classical-mechanics-1989.pdf

https://ia800102.us.archive.org/3/items/morse feshbachl/morse feshbachl.pdf



http://kaf-theor-phys.univer.kharkov.ua/Robochi%20programy/Kovalyov.%20Mali%20kolyvannya.%20I.%20Liniyni%20kolyvannya.pdf
http://kaf-theor-phys.univer.kharkov.ua/Robochi%20programy/Kovalyov.%20Mali%20kolyvannya.%20I.%20Liniyni%20kolyvannya.pdf
http://kaf-theor-phys.univer.kharkov.ua/Robochi%20programy/Kovalyov.%20Mali%20kolyvannya.%20I.%20Liniyni%20kolyvannya.pdf
http://kaf-theor-phys.univer.kharkov.ua/Robochi%20programy/Class_Dinam_Kovalev%20et%20al.pdf
http://kaf-theor-phys.univer.kharkov.ua/Robochi%20programy/Class_Dinam_Kovalev%20et%20al.pdf
http://theorphys.onu.edu.ua/uploads/sharedfiles/Textbooks/mmf/mmf_book_b.pdf
http://theorphys.onu.edu.ua/uploads/sharedfiles/Textbooks/mmf/V.M.Adamyan_M.Ya.Sushko_Introduction_to_Mathematical_Physics_Calculus_of_Variations_and_Boundary_Value_Problems.pdf
http://theorphys.onu.edu.ua/uploads/sharedfiles/Textbooks/mmf/V.M.Adamyan_M.Ya.Sushko_Introduction_to_Mathematical_Physics_Calculus_of_Variations_and_Boundary_Value_Problems.pdf
http://theorphys.onu.edu.ua/uploads/sharedfiles/Textbooks/mmf/V.M.Adamyan_M.Ya.Sushko_Introduction_to_Mathematical_Physics_Calculus_of_Variations_and_Boundary_Value_Problems.pdf
http://theorphys.onu.edu.ua/uploads/sharedfiles/Textbooks/mmf/guide_mmf.pdf
https://ia903206.us.archive.org/4/items/landau-and-lifshitz-physics-textbooks-series/Vol%201%20-%20Landau%2C%20Lifshitz%20-%20Mechanics%20%283rd%20ed%2C%201976%29.pdf
https://ia903206.us.archive.org/4/items/landau-and-lifshitz-physics-textbooks-series/Vol%201%20-%20Landau%2C%20Lifshitz%20-%20Mechanics%20%283rd%20ed%2C%201976%29.pdf
https://ia903206.us.archive.org/4/items/landau-and-lifshitz-physics-textbooks-series/Vol%201%20-%20Landau%2C%20Lifshitz%20-%20Mechanics%20%283rd%20ed%2C%201976%29.pdf
https://archive.org/details/GOLDSTEINClassicalMechanics
https://ia801203.us.archive.org/14/items/v-arnold-mathematical-methods-of-classical-mechanics-1989/v-arnold-mathematical-methods-of-classical-mechanics-1989.pdf
https://ia801203.us.archive.org/14/items/v-arnold-mathematical-methods-of-classical-mechanics-1989/v-arnold-mathematical-methods-of-classical-mechanics-1989.pdf
https://ia800102.us.archive.org/3/items/morse_feshbach1/morse_feshbach1.pdf

