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PARTI

Text 1. Lagrangian and Hamiltonian Formalisms

Mechanics deals with the dynamics of particles, rigid bodies, continuous
media (fluid, plasma, and elastic materials), and field theories such as
electromagnetism and gravity. This theory plays a crucial role in quantum me-
chanics, control theory, and other areas of physics, engineering, and even
chemistry and biology. Clearly, mechanics is a large subject that plays a
fundamental role in science. Mechanics also played a key part in the devel-
opment of mathematics. Starting with the creation of calculus stimulated by
Newton's mechanics, it continues today with exciting developments in group
representations, geometry, and topology; these mathematical developments in
turn are being applied to interesting problems in physics and engineering.

Symmetry plays an important role in mechanics, from fundamental for-
mulations of basic principles to concrete applications, such as stability criteria
for rotating structures. The theme of this book is to emphasize the role of
symmetry in various aspects of mechanics.

This introduction treats a collection of topics fairly rapidly. The student
should not expect to understand everything perfectly at this stage. We will
return to many o fthe topics in subsequent chapters.

Lagrangian and Hamiltonian Mechanics. Mechanics has two main
points of view, Lagrangian mechanics and Hamiltonian mechanics. In one
sense, Lagrangian mechanics is more fundamental, since it is based on
variational principles and it is what generalizes most directly to the general
relativistic context. In another sense, Hamiltonian mechanics is more
fundamental, since it is based directly on the energy concept and it is what is
more closely tied to quantum mechanics. Fortunately, in many cases these
branches are equivalent, as we shall see in detail in Chapter 7. Needless to say,
the merger of quantum mechanics and general relativity remains one of the main
outstanding problems of mechanics. In fact, the methods of mechanics and
symmetry are important ingredients in the developments of string theory, which
has attempted this merger.

CrioBa K TeKCTY

Lagrangian [b'graend£ian] narpaHxes

Hamiltonian [hasmil'tounion] raMuMnbTOHOB

formalism ['ft:mol.izam] thopmanusm, hopmanbHas
cuctema

rigid body [rid£id 'b}di] (abconoTHO) TBEPLOE TENO



continuous [kan'tinjuas] HenpepbIBHbINA

medium (pi media)  f'miidjoml, f'mi:djo] cpefa, matepuan

fluid f'fluud] XWULKOCTb

electromagnetism [I'lektrau'maegmtizam] 3NEKTPOMarHeTusm

gravity [‘graeviti] cuna TSXKecTu, TAKECTb;
TArOTEHUE

crucial r'krurjll pewatoLnid, KPUTUYECKNIA

quantum (pi quanta) fkwDntaml, ['kwDnta] KBaHT

criterion (pi criteria) fkrai'tiarian], [krai’tiaria] ~ kpuTepuii

rotate [rau'teit] BpawaTb(ca),
nosopayusatb(cs)

emphasize ['emfasaiz] NoAYEpPKMBATD,
aKLeHTMpoBaThb

treat [tri:tl TpakToBaTb

fairly f'feali] [l0BO/IbHO

subsequent f'sAbsikwant] nocnegyowmi

needless to say f'ni:dlas] He MPUXOANUTCA W rOBOPUTL

merger ['m3:d~0] CnsHNe, 06beJUHeHMe,
cpawvBaHue

string [stng] CTpyHa

Letters and Sounds

Task 1. Answer the following questions

1. Kakwe 3ByKv 0603Ha4YatoTCA CreAyOLWMMM 3HaKaMu TpaHcKpunuuu: [ag],

[3:1, [3], [w], [6], [6]. [J]. [E]. [tf], [al, [j]? YTo obo3HauaeT ABoeTOUYME MOCAe
3HaKa TpaHcKpunuun?

2. Kak yuTaetca 6ykBa C nepef e i, y ¥ B oCTalbHbIX cny4yasax? Kakue
UCK/IOYEHWNSA Bbl 3HaeTe?

Mepen KakMMKM 6YKBaMM C MOXET TakXe yntaTbea Kak [1]?

3HaeTe v Bbl COBa, rhe ¢ - [tj]? Kakoro oHy npoucxoxaeHua?

3. Kak untaetcs 6ykBa g nepeg e, i,y UB OCTa/ibHbIX CNy4yaax? MoxeTe
Bbl Ha3BaTb XOTA 6bl 7 MUCKNOUeHUi (co 3sykom [A])? Kak Bbl gymaeTe, Kakoro
MPOMCXOXAEHUS  6OMbLWMHCTBO M3 3TUX  CNMOB  (MCKOHHbIe WK
3aMMCTBOBaHHbIE)?

Mouemy B cnosax Tuna bigger, longer, foggy, hamburger He nossnsetcs

3BYK [dE]?



3HaeTe nn Bbl cNoBa, rae g - [£]? Mepep kakuMy GyKBamu 3TO MOXET
MMeTb MeCTo? 13 KaKoro A3bliKa NpuLLIAN BCe 3TW cnoBa?
B yem COCTOAT OTCTYMAEHUA OT MpaBu/i B YTEHUW CRefylolmnx CIos:

gigabyte, eigenvalue u eigenfunction ([g]), judgment, suggest u exaggerate

(Ne])?

Kak untaetca cnoso gymnasium B Pa3HbIX 3Ha4YeHMAX?

4. Kak 4ynTaeTcsa coyetaHue ch B 60NbLIMHCTBE CNOB aHTIMNCKOTO A3blKa?

Kak OHO 4YuMTaeTcs B C/0Bax NaTUHCKOrO M FPeYeckoro MPOMCXOXAeHUN?
MpuBeanTe NPUMEPSI.

Kak uuntaetca ch B cnoax douche, champagne, moustache? Kak Bbl
LyMaeTe, U3 Kakoro f3blka npuLan atu cnosa?

B uem cocTouT OTCTynneHMe OT NpaBun B YTeHuMn cnos machine, Chicago,
Michigan?

Kak uutatotca cnosa stomachache, sandwich?

5. Kakune Tpu 3Byka MoryT o603HavaTbCcs coyetaHmem th?

Kakue Bbl 3HaeTe c/i0Ba, B Havane Kotopbix th - [6]? O6o3HavaloT n OHY
KOHKpeTHble npeAMeTbl, NpuU3Haku, AeicTBua? MoxeT 1M HavanbHoe [3]
npejLecTBoBaTb COMNAcHOMY 3BYKy?

Kak uuTaeTca th B 3aMMCTBOBaHMAX U3 rpeyeckoro Asbika? lMpueegute
npumepsl.

Y10 HeobbluHOTO B YTeHuun cnos algorithm, logarithm, rhythm?

Kak untatotcsa cnosa bath u bathe, breath un breathe, path v paths, truth n
truths?

Kakue Bbl 3HaeTe UMeHa CO6CTBEHHbIe, rae th - [t]?

Kak untaetca Southampton?

6. Kak uwutaetca coueTaHue ph? Tpuseaute npumepbl. Kakoro
NPOUCXOXAEHNSA BCE 3TN CNoBa?

7. MoxeTe M Bbl CHOPMYNMpPOBaTb MNpaBuio, MO  KOTOPOMY
npunaratencHole Russian, Pythagorean, Cartesian (4ekapToB) nuUWyTCA C
3arnaBHoii BykBbI?

8. Kakasi 0C06EeHHOCTb MNYHTyauMOHHOTO0 O(OPMEHUS  aHTINACKUX
OfHOPOAHbIX Y/IEHOB TMPEANOXKEHUA MPOsABAAETCA B MepBOM MpPeLnoXXeHUn

TekcTa 1?



Task 2. Say and write what sound is pronounced in the
following words:

1) concert, 2) charge, 3) character, 4) thesis, 5) soccer, 6) huge, 7) chord,
8) garage, 9) breath, 10) throat, 11) Phrygian, 12) Chicago, 13) chronometer,
14) cylinder, 15) gigabyte, 16) chiton, 17) suggest, 18) truths, 19) the Thames,
20) bigger.

Task 3. Read aloud the following words from Text 1

Science, Lagrangian, mechanics, method, physics, principle, rigid,
chemistry, calculus, merger, crucial.

Grammar Activity

Task 1. Answer the following questions

1 Kak uymTaeTcsi OKOHYaHMWE MHOXECTBEHHOr0 4Yncia —3 Mocfie rNacHbIX,
3BOHKMX W FNYXUX COrnacHbix? MpuseanTte NnpuMepsl.

Mocne KakuMx COrfacHbIX 3BYKOB MpPMOGaBNsieTca OKOH4YaHue -es (unu -3
nocne -e), yntaemoe Kak [iz]? MpueeanTe NpumMepbl.

Kak obpasytoT MHOXECTBEHHOE yncno CYLLECTBUTESbHbIE,
OKaHYMBaloLLMeCH Ha -y Noc/e cornacHbix (story) n nocne rnacHbix (boy)?

UTo NpoucxoanT ¢ cylecTBuTenbHeiMu Ha - -fel Kakue ncknoyerms Bol
3HaeTe?

EcTb M  3aKOHOMEpHOCTM B Bblbope MeXgy -X W -es, ecnu
CyLLeCTBNTENIbHOE OKAHYMBAETCA Ha -0?

2. Kakme Bbl 3HaeTe WCKOHHO aHI/IMACKME WCK/YEHUS W3 MNpaBua,
COrNacHO  KOTOPOMY BO  MHOXECTBEHHOM  YWUCMe  CYL,eCTBUTENbHbIX
ynoTpe6nseTcs OKOHYaHUe —s?

[LeicTByeT N1 370 NPaBUIO BO BCEX 3aMMCTBOBaHUAX? (ECTb M B pycCKOM
A3blKe XOTb OJHO C/I0BO, 3aMMCTBOBAHHOE W3 UHOCTPAHHOrO A3blKa BMECTE CO
cnoco6om 06pa3oBaHUs MHOXECTBEHHOrO 4yncna?) Kak Bbl gymaeTe, U3 Kakux
A3bIKOB 3aIMCTBOBaHbI CeAytoLL e CIOBOU3IMEHUTENIbHbIE MOJENN:

a) formula - formulae [i] ( formulas),

focus - foci ['fonsaij, datum - data,

basis [is] - bases [i:z], index - indices, matrix - matrices, genus - genera.

apparatus - apparatus (u apparatuses'), series - series;

6) phenomenon - phenomena, dogma - dogmata, lemma - lemata
(n lemmas)?



3. BblpaxaeT AM KOHe4yHoe —s B cfioBax mechanics, physics 3HauyeHue
MHOXeCTBeHHOro yncna? Kakue euie nogobHble cnoBa Ha -ics Bbl 3HaeTe? Uemy
COOTBETCTBYET -iCS B PYCCKOM fA3blke? Kak Mo-aHrnnickn apudmeTuka,
noruka?

4. MpuaymainTe UM HaiiguTe NPUMeEPbl aHFIMACKUX COYETaHWUA ABYX WK
6onee CyLlecTBUTENbHbIX 6e3 MPeAnoroB M NageXxHblx okoH4YaHuin (Tunafield
theory). Kakoe coBo SBNAETCA B HUX [NaBHbIM, Kakune - 3aBUCUMbIMW? Kakum
4neHoM 6yAyT B NPeA/I0KEHNIN 3TW 3aBUCUMble CNoBa?

MpuBeguTe npumMepbl, Korga noAo6Hble COYETaHWA MepeBOAATCS Ha
PYCCKMIA A3bIK: @) CcoYeTaHWeM MpuaaraTefibHOro W CyLecTBUTENbHOTO;
6) KOHCTPYKUMAMMN C POAUTENbHBIM NafeXoM; B) KOHCTPYKLMAMU C NPesorom
M Opyrumy nagexamu. B kakmx M3 3aTUX Cly4vaeB Npu MNepeBoje MeHseTcs
nopsaLoK cnos?

5. MoxeTe Nin Bbl OLICTPO MEpPeYyncanTb pycckue nagexm? Kak B cnydae
Heob6X04MMOCTY ONpefenTb Nafgexx PyCccKoro CyLWwecTBUTEIbHOr0?

CKOMbKO Magexeid WMMEKT aHrniickme CyLiecTBUTeNbHbIe? Kakue 310
nagexu? Ha kakoii BOMPOC OTBeYaeT MeHee ynoTpebuTenbHbln 13 HUX? Kak OH
obpasyeTca? Bce nin cylecTBuTeNbHble UMEKOT 3Ty (opmy?

CXofHa 1 cucTeMa CKAOHEHNS aHTTIMACKUX TMYHbIX MECTOMMEHUIA?

Kak Bbl fymaeTe, MoyemMy MOXeT NOKa3aTbCH, YTO B AHIIMACKOM A3blKe
HeT nagexein? Ecnu B A3blKe HET MM OYeHb Mano MNafexen, Kakue cpeacrtsa
MOXHO MWCNONb30BaTb, 4TOObI cAenatb MOHATHOW POMb CYLLECTBUTENbHbIX
B NpeanoxXeHun?

6. Kakoil aHrnuiickmii npepsor yaile BCEro CAYXWT A5 BblpaXeHUs
3HaYeHWs pPYCCKOro pofuTenbHoro mnagexa (6e3 npegnora)? [puBeanTe
npuMepbl ero ynotpe6eHus.

ECTb N1 TOYHOE COOTBETCTBME MEXAY PYCCKUM POAMTENbHBIM NafeXoM
N aHTNACKUM NpUTSKaTeNbHbIM? Kakoil M3 HUX umeeT 6onee y3Kyk chepy
ynoTpe6neHns? MoxeT N aHTANACKWIA NPUTSKATENbHbIA Nafex nepeBoAUTLCS
Ha PYCCKuWit f3bIK 63 MOMOLLM poANTEeNbHOTO Nagexa? MpuseguTe NPUMeEPHI.

KakuM elle cnocoboM MOXET BblpaXkaTbCs B aHTINACKOM A3blKe 3Ha4YeHMe
PYCCKOro poanTeNnLHOro nagexa?

CKONbKO BCEro Cnoco60B Bbl HacuMTann? B KakuMX U3 3TUX CAy4yaeB npu
nepeBo/ie MEHSETCA MOPSAOK CNOB?

7. Kak Bbl fyMaeTe, MOryT N1 Majexu Kakoro-nmbo A3blka UMETb He
3HaKLLMe UCKTIOYEHUI COOTBETCTBUA B 3bIKE APYroro ctpos? MoxeTe nn Bbl
camy MpUBECTW NPUMeEPbl PYCCKUX KOHCTPYKUWIA C POAUTENbHBIM Najexom 6e3
npegnora, KOTopble MepeBOAATCA Ha aHIIMACKUIA A3bIK He TakK, KaK yKasaHo
BblLe?



KakoBa pasHuua B NepeBofe coyeTaHWl NATb (HECKONbKO, MHOF0) KOH(heT
N Kopobka KoHheT? Kakoii HexapakTepHbliA ANns 3anafHOeBPONEeNiCKNX A3bIKOB
cnyvail ynotpe6aeHUs poauTeNbHOro nagexa BuAeH 13 3Toro npumepa?

Kakoii yacTbto peun ssnsetca million B coyetaHuax two million people
(6e3 of n —s) n millions ofpeople? MoxeTe nn Bbl chopMynupoBaTb NpaBuso,
oTpaxaloLlee pasHULY Mexay aTUMK npuMepamu?

MOXHO N1 AOCNOBHO MepPEeBECTWM Ha aHIIMIACKWIA A3bIK CPaBHUTENbHYIO
KOHCTpPYKUMi0 Tuna OH ymHee Maiikna? Kakoii coH3 UCNONb3yeTcs B MepeBofe
3TO KOHCTPYKLUMKN?

CpaBHUTe Mpeobpa3oBaHUs KOHCTPYKUWI YNTaTb KHUTU - YTEHUE KHUT
n to read booh - reading books. O6paTuTe BHMMaHWe Ha Hanu4yve wIn
OTCYTCTBME W3MEHEHWUI B yNpaBfieHUN rNaBHOro cnosa. K KakMMm 4acTam peyu
OTHOCATCA c/ioBa YTeHue n reading?

MpsAMbIM UM KOCBEHHbIM JOMOSHEHWEM SBAAKOTCA CYLECTBUTE/IbHLIE B
PYCCKMX NpeAnoXeHUsaxX A BbINuA Yao U A He nuwy cTuxos? Mossnsetca nn of
B NepeBoje 3TUX NPUMEPOB Ha aHTIMACKUIA A3bIK?

8. Kakoii npeanor wuwHorga nosBAseTcA MNpW  MNepeBofe  PYCCKMX
KOHCTPYKUWIA C pgaTenbHbIM nNafexxomM? MoxeTe nAu Bbl CHOPMYNMpPOBaThb
npaBunno ero ynoTpebaeHnsa nyTeM cpaBHeHWUa npefnoxeHuii Give him the book
n Give the book to him?

3HaeTe N1 Bbl rNaronbl, Nocne KOTopbixX ynoTpebneHune to 06s3aTeNibHO?

UTo ewwe MOXeT BblpaXaTb npegsor to?

9. Kakum pyccKuM nafie>xkoM rnepeBoAATCA CYLLEeCTBUTENIbHbIE B NMPUMepax
written with a pen u written by Pushkin? B yem pasHuua mexay with n by?
Kakoii npegnor ynoTpe6buTb B nNepeBofe npefnoxeHus Ludpbl pasgeneHbl
3anATol, ecNn MOXHO cKasaTb 3ansTas pasgenseT uudpbil

B kakom nagexe 6yfAeT CTOATb PamMunmsa B MepeBofe CM0OBOCOYeTaHUs a
book by Pushkin?

Kak nepeBectu OH 6bin yunTenem? Kakum 4neHOM MNPefnOXeHUs 3[ecb
AIBNSIETCA C/IOBO yunTenb? Kakoi aTo nagex? EcTb M npeanor B aHrAMACKoM
nepesoge?

Kakoe BcrnomorartefisHoe C/I0BO MOABUTCA B mepesBofe npegsoxeHna OH
paboTanyunTenem?

Kak nepeBecTu in other words? BygeT nu B nepeBoge npeanor? Kakoii ato
6ynet nagex?

10. HyxHO nu npu nepeBofe NPesIOKHbIX COYeTaHWUil (Hampumep,
MONOXKUTb Ha CTO/) 06paliaTb BHUMaHWE Ha NajeXx, B KOTOPOM CTOWT C/IOBO
nocne npegnora? MpueeguTe NpUMepsl NepeBoAa TakUX COYeTaHUiA.

Kak nepeBecTu B TeueHue roga? Kakyio OWNGKY MOXHO fOMNYCTUTh, €CN
He 3HaTb, UTO B TeYeHWe —peaor?



11. Kak Bbl AymaeTte, TMoYyemMy HUYero He OblJI0  CKasaHo npo
VUMEHWUTENbHbIV, BAHUTENbHbIA 1 NPefN0XHbIA Nagexmn?

12. Kak ogHMM CNnoBOM Ha3BaTb BbI6Op Mafexa w/unu npegnora Ans
[ONONHEHNSA K TOMY UAM MHOMY rnarony? Kak Bbl fymaeTe, MOXeT Au 3TOT
BbI6GOp BCerfa cosnajarb B pasHbIX A3blKax?

MpuBeguTe NpUMepbl HECOBNAAEHMUS [N1Ar0IbHOMO YNpaBieHUs B PYCCKOM
N aHTINVCKOM A3blKax.

C Kakum npeanorom Bcerga ynotpebnsercs AONOAHeHWe NoOCie rnarona
listen? A nocne wait? MNpuseguTe NnpuMepsbl.

1-3 Kak nepesogutcs npegnor of B coyetaHuax tuna some of us? Moxet
m of B BbIAENNTENIBHOM 3HAYEHUN He nepeBoAMTLCA? KakK MOXHO MepeBecTu
many o fthe topics?

14. CKoNbKO CTeneHeli CpaBHEHMS MNpuiaratesbHbIX W Hapeuuii nmeetcs
B PYCCKOM M aHTInACKOM f3blkax? Kak OHM HasbiBatoTCA? [puBeanTe pycckue
npumMepsl. MocTaBbTe PYyCCKWE CNOBa KPacuBblil, MPaBUibHO B CPABHUTE/NBbHYIO U
NPEeBOCXOAHYIO CTEMEHb PasHbIMU CMocobamu.

KakoBbl gBa cnocoba 06pa3oBaHWA CTeMeHeil CpaBHEHWS B aHTAUCKOM
A3blke? MOXHO N1 NpPOW3BONbLHO BbIOPaTh /1060 U3 HUX, KaK B PYCCKOM?
Kakoi aHrnuiicknii cy@gukc obpasyeT CpaBHUTENbHYHK CTeMneHb, a Kakoi -
npeBoCxoAHyt? Kakue BcnomoraTefibHble C/0Ba YNOTpebnsaloTcs B Tex e
3HayeHnax? MOXHO /In OHOBPEMEHHO YNOTPebuTb BCNOMOraTesibHOe CNOBO U
cyddukc? OT yero 3aBUCUT BbIGOP Mexay Cy(DMUKCOM W BCNOMOraTesibHbIM
CNoBOM?

Kak 06pa3yloT cTeneHW CpaBHEHUS OAHOCMOXHblE npunaraTenbHble?
A MHorocnoxHole? Mpuseante npumepbl. Kak 06pasyloT CTeneHU CpaBHEHWS
[BYCNOXHble npunaraTenbHble easy, narrow, clever, simple? Moyemy?

Kak 06pa3sytoT cTeneHn cpaBHeHUA Hapeuns Ha -1y? MpuseguTe npumepsl.
Uem B 3TOM nnaHe BblgenstoTcs Hapeums quickly, slowly, a Takxe often?

Kak o6pa3sytoT cTeneHu cpaBHeHus cnosa good u well, bad n badly, many
n much, little?

B uem pasHuua mexay older (oldest) u elder (eldest), farther (farthest)
Kfurther (furthest), nearest n next, later u latter, latest n last?

MoueMy couyeTaHUO MpunaraTeNibHOro B  MPEBOCXOAHOW  CTeneHw
C CyLieCTBMTeNbHbIM 06bIYHO npeawecTByeT apTuknb the? Kakue cnosa
UCKNoYatoT ynoTpebneHne aptukna? MNpusegute npuMepsl.

Mouemy B npepnoxeHun / want a bigger apple Henb3s nepeBecTu C0BO
bigger kak 60nbLe?

15. CKO/IbKO B PYCCKOM f3blKe BpemMeH? Kakue BMAbl rnarona B HEM €CTb?
YnoTpebuTe ckasyemoe pPyCCKMX NpeanoxeHwin A genaio m A cpenar BO BCex
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BO3MOXHbIX BpeMeHax. CKO/IbKO NOAy4unoch npefnoxeHnii? Kak HasbiBaeTcs
rnaron 6yay B npegnoxeHun A 6ygy yunTbca!

CKOMlbKO B aHIIMACKOM f3blKe BUA0-BPeMeHHbIX hopm? Kakue 4 rpynnbi
BpeMeH B Hem ecTb? CKO/IbKO BpeMeH B KaXfoih u3 3Tux rpynn? Kakue
CUHOHMMbI UMetoT cnosa Simple n Continuous! MepeseanTe HasBaHua Present,
Past n Future. Kakoe euie BpeMs eCTb B aHIIMACKOM f3bike? MoxeTe in Bbl
npeAcTaBUTb BCe aHTNACKME BUAO-BPEMEHHbIE (HOPMbI B BUAe Tabnuubl, XoTs
6bl HE3aNONHEHHON?

16. CKOMbKO B aHINACKOM A3blKe OCHOBHbIX (DOPM Ffiarona, oT KOTOPbIX
06pasytoTcs Bce ocTanbHble? MNMouyemy B Tabnnuax 06bIYHO yKasaHbl Wb TPU
thopmbl  Kaxgoro rnarona? Kak Bbl fymaeTe, MOXHO 6bin0 6bl BblAeNnTb
nATYy?

Kakue Tpu rpammaTMuYecKmMx 3HauyeHWs 06bIYHO MOTyT BbIpaXaTbCs
| hopmoit rnarona?

Kak o6pasytotcs Il n 1l dopmbl y npaBuibHbIX Fnaronos? YTo Takoe
HempaBu/bHblE rnaronbl? KakoBo rpammatunyeckoe 3HauveHue Il dopmbl
rnarona?

Uto coboii npegctasngeT Il cdopma? Kakoro 3anora 3Tto npuyactue?

MoxeT nu Il hopma - npuyacTve npoLleflliero BpeMeHn - NepeBoAUTHLCS Ha
PYCCKWiA A3bIK MPUYACTUEM HacTosALLero BpeMeHn? Kakume Tpu COrnacHbix 3ByKa
MOryT 6bITb B cyddukcax pycckux nepesogos Il ¢opmbl rnaronos?
MpuseguTe npumepsl.

Kak o6pasyetcs IV topma? UYto o6beguHseT ee ¢ Il dopmoin? Kakoro
3an0ra W BpemMeHM 3TO npuyacTue? Kakoih cornacHbliii  3BYK BCerga
npucyTcTByeT B Ccyddukcax pycckux nepesofos IV dopmbl rnaronos?
MpuseanTe nNpumepsl.

17. B uem ocobeHHOCTb Bcex popm Future u Future-in-the-Past? UYem
pasnuyaetca ynoTpebneHue rnaronos shall n willl Kakoid n3 Hux MoxeT
ynoTpebnaTbCa BO BCeX nunuax?

Kak nepesogAatcs hopmMbl 6yAyLLero BpeMeHy 0T PyccKOro rnarona 6biTb!
MpuseguTe npumepbl. dopmMa Kakoro rnarona npefctaBneHa B npefnoXxeHum
OH 6ymeT wurpaTbh! Kak OHO nepeBOANTCA Ha aHramiickuii 3bik?  Kak
onpefenuTb, Korga cnoso 6ygeT nepesogutcesa will, a korga - will be!

Kak ob6pasytwTtca  ¢opmbl  Future-in-the-Past ot  dopm  Future
COOTBETCTBYIOWEN Fpynnbl BpeMeH? B npefnoXeHWAX Kakoro Tuma MoryT
ynotpebnaTbcs opmbl Future-in-the-Past? B kakoM BpeMeHU LOMKEH CTOSTb
rnaron B rNaBHOWM 4acTu 3TUX NpeanoxeHuii? MpueeanTe NpumMepskl.

18. Kak o6pa3sytoTcs yTBepanTensHble gopmbl Present Simple? Korga Ha
KOHLE cTaBuTCA -s! Kak B 3TOM BpemeHu cnparatoTcs rnaronsl to be u to have!
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A wmogfanbHble rnaronsl (can, may, must u ap.)? KakoBO 3HauyeHue BPEMEHU
Present Simple B oTnnuune ot Present Continuous?

Kak o6pasyetca Past Simple (yTBepgutencHas Gopma)? B uem
0cobeHHOCTb rnarona to be npu o6pasoBaHNM 3TOr0 BPEMEHU?

Kak o6pasytotcs popmbl Future u Future-in-the-Past rpynnbl Simple?

Moryt nn BpemeHa Past Simple n Future Simple o0603Ha4YaTh Kak
OJHOKpaTHbIE, TaK U MHOFOKpaTHble AeCTBUSA, NepeBOANTLCA KaK COBEPLUEHHbIM,
Tak U HecoBepLUEHHbIM BMAOM? [NpuBeanTe NpUMepsbI.

EcTb v uT0-HMGYAb 06LLee B 06pa3oBaHnK BCeX BPeMeH rpynnbl Simple?

19. Kakaa rpynna BpeMeH MNOKasblBaeT MpOTeKaHue fJeicTBus
B OMpefeneHHbli MOMeHT BpeMeHU? EcTb v 06Lias cxema B 06pa3oBaHNn BCeX
BpeMeH 3Toi rpynnbl? [MpuBeguTe npumepbl. KakMM rnarofibHbIM - BUAOM
nepeBogATCA BCce 3TM (OPMbI Ha PyccKuii A3bIK? UYTO nonyumTes, ecnu
MepeBecTU BCE 3TW KOHCTPYKUUM f[ocnoBHO? Kakue rnaronbl He o6pasytoT
thopm Continuous?

20. Kakas rpynna BpemMeH MOKa3biBaeT 3aBepLUIEHHOCTb AelCTBUSA
K OonpejeneHHOMY MOMeHTY BpemeHun? KakoBa o6lias cxema B 06pa3oBaHUU
BCEX BpPeMeH 3Tol rpynnbl? KakuMm rnarofibHbiM BMAOM 0ObIYHO MepeBoAsTCA
Ha PYCCKuMA A3bIK BCE 3TU (POPMBbI?

UTto npumeyaTenwHoro B nepesoge opm Present Perfect? MoxeTe v Bbl
BCMNOMHUTbL cny4yaun, Korga Present Perfect nepeBoAMTCA HECOBEPLUEHHbIM
BMAOM rnarona? OT yero 3aBUCUT BbI6op Mexay Present Perfect n Past Simple?
Mouemy B npegnoxeHun CerofHA OH CKasan, YTO NpuAeT He ynoTpebnserca
Future-in-the-Past?

21. Kakas rpynna BpeMeH NOKa3blBaeT (PakT NpoTeKaHUs AeliCTBMA B TeUeHue
orpefefieHHoro nepuofa K onpefieNeHHoOMy MOMeHTY? [puBefuTe NpuMepbl Ha
3Ty rpynny BpemeH. Kakum npeanorom 06bl4HO BBOAMTCSH OOCTOATENbCTBO,
yKasblBalollee Ha nepuog BpeMeHu? [o/KHbl i1 Mepuoj U MOMEHT Bcerfa
BbIpaXkaTbCA CNOBaMW WM MOTYT MoApa3yMeBaTbCcA? B KakoM rpammaruyeckom
BPEMEHW MOMEHT noyTu Bcerga 6yaeT nuwb nofpasymesatbca? [Mpuseute
NpUMepbI.

KakoBa o6Lias cxema obpa3oBaHus BpemeH rpynnel Perfect Continuous?

Kakue rnaronsl He o6pasytoT ¢opm Perfect Continuous?

Mouemy umeHHo Perfect Continuous ynotpebnserca B npefnoxeHun Her
eyes are red: she has been crying, Befb 34ecb HEM3BECTEH NEPUOL BPeMeHN?

22. Yto Takoe cTpafjaTenbHbii 3anor? CdopmynmpyiiTte 3 OCHOBHbIX

cnocoba nepegaun Passive Voice Ha pycckuid A3blK, ONMpascb Ha NpPUMEpbI:
MUCbMO BbINO HanucaHo, AoMa CTPOATCA, MeHS cnpawuBaT (cnpocuam).
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Bcerga nm  pycckne rnarofibl  Ha —€A/—€b  BbIpaXatoT 3HayeHue
cTpagatenbHoro 3anora? Kak gokasaTb, YTO B NPeAsoXeHUsx A ymblBaOCh,
OHu uenytoTcsA, MHe He xouyeTcsa ecTb, Cobaka kycaeTcsi, OH cmeeTcs, OHa
pewnnach exaTb 3a10r He CTpajaTe/bHbIA?

KakoBa o6was ¢opmyna obpasoBaHus Passive Voice B aHIIMIACKOM
A3bike? Bce nn 16 BMAO-BPEMEHHbIX (DOPM [AeiCTBMTENLHOrO 3anora MMmelT
Co0TBeTCTBUA B Passive Voice?

MOXHO N pYCCKMe KOHCTPYKUMW CO CTpafaTenbHbIMU NPUYacTusmu
(Tyna 6bIn HallfeH) NepeBOAUTb LOCNOBHO?

KakoBa nocnefoBaTenbHOCTb AeACTBMIA NpW MepeBoje npennoxeHns OHO
NCMonb3yeTCA, eC/iM HaM M3BECTEH MEPeBOJ C0Ba UCNOb30BaATH?

Kak npeo6pa3oBaTb pycckoe npefnoxeHne Ero wcnonb3yloT, 4TOObI
noTom 6bIN0 Nerye NepeBecTn ero Ha aHrNMACKNiA A3bIK?

KakoBa  nocnefoBaTenbHOCTb  [eiCTBUiA npu npeo6pasoBaHnm
aHrnuinckoro npegnoxenus (Hanpumep, The students use the map) B Passive
Voice? UTo npoucxofuT C MOANeXawum, CKasyemblM W [OMNOSIHEHWEM
MCXOAHOTO MPesnoXeHns?

Uto npumeyatenbHOro B npepnoxeHuax Peter was told about it, The
picture was looked a> [lMpeo6pa3yiiTe NX B feACTBMTE/bHbLINA 3an0r, NpuayMas
HOBble nognexawime. Kakumu yneHamy NpejnoXxeHus ctanu nognexatime
MCXOAHBbIX MpegnoXeHnin? MoxeTe M Bbl Terepb CHOPMYINPOBaTb, YeM
aHrnmicknii Passive Voice oTnmMyaeTca OT PycCKOro ctpagaTefbHOro 3anora?

23. MocTaBbTe npegnoxeHus They dance n They danced B BONpoCUTeNIbHYHO
(hopmy. Kakoe HOBOE CM0BO MNOSBWIOCH B MpeAnoxeHun? B Kakoli hopme OHO
cTonT? B Kakoii hopme CTOMT CMbICNOBOW rnaron? MepesegnTe NpeanoXeHne UTo
OHV TaHuylT? ['ge CTOUT BCOMOraTte/ibHbIA rnaron?

MpeobpasyiiTe B BONPOCMTENbHYO (hopMmy npefnoxeHms They are dancers
n They can dance. ChopMmynmpyiiTe COOTBETCTBYIOLLEE NPaBMWIIO.

Mpeob6pa3syiiTe BCe BblLENPUBELEHHbIE YTBEPAUTENbHbIE MPeSI0XeHUS B
oTpuuatensHyto qopmy. e cTouT not? [Ae CTOMT yacTuua He B PYCCKUX
nepeBojax a3Tux npeanoxexHnii? Cdopmynupyiite npaBuna o06pasoBaHus
0TpuLUaTeNbHOW (OPMbI OT Pa3HbIX aHTMACKNX rNarosos.

YTo Takoe MpoCTble W CNOXHble BUL0-BPEMEHHbIE (POPMbI? MOXHO /N
ckasaTb, UTO Present Simple n Past Simple - Bcerga npoctble BpemeHa? MoXHO
NN CKasaTb, YTO OHW NPOCTbIE TONLKO B YTBEPAUTENbHON (opme?

YnoTtpebuTe ckasyemoe B npegnoxeHun They dance B n110601 CNOXHON BUAO-
BpeMeHHON dopme. MpeobpasyiiTe MonyYeHHOE MPeLIOXKEHVE B BOMPOCUTESNbHOE.
Uto Bbl u3MeHunu? [peobpasyiiTe Balle YTBEPAUTENbHOE MPEANOXEHNE B
oTpuuatenbHoe. UTo Bbl uM3MeHunn? CdopmynupyiiTe npaswna 06pa3oBaHuMs
BOMPOCUTE/NBHOW 1 OTpULAaTeNIbHO (OPMbI ANS BCEX CIIOXHBIX BPEMEH.

Mepesegute Bonmpocbl KTo nobuT Te€65? M Koro Tl no6uwb? Yem
BOMPOC K Mofnexatlemy OT/WYaeTca 0T APYrux creunanbHbIX BOMPOCOB?
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MpugymaiiTe Kakoi-HUMOYAb BONPOC K OMpeAeneHuto nognexalero. Moxox nu
OH Ha BOMNPOC K noAanexatiemy?

K KakoMy uneHy npefioXKeHus 0THOCUTCA BOMPOC B Npea/ioxkeHun What is it?
Mouemy B npegnoxexun | don 7know what it is Apyroi NnopsgoK cnos?

Kak cokpalyatotca codetaHusa shall not, will not, 1am not?

CpaBHUTe npefnoXxeHne S HUKOTO He BUAEN C  €ro  aHrIMACKAM
3KBMBaNEHTOM. UTo obpauwiaeT Ha cebs BHMMaHWe? Hapylwaetcs v npasunio
OfIMHOYHOIO0 OTPULAHMA MpPU UCMNONb30BaHUKM coto3a neither... nor... (HW..
HW...)? [pusegnTe npuMepbl C 3TWM COHO30M. MOXeTe U Bbl MPUBECTU
npumepbl, KOraa «MUHYC Ha MUHYC faeT MaKc»?

24. CpaBHUTE, KaK npeobpasytoTca B BONPOCUTENIbHYIO U OTpULATENbHYHO
thopmy npegnoxeHus | have this book u | have read this book. Mouemy BO
BTOPOM M3 HUX He nosBnseTcs rnaron to do? Yem asnserca have B nepsomM u BO
BTOPOM MpeanoXxXeHnn? Kak MOXHO cKa3aTb Y MeHA HeT CecTpbl C NMOMOLLbIO
oTpULaTe/IbHOr0 MEeCTOUMEHNA?

Kak BefeT cebs B BOMPOCUTENbHOW W OTpULaTeNbHON hopMe 060poT to
have breakfast? Mpusegute npumepbl. Kakue ewe nopobHble 060pOThHI
¢ rnaronom to have Bbl 3HaeTe?

Yto Takoe have got? B Kakux BpemMeHax MOXEeT ynoTpebnatbca 3TOT
o6opoT? TMpuaymaiite ¢ HuM 1 BonpocuTenbHoe ¥ 1 oTpuuartenbHoe
npegnoxeHue. Kak oH BefleT ceba B HUX? Kakoe rpaMmaTuyeckoe siBfieHUe 3To
HanoMmuHaeT?

Kakoii MopanbHbIiA rnaron MOXeT 3aMeHsiTbcsi o06opoToM have to?
Mpuseante npumepbl ynotpebneHuns atoro obopoTa. Beget nu oH ceba npu
06pa3oBaHUM BOMPOCUTENBLHON W OTpULATENIbHON (hOpMbl KakK MOAaNbHbIN
rnaron?

25. Kakue Bbl 3HaeTe MOAanbHble rnarofnbl? B yem pasHuua mexay
pycCKMMMW npeanoxeHnamun Emy cnegyeT npuidTw, Emy He 0683aTenbHO
MPUXOANTb U WX aHFNUACKMMU 3KBMBaneHTamu? UTo npefAcTaBnsT co6oi
dopmbl could n might? Korga need MoXeT $iBAATLCA MOAANbHbLIM [1arosiom
(B yTBEPXAEHMM, BONPOCE U/MAN OTPULLAHUI)?

Yto obuwero 'y MofanbHbiX rnaronos? Kak oHM  o6pasytoT
BOMPOCUTENbHYIO U OTPULATENbHYIO (hOPMbI? TTPUCOELUHAIOT NN OKOHYaHMe
-si EcTb i y Hux I, 11l n IV dopmbl? O6pasyloT A oHWM opmbl Future
n Future-in-the-Past? Mouyemy oHW He uMetoT ¢opm Continuous, Perfect un
Perfect Continuous? Kakue n3 16 BMA0-BPeMeHHbIX ()OPM OHU BCE Xe UMEeT?
EcTb nn y HMX ¢opma MHpMHKUTKMBA? YUTO mpeacTaBnseT coboin | gopma aTmx
rnaronos? Mouyemy nepeg HUMU He cTaBuTca to? CTaBuTCA X to NOCNe HUX?

Kak nuwyTcs M NPOM3HOCATCA [ABa BapuaHTa OTpuuaTesbHOR (opMbl

rnarona canl
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Kakne rnaronbl-aaMeHUTeNn U chneyuanbHble  060pOThbl  3aMeHS0T
HegocTatowWwme GopMbl MOAaNbHbIX F1aronoB? MOMHOCTbIO I OHW paBHbI UM MO
cMmbicny? MMepeBeanTe Ha aHTIWACKWUIA A3bIK cnegylolme npeanoxeHus: OH B
COCTOSHNM 0TBeyaTb; EMy M03BONEHO BbIXOAUTb; Mbl BbIHY>KAEHbI MATU
Tygfa; Ham npeacTouT yBUAETb UX.

[aiiTe oTpuuaTenbHble 0TBETHI Ha Bonmpockl May | do it? n Must | do it?
Kakune nponcxofsaT NeKcuyeckme 3aMeHbl?

Kakune BcnomoraTesibHble rnarofibl 06pas3ytoT ¢opmbl Future u Future-in-
the-Past? Kakoii BcnomoratefbHblli rnaron o6pasyeT (opMbl  YCNOBHOMO
HakKnoHeHnss? MoxHo num ckas3atb, yto shall, will, should n would B nnaHe
rpaMmaTnyecknx 0COGEHHOCTe BO BCEM BeAyT ce6s Kak MOAanbHble raronbl?

26. Kakue 4 Tuna npuyacTuili ectb B pPycCKOM A3bike? Kakue cornacHble
3BYKWM BCTpevaroTcs B cydukcax BCex 3Tux Tunos? [lpusefuTe nNpuUMeEpH.
Kakoihi Tun npuuactuii nepepaetca IV dopmoit rnarona? A Il dopmoir?
MpuBeguTe npumepbl. Kakoil TN pyccKUX NpuyacTuii COOTBETCTBYeT (hopme
(being) taught? Kakoii TWn pycCcKMX MpuyacTMil He WMeeT COOTBETCTBUIA
B @HIIMIACKOM f3blke? COCTaBbTe PYyCCKOe MPeAsioKeHne ¢ TaKMM npuyactTuem
M nonbiTaliTech nepefaTb ero CMbICA NO-aHINACKK.

Uto 6yaeT, ecnim K pyccKOMY AelACTBUTENIbHOMY MPUYacTuio nNpubasuTb
nocTguKe -ca/-cb? Kak nepeBecTy UCNONb3yOLWNIACA?

27. EcTb /M B aHIMIACKOM £3biKe Aeenpuyactua? C MOMOLLbIO 4ero
MOXHO nepejaBaTb 3HAYeHWA PYCCKUX AeenpuyacTuili mo-aHrnuinckn? Kakue
[iBa BMAa PYCCKMX f[eenpuyacTuii CylwecTByloT? Kakumu pgeenpuyactuamu
nepesogaatca gopmbl solving n having solved? Kak nepesectu ¢opmbl being
used u having been used: a) feenpuyacTUsMM C TMOCT(HUKCOM - cA/-Cb\
6) C nomoLLbio fgeenpuyacTus 6yayyn v npuyacTuin?

28. Kakasa pasHuua mexay 7 know that he is reading u | know what he is
reading? Kakumu yactamu peuu asnstotca cnosa that n what? fAsnatiotcd nu
OHW 4neHamy npeanoxeHna? Kak nepeBofaTca 3TM CnosBa B CNefyoLwmnx
npegnoxenuax: The book that you dislike is interesting; What you want is
impossible? Pas3bepuTe 3Tu MNpefjoXeHNs N0 COCTaBy, BbI4E/MB [/laBHYHO
M NPUMAATOYHYI YacTb. Kak nepeBecTu: >XYpHas, UYTO A uuTan; Kynu, 4TO
Xouelb?

CocTaBbTe NpeAoXeHNs co cnoBamu so (such)... that..., nepesegure ux.

29. Yem pasnuuatotca other u another B nnaHe rpaMmmMaTMyeckoro uyucna
N UCUYUCNAEMOCTN ONpefensieMblX CYLLeCcTBUTENbHbLIX? [MpuBeauTe nNpuMepsl.
MoxeTe M Bbl BCMNOMHWUTbL, KOrga 3TW CnoBa camMy BeayT cebs Kak
CyLLecTBUTENbHbIE? B uem 3T0 npoasnserca?

Kak nepesecTu: Please give Te another cup oftea?
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Task 2

a) Translate into Russian

Green leaves; two oxen; three feet long; beautiful women; interesting
theses; in the foci; the given matrices; another series; modem mathematics; field
vector; computer virus; computer use; solution set; surface area; to draw with a
pencil; in a word; some of them; many of the books; more interesting; faster; the
latter case; the worst mark; less money; the most money; the children playing in
the yard; the known results; the rules taught at school; the problem being
discussed; the broken cup; having solved the problem; having been written; your
dress that | like; the other problem; other problems; the other’s problems; others’
problems; so much that...; such an interesting text that...; a spoken language.

She should wait. You need not do it now. They would come. He said that
she would come back. They ought to thank him. I think what you need is a good
computer.

b) Translate into English

3aKOHbl NOTUKW; CTapble pafuONPUEMHUKN; KHUXHbIE TOMKKW; BCe
[l0Ka3aTenbCTBa; BAaXHbIE KPUTEPWUU; HOBble (OPMYNbl; 3TU ABMEHUA; TpU
runoTesbl; M3yyaTb NeAaroruky; LWKOMbHAA apumMeTuka;, CymKka 3TOW
XEHLMHbI; 06BACHUTL eMY; Kpacusee [lonnu; MHorne us sac; 6eraTb 6bicTpee
BCEX; MeHblle BCEro owmnbok; 6onblue cnoBapeil; cnoBapb M06GOAbLUE; MO
CTapwuii 6pat; 6mvKaiwnii  marasuH; pasbutas Basa; WCNOMb3YeEMbIi
B MeXaHWKe; NPUMEHSAACh B CTATUCTUKE; pelinB 3afady; Oyayyuu KynieHHbIM;
eLLe 0fjHO NMMPOXHOE; YyBCTBA APYTMX.

[Jalite KHUry manbumky. 1 paboTalo BpayoMm. H He M0G0 TaKMX LIYTOK.
Mogoxan meHsa. Mocnywait necHo. OH cKasan, 4TO OHW NoeayT B JIOHAOH.
B 9 yacoB oH 6ygeT cnaTb. Korga oHa npuwina, OH yXe caenan ynpaxHeHus.
OH cnut yxe 10 yacoB. OHuM 6ygyT Tam. OHuM 6ygnyT netb. OHM 6yayT
npurnaweHsl. CerogHs OH HapucoBan MeHs. pob6nema 6bina pelweHa. daiin
konupyeTca. Ero monpocunu npuiAtu. KHUry Hanmcanm B 3ToM rogy. Ectb iy
Hero 6pat? Thbl Aenaewb 3TO KaXAbll feHb? OH He yMeeT nnaBaTb. Tebe He
0653aTeNlbHO NpuUxoauTh celivac. KTo nobuT KoH(eTsbl? EmMy cnefoBano 6bl
nogoxaatb. Eil cnegyet npmiitu. OH He pewwmnn 6bl 3Ty 3afadyy. MOXHO Ham
BbINTW? 3TO TO, YTO OH NHOOGUT. OH He 3HaAeT, YTo OHa NO6UT. OH He 3HaeT, uTo
OHa noout ero. CnosBom, oOH 6bl1 Mpas.
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Task 3. Translate the phrases from Text 1

Contunuous media; field theory; stability criteria; control theory; group
representations; dynamics of particles; stimulated by Newton’s mechanics; other
areas; one of the main problems; in another sense; more fundamental; any of the
topics; most directly; starting with the creation of calculus.

This theory plays a crucial role in... We shall see... Mechanics played a
key part in... We will return to... They are being applied to... The theory has
attempted... It is based on... It is what is tied to... The student should not
expect... It is what generalizes...

Word Formation

Task 1. Answer the following questions

1 O6paTuTe BHMMaHWE Ha COOTBETCTBMA MexAay CcydpdukcaMu AaHHbIX
CYWECTBUTE/bHBIX U WX PYCCKMX 3KBUBANEHTOB: competence, economics,
capitalism, demonstration, culture, mentality, poetess, economist. MoryT nu
JaHHble aHrAniickme cygukcbl WUMeTb Apyrue pycckue COOTBETCTBUA?
MpuBeanTe NpUMepPbl TaKUX COB.

Boigenute cyddukcbl B cnefytouwinx cnosax. Kakume n3 HUX OTHOCATCA K
abCTpakTHbIM CYLLeCTBUTE/IbHbIM, a Kakue - K KOHKPeTHbIM: resistance,
dictionary, freedom, slavery, employee, childhood, measurement, kindness,
friendship, engineering, length?

Kakune 3HauyeHMs BblpaxalwT cy(pdukcbl B cnefytowmx cnosax: handful,
accountant, driver, editor, Chinese, academician?

2. O6paTuTe BHMMaHWe Ha COOTBETCTBUA MeXAYy Cyddukcamu LaHHbIX
npunaraTenbHbIX U UX PYCCKMUX 3KBUBaneHToB: comfortable, scalar, American,
phonetic, active, astral. MoryT nu paHHble aHriuiickue cy@uKcbl UMeTb
Lpyrue pycckue cooTBeTcTBMA? MNprBeanTe NpUMepbl TaKUX COB.

Boigenute cydunKcbl B cnegylowmnx cnoBax. K Kakoil 4acTu peuu OHu
oTtHocaTcA: useful, dangerous, foolish, salty, Pythagorean, significant, lovely?

Kakune 3HayeHus BbipaxaloT cyd(uUKCbl B Cnefytolmnx cnosax: countable,
divisible, Russian, useless, monthly, Turkish, yellowish, n-tuplel

OT vero 06bIYHO 06pasytoTCca npunaraTefibHble ¢ cyppukcamu -ed, -ingl
MpuBeguTe Npumepbl Takux cnoB. YTo OHWM HamomuHalT? Kakue 3HaueHus
BbIpaXatoT faHHble CYy(DHUKChI?
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Task 2. Translate without a dictionary

Elegance, needless, achievement, worker, mathematical, mathematician,
countable, richness, Newtonian, confused, lioness, shocking, Italian, Japanese,
width, authorship, Irish, talkative, brotherhood, Portuguese, harmonic,
partnership, weekly newspapers, to like fishing.

Task 3. Translate the words from Text 1

Lagrangian, structure, engineering, gravity, Hamiltonian, needless,
electromagnetism, formalism, continuous, dynamics, fundamental, development,
creation, exciting, interesting, physics, important, formulation, basic,
application, stability, various, collection, subsequent, variational, relativistic,
equivalent, general, relativity, outstanding, ingredient.

Words and Phrases

Task 1. Answer the following questions

1. Kakve 3HauyeHuMs MMeKT cnefylolue cnosa: since, sense, treat, turn,
stage, detail, in detail, needless to sayl

2. Kakoii cygumKkc yalle BCero obpasyeT Hapeuus OT mpunaratenbHbIX?
Bcerga nu atu npunaraTenbHble YU HapeymMs TOYHO COOTBETCTBYIOT ApPYr ApYyry
no 3HavyeHn?1

Task 2. Translate with a dictionary

Since 1980; many years since; a sense of humour; common sense; to make
no sense; in a sense; in all senses; my sixth sense; to treat somebody for an
illness; bad treatment; a new treatment; to treat a topic; to turn on/off the lights;
to turn to Plato; in turn; an unexpected turn; to turn to the right; to turn black; to
turn milk into butter; to stage a play; to stage a demonstration; to quit the stage;
to remember all the details; to look closely at somebody; readily acceptable;
mostly in France; nearly all the questions; shortly after the holiday.

Since he was there, we did it together. Since he went away, we are happy.
She has not seen her parents since. | can’t sense it. He hurt his leg badly. It is
likely to be true. She could hardly move. | have seen him lately.

1Cm.: WaHwwuesa C.A. AHrnniickuid a3bik na matematukos. M.: FAC, 2006. C. 421.
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Task3. Translate the phrases from Text 1

Fairly rapidly; to understand perfectly at this stage; to see in detail.

It is more fundamental since it is based on... In one sense, ..., in another
sense, ... . It treats a collection of topics... They in turn are being applied...
Needless to say, it remains...

Speaking on the Text

1. Ask 5-7 questions on the text.
2. What are the key words in the text?
3. Give a short summary of the text using the key words.

Text 2. Nonlinear Stability

There are various meanings that can be given to the word "stability." Intuitively,
stability means that small disturbances do not grow large as time passes. Being more
precise about this notion is not just capricious mathematical nitpicking; indeed,
different interpretations of the word stability can lead to different stability criteria.
Examples like the double spherical pendulum and stratified shear flows, which are
sometimes used to model oceanographic phenomena show that one can get different
criteria if one uses linearized or nonlinear analyses (see Marsden and Scheurle
[1993a] and Abarbanel, Holm, Marsden, and Ratiu [1986]).

Some History. The history of stability theory in mechanics is very complex,
but certainly has its roots in the work of Riemann [1860, 1861], Routh [1877],
Thomson andTait [1879], Poincare [1885,1892], and Liapunov [1892, 1897].

Since these early references, the literature has become too vast to even
survey roughly. We do mention, however, that a guide to the large Soviet
literature may be found in Mikhailov and Parton [1990].

The basis of the nonlinear stability method discussed below was originally
given by Arnold [1965b, 1966b] and applied to two-dimensional ideal fluid
flow, substantially augmenting the pioneering work of Rayleigh [1880]. Related
methods were also found in the plasma physics literature, notably by Newcomb
[1958], Fowler [1963], and Rosenbluth [1964]. However, these works did not
provide a general setting or key convexity estimates needed to deal with the
nonlinear nature of the problem. In retrospect, we may view other stability
results, such as the stability of solitons in the Korteweg-de Vries (KdV)
equation (Benjamin [1972] and Bona [1975]) as being instances of the same
method used by Arnold. A crucial part of the method exploits the fact that the
basic equations of nondissipative fluid and plasma dynamics are Hamiltonian in
character. We shall explain below how the Hamiltonian structures discussed in
the previous sections are used in the stability analysis.
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CnoBsa K TeKCTy

intuitively
disturbance
to grow

precise
notion
capricious
nitpicking
pendulum
stratified
shear flow
phenomenon
{pi phenomena)
linearized
nonlinear

to model
reference

to survey
roughly
originally
two-dimensional
substantially
augment

pioneering
related
notably
provide
setting

convexity
estimate, n
in retrospect
to view
instance

to exploit

nondissipative

below
previous

[m'tjurativli]
[dis't3:bsnsl
[grmi]
[pri‘saiz]
f'noujn]
[ka'prijns]
f'mtpikiql
f'pendjnlom]
f'strastifaid]
f'jia fbu]
[fi'npminon], [fi'nDmina]

[linis'raizd]
[,man'tT 13]

fmDdll

f'refrans]

[sa'vei]

TrAfll

[a'rid~noli]
f'tu:d(a)i'menjanall
[ssb'stasnjli]
[3:g'ment]

[,pata'wanr]]
fri'leitidl
f’nsutabli]
fpra'vaid]
['setig]

[kDn'veksiti]
['estimeif]

fin 'retrouspektf
[vju:]

['instons]
[ik'spbit]
[,nDn'disipeitiv]
[bi'tav]

['prirvios]
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Letters and Sounds

Task 1. Answer the following questions

1 Kakaa 6ykBa noutu Bcerga nuuwetca nocne q? Kak uyuTaeTcs 310
coyeTaHue? MNpusegnte npumepbl. 3HaeTe M Bbl UCKNOYeHNA? Kak yuTarTca
cnefywowme cnoea C 3TUM 6GYKBOCOYETaHWEM: TEXHWKA, aHTW4YHbIA, OyTUuK,
eAVHCTBEHHbIW, ouepefb, 4ek! Kak Bbl fymaeTe, Kakoro MPOUCXOXAEHUS 3TU
cnosa?

2. Kakme Bbl 3HaeTe cnoBa ¢ 6ykBocoueTaHmeM gu? Kak OHO umTaeTcs B
Havane cnosa? A B cepefuHe?

3. BcnomMHWUTe Kak MOXHO 60nblue cnos, rae 6ykea 0 umTaetcs Kak [n].
Mepen KakMMu GykBamMu M GYKBOCOYETAHWUAMMK 3TO Yalle BCEFO UMEET MecTo?
Kak yuTatotca cnosa none, done, gone, bone; both, bother; come, some, home?

4. Kak unTaetcsa coyetaHue gh B Hauyane cnosa? MNpueeguTe NpUMepsl.
Kak uuTaoTcs 6ykBocouyeTaHus -ight, -aught, —eught nocne cornacHoil B
KOHLe cnosa? lMpuseauTte npumepbl. B KakKMX U3 HUXEMNPUBELEHHbLIX CNOB
gh He umTaetca, a B Kakux umtaetca kak ff]: eight, weigh, weight, height,
enough, rough, tough, cough, thorough, (al)though, through, bough, laugh,
laughter?

5. Kak untaetca 6yksocouyetaHue aul Mpueeante npumepsl. Kak yntaetcs
cnoBo aunt?

6. BCNOMHUTE KakK MOXHO 60o/iblue CMoB € 6yKBOCOYeTaHUAMK ew, eil. Kak
OHN yuTalTcAd 06bIYHO? TMocne Kakux TPEX COrfacHbIX OHW 4yuTaKTCA no-
Apyromy? Kak yntaertcsa cnoBo sew (WnTb)?

7. Kak unTaeTcs 6yKBa X B Hauane CNoBa, €CuM MOCNe Hee He CTOUT
neduc?

BcnomMHMWTe Kak MOXHO 60/blue CNoB, rae ata 6yksa CTOUT B CepefuHe.
Korpga x untaetca [gz], a korga - [Ks], OT yero ato 3aBucut?

3HaeTe M Bbl CNoBa, rae X - [K}]? F'4e B HUX CTOUT yaapeHue (nepes um
nocne x)?

Kak umtatotcsa cnosa luxury u luxurious, anxious u anxiety, Xmas?
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8. Kak uwuTtatotcd cydukesl -/ure u -turall YUemy OHM COOTBETCTBYHOT
B PYCCKOM f3blKe? [NpuBeanTe NnpuMepsl.

9. Kak uwntatotca cydgukebl -tion u -/ra/? Yemy OHM COOTBETCTBYHOT
B PYCCKOM fA3blKe? [MpuBeauTe NnprumMepsl.

10. Kak uuTaetcs cyd@uKC -sion nocne rnacHbIX U Mocne cornacHbIx?
YeMy OH COOTBETCTBYET B PYCCKOM fA3bIKe? NMpuBeanTe Npumepsl.

Task 2. Say and write what sound is pronounced in the
following words:

1) quarter, 2) govern, 3) guilty, 4) wrought, 5) authority, 6) grew, 7) exist,
8) national, 9) passion, 10) technique, 11) distinguish, 12) accomplish,
13) weight, 14) Australia, 15) neutral, 16) axis, 17) structural, 18) confidential,
19) mixture, 20) division.

Task 3. Read aloud the following words from Text 2

General, character, equation, example, these, phenomena, guide, literature,
section, originally, mechanics, roughly, nature, substantially, other, spherical,
augmenting, structure, dimension, method, oceanographic, view, mention.

Grammar Activity

Task 1. Answer the following questions

1. O6pa3syiiTe MHOXeCTBeEHHOe uucno oT cnos this, that. MoxeT nu that
nepeBOAMTLCA TakK Xe, Kak this? Kak Ha3biBaeTcs 3TOT pas3psj MecTOMMEHWNIA?

2. TMepeuncnute no MNOPAAKY BCE aAHTNACKME NWUYHble MECTOMMEHMS.
Kakve gBa nagexxa oHuW MMetoT? Yemy COOTBETCTBYET BTOPO M3 HUX B PYCCKOM
A3bIKE?

Ha «kakoii BOMpPOC  OTBeYalwT MpUTAXKaTeNbHble  MeCTOMMEeHUA?
Mepeuncnute nx No NOPALKY.

CpaBHWUTE aHINIMIACKNE 3KBUBANEHTbl MNPeANoXeHUA DTO TBOA KHura
n 3To TBoe. Kakvme pABe (HOPMbl WMMEKT aHrAUIACKME MNpUTSXKATENbHbIe
mecToumeHus? Kak obpasyeTcs 0fHa OT Apyroi? KakoBbl UCKIHOUYEHUN?

Kak mo-aHrMiNCcKN ero KH1Ura v BUAeTb ero, UX KHUIU 1 BUAETb 1x? B yem
pasHuua?

B uem pasHuua mexay its u it's?
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MpugymaiiTe pycckue MpefnoXeHUs co C/I0BOM CBOM. MNepeBeauTe UX Ha
aHrniAckuii A3bIK. Kak NepeBOAWTCSA CMOBO CBO? Kak OHO NepeBOAMTCSs, eciu
He fCHO, K KaKOMYy CYLLecTBUTE/IbHOMY OHO OTcblnaeT? [puBeanTe Takwe
npUMepsI.

3. Kakoe c/ioBo nosBnseTcs Npu nepesofe CleAyrowWwmnx NpeanoxXeHnii:
3To 6onblwoii CTON, a BOH TOT - MaleHbKkuii; faii mMHe 6enyw? Kakyto
(OYHKLWIO BbIMOMHAET 3TO CNOBO? VI3MEHSAETCA N OHO MO Yucnam u nafgexam?

KakoBa pasHuuUa B nepeBofe KOHCTPYKUMIA: MO>KHO (HY>KHO, Henb3s)
ugTu un MHe (Tebe u [p.) MO>XXHO (HY>KHO, Henb3s) uaTu, Ecmm
“cnonb3oBaThb... U Ecin 4 ucnonbayio...?

4. TlepeBefuTe crefyolme npegnoxeHus: Tbl MO>XKELWb ecTb canaT,
KBagpaT ecTb (hurypa, Ha cTone ecTb cnosapb, Y MeHs eCTb CloBapb.

MepeBeguTe npeanoxeHua: 34ecb HeT feTeid M Y MeHA HeT feTeil.
B KakoM najgexe CTOUT pYCCKOe CYLLeCTBUTE/IbHOE MNOCNEe CfoBa HeT?
OTpaxkaeTcs N1 3TO Ha nepesoge?

Kakoe cf10BO OMyLLeHO B PYCCKOM NpefnoXeHnn 3gecb geTu?

Kakoli 060poT BCerfja MCrnonb3yetcs B aHIUACKUX NPeAnoXeHusx, rae
roOBOPUTCA O HAIMUYUWU U OTCYTCTBUM YEro-nmbo u HeT cnosa have?

MocTaBbTe ckaslyemoe npegnoxeHus There is a garden here B opmbl
pasHbIX BPEMEH W HaKMOHEHWA, W3MEHWTe YMUCO CYLLECTBUTENLHOrO,
ynoTpe6bute MopdanbHble rnaronbl. [Mpeobpa3yiiTe AaHHOe MNpPeAnoXeHue B
BOMPOCUTE/IbHYIO W OTpuuatensHyto Qopmbl. Kakoe cnoso BefeT cebs Kak
thopManbHoe nogsexatiee?

C Kakoro uneHa npefnoXeHus (NpuM ero Hannyum) HYXHO HavyuMHaTb
nepeBoj npefnoxeHuii ¢ obopotom there + to be? MoxeT nu B pycckom
nepesofie He 6bITb rnarona? MpueeanTe NpPUMepsbI.

5. dsndloTca  am npepnoxeHus They do like it; Do come!
BOMPOCUTENbHLIMW MAW OTpuUuaTeNnbHbIMM? Kak Bbl gymaeTe, 3a4eM B HUX
ynoTpebnseTca BcrnomoratenbHblil rnaron do? C KakMMU [faronamMm OH He
MOXeT ynoTpebnarbca?

6. BcnomHuWTe, 4TO Takoe repyHAauii. [puBeguTe MpUMEPbl  ero
ynotpebnenus. Kakas n3 yeTbipex opm rnarosia Bcergja npucyTcTByeT B HEM?
Kakoii adukc B Hem Bcerga npucyTcTByeT? UepTbl Kakux uYacTeil peum
cOBMeLLaeT repyHAnin? C Kakoil 4acTblo peus OH CXOAEH MO CBOEA ponu B
npeanoxXeHnn?

MepeBeaute (MO BO3MOXHOCTM pasHbiMK cnocobamm): by solving, without
knowing, on coming; Seeing is believing; Swimming is helpful; He likes
swimming; His coming was unexpected; She insisted on his coming.
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7. Kak nepeBOAWTCS CNOBO Kak B CNedylWMUX npegnoxeHusx: OenaiiTe,
Kak BaM HpaBuTCcs; OH Tak >Ke (He Tak) yMeH, Kak BeH; OHa BbIFAANT Kak
MasneHbkas [eBOYKa; 1 He 3Halo, KaK OHa BbITNAAMT ; Kak s BbITIS>KY?

UeM MOXHO 3aMeHWTb Cf0BO Kak, nepeBogumoe like? MMpuBegnte
npumMepsl.

8. MepeseanTe cneaylowme nNpeanoXxeHns co CMoBOM 4TO6bl (obpaTuTte
BHUMaHWE Ha NOYEePKHYTbIE FNaroibHble POpPMbI):

a) lwantyou to come;

b) It is important that she (should) be here;

c¢) | did it so thatyou could see;

d) I wish he were here;

e) For him to do it, we must teach him;

f) He insisted on her studying.

UTo MOXeT cnefoBaTb 3a PYCCKMM CN0OBOM 4TO06bl, KDOME MPUAATOYHOIO
npeanoxxeHna? CpasHuTe nepesos dpas:

To write apaper, he readfour books.

u:

To write apaper is a difficult task.

Kak nepeBogatca o6opoTbl in order that u in order to? CocTaBbTe C HAMU
no NpesnoXeHuto.

Kak nepesogutca lest? CocTaBbTe NpeasoxXeHns ¢ 3TUM CNOBOM.

B kakoii ¢hopme Bcerga CTOUT PYCCKWIA rnaron nocfe cfnoea 4To6bI?
Bnuset v 3To Ha nepeson?

Task 2

a) Translate into Russian

These papers; this series; those apparatus; these sheep; those criteria; that
crisis; its eyes; without doing it; in solving the problem; capable of solving it;
after returning; to run like mad; not so small as a matchbox; to look like me; his
having won.

My pen is bad, please give me yours. Give me the black one. There are
deer in the wood. There will be a test tomorrow. There must be a solution. There
can be no better answer. He does love her. Yesterday | did solve it. Do show it
to me. Smoking is bad for your health. I don’t like watching TV. | rely on your
coming early. | brought the book so that they could read it. | have come in order
to talk to you. He learnt the rules lest he should make mistakes. For the work to
be finished in time, one must begin tonight. 1f one uses this theorem...
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b) Translate into English

HaliTu ero; ero KHwWra; cnbllaTb WX; UX ron0ca; He MOHMMAas 3afavy;
4yTO6bI CAenaTh 3To.

OHu no6AT cBOlO CTpaHy. lMepeBean cnoBa «1O6GUTH CBOK CTpaHy». 3T0
moe. TBOW 6bin nyywe. ToT 6bin nyywe. [aiite MHe nonyuywe. KoTopblil TBOIA?
[aii mHe apyroii. Ueit 6bin Kpacusee? JTO cTapblii 4OM, a TOT - HOBbIA. MOXHO
UCMnonb3oBaTb 3TOT. Henb3d kpuuyatb. Ecnm nobefutb, MOXHO noexaTb B
Mapux. ¥ HWUX ecTb feTu. 34ecb eCTb WKONa. 3aBTpa 6yfeT o0TBeT. 3UMOIA 34ech
6bln cHer. EcTb KapaHgaw? Het Bofbl. 3f4ecb He MHOTO KHUT. OWKN60K ObITh HE
JomKHO. OH Bce e npuwen Buyepa. OueHb Tebs npowy, npounTail ee! OH
MOX0X Ha cBOK Matb. OHa He TakK Kpacusa, Kak Mapu. CMOTpuW, Kak f 3T0
fJenato. JTa KHUra takas e WHTepecHas, Kak Ta. Kak oH nepesogut ux? OH
X0Tef, YTo6bl A ocTanca B Mockse. OHa Kynuna emy Ma4, 4ytobbl OH MOT UrpaTthb
B (hyT60Nn. MOHATL - He 3HAYUT NpuUHATbL. [enas 3To, oHa ynana. To, 4yTO OH
pasrosapusan no-pyccku, 6bia0 CTPaHHo.

Task 3. Translate the phrases from Text 2

Plasma physics literature; oceanographic phenomena; these early
references; key convexity estimates; stability criteria; stability analysis;
nonlinear analyses; the Korteweg - de Vries equation; the history of stability
theory; the nature of the parabola; given to the word; found by Newcomb; used
by Arnold; discussed below; other results.

The literature has become too vast to even survey roughly... We shall
explain how they are used in... They can be given to the word... A guide may
be found in... Examples which are used to model them show that... The
methods were also found in... They do not grow large... They did not provide...
We may view other results as being instances of the same method... The basis
was given by Arnold, augmenting the pioneering work of Rayleigh... Stability
means that... There are various meanings that... It has its roots in... One can get
different criteria if one uses... We do mention that... Being more precise is not
just nitpicking...

Word Formation

Task 1. Answer the following questions

1 O6paTuTe BHMMaHWe Ha COOTBETCTBMA MeXAy Cydukcamu [aHHbIX
CYLLeCTBUTENbHBIX U UX PYCCKMX 3KBUBaNeHToB: computerize, identify [-ifai].

MoryT M fAaHHble aHrauviickue cyphuUKcbl WMeTb  ApYrue  pycckue
cooTBeTCTBUA? MprBEAUTE NPUMEPLI TAKUX C/I0B.
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Bbigenute cyggukcbl B criegyowmx cnosax. K Kakoii 4acTu peyn OHu
oTHocsTca: stimulate, sharpen?

2. Bbigenute cytdukebl B cnegytowmnx cnopax. K Kakoi 4acTu peym OHu
oTHocsTea: logically, forward(s), clockwise, manifold, warlike, sideways?

K Kakoi 4acTu peym 06bIYHO OTHOCATCA cnoBa Ha -ly, ob6pa3oBaHHbIE:
a) OT CYLeCTBUTENbHbIX, 6) OT NpunaratenbHbIX? MpuseanTe Npumepsl.

3HaeTe i Bbl C/I0BA, CNOCO6GHbIE ObITb ¥ NpUNaraTeNibHbIMU, U HAPEYNAMMU:
a) ¢ cytdukcom -1y, 6) c cydpdumkcom -ward, B) 6e3 cyddukca?

3. Kakne 3HauyeHNs BbipaXXalT NPUCTaBKK B CIEAYIOLUX CI0BAX:

a) amoral [ei-], abnormal, disharmony, indirect, nonstop, unhappy;

b) antisocial, contradiction, counterattack [an], demobilize, unlock;

¢) misunderstanding, malfunction?

Kakue 3HauyeHUs BbipaXaroT NPUCTaBKW U MepBble 3NeMeHTbl CneayoLwmux
C/OB:

a) aboard, asleep [3], autobiography, belittle, bystreet, co-operate, context,
encourage, equipotential, exterritorial, ex-champion, foreground, international,
outstanding, reaction, transformation;

b) upstairs, downstairs, extraordinary, intramolecular, homogeneous,
heterogeneous, infrared, ultraviolet, indoors, outdoors, prehistoric, postwar,
subset, supernatural, overestimate, underestimate;

¢) hemisphere, semicircle, unidirectional, monochrome, bilingual [bai-],
multifunctional, polynomial;

d) minicomputer, microcomputer, macroscopic, megaphone?

Kakne npuctaBkM uMeOT ABa uauM 6onblie 3HavyeHuin? [NpuseguTe
nprMepbl CM0B C TaKUMUW MpUCTaBKamu.

Mepes kakuMy 6GykBaMu npucTaBku in- (oTpuuaTtenbHasd) U con-
npespatwatTca B im-, il-, ir- n coT-, col-, cor-? MpuseguTe NpuUMepbI.

4. Kak HasblBaeTcs cnoco6 croBoo6pasoBaHus, NpW KOTOPOM C0BO
nepexoiuT W3 OAHOW YacTW peunm B ApYrylo 6e3 KaKUX-M60o WU3MEHeHWii?
MpvBeanTe MpUMePbl CNOB, KOTOPble MOTYT OTHOCUTbCS K Pa3HbiM 4acTaM

peun.
Kakvme vacTu peunm B cnoBapsix 00603HavalTCA  CrefyloLWMMu
cokpalleHuamu: a, adv, cj, int, n, num. card., num. ord., part, prep,pron, v?

Task 2. Translate without a dictionary
Illustrate, backwards, generalize, helpfully, criticize, happily, twofold,

simplify, shorten, otherwise, specify, minimize, harden, electrify, redden,
activate, homeward, anticlockwise, widen.
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Daily newspapers, fast food, lovely girls, to appear daily, to run fast, to go
forward, forward technologies.

To uninstall, illegal, equidistant, to reread, to becloud, to disconnect, to
outcry', to mishear, to enslave, uninuclear.

To end, the end, to share, a share, to note, a note.

Task 3. Translate the words from Text 2

Structure, intuitively, nonlinear, roughly, stratify, stability, nitpicking,
linearize, substantially, originally, oceanographic, notably.

Words and Phrases

Task 1. Answer the following questions

1 Kakue 3HayeHusa wumeloT cnepytouine cnosa: too, like, grow, mean,
means, as, discuss?

Kak 3HayeHue crnosa too 3aBUCUT OT ero MecTa B TMPEAIOKEHUN?
Mpusegnte npumepbl. Ha 4TO 3ameHseTca (o0 B  OTpULATENbHbIX
npegnoxeHnax? B yem pasHuua mexgy 7 like physics, too u | also like physics ?

Mouyemy npegnoxenna co cnosom  like  HyXHO  nepeBoAWTb
NpesnoXeHNAMN co CNOBOM HpPaBWTbCA, HO camo cfoBo like He mepesoguTcs
KakK HpaBnTbCca?

Kak MOXeT MepeBOAUTBCA  CNOBO &S, BBOAfALLEe  NpuaaToyHoe
npegnoxexue? Mpusefute npumepsl.

2. B uem pasHuua mexgy cnosamu history u story? Mpusegute npumepsl
UX ynoTpe6reHuns.

3. Kak mepeBoasTCS Ha aHrIMIACKWIA A3bIK CI0BA TakoW, Takoi >Ke U
Takoi >Ke..., Kak...?

Task 2. Translate with a dictionary

Like terms; to grow quickly; to grow roses; to grow not older but younger;
the golden mean; the meaning of this word; by all means; the mean line; a mean
person; means of communication; a man of means; a mean poem; by means of
this lemma; as busy as a bee.

It is too good to be true. Don’t speak like that. What does it mean? What do
you mean? I’m sorry, | didn’t mean. May | do it? - By no means! As it was too
late, | didn’t do it. As for me, | don’t like coffee. They behaved as if they were
mad. As | was walking in the park, | met a nice girl. She likes skirts and jeans as
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well. She likes skirts as well as jeans. They read stories and then discussed them.
In this part of the article the history ofthe problem is discussed.

WHTepecHas MWCTOPWA; WCTOPUA KUHO; MHOrO WCTOPWIA; coBpeMeHHas
NCTOPUA; U3yyaTb UCTOPUIO.

OH TOXe yuutenb. OH Takxe u yuutenb. OH Toxe NobuT matemaTuky. OH
TaKxKe NooutT matemaTuky. OH TOXe He NMOUT MaTeMaTuky. 3T0 NPUBOAUT K
TakuM >Xe pesynbTaTam. H He NoHWMalo, Noyemy OH BbIGpan Takyl MONOAYH
akTpucy. A He n60 Takux cnos. OHa Takas Xe Kpacusas, Kak Mosi CECTpa.

Task 3. Translate the phrases from Text 2

Examples like the double spherical pendulum; the history of stability
theory; various meanings; the method discussed below; the same method.

Since these early references, the literature has become too vast...They do
not grow large as time passes... Stability means that...

Speaking on the Text

1. Are these statements true or false according to the text?

A. Different interpretations of the word stability lead to different stability
criteria.

B. Double spherical pendulum is used to model oceanographic phenomena.

C. The history of stability theory in mechanics is simple.

D. Arnold gave the basis of the linear stability method.

E. The basic equations of nondissipative fluid and plasma dynamics are
Newtonian in character.

2. What are the key words in the text?

3. Give a short summary of the text using the key words.

Text 3. Dynamics and Stability

Stability is a dynamical concept. To explain it, we shall use some
fundamental notions from the theory of dynamical systems (see, for example,
Hirsch and Smale [1974] and Guckenheimer and Holmes [1983]). The laws of
dynamics are usually presented as equations of motion, which we write in the
abstract form of a dynamical system:

u=X(u). (1.7.2)

Here, u is a variable describing the state of the system under study, A is a
system-specific function of u, and u = du/dt, where t is time. The set of all
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allowed ws forms the state, or phase space P. We usually view X as a vector
field on P. For a classical mechanical system, u is often a 2«-tuple (q\ ..., g, ph
.., pn) of positions and momenta, and for fluids, u is a velocity field in physical
space.

As time evolves, the state ofthe system changes; the state follows a curve u(t)
in P. The trajectory u(t) is assumed to be uniquely determined if its initial condition
M = m(0) is specified. An equilibrium state is a state uesuch that X(uj = 0. The
unique trajectory starting at ueis ueitself; that is, ue does not move in time.

The language of dynamics has been an extraordinarily useful tool in the
physical and biological sciences, especially during the last few decades. The
study of systems that develop spontaneous oscillations through a mechanism
called the Poincare-Andronov-Hopf bifurcation is an example of such a tool
(see Marsden and McCracken [1976], Carr [1981], and Chow and Hale [1982],
for example). More recently, the concept of "chaotic dynamics" has sparked a
resurgence of interest in dynamical systems. This occurs when dynamical
systems possess trajectories that are so complex that they behave as if they were,
in some sense, random. Some believe that the theory of turbulence will use such
notions in its future development. We are not concerned with chaos directly,
although it plays a role in some of what follows. In particular, we remark that in
the definition of stability below, stability does not preclude chaos. In other
words, the trajectories near a stable point can still be temporally very complex;
stability just prevents them from moving very far from equilibrium.

CnoBa K TekCTy

concept [’kDnsept] noHATue; naes

notion f'naujn] noHsATHE; naes

to present [pn’zent] npeAcTaBNATb

equation [I’kweijn] ypaBHeHWe, paBeHCTBO
motion [’msujn] LBVXeHUe

variable f'vesnabl] nepemeHHas

to allow [3'kw] no3eonaTb

to form [ft:m] thopMupoBaTb, 06pa3oBbIBaTh
space [speis] NMpoCTPaHCTBO

fluid ['fluud] XUAKOCTb

velocity [vi'bsiti] CKOpPOCTb(BEKTOPHASA)

to evolve [1I’'vDIv] pas3BuBaTbCA; Pa3BepTbIBATLHCA
curve [k3:y] KpvBas

trajectory [tro'd"ektori] TpaekTopus

to assume [a'sjmm] npegnosiaratb, fOMYCKaTb
uniquely [ju:'ni:kli] €ANHCTBEHHbIM 06pa3oM
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to determine
initial

to specify
equilibrium
unique
extraordinarily
tool

decade
spontaneous
oscillation
bifurcation

recently
chaotic
to spark
resrgence
to occur
to possess
complex
to behave
random

turbulence

to be concerned
with smth
chaos

in particular
preclude

stable
temporally

to prevent from
smth

[di*t3:min]
ft'mJn
f'spesofai]
[,i:kwi'libnam]
[ju:'ni:K]
[ik'st«:dnorihl
[tu:1]

f'dekeid]
[spsn'teimss]
[Dsi'leijn]
[,baif3:'keiln]
r'ri:sntli]
fkei'Dtik]
[spa:K]
[ri‘s3:dfans]
[3'k3:]

fps'zes]
f'kDmpleks]
[bi*heivl
[‘random]

i't3:bjubns]
[ksn's3:nd]

I'keos]

[in ps'tikjula]
[pn'klu:dl
f'steibl]
['tempralil
[pri‘vent]

onpeenaTb

nepBoHavanbHbI

TOYHO OnpeAenaTh, yCTaHaBIMBaTb
paBHoBecue

€ANHCTBEHHBbIN

ypesBblYaliHO

WHCTPYMEHT

fecaTuneTme

€amMonpoun3BObHbIA, COHTAHHbIA
Ka4daHue, Bubpayus, KonebaHue
pasaBoeHMe, pa3BeTBeHUE; GUdypKauns

HeaBHO

Xao0TnyecKuni

BOOAYLUEBNATb, NOGYXAaTb
BO3POX/AEHNE; BOCCTAHOB/IEHNE
cnyyaTbCsl; MPOUCXOAUTL
o6nagatb

CNOXHbI

BecTu cebs

CnyyaiiHblii; 6ecnopsijoYHbIN,
Npon3BOJIbHbIN
TypbyneHTHOCTb

3aHUMaTbCA YeM-N.

Xaoc

B YaCTHOCTU, B 0COBEHHOCTM
npefoTBpaLLaTh, yCTPaHATb
CTabuNbHbIN, YCTONYNBbLIN
BPEMEHHO

npensaTcTBOBAaTb YeMYy-Il.

UTeHne MaTeMaTUUYeCKUX 0603HaUYeHWN

Ona npaBMIbHOTO 4YTeHWS MaTeMaThuyeckKux 0003HauYeHNn B 3TOM U

ApYyrux TekcTax o6pauwiaiiTecb K NPUIOXKEHUIO,
KaXoro TeKcTa,

nocobus.

Mocne
nofpasymeBaTbCs

3afilaHne:

npouymTanTe

NOMELWEHHOMY B KOHLE
roe  ectb TakKue BblpaXKeHuA, 6y,qu
BCNyX WUMewulwuneca B TeEKCTe

MaTeMaTn4yeCKne BblipaXXeHnA, 3annwinTe nx cnosamMmu.
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Letters and Sounds

Task 1. Answer the following questions

1. Kak yutaroTca coyetaHmsa wr, wh B Hayane cnoa? lMepep Kakoil 6yKBoit
wh 06bl4HO unTaetca [h]? MpuseauTe npumepsl.

2. Kak MOXeT umTaTbca ByksocouveTaHMe owl Kak OHO 4MTaeTcs Ha KOHLe
cnosa? MNpueeguTe npumepsl. Kakue UCKNOUYeHNA Bbl 3HaeTe? Kak uMtaetca -own
Ha KoHue |11 dopmbl rnaronos (known u Ap.)? 3HaeTe 1 Bbl C10Ba, e OW YATaeTCA
Nno-pasHoMy B 3aBUCUMOCTW OT 3Ha4YeHusa cnosa?

3. Kak uuTtaetcs coueTaHue aw? MNpuseanTe NpuUMephi.

4. Kak uMTaeTcs s B coueTaHusX sure, sual nocne rnacHoi n B OCTa/bHbIX
cnyyaax? MNpueeguTte Nnpumepsl.

5. UTo Heob6blYHO B UTEHMM BbiJeNeHHbIX OykB B cnoBax table, idle,
duplicate, April, Bible? O6paTuTe BHMMaHME Ha COYETAHWA COrNACHbIX,
cnefyowmx 3a 3TMMyU 6yKBamMu: CMbIYHbIA (MTHOBEHHbIW) COrNacHbli + / uaw T.
BcnoMHMTE Kak MOXHO 60/blle CnoB, rae AeincTByeT 3Ta 3aKOHOMEPHOCTb.
MoxeTe 1 Bbl BCMOMHUTL C/10Ba, FAe OHA HapylwaeTca? [leiicTByeT M OHa B
6e3ynapHbIx cydgukcax -able, - ible? Mpusegnte npumepsl.

Task 2. Say and write what sound is pronouneed in the following
words:

1) wrap, 2) dawn, 3) now, 4) whisper, 5) unusual, 6) sure, 7) whomever,
8) pressure, 9) grown, 10) cow, 11) throw, 12) shawl, 13) treasure, 14) fable,
15) changeable, 16) measurement, 17) apron, 18) arrow, 19) divisible,
20) mediocre.

Task 3. Read aloud the following words from Text 3

Science, resurgence, phase, future, allow, concept, changes, physical,
condition, follow, velocity, language, uniquely, equation, below, specific,
chaotic, equilibrium, notion, law, curve, mechanical, other, position, usually,
space, chaos, some, through, motion, stable, oscillations, although, few, initial,
variable, recently, theory, view, write, concerned, where, example.
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Grammar Activity
Task 1. Answer the following questions

1 Kak nepeBogAaTcs CnoBa MHOr0, Mano, HEMHOro: a) nepes
NcYUCNAeMbIMU CYLLECTBUTENbHbIMU, 6) Nepeld HeucumcnsembiMu? Mpusegute
npumMepbl. Bcerga nuM noHATHO, Korpa little o3HavaeT mano, a korga -
ManeHbKuin?

B kakoMm nagexe CTOSAT PYCCKUE CYLLeCTBUTeSIbHble MOCMe C/0B MHOrO,
mano, HemHoro? OTpaxaeTca M 3T0 Ha nepesofe? MoxeT nu nocne
aHTJIMACKNX COOTBETCTBUIA 3TUX CMOB CTOATb Npegaor o/? Ecnu ga, To B Kakom
3HayeHun? MNpusennTe NpUMeEpLI.

2. Kak MOryT nepeBoANTLCA MECTOMMEHMSA Some, any, no, every?

Kak pasnuyaloTcs some u any no ynoTpebneHuto, Korga cosnagaroT no
3HayeHuo? MpuBeguTe npumMepbl. Kak nepeBOAMTCA any B yTBePAWUTENbHbIX
npegnoxennax? Kakoe u3 3TUX CMOB ynoTpebnsetrcs B YTBEPAUTENbHbIX
npuaatoyHblx ycnosusa {Ecnmy Tebsa ecTb kKakue-nm6o npobnemsl...)? Moxet
Nn some ynoTpe6aaTbcA B Bonpocax? B kakux cnyyasax? MpueeguTe npumepsl.

Kakne ¥©3 pJaHHbIX YeTbipeX MECTOMMEHWIA MOryT ynoTpebnaTbcs
camocToaTeNbHO  (6e3  mocfedylolero  cywecTsutensHoro)?  lMpuseanTe
npumMepbl. Kak nepeBecTM HeKOTOpble U3 HUX (B YTBEPXAeHWW, Bompoce,
NPUAATOYHOM YC/OBMSA), HUKTO U3 HNX, KaXKAbliA U3 HNX?

MpuseanTe npumepsbl cnoB, 06pa3oBaHHbIX OT some, any, no, every. Ha
Kakue BOMPOCbI OTBEYAlOT C/I0Ba, OKaHuyuBawuwmecs Ha -body, -one, -thing,
-where? Kakoe u3 3TWX MPOW3BOAHbIX MULIETCA pa3feNbHO, XOTH WMeeT
CTSXKEHHbI/ BapuaHT?

Kakylo 4acTb peun HanomuHalT NpPou3BOAHbIE Ha -body, -one, -thing no
CBOE ponuM B MNpeanoXxeHun? Kakmm ufeHOM MpeAnoXeHUs SBAATCA
npon3BofHble Ha -where?

B dQopme kakoro umcna cTouT rnaron nocne everybody (everyone)?
MpuBeguTe NpUMepbI.

KakoBa pasHuua mexgy Some think that... n Somebody thinks that...?

3. Ha3oBuTe efMHCTBEHHOE PYCCKOe BO3BpPaTHOe MecToMMeHMue. Kak OHO
MepeBOANTCA Ha aHrAMiCcKWin a3blk? OT 4ero 3to 3aeucut? [puBeanTe
npumMepbl. OT Yero 06pasytoTCa aHrMUIRCKNE BO3BPaTHbIE MECTOMMEHNA: a) 1-ro
n 2-ro nuua, 6) 3-ro nuua?

MoxeTe nn Bbl BCMOMHUTbL [Narofbl, Mocje KOTOPbIX B PYCCKOM A3blKe
ynoTpebnseTcs BO3BpPaTHOE MECTOMMEHME, & B @aHIIMIACKOM He ynoTpebnsercs?

MpusegnTe npumepbl YynoTpebneHWs BO3BPATHbIX MECTOMMEHWI npu
nepeBofie PYCCKUX rnaronoB Ha -ca/—eb. Kakoe 3HayeHWe umeeT B [aHHOM
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cnyyae 3TOT nmocTukc? MoxeTe nM Bbl BCMOMHWTb [1arofbl Ha -ca/-Cb,
nepeBOAMMbIe Ha aHTINIACKNIA A3bIK 6€3 MOMOLLM BO3BPaTHbIX MECTOMMEHW?

Kakoe BO3BpaTHOe MeCTOMMeHMe YnoTpebnseTcs, KOrga He yKasaHo,
0 KakoM nuue W 4ymcne uaet pedb (Hanpumep, UHQUHWUTUB 63 KOHTeKCTa:
nopesaTbcs, CMOTPeTb Ha cebs)?

Kak nepeBoAMTCA Ha aHrMMACKWMIA A3bIK MecToumeHme cam? [Mpusegute
npumMepbl. 3HaeTe AW Bbl, KakK HasblBaeTCA 3TOT pas3psag  aHrIMACKMX
MeCTOUMEHWNIA?

4. Kakue Bbl 3HaeTe aHINWIACKME HApeuMs HeonpefenieHHOro BpPeMeHM
(oTBevatowwme Ha BONpoc Kak yacTo?) ChopmynupyiiTe npaBmia 0 MecTe 3TUX
CNoB B MpefnoXeHuu, onvpascb Ha npumepbl: He always comes on time, He
doesnt always come on time, | have always loved him, He is always late.

e B NpeAnoXeHnn MOXeT CTOATb sometimes? MpuBefuTe NpUMepI.

5. MepeBeanTe NPEAIOXKEHUS CO CMOBOM 3T0: a) ATO MO Apyr, TO Mou
Apy3bsA; 6) 3T0 6610 B Mae, A N6 3TO; B) 3eMns - 3TO nNnaHeTa, Jlowaay -
3TO >KVUBOTHbIe. KaKUM YIeHOM MpefnoXeHns ABseTcs CMI0BO 3TO B KAKAOM U3
[aHHbIX pycCcKMX npumepoB? Kakoi uneH npefnoXeHus ONyLwieH B NepBoil nape
npvmMepoB? B yem pasHuua mexay it u this?

MepeBefnTe NpeanoXeHns 3TO OKHO M OTKPOW 3TO OKHO. M3MEHUT /n
CBOK (QOPMY B [AHHbIX PYCCKUX NpPeasioXXeHUsxX C/NoBO 3TO, ecih 3aMeHUTb
CNOBO OKHO CNoBOM ABepb? Kakum 4neHOM MpefnoXeHWs ABNseTca 3TO BO
BTOPOM Cny4ae?

6. YacTbl 11 B pyCCKOM A3blKe MpeaoxeHuns 6e3 rnarona? A B aHIIMIACKOM?
MoxeTe /i1 Bbl MPUBECTY NPUMEPbI aHFANACKUX NPeANoXeHNA 6e3 rnarona?

Kakoil pycckuii rnaron noyty BCerfa OnyckaeTcs B HacTOALLEM BPeMeHMW?
MpuBefuTe NpUMepPbI N NepeBeAUTE UX HA aHTTMIACKNI A3bIK.

BcnomHuTe, Kak nepeBoAaTCca NpeAnoxeHns Ha cTone kHura u Ha ctone
HEeT KHUI, Y MeHs fiBa 6paTa n Y MeHsi HeT 6paThbes, MOXKHO (He/b3s, HY>KHO)
UATW N MHe MO>KHO (Henb3f, HY>XKHO) WATW.

Onpefennte, KakKoM 4acTbl0 peus ABAAETCA CAOBO  Heob6X0AMMO
B MpeanoXeHnax: [laHHoe BblCKa3blBaHWE HEOOXOAWMO ABNAETCHA NOXKHbIM;
Heo6Xx04MMO 4TO-TO MEHATb; MpUHATME Takux Mep 6bIN10 HEO6XOANMO.

Kakum uneHoM npeanioxeHUs BCerfja ABNAKOTCA Hapeuus, o6pa3oBaHHbIe
0T npunaratenbHbiX? [puBeanTe PYCCKME W aHrNMiAcKue npumepbl. Kakoid
4acTblo peuyn MepeBoOAATCA PYCCKME C/10Ba Ha -0, -e, eC/in OHW ABNAITCA He
06CTOATENLCTBOM, & MMEHHOI YacTbio Ckasyemoro? MpuseanTe NpUMepHI.

K Kakomy Tuny OTHOCATCA pYyCCKMe MpeasiokeHns XonofHo u bbino
XonogHo? MNepeBefuTe MX HA aHTUACKUIA A3blK. [4e B PYCCKMX WM aHTMACKMX
NPeAnoXeHuax rnarofi-cBaska? Uem BbipaXeHo nofgnexalee?
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MepeBeanTe npegnoxeHve MHe rpycTHo. [lpuBeanTe ele npuMepbl
npegnoXxeHwii, rge rosopuTca 06 amouumsax yenoseka. Kakoi  rnaron
ynoTtpebnsercs B 3TUX npefnoxeHnax? Kakaa yacTb peyn ynotpebnsercs
nocne Hero?

MepeseanTe npegnoxeHua: MHe Hekorga; MHe Xonof4HO; A roTos; XXab,
4yTO A He npodeccop.

7. Kak nepesectu npeanoxeHue | know him to like music? Kakoe
rpamMmaThyeckoe SiBNeHWe WMeeT B HeM MecTo? VI3meHeHuWe Kakoi
rpaMmartunyeckoii kateropum faet npegnoxerHuve He is known to like music?
e B nepBoM MpeAnoXeHWW [OMONHEHWe? Yem OHO CcTano BO BTOPOM
npumepe? Kak No aHanorMm HasblBaeTca AaHHOE rpaMmaTuyeckoe sBneHue?
MepeBeguTe BTOPOW npumep. OBpaTMTe BHYMaHWe Ha NepeBof CKasyemoro.

[pe nognexatyee B npegnoxeHun The director is expected to leave? Kak
nepeBecTy 3TOT NPUMep: a) MPOCTbIM MpesoXeHneM, 6) ¢ MOMOLLbIO BBOAHOIO
060p0Ta, B) CI0XHONOAUYNHEHHBIM NPeAI0oXKeHNeM?

Kak nepeBect He seems to know it, It is unlikely to be true? K kakoii
yactu peun oTHocuTcs unlikely? JokaxuTe.

CpaBHuTe npepnoxeHns He was said to be a poet n He was told to be
polite. MepeBeanTe nx. B kakom 13 HMX HeT o6opoTa Complex Subject?

8. PaccmoTpuTe TpU NPeLioXeHnsa:

Nel. Ifhe comes, we will go there;

Ne2. Ifhe came, we would go there;

Ne3. Ifhe had come, we would have gone there.

Kak Ha3blBaeTCA 3TOT TWUM CMOXHOrO npegnoxeHna? ge 3gecb rnasHas
YacTb, a rfe npuaatoyHan? Kakas yacTb Ha4MHaeTCA ¢ coko3a if?

MepeseguTe 3TM nNpeAnoxeHus. Yem oTIMYaeTcs MepBoe M3 HUX OT
oCTa/bHbIX? [ToYeMy B ero 4acTAX rnarofibl CTOAT B pas3HbIX hopmax (CpaBHUTE
C PYCCKUM NepesBosom)?

KakoBa pasHuLUa MeXay BTOPbIM W TPETbUM npumepom? OTpaxkaeTca im
OHa Ha nepesBofe? Kakoe Hak/iOHeHWe ynoTpebnseTcs B [NaBHOW MU
NPMAATOYHON  YacTu  pycckoro nepesoga? CpaBHUTe C  aHMIUIACKUM
opurvHanom. ®opMbl KakWX BpemMeH HarnoMWHAKT [arofibHble (opMbl B
rNaBHbIX WM NPUAATOYHbIX YAacTAX MPefsoXeHnin? ®opMbl Kakol rpynnbl
BPEMEH HANOMWHAIOT rnaronbHble hopmbl npumepa Ne 3?

Kak no-aHrnuiickn Ecam 6b1 5 6611 npesngeHTom? B Kakoi opme cTouT to be?

Mepesegute npeanoxenuns He behaved as if he were mad, She cried as
though she had lost her parents. I'ge 3gecb coto3bl? Kak OHM nepeBoaaTca?

MoxeTe /M Bbl COCTaBUTb @HIMIACKWE YCNOBHble MPeA/oXeHNs
¢ (popmamum Continuous un Perfect Continuous?

MoxeT nn ofiHa 4acTb YCNOBHOIO NpPeasioxXeHna 6biTb Kak B npumepe Ne 2,
a BTopas - Kak B npumepe Ne 3? CocTaBbTe Takoe NnpegioxKeHue.
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MepeBeanTe: ToMMU ckasan, 4To, Korga emy 6yneT 40 neT, oH 6ydeT
npesngeHTom. Kakoe Bpems OyfeT ynoTpebnaTbCa B NpUAAaTOYHOM KOrja emy
6yneT 40neT! CpaBHUTE C PYCCKUM SA3bIKOM.

Task 2

a) Translate into Russian

To meet somebody; to see nobody; to send everywhere; to behave well; to
defend oneself; to hide in the forest; to hate oneself; to feel well.

I have no bread. | haven’t any bread. Would you like some tea? Choose any
toy you like. Some think that he is right. None of us can do it. You’ve got many
books, please give me some. | wish | were an athlete. He appears to know it. She
is known to work a lot. The situation is likely to change. The tool is believed to
be helpful.

b) Translate into English

Mano BOAbl; MHOFO AeTeld; MHOFO CHera; HEMHOFO KHWUF; Mano CTYAEHTOB;
HEMHOr0 MO/I0KAa; MHOTUe W3 HWUX; MHOFOe W3 3TOW TeopwuW; HWUKTO U3 BAC;
KaXAbli M3 HaWwwuxX CTYLEHTOB; AOAM Kaxoro; roBoputb 0 cebe; 6bICTPO
YMBbITbHCS.

Ecnun y Bac ecTb Kakme-nnbo mgem, ckaxute MHe. [lail MHe HeCKoMbKo. Bce
Mmo6aT npasfHuUKU. HekoTopble M3 Hac N06AT reometrputo. Bosbmu nobyto
KHUTY, Kakas Tebe HpaBuTcA. OH KyAa-To ywen. 9 HUYero He noHuman. Huyto
He MOXeT 6bITb xyXe. Cpenait aT0 cam. locmoTpu Ha cebs. OH nopesancs,
Korga 6puncsa. Henbsa nobuts cebs 6onblie, yem apyrux. OH Bcerfa XoTen
cratb 6u3HecMeHOM. OHM He 4acTo urparwoT B (yT60n. TOKaXu MHe 3TO
ynpaxHeHve. 3T0 Mou feTu. 370 b6ydeT MO HOBas KHura. § npuHecy 310
3aBTpa. [eorpagms - 3T0 Hayka. 3TO OH. [pa3gHMKK - 3TO YACTb HALLENA XU3HW.
NeTom xapko. MHe >apko. B wkady mHoro cnosapeii. Kakas uHTepecHas
KHura! Ham Hekorga. VI3BeCTHO, YTO Y Hee MHOro Apy3eid. Ecnu Tbl npugels,
Mbl Oyfem wrpatb B wWwaxmarbl. Ecnn 6bl Tbl npuwen, Mbl 6bl nourpanv
B Waxmatbl. Ecnu 6bl Tbl BYEpa npuwien, mbl 6bl mourpany B wWaxmatbl. OH He
0TBeYas, Kak 6yaTo 6bl OH HAYEro He 3Han.

Task 3. Translate the phrases from Text 3

Positions and momenta; vector field; the laws of dynamics; in other words;
the state of the system; during the last few decades; in some of what follows;
more recently; all allowed n's; the unique trajectory starting at ue\ a mechanism
called the Poincare-Andronov-Hopf bifurcation; a variable describing the state;
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systems that develop; a state ue such that X(ue) = 0; the trajectory and its initial
condition; the theory and its future development; to prevent from moving;
presented as equations of motion; in some sense; ue itself.

As time evolves, the state changes... The state follows a curve... The theory
will use... It has been a tool... It has sparked... We are not concerned with... It is
specified... uedoes not move... Stability does not preclude chaos... The trajectories
can be very complex... They possess trajectories that are so complex that... We
remark that... Some believe that... This occurs when... They behave as if they were
random... We usually view x as a vector field... To explain it, we shall use... The
laws are usually presented as equations of motion... Stability is a dynamical
concept... uis a variable, X is a function, tistime... The trajectory is assumed to be
uniquely determined... Ifits initial condition is specified...

Word Formation

Translate the words from Text 3

Bifurcation, biological, recently, oscillation, spontaneous, directly,
turbulence, useful, especially, dynamical, specify, physical, uniquely,
extraordinarily; a 2n-tuple, a study, to form.

Words and Phrases
Task 1. Answer the following questions

1. Kakue 3Ha4yeHUs UMelOT cnegytolimne cnoea: set, still, concern, under?

2. Kak MOXeT NepeBOAUTLCS C/OBO €lle B pasHbiX 3HaYeHUsx? MNpueegute
npumMepsl.

3. Kakue n3 aTux rnaronos 0603Ha4alOT aKTMBHOE BOCMPUATME, a Kakue -
naccusHoe: look (at), feel, watch, listen (to), hear, seel Fnaronbl Kakoro BocnNpuATUA
He ynotpebnsatoTca B Continuous n Perfect Continuous? 3HauuT M 370, YTO OHU He
uvetoT IV dopmbl? MoxeTe nM Bbl NPUBECTU MPUMEPbI, KOrAa rnarosn see
0603Ha4YaeT aKTMBHOe BOCNpuATMe? Kakoii Mofa/bHbIii rnaron ynotpebnsercs B
nepeBoAe npefnoxeHnin H BudKY fom, A cnbiwy wym! Kak nepesogmtcs
npegnoxeHwe | seel

4. KakoBa pasHuLa B NPOU3HOLIEHUN AaHHbIX coB: (the) progress u (to)
progress, (the) postulate u (to) postulate, (the) use n (to) use, close (3aKpbIThblif,
6/m3ko) u (to) close (3akpbiBaTb)! [MpuBeauTe npuMepbl ApPYrux CIoB,
UMeloWwmnx He6oNblWNe pa3inuna B MPOU3HOLWIEHWW B 3aBUCUMOCTU  OT
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3HaueHus.. MoxeTe /M1 Bbl BbIAE/UTb 3aKOHOMEPHOCTM  CBSI3U  MEXAy
NPOU3HOLLEHMEM U 3HaYeHMeM? Bcerga im oHW AeiicTBYIOT?

5. UTo o3HauvaeT 060c06neHHbI 060poT that is? MpuBeauTe nNpumepbl ero
ynotpebneHns. Kakomy naTMHCKOMY COKpalLeHW0 OH COOTBETCTBYET? Kak 3To
COKpalleHne YnTaeTcsa No-naTbiHN?

6. MoxeTe NU Bbl COCTaBUTb MNPeANIOXEHUS, B KOTOPbIX MOCAe [aHHbIX
rnarofnoB 1 060poToB 6biN Gbl YNOTPe6neH repyHAaunii: to know of, to speak of
to think of to be afraid of to be capable of to depend on, to insist on, to rely on,
to object to, to consist in, to result in, to succeed in, to be interested in, to
preventfrom, to avoid, to mention, to be worth, instead of besides, owing tol!
Bce 1 3Tn cnoBa 1 060p0ThHI Bbl MOXETE NEPEBECTU Ha PYCCKUI A3bIK?

B uem pasHuua mexgy They stopped talking n They stopped to talk?

Task 2. Translate with a dictionary

To see a film; to see the sights; set theory; a set of tools; the elements of the
set; a set of glasses; solution set; to still a child; still water; to sit still; still
longer; still ill; to process data; invalid data; the fifth postulate; to abstract a text;
close friends; many uses; to take care of invalids; to close the door; Cartesian
coordinates; separate rooms; to be content; to extract a tooth; school subjects; to
object to the idea; to write an abstract; to increase rapidly; a great exploit; to
import oil; to coordinate work; many uses; as far as he is concerned; to be
concerned with mathematics; everybody’s concern; to create a concern; with
deep concern; under the chair; under the Romanovs; under 3 years; under
consideration; under study; under multiplication; under repair; under the new
law; to consist in solving the equation; instead of going there; to rely on his
coming; to prevent from changing; to mention her participating in it; to insist on
his writing an abstract; to know of her arriving; to be worth reading; to avoid
seeing her; to succeed in solving such problems; to be afraid of falling ill; to
depend on his coming; to result in writing a new book; to stop smoking.

Wellington is the capital of New Zealand (see map). He was concerned
about his daughter’s health.

MocMoTpM Ha MeHsA. A ceilyac CMOTPIO TeneBu30p. Thbl BUAULWb 3[aHME?
Mocnywaiite Hac. CMOTpW, OH 3decb. Bbl cmoTpenn 3toT ¢unbm? A cablwy
CTpaHHble 3ByKW. 1 4yBCTBYH 3T0. OH ewé 3gecb. OH ewé He yexan. Caenai
37O ewwé pa3. H xouy ewé xneba. OH mowén ewé ganbwe. MUNANOHBbI NOaei
60/bHbI, €LEé MUMANOHBLI HecyacTHbl. OH 3aHMMancs acTpOHOMUeW, TO ecTb
n3yyvan 3Be3fibl W NiaHeThI.

2LLlaHwpeBa C.A. AHIIMIACKMIA A3bIK ANS MaTeMaTVKoB: yebHuK. M.: TC, 2006. C. 377.
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Task 3. Translate the phrases from Text 3

In some sense; presented as equations; as time evolves; to view X as a
vector field; such a tool; a state ue such that X(ue) = 0; such notions; the set of all
allowed u’s; can still be very complex; in the abstract form; the system under
study; to prevent from moving.

They behave as if they were random... See, for example, Hirsch and
Smale... We shall use... We are not concerned with chaos directly... It is ue
itself; that is, uedoes not move...

Speaking on the Text

1. Ask 5-7 questions on the text.
2. What are the key words in the text?
3. Give a short summary of the text using the key words.

Text 4. Linearized and Spectral Stability

There are two other ways of treating stability. First of all, one can linearize
equation (1.7.1); if Su denotes a variation in u and X'(ue) denotes the
linearization of X at ue (the matrix of partial derivatives in the case of finitely
many degrees of freedom), the linearized equations describe the time evolution
of "infinitesimal™ disturbances of ue\

A~{5u) = X"'(ue)Su (1-7.2)
at

Equation (1.7.1), on the other hand, describes the nonlinear evolution offinite
disturbances Au - u —u" We say that ueis linearly stable if (1.7.2) is stable at Su =0,
in the sense defined above. Intuitively, this means that there are no infinitesimal
disturbances that are growing in time. If (Su)0is an eigenfunction ofX (ue), that is, if

*'(«,)o(8u\=k{Su\ (1.7.3)

for a complex number X, then the corresponding solution of (1.7.2) with initial
condition (Bw0is
Su =ea (Su)0 (174

The right sideof this equation is growing when Xhaspositive real part. This
leads ustothethird notion of stability: We say that (1.7.1) or (1.7.2) is
spectrally stable if the eigenvalues (more precisely, points in the spectrum) all
have nonpositive real parts. In finite dimensions and, under appropriate technical
conditions in infinite dimensions, one has the following implications
(stability) => (spectral stability)
and
(linear stability) => (spectral stability).
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If the eigenvalues all lie strictly in the left half-plane, then a classical re-
sult of Liapunov guarantees stability. (See, for instance, Hirsch and Smale
[1974] for the finite-dimensional case and Marsden and McCracken [1976] or
Abraham, Marsden, and Ratiu [1988] for the infinite-dimensional case.)
However, in many systems of interest, the dissipation is very small and are
modeled as being conservative. For such systems the eigenvalues must be
symmetrically distributed under reflection in the real and imaginary axes (We
prove this later in the text). This implies that the only possibility for spectral
stability occurs when the eigenvalues lie exactly on the imaginary axis. Thus,

this version of the Liapunov theorem is ofno help in the Hamiltonian case.

Cnosa K TEKCTY

linearized

partial

derivative

finitely

degree

evolution
infinitesimal
disturbance
linearly
eigenfunction
solution

initial

real

spectrally
eigenvalue
spectrum {pi spectra)
appropriate
implication
guarantee
finite-dimensional
infinite-dimensional
dissipation

axis {pi axes)
imply

[linis'raizd]

[pa:Jdl]

[di'rivativ]

['famaith]

[di‘gri:]

[si:va'lu:lan]
[,mfmi'tesimal]
[dis't3:bsns]

[bniob]
['atgan'fAgkjan]
[sa'lu:jn]

[I'mlal]

[rial]

['spektrali]
['aigan'vaslju:]
['spektram], ['spektra]
[a'praupriat]
[Imph'keijn]
[,gaeran'ti:]

[ fainaitd(a)i ‘'menjanl]
['mfmitd(a)i 'menfenl]
[disi'peijan]

['aeksis], [’aeksi:z]
fim'plai]
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Letters and Sounds

Task 1. Answer the following questions

1. BCnoMHUTE KaK MOXHO 6ofblie cnos, rae 6yksa o uuTaetca [u:].
B kakom Tune cnora (OTKPbITbIA/3aKPbITbIA) 3TO MOXET UMETb MecTo?

2. Kakoii pguToHr npousHocuTcs B cnoBax either, neither, height,
eigenvalue, eingenfunctionl

3. Kak wuwuTtatotca 6ykBocodeTaHus alf, alve, aim, alkl Mpusegute
npumepbl.

4. Kak uwuTaeTcs 6ykBa U B OTKpPbITOM cfiore? Kak oHa uuMTaercs
B OTKpbITOM cfiore nocne [1], [r], [dE]? MpuBegmTe npumepsbl.

Task 2. Say and write what sound is pronounced in the following
words:

1) move, 2) calf, 3) either, 4) halves, 5) mute, 6) chalk, 7) move,
8) palm, 9) lose, 10) evolution, 11) eigenvalue, 12) exclusion, 13) undo,

14) rudiment, 15) height, 16) weight, 17) junior, 18) conclude, 19) neither,
20) calm.

Task 3. Read aloud the following words from Text 4

Guarantee, above, version, eigenvalues, other, notion, growing, half, axes,
dimension, stable, solution, partial, matrix, prove, evolution, condition,
following.

Grammar Activity

Task 1. Answer the following questions

1 Mouyemy 06bIYHO YNOTpPe6AATCA C apTuUKieMm the cyllecTBUTENbHbIE

KOTOpPbIM NpeAWecTBYOT MNpuaaratenbHbie B ()OpMe MPEBOCXOAHOW CTeMeHu,
cnosa same, next, following, last, nopaakosble uncnutensHole (first, second un
T.4.)?- MpuBeguTe npumepbl. Hannune Kakux CnoB WCKNOYaeT ynotpebneHve
apTUKNA U B 3TUX Cay4danx?

Kaknum u4neHoM npefnioXeHnsa ABAAIOTCA CNoBOCOYeTaHMA Tuna next (last)
summer 6e3 apTukna? Korga next summer npespatiaetcs B the next summer?
MpuBeanTe NpUMepbl NPEAIOXKEHNA C 3TUMMN ABYMSA CNOBOCOYETaAHUAMM.
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2. Kak no-aHrauiickm YacTb BToOpas? Kakoe uncnntenbHoe 34echb
ynoTpebnseTca - KONMYECTBEHHOE WK NOpsAAKoBoe? EcTb m apTukib? Yem OH
B 3TOM C/lyyae 3aMeHfeTCq Ha nucome?

3. Mepesegute npeanoxeHne Thisformula is ofgreat help. MoxeTe nn Bbl
NPUBECTUN PYCCKMe MpUMepbl, KOrfa CyLecTBUTENbHOE B POANTENBHOM Nagexe
ABNAETCA YaCTblo CKa3yemoro 1 0TBEYaeT Ha BONPOC KaKoB?

Task 2

a) Translate into Russian

The next year; next year.
They are of the same kind. It is not ofthis type.

b) Translate into English

MocnegHss rnaBa; YpoK 2; npowsoii 3UMOW; cnegytoline NpUMEpSI;
AyYWnil BapuaHT; ero Nyywas KHWra; ynpaxHeHue 3; camas 6ofiblias olwn6Ka
®pefaa; TOT Xe camblii 3aKOH; cTpaHuMua 5.

Cnegylowmm netoMm s noefy B [peumio. OH cKasan, 4TO OHa noeget
B [peyuio crefyowum neToM. S fymato o ClefytoLemM feTe.

Task 3. Translate the phrases from Text 4

The matrix of partial derivatives; two other ways; the real and imaginary
axes; the third notion; the time evolution; the linearization ofX; equation (1.7.1);
more precisely; disturbances that are growing in time; the corresponding
solution.

We prove this later... This leads us to... If du denotes... This means
that... This implies that... The right side of this equation is growing when...
They are modeled as being conservative... The eigenvalues must be
distributed... One can linearize... We say that... One has the following
implications... There are two other ways of treating stability... There are no
infinitesimal disturbances... This version is of no help... ueis linearly stable
if (1.7.2) is stable...
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Word Formation

Translate the words from Text 4

Stability, solution, partial, nonlinear, precisely, equation, condition, initial,
corresponding, strictly, variation, dimension, positive, linearize, symmetrically,
linearization, implication, technical, exactly, nonpositive, freedom, reflection,
classical, finitely, spectrally, evolution, linearized, imaginary, linearly, infinite,
disturbance, spectral, Hamiltonian, intuitively, dissipation; to guarantee.

Words and Phrases

Task 1. Answer the following questions

1 Kak nepeBoAsaTca Ha pycckuii f3blK rnaronbl speak u talk? B uem
pasHuua mexay Hummn? Kakoii npegnor ynotpebnserca nocne Hux? lMNpueegnte
npumepbl UX ynotpebneHna c npegnorom. MoryT Av OHW WMeTb MpAMOe
pononHeHue? Ecnu fa, T0 UTO OHO ByAeT BbipaxaTb?

Kak nepesogdatcs rnarofnibl say u tell B HacTtoswem BpemeHn (/ say, 1 tell)?
A B Apyrux BpemeHax U B UHPMHUTMBE? Kak Bbl AymaeTe, Noyemy 3TO Tak?
B uem pasHuua mexay say u tell? Ynotpebnserca nu nocne HUX npegnor to?
MpuBeauTe NpMMepPbl NPEAIOXKEHNIA C 3TUMU TNaronamu.

MepeseguTe, obpaliass BHUMaHUE Ha PYCCKWe 3KBUBANeHThbl rnarona tell:
Tell her about it. One must tell her about it. Don't tell her about it. One mustnt
tell her about it.

2. Kakue 3HaueHus umetoT cnosa way, hand, first, above, only, then, than?

3. Kak nepeBOAuUTCS CNOBO eAWHCTBEHHBIA: a) Kak onpefeneHue, 6) Kak
MMeHHasl YacTb CKazyemoro? MNpueeauTte npumepsi.

4. Kak nepeBOAUTCA C/IOBO CAeAywLWMiA B pasHbIX cnyyasax? [MpueeguTe
npuMepsbl.

5. Kak moxxHo nepesectyu the word o finterest?

Task 2. Translate with a dictionary

I learned French many years ago, now | cannot speak it. German is spoken
in several countries. | have not seen them since then. Then he went away. There
are cases in Russian. In that case, | cant help you. Open this case. If it were

school algebra, | could solve the problem, but it is not the case. In the case of a
serious trauma, consult the doctor. Mr. Smith! This way, please. By the way, she
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is pretty. This one is better in every way. We’ve lost the way home. Please find
a way to solve this problem. I hate the way she dances. Please hand me some
bread. She’s hurt her left hand. On the one hand, it would be nice, but on the other
hand, it can be dangerous. She is a first year student. I did it first of all. First thing,
check your email. | first saw it when | was seven years old. First open the case, then
perform all the other operations. At first | didn’t like it. There are many reasons for it:
firstly, it is faster, secondly, it is more effective. We saw something strange above
our heads. From the above we can see that this number is positive. The book cited
above was written in 1830. The above quotation shows his opinion about the fifth
postulate. This book contains above all unknown facts about it. The only dress she
had was very dirty. The Browns’ only car was too small. The Browns only laughed.
Fie is stronger than his brother. It is more interesting and then easier. |1 was very
young then. It can be any number other than zero. First think, then act. Since then all
the Americans celebrate this holiday. By then | will have done it.

Cnegylowuii Beyep; cnegylolias CTpaHWUa; OTBETUTb Ha clejyoliune
BOMPOCHI; faBaTb Chefylolee onucaHue; NpoynTaTb Cnefytoliee; cnefyrouas
cTaHuma.

Mbl rosopunum o0 Hem. OH cKa3an MHe npasay. Tbl rOBOpPULIbL MO-
thpaHuy3ckn?  Ckaxu MHe 06 3Ttom. OH roBOpWT, 4TO OHM 3fecb. He
pasrosapmBainTe! OH roBOPUA C HAUM MO-aHFIMACKN. EANHCTBEHHbIV HeMeLKuii
CnoBapb, YTO eCTb Yy MEHA, HaxogauTca goma. 3TO [0Ka3blBaeT, 4To [JaHHoe
4MCNOo efUHCTBEHHO. OTOT MOHMTOP 6O/bLUE, YEM TOT.

Task 3. Translate the phrases from Text 4

In the sense defined above; are modeled as being conservative; two other
ways of treating stability; under appropriate conditions; under reflection; for the
finite-dimensional case; in the Hamiltonian case; on the other hand; first of all;
in the case of many degrees of freedom; the only possibility; the following
implications; in many systems of interest.

This means that... See, for instance, Hirsch and Smale... That is, if... Then
the corresponding solution is... We say that ue is linearly stable... Then a
classical result guarantees stability...

Speaking on the Text

1. Answer the questions on the text.

What do the linearized equations describe?

Which equation describes the nonlinear evolution offinite disturbances?
Are there any infinitesimal disturbances that are growing in time?

What is the third notion of stability?

When does the possibility for spectral stability occur?

2. What are the key words in the text?

3. Give a short summary of the text using the key words.
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Text 5. Lagrange— Dirichlet Criterion

For Hamiltonian systems in canonical form, an equilibrium point (qe pe) is
a point at which the partial derivatives of H vanish, that is, it is a critical point of
H. Ifthe 2n X2n matrix SH ofsecond partial derivatives evaluated at (ge,p@ is
positive or negative definite (that is, all the eigenvalues of SH(qge, pe) have the
same sign), then (qge, pe) is stable. This follows from conservation of energy and
the fact from calculus that the level sets of H near (ge pe) are approximately
ellipsoids. As mentioned earlier, this condition implies, but is not implied by,
spectral stability. The KAM (Kolmogorov, Arnold, Moser) theorem, which
gives stability of periodic solutions for two-degree-of-freedom systems, and the
Lagrange-Dirichlet theorem are the most basic general stability theorems for
equilibria of Hamiltonian systems.

For example, let us apply the Lagrange-Dirichlet theorem to a classical
mechanical system whose Hamiltonian has the form Kkinetic plus potential
energy. If (ge pe) is an equilibrium, it follows that pe is zero. Moreover, the
matrix 52H of second-order partial derivatives of H evaluated at (ge, pe) block
diagonalizes, with one of the blocks being the matrix of the quadratic form of
the kinetic energy, which is always positive definite. Therefore, if SH is
definite, it must be positive definite, and this in turn happens if and only if S2Vis
positive definite at ge, where V is the potential energy of the system. We
conclude that for a mechanical system whose Lagrangian is Kinetic minus
potential energy, (ge, 0) is a stable equilibrium, provided that the matrix S2V(qge)
of second-order partial derivatives of the potential V at qe is positive definite
(or, more generally, ge is a strict local minimum for V). If d2V at g. has a
negative definite direction, then geis an unstable equilibrium.

Cnosa K TeKCTy

canonical [ka'mawkM KaHOHWYeCcKunin

equilibrium (pi Tak>ke Li:kwTlibrmm], paBHOBecue

equilibria) [izkwTlibria]

vanish ['vasnij] obpalyaTbca B HOMb

evaluate [Tvaeljueit] BbIUYUCAATL, BblpaXKartb,
oueHMBaTb(YMCNEHHO)

conservation [jonso'veifen] COXpaHeHue

calculus ['kaelkjulos] ncuncneHune

approximately [o’priksimath] npUeAN3NTENBHO,
MPUBAKEHHO

ellipsoid [I'lipsDid] annuncoung,

mention f'menjn] YNOMWHATb, CCbINaTbCA
Ha
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imply
apply
Hamiltonian

kinetic
potential
moreover

second-order
block
diagonalize
quadratic

therefore
conclude

Lagrangian
minus
provided that

generally

direction

unstable

[Im'plai]
[o'plat]
[.hsemil'taumon]

[kainettk]
[po'tenjal]
[mDir'ouvo]

['sekand 'o:da]
[bbk]

[dagasgana'laiz]
[kwa'draetik]

['‘6eab:J
[kan'klu:d]

[la'grasnd£ian]
['mamas]
[pra'vaidid daet]

['dEenrah]

[da'rekjn]
['An'steibl]

Letters and Sounds

Task 1. Answer the following questions

npegnaraTb, 03Ha4yaTb
NPUMEHSATb
raMuibTOHWaH
hyHKUMA TaMUnbTOHA
KWHETUYECKUI
NoTeHUMaNbHbIA

cBepx TOro, Kpowme
TOrO

BTOPOro nopsagka

610K
[maroHannsmpoBatb

KBagpaTHbIN,
KBaJpaTuUyHbIN
noaTomy,
cnefoBatefibHO
fenaTb BbIBOZ,
3aKn4aTh
hyHKLMA SlarpaHxa
MUHYC

npu ycnoBuu, ecim
TO/bKO

B 00OLLEM CMbICHE,
BooOLe
Hanpae/fieHne

HeyCTONYMBBIN

1 Kak uymTaeTcs couyeTaHue gn B cnosax foreign, sign, assign, consign?
UTo Takoe sign? 3HaeTe nM Bbl C/I0Ba C 3TUM KOpHeMm, rge gn - [gn]? KakoBa
B3aMMOCBA3b MEXY YTeHMeM coyeTaHus gn u 6YKBbl i B pa3HbIX C/I0BaX C 3TUM
KopHeM? MoKaxuTe ee Ha NpumMepax.

2. Kakme rpynnbl aHrAMACKNX CYLLECTBMTENbHbIX MULIYTCA C 3arnaBHOM
6ykBbl? Korga mMoryT Tak nucatbCq Ha3BaHuA Hayk? [loyemy C 3arnaBHOM
6ykBbl NuwyTca cnosa Hamiltonian n Lagrangianl Kak oHv o6pa3oBaHbl?
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3. Mouemy cnoBO criterion B HasBaHWW TeKcTa 5 HamuWcaHoO C 3arfaBHOA
6yKBbl? Kakue cnoBa B 3arofioBkax NuLyTCA CO CTPOYHOI 6YKBbI?

Task 2. Say and write what sound is pronounced in the
following words:

1) signify, 2) foreigner, 3) assign, 4) assignation, 5) assignment,
6) signature, 7) consign, 8) signal, 9) signer, 10) signboard.

Task 3. Read aloud the following words from Text 5

Canonical, negative, mechanical, example, whose, stable, sign, critical,
eigenvalue, quadratic, partial, unstable, second, approximately, conservation,
matrix, calculus, general, theorem, mentioned, solution, classical, energy,
generally, therefore, codition, conclude, local, Lagrangian, equilibrium,
potential.

Grammar Activity

Task 1. Answer the following questions

1. Kak nepeBogMTCA CNOBO BCe: a) Kak onpeaeneHue, 6) B 3Ha4YeHWW BCce
noan? Mpueeante npumepbl. Korga nepeg all ctasutea aptuknb the (cpasHuTe:
All children like to play - All the children were there)! BcnomHuTe, B (hopme
Kakoro uucna ynoTtpebnaerca rnaron nocne everybody/everyone. CocTaBbTe
NpeAnoXeHuns, rae AaHHble MECTOMMEHUA ObiNK Bbl MOANEXALLUMN.

2. Kak nepeBOAWTCS PYCCKWMIA rnaron faeaTb KakK CUHOHUM CrloBa
no3sonATbL? CTaBMUTCA /M to nepes WHMWHWUTMBOM MOC/Me 3TOro rnarona?
MpuseanTe NpUMeEpBI.

Kakoe cnoBo cokpalleHo B obopoTe Let's? Kak oH nepeBofgutca? Kak oH
nepesoguncs 6bl focnosHo? CocTaBbTe C HUM MpegnoxeHus. [lMepesegnTe
npegnoxeHns: Lets go; Let Te do it; Let him do it; Don't let her cry.

3. Kak 06bl4HO nepeBogmTca cnoBo whose? Kak KOppekTHee nepeBecTu
CnoBocoYeTaHWe HayyHoro ctuns a sequence whose first term is nonzero?

O6paT|/|Te BHMMaHMe Ha N3MEHEHWE NopAaAKa C/10B NMpu nepesoae.

4. Kak nepeeectu as shown above? Kakasa ocobas ¢opma rnarona
npucyTCcTBYeT B 3TOM 060p0OTE U B €ro nepesoge?
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5. Kakomy PpycCKOMY MpuyacTUi0 COOTBETCTByeT cnoBo being?
MonpobyiiTe paTb CHavyana [OCNOBHbIA, 3aTeM /WTepaTypHbili MepeBoj
cnepytowero npegnoxenus: All the points lie on this line, with one of them
being the centre ofthe given circle.

6. MOXHO 11 MO OTCYTCTBUMIO apTUKNS B HA3BaHWM TEKCTa 5 CyauTb O TOM,
UTO flaHHOE C/I0BOCOYETaHUe BCerja ynotpebnserca 6e3 apTuknsa? Mouemy?

Task 2

a) Translate into Russian

A set whose elements can be counted; as seen from Table 1; with xy being
one ofthe terms.
Let them help you. Don’t let him worry.

b) Translate into English

Bce cTyfeHTbl n06AT nofayyaTb XopolwlvMe OueHKU. Bce CTyaeHTb
noay4ynnu Xxopowue oueHku. Mownu gomoii. [aBaiite 1 nmomory Bam. [ycTb
OHW He yxopgqaT. [laiiTe MHe nonpo6oBaTb. HauHem! [laBaiiTe nogoxgem. MycTb
OHUM NonpocsT ee. [laiiTe MHe BO3MOXHOCTb CAeNlaTh 3T0.

Task 3. Translate the phrases from Text 5

Lagrange - Dirichlet criterion; a system whose Hamiltonian has this form;
equilibriun point; one of the blocks; as mentioned earlier; the level sets; the most
basic theorem; the KAM theorem; more generally; two-degree-of-ffeedom
systems; stability theorem; evaluated at (qe p €), second-order partial derivatives;
point of H; all the eigenvalues; conservation of energy; with one of the blocks
being the matrix; sets of H; equilibria of Hamiltonian systems; not implied by
spectral stability.

This follows from... This condition implies... It gives stability of... This
happens if... It is not implied by spectral stability... It must be positive
definite... It follows that... This follows from the fact that... It is a critical
point... Then (ge pe) is stable... It is always positive definite... Let us apply...
We conclude that for a system whose Lagrangian is...
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Word Formation

Task 1. Answer the following questions

Kakum cnoco6om o6pasoBaHo cnoso three-dimensional?
3HaeTe NM Bbl aHINUICKMe CNOBa, KOTOPble MUWWYTCA pasgenbHo? YTo
MO3BOJISET CYNTATH UX CMIOBAMM, & He COYeTaHNSAMU CNOB?

Task 2. Translate without a dictionary

Bail-shaped, to roller skate, a visiting card, rose-coloured, a wisdom tooth,
kindhearted.

Task 3. Translate the words from Text 5

Conservation, Hamiltonian, negative, classical, generally, condition,
canonical, spectral, mechanical, unstable, stability, partial, periodic, kinetic,
local, Lagrangian, solution, critical, basic, potential, diagonalize, freedom,
positive, general, quadratic, approximately, two-degree-of-freedom (systems).

Words and Phrases

Task 1. Answer the following questions

1. Kakve 3HauyeHMs MMelOT crefytowue cnosa: point, apply, provide,
provided (that)?

2. Kak nepeBoguTCA C/OBO TO4Ka-, a) Kak abCcTpakTHOe reoMeTpuyeckoe
noHATKe, 6) n300paXKeHHas Ha YepTexe, B) KaK 3HaK MpernuHaHus, r) B agpecax
WNHTepHeTa, A) B 4McnoBbiX 0603HaYeHMAX? Korga B 4MCNOBbIX 0603HaYeHMAX
aHrMyaHe UCMoONb3YHOT TOUKY, a Korga - 3anaTyto? MpusegnTe NpuMepsl.

3. 3HaeTe nM Bbl, KaK NepeBOAATCA 3TU CBA3yUiMe cnosa: however,
nevertheless, yet, because, since, that is why (thats why), therefore, for this
reason, so, as a result, hence, consequently, (al)though, besides, moreover,
furthermore, in addition, instead, by the way, for example, for instance,
generally speaking, more generally, infact, first ofall, first, firstly... secondly...,
then, next, meanwhile, meantime, after that, afterwards, later, at last,
eventually? CocTaBbTe HECKONbKO MPEASIOXKEHWIA CO CMOBaMy M3 3TOTO CrucKa.
[N 4ero Hy>KHO 3HaTb Kak MOXXHO 60/iblle CBA3YHOLWNX CNOB?

Kak nepeBoanTcs pycckuii cotos a? MNpuseguTte NpuMepsl.
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Task 2. Translate with a dictionary

Applied mathematics, to apply to the teacher for help, the second applicant,
to be applicable in this case, to write an application.

It is my point of view. The child pointed at the portrait. Twelve points go
to Russia. The point? You can’t apply this rule here. This rule does not apply
here. She provided her with a good education. Now | can speak to my teacher,
provided he has not gone. He provided all his large family.

[oe Touka D? A ToXe He BMXY TOuky. [locTtaBb TOYKy. Mapu
yuuTensHuua, a Topu nepesofyvua. 370 He AepeBo, a KYyCT. OTO 0YeHb 0OMnacHo,
MO3TOMY HUKTO He XOYeT 3Toro genatb. CHayana OH He NO6UN CBOEro HOBOFO
O[HOKNAacCHMKA, NOTOM OHW HayanW nomoratb APYr APYry, U HaKOHel, OHu
cTanu xopowumu fpysbamu. CHavana 3apaboTaii MUANMOH, NOTOM Aymai o
Takux Belax. Kpome Toro, oH npenogaet paHLy3CKuil A3blK. B KOHLe KOHLIOB
Mbl BCE CTaHeM CreLuanmcTamm.

Task 3. Translate the phrases from Text 5

As mentioned earlier; the level sets.

This in turn happens... That is, it is a critical point. Then (qep €) is stable...
Moreover, the matrix diagonalizes... Therefore, if dH is definite... It is a stable
equilibrium, provided that this matrix is positive definite... Then ge is an
unstable equilibrium... For example, let us apply the theorem to a classical
mechanical system... Or, more generally, geis...

Speaking on the Text

1. Ask 5-7 questions on the text.
2. What are the key words in the text?
3. Give a short summary of the text using the key words.

Text 6. Outline of the Energy— Momentum Method

The energy momentum method is an extension of the Arnold (or energy-
Casimir) method for the study of stability of relative equilibria, which was
developed for Lie-Poisson systems on duals of Lie algebras, especially those of
fluid dynamical type. In addition, the method extends and refines the
fundamental stability techniques going back to Routh, Liapunov, and, in more
recent times, to the work of Smale.

The motivation for these extensions is threefold.
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First of all, the energy-momentum method can deal with Lie-Poisson systems
for which there are not sufficient Casimir functions available, such as 3-D ideal flow
and certain problems in elasticity. In fact, Abarbanel and Holm [1987] use what can
be recognized retrospectively as the energy-momentum method to show that 3-D
equilibria for ideal flow are generally formally unstable due to vortex stretching.
Other fluid and plasma situations, such as those considered by Chem and Marsden
[1990] for ABC flows and certain multiple-hump situations in plasma dynamics (see
Holm, Marsden, Ratiu, and Weinstein [1985] and Morrison [1987], for example),
provided additional motivation in the Lie-Poisson setting.

A second motivation is to extend the method to systems that need not be Lie-
Poisson and still make use of the powerful idea of using reduced spaces, as in the
original Arnold method. Examples such as rigid bodies with vibrating antennas
(Sreenath, Oh, Krishnaprasad, and Marsden [1988], Oh, Sreenath, Krishnaprasad,
and Marsden [1989], Krishnaprasad and Marsden [1987]) and coupled rigid bodies
(Patrick [1989]) motivated the need for such an extension ofthe theory.

Finally, it gives sharper stability conclusions in material representation and
links with geometric phases.

CnoBa K TeEKCTY

outline [‘autlain] 04yepk

momentum (pi

[mou'mentom],

KOn4ecTBo ABUWXXEHUA,

momenta) [mou'mento] UMNYybC

extension [ik'stenjn] NpPoAOJ/IKeHNe, pa3BuTune

study f'stAdi] n3yyeHue

relative f'relotiv] OTHOCUTENbHbIN

dual ['djurol] [LyanbHOCTb

fluid ['fluud] XUAKOCTb, Xugkasg wuiv
rasoobpasHas cpefa

dynamical [dai'naemikl] LUHAMUYecKnii

extend [ik'stend] pacwunpaTe, NPoLOMKaTh

refine [ri‘fain] COBEpLUEHCTBOBATb

technique [tek'ni:k] TeXHWKa, MeToj, cnocob

recent ['rizsnt] HeaaBHU; nocnegHui;
HOBbIA, COBPEMEHHbIN

threefold ['Ori:fonld| TpoiiHOW

deal with ['di:l wi6] UMETb f1eNo ¢

sufficient [so'fijnt] [,0CTaTOUHbIN

available [o'veilobl] [LOCTYMHBINA, MMetoLniics
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3-D (three-dimensional)

elasticity
recognize
retrospectively

unstable
due to

vortex (pi Tak>e

vortices)
stretching
plasma
consider
flow
multiple
hump

provide
additional

setting

powerful
reduced
space

rigid body

vibrating
antenna
coupled
need n
sharp

conclusion
representation

link n, v

geometric
phase

['Ori:d(a)fmenjnal]
[Li:lae'stisiti]
[rekagnaiz]
[,retrau‘spektivli]
[An'steibl]

[dju: ta]

['vD:teks], ['vD:tisi:z]

['stretjn]]
['plaezmo]
fkan'sido]
[flau]
['mAltipl]
[bnTp]

[pra'vaid]
[a'dijnal]
['setig]

['panafl]
[ri‘dju:st]
[speis]

[rid£id *bDdi]

fvai'breitirj]
[arnYena]
[’kApld]
[ni:d]

[la:p]

[kan'k1n:£n]
[,reprizen‘teijn]
[ligk]

[,d£i:9'metrik]
[feiz]

51

TPEXMEPHBI
3M1aCTUYHOCTb, YNPYroCTb

NpU3HaBaTb
PEeTPOCNEeKTUBHO

HeyCcTONYMBbIA
6narogaps
BUXPb

pacTsxeHue

nnasma
paccmaTpuBaThb
TeyeHune, NOTOK
MHOX€ECTBEHHbI
rop6; makcumym (Ha
rpaguke)
npeAocTaBnATh, faBaTb
LOMONTHUTENbHBIN
yCTaHOBKa
perynvpoBaHue
HacTpoiKa;
3aTBepieBaHue
CUNbHBINA; 3HAYNTESNbHBIN
COKpaLLeHHbIN
paccTosiHue;
MPOCTPaHCTBO
(abcontoTHO) TBeEpLOe
Teno

BMOPMpYOLWMIA
aHTeHHa

CrMapeHHbI
HeobX0ANMOCTb
OnpefeneHHbI;
0TYeTNUBBIN
3aK/ll0YeHNe, BbIBOA
npescTaBneHune
CBfA3b, COEUHEHNE
COefMHATb, CBA3bIBATb
reoMeTpuyeckunia

(hasa; acnekr



Letters and Sounds

Task 1. Answer the following questions

1. Kak uuTaetcs 6ykBOCOYeTaHWe WOr nepef COrNacHbIM 3BYKOM?
Mpusegute npumepbl. MoXeTe N Bbl BCNOMHUTL OfHO UCK/OYeHue (rnaron B
I hopme)?

2. Kak MOXeT uutatbca 6ykBocouyeTaHue om? [puseanTe npumepsl. Kak
yutaroTcs codeTaHus ould (Ha KoHue cnoBa), ound? MpuBeaUTE NPUMEPSI.

3. BcnoMHUTe Kak MOXHO 60/blie cnoB, rge 6ykea a ymTaeTcsd Kak [a:].
O6patuTe BHMMaHUe, Kakne BGyKBOCOYETaHUA CNeAYIOT 3a Heil B 3TUX CroBax.
Kak uutatoTcsa cnosa bath u bathed Kak Bbl gymaete, noyemy B cnose lraq
npounsHocutcs [0:]? Kakum 3ByKOM 00bI4HO 3aMeHseTcs [0:] B aMepuvKaHCKOM
NPOU3HOLIEHUN?

4. O6patute BHMMaHWe Ha uTeHue cnos find, wind, cold. Kak uuTatotca
6ykBbl i, 0 B KopHe nepeg Id, ncll Yto B 3TOM HEobbl4HOro? BCNoOMHUTE Kak
MOXHO 60nblle CNOB C TakuMy codeTaHusMmu. Kak uutarotca cnosa wind
(B pasHbIx 3HaueHunsx), build n guild?

5. 3aTpaHckpubupyiTe rnaronbHyt ¢opmy whispered. Kak uutaroTcs
nocnegHue Yyetolpe 6ykBbl? Movemy?

Task 2. Say and write what sound is pronounced in the following
words:

1) behind, 2) shout, 3) grind, 4) soup, 5) staff, 6) pronounce, 7) worn,
8) answered, 9) worship, 10) coupler, 11) soul, 12) should, 13) shoulder,
14) considered, 15) bold, 16) through, 17) grasp, 18) roughly, 19) (the) wind,
20) (to) wind.

Task 3. Read aloud the following words from Text 6

Especially, energy, phase, flow, work, considered, recent, generally,
equilibria, unstable, sufficient, original, example, vibrating, certain, rigid,
addition, fluid, outline, elasticity, geometric, motivation, coupled, recognized,
techniques, situation, reduced, method, additional, threefold, spaces,
representation, algebra, other, extension.
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Grammar Activity
Task 1. Answer the following questions

1 Y10 03Hauaet cnoso that B npegnoxeHun | like the climate in Russia, |
don't like that o fGreece?

Kakoe ©3 M3y4yeHHbIX paHee C/MOB HanomuHaeT that B 3ToM 3HauvyeHun?
3aMeHMTe KOHCTPYKUMIO C that KOHCTpyKuMei C faHHbIM CAOBOM. Yem OHM
pasnuyatoTcs? MpuBeauTe ewe NpuMepbl MPEANoXeHUA C 3TUMK CMOBaMu.
BcnomHuTe hopMy MHOXECTBEHHOTO yucna oT that.

2. Kak Bbl fymaeTe, noyemy B npeanoxeHun He gave her a second sheet of
paper ynoTpeGfieH HeonpefeneHHbli  apTUkNb? Kak nepeBecTu  3TO
npeanoxexHue?

Task 2
a) Translate into Russian

Choose any poem you like, for example that of Pushkin, and learn it by
heart. Some of these theories, such as those mentioned above, are very
difficult to understand. He ate a second cake, then a third. The second
chapter of the book is called “In the Forest”. Tommy was Ann’s second
child.

b) Translate into English

A 3Hal0 TPagULMM aHTAMYaH, A He 3HA TPaauLMKU aMepuKaHues. S 3Hat
aHrniicKMe TPaauLuM, s He 3HaKO amepuKaHcKue. OH MPUHEC KHUTY, MOTOM
eLle 0AHy U eLe.

Task 3. Translate the phrases from Text 6

Energy-momentum method; the outline of the method; sharper stability; the
Arnold method; the study of stability of relative eqiulibria; such as 3-D ideal
flow; Lie-Poisson systems; the work of Smale; which was developed; systems
that need not be Lie-Poisson; Casimir functions; techniques going back to
Rough; vortex stretching; an extension of the theory; vibrating antennas; these
extensions; plasma dynamics; more recent; the idea of using reduced spaces;
examples such as rigid bodies.

The method extends and refines... Other situations provided additional
motivation... Examples motivated the need... It gives conclusions... They use
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what can be recognized as the method... The method can deal with... They use
it to show that... There are not sufficient Casimir functions available... Other
situations, such as those considered by Chem... The method is an extension...
The motivation is threefold... A second motivation is to extend... Algebras,
especially those of fluid dynamical type...

Word Formation

Translate the words from Text 6

Extension, dynamics, available, recognize, finally, stability, powerful,
addition, conclusions, original, motivate, refine, motivation, representation,
material, unstable, functions, relative, additional, especially, elasticity,
dynamical, geometric, retrospectively, fundamental, generally, situations,
sufficient, formally; (the) energy-momentum (method), multiple-hump
(situations), (the) study, (the) duals, ideal (flow), (the) setting, (the) stretching,
(the) outline.

Words and Phrases

Task 1. Answer the following questions

1. Kakuve 3HauyeHus uMMeloT cnepytolme cnosa: study, certain, consider,
deal, recognize, moment, momentum?

2. Kak nepeBogATcAa CnoBa Y4YuTb, Y4uTbCA, Yy3HaBaTb? [lpusegute
npUMepbl NX ynotpebneHus.

3: Kak nepesoastcs BbipaxeHus to make use of, due to? CoctaBbTe C HUMM
NpeaioXeHns.

Task 2. Translate with a dictionary

To study mechanics; to work in the study; to study for the exam; further
studies; to feel certain; certain information; to have no certain profession; to
make certain of security; under certain conditions; to consider all the
curcumstances; to consider to others; a great deal of truth; to deal with children;
at the moment; in a moment; moment of momentum; generalized momentum;
a decision of great moment; to make use of this information.

He began his studies two months later. The journal was called “Studies in
Philosophy”. | don’t know it for certain. There are certain people who won’t be
glad to see us. | consider you to be clever enough. Consider the first lemma.
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I have never dealt with biology. He doesn’t recognize his duty. | couldn’t
recognize him. Other countries didn’t recognize it. We recognize your kindness.
He succeeded due to his strong character.

YuuTb geTeid; yUnTb CTUXOTBOPEHME HaW3yCTb; YYNTbCA PYCCKOMY A3bIKY;
YUMTbCA B LUKOJIE; YUNTLCA B YHUBEPCUTETE; MOMEHT MHEPLMK; ABMXKYLLAA cunia
3BOMIOLMN.

OH yunTca B nepBom knacce. OH yumTca Ha nepsom Kypce. OH XOpOLLO
yuutcs. MNoxanyicra, Hayun MeHs nnaBaTb. OH y3Han CBOero oTua. Mbl y3Hanu
ero xapakTep. OHW y3Hanu MHOTO HOBbIX (hakToB. f y3Han, rae oH 6bin.

Task 3. Translate the phrases from Text 6

Such as 3-D ideal flow; first of all; the study of stability; certain problems;
as in the original Arnold method; in fact; certain situations; examples such as
rigid bodies; in addition; such an extension of the theory; systems that still make
use of the idea.

Other situations (see Holm) provided additional motivation in... They use
what can be recognized as the energy-momentum method... Finally, it gives...
Other situations, such as those considered by Chem... The method can deal with
systems... 3-D equilibria are instable due to vortex stretching...

Speaking on the Text

1. Are these statements true or false according to the text?

A. The energy momentum method is a reduction of the Arnold method.
B. The method refines the fundamental stability techniques.

C. The motivation for the extensions is twofold.

D. The energy-momentum method can deal with Lie-Poisson systems.
E. The extension of the theory links with geometric phases.

2. What are the key words in the text?

3. Give a short summary of the text using the key words.

Text 7. The Idea of the Energy-Momentum Method

The setting of the energy-momentum method is that of a mechanical system
with symmetry with a configuration space Q and phase space T* Q and a
symmetry group G acting, with a standard momentum map J : T*0 —>g*, where
is the Lie algebra of G. O f course, one gets the Lie-Poisson case when Q = G.

The rough idea for the energy momentum method is first to formulate the
problem directly on the unreduced space. Here, relative equilibria associated
with a Lie algebra element £ are critical points of the augmented Hamiltonian
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H(\=H-<J,£, >. The idea is now to compute the second variation of ata

relative equilibrium ze with momentum value fie subject to the constraint J = ue
and on a space transverse to the action of Glie, the subgroup of G that leaves pe
fixed. Although the augmented Hamiltonian plays the role of H + C in the
Arnold method, notice that Casimir functions are not required to carry out the
calculations.

The surprising thing is that the second variation of H( at the relative
equilibrium can be arranged to be block diagonal, using splittings that are based
on the mechanical connection, while at the same time, the symplectic structure
also has a simple block structure, so that the linearized equations are put into a
useful canonical form. Even in the Lie-Poisson setting, this leads to situations in
which one gets much simpler second variations. This block diagonal structure is
what gives the method its computational power.

The general theory for carrying out this procedure was developed in Simo,
Posbergh, and Marsden [1990, 1991] and Simo, Lewis, and Marsden [1991]. An
exposition of the method may be found, along with additional references, in
Marsden [1992]. It is of interest to extend this to the singular case, which is the
subject of ongoing work; see Ortega and Ratiu [1997, 1998] and references
therein.

The energy-momentum method may also be usefully formulated in the
Lagrangian setting, which is very convenient for the calculations in many
examples. The general theory for this was developed in Lewis [1992] and Wang
and Krishnaprasad [1992]. This Lagrangian setting is closely related to the
general theory of Lagrangian reduction. In this context one reduces variational
principles rather than symplectic and Poisson structures, and for the case of
reducing the tangent bundle of a Lie group, this leads to the Euler-Poincare
equations rather than the Lie-Poisson equations.

CrnoBa K TEKCTY

setting [’setiq] yCTaHOBKa, perynmpoBaHue,
HacTpoiika,
3aTBepfeBaHue

configuration [kan,figja'reijn] KOHUrypaums

symmetry [’simitri] CMMMeTpUs

momentum [mai>'mentam], KO/MIMYECTBO fABUXeHUS

(pi momenta) [man 'menta]

map [map] oTobOpaxeHue

rough [rAf] HeobpaboTaHHbIN,
npubAN3UTENbHBIN

formulate [’fDrmjuleit] thopmynunpoBaThb
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unreduced

relative

associate
augmented

Hamiltonian
compute

value
subject (to)
constraint
transverse
subgroup
although
require
carry out
calculation
surprising

arrange

block
splitting

base
connection
symplectic
linearized
canonical
computational
power
procedure
exposition
along with
additional
reference
extend

[,Ann'dju:st]

f'relativ]
[a'saujieit]
[D.g'mentid]

[-haemil'toumon]

[kom'pjurt]

[vselju:]
['sAbd”ektj
[kon'streint]
['traenzv3:s]
['sAbgrurp]
[3:M6anl
fri'kwaia]
f'kaen 'aut]
[kaelkju'leijn]
[sa'praizig]

[a'reind”]

[bbk]
['splitig]

[beis]
[ko'nekjn]
[sim'plektik]
[jimo'raizd]
[ks'nDmKiI]
[Jompju: 'teifenal]
['paos]
[proo'si:d£9]
[,eksp9'zijn]
[a'ba wid]
[a'dijnal]
['refrons]
[ik'stend]
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HepesyLVPOBaHHbIN, He
COKpaLLeHHbIN
OTHOCUTE/bHBI
accoumupoBaTb
MOMOJMTHEHHbI, pacLUMPEHHBbIN

raMunbTOHWaH, QYHKUNA
amunbTOHA
noACUYNTbIBATh, CUNTATH,
BbIYMCNATb

3HauyeHue, BENNYMHA
nognexatyui
orpaHuyeHue, ycnosue
nonepeYHblin
noarpynna

X0TA

TpeboBaTb

NPOBOAUTb, BbIMONHATH
pacuyeT, BblYUC/IEHME

HEOXWAAHHbIW, YANBUTENbHbINA

pasmelyaTtb, pacnonaratb,
ynopsgoumsatb

610K, 6/10YHbIN
pacuienseHue, packanbiBaHue
pasnoxeHue

6a31poBaTh, OCHOBbIBATb
CBA3b, COEANHEHMNE
CUMMIEKTUYECKUIA
NNHEapu30BaHHbIN
KaHOHWYecKunit
BbIYNC/IUTENbHbIN

cuna

npouenypa

onucaHue, U3NoXeHue
BMeECTE C
[OMONHUTENbHbI
CChINKa

pacnpocTpaHsThb



singular [ sirjgjulo] 0co6bIi

subject [sAbd"ekt] TeéMa, npeameTt

ongoing ['an,pauniw] TEKYL U, NpoAoMKatoLWmnincs

therein [,5ear'w] Tam, B HEM U T. 4.

usefully fju:sth] ycnewHo

convenient [kan'vkniant] YA06HbIN, MOAXOAALLNIA,
NPUrOAHbINA

closely ['klausli] 6/7113KO0, TeCHO

be related ['bi: n'leitid] 6bITb CBA3AHHbIM

reduction [ri'dAkJan] npuBefeHue, CoKpaLleHue,
npeobpasoBaHne, peayKLms

reduce [ri‘dju:s] npeobpasoBbiBaTh, YMEHbLUATD,
CoKpalatb, peayLmpoBartb

variational [.vean'eijanl] BapUaLOHHBbIN

rather ['ra:a9] 60nee BeposATHO,
npeAnoYTUTENbHO

tangent ['taend”ant] KacaTefbHbIl, KacaTesbHas,
TaHreHc

bundle ['oAndl] CBAI3Ka; paccnoeHune, nyyok;

paccnoeHHoe NPoCcTpaHCTBO

Letters and Sounds

Task 1. Answer the following questions

1 Kak 06blYHO uyuTaeTca OyKBa M B 3aKpbiTOM cnore? [lpueegute
npumepbl. Kak ewe oHa MOXeT yuTaTbCA B 3aKpbiTOM cnore nocne b, p, f!
MpuBeauTe npumepbl. Kakoil opraH peyn akTMBHO y4aCTBYeT B MPOU3HECEHUU
3BykoB [b], [p], [f] v faHHOrO rnacHoro?

2. Kak untaetcs 6yksa d B cnosax soldier, procedure?

Task 2. Say and write what sound is pronounced in the
following words:

1) puppy, 2) pull, 3) bull, 4) bug, 5) puppet, 6) push, 7) pudding, 8)
fundamental, 9) full, 10) punctuation, 11) soldier, 12) fulfil, 13) funny, 14)
procedure, 15) function, 16) useful, 17) publish, 18) bulletin, 19) bushel, 20)
helpful.
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Task 3. Read aloud the following words from Text 7

Space, structure, algebra, configuration, thing, case, function, therein,
rather, unreduced, variation, phase, situation, arranged, associated,
computational, exposition, equilibria, diagonal, additional, notice, singular,
reduction, required, variational, procedure, put, tangent, equation, rough,
reference, Lagrangian, although, energy, augmented, general, example,
configuration, mechanical, method.

Grammar Activity

Task 1. Answer the following questions

1. Yto Takoe (ppasoBble rnaronbl? puBeauTe npumepbl. Ha Kakoi
3NEMEHT B HMX MajaeT yaapeHue? Kak ckasaTb No-aHraviicku: HafeHb nanbTo
n HagieHb ero, ecnu HagesaTb - toput onl 3HaeTe v Bbl NepeBoy Creayowmnx
(hpa3oBbIX rnarosnos: to go on, to go away, to come in, to give up, to get up, to
wake up, to take off, to turn (switch) on/off, to make out, to make up, to carry
out, topoint out, to turn out?

MepeBefnTe npeanoxeHus BoiguTe u BoiguTe B KOMHaTy. Kakumu
4acTAMM peyn ABNFITCA in U into B 3TUX NPeANoXeHNAX?

2. Kak Bbl noHumaeTe pasHuuy mexay when u whilel Kakue rpynnsl
BPEMEH ynoTpebnAlTCA B MNPUAATOYHLIX BPEMEHM MoOCNe 3TUX CNOB?
MpuBesuTe NpuMepbl Takux npegnoxeHuii. EcTb nn y cnosa while gpyroe
3HaYeHue, KPOMe BPEMEHHOro?

Kak Bbl NoHUMaeTe pasHuuy mexay When reading u While reading, When
in London n While in London? [lpuBegnte npumepbl ynoTpebneHUs aTux
CNI0BOCOYETaHWIA.

Task 2

a) Translate into Russian

While cooking dinner, she liked to sing. In Germany it is a tradition, while
in Russia it may seem very strange. Take off your hat. Please switch off the

light. Go on, please. When in Rome, do as the Romans do (nocnosuya). She said
when he came he wouldn’t see her.
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b) Translate into English

Korga oH npuwen, mbl nownu tyfa. Korga oH npuxogun, mbl WAX Tyaa.
Korga oH npugeTt, Mbl noiigem Tyga. 1 yntan, Noka OHa CMOTpena TeneBm3op.
A pasbyaun ero B 7 yacoB. OHa Hafena HoBoe nnatbe. Korga ee poautenu
NPULLK, OHAa YXXe npoyuTana aTy KHWry. YuTaa 3Ty KHWUTY, OHa nnakana.
CHumu nx. CoctaBbTe fjBa NPeAsioXeHus. 9 Xo4y NPOBECTU IKCNEPUMEHT.

Task 3. Translate the phrases from Text 7

The energy-momentum method; the idea of the method; critical points of
the Hamiltonian; configuration space; an exposition of the method; phase space;
a Lie algebra element; the setting ofthe method; momentum value; the subgroup
of G; the surprising thing; subject to the constraint; space transverse; the role of
H + C; the Euler-Poincare equations; the tangent bundle of a Lie group; this
block diagonal structure; using splittings; much simpler second variations; for
carrying out this procedure; the augmented Hamiltonian; the linearized
equations; to extend this; equilibria associated with this element; this procedure;
in many examples; the case of reducing the tangent bundle; at the same time; to
carry out the calculations; its computational power.

It leaves fie fixed... The Hamiltonian plays the role... They are put into...
The structure also has... This leads to... They are not required... One gets much
simpler second variations... It was developed... They are based... One
reduces... It is closely related to... It may be found... The surprising thing is
that... This block diagonal structure is what gives... One gets the Lie-Poisson
case... Itis of interest... To carry out the calculations... The setting is that of a
mechanical system... It is very convenient... The subgroup that leaves... It may
also be usefully formulated... Notice that Casimir functions... Splittings that are
based... It can be arranged... It has a simple structure, so that the equations are
put... While the symplectic structure also has a simple block structure...

Word Formation
Translate the words from Text 7

Setting, mechanical, useful, configuration, variational, linearized, general,
variation, action, functions, ongoing, computational, surprising, calculations,
associated, splittings, unreduced, connection, singular, directly, diagonal,
structure, situations, critical, relative, procedure, exposition, subgroup,
formulate, references, additional, transverse, canonical, symplectic, reduction,
closely, therein, Lagrangian, equations, convenient, usefully, the augmented
Hamiltonian, the energy-momentum method.
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Words and Phrases

Task 1. Answer the following questions

1. Kakue 3HauyeHus umeloT cnefytouime cnosa: leave, left, much, space,
thing, map, along?

2. Kak nepeBogsaTcs cnoBa ygo6Hblid, kapTa? lNpnBeaute npumepbl MX
ynotpebneHus.

3. Kak nepeBoautcsa BblpaxeHue rather tharil CocTaBbTe € HUM
npeaoxeHns.

Task 2. Translate with a dictionary

Much snow; a space rocket; a political map; much warmer; a conformal
map; an empty space; much more difficult; open spaces; much less correctly; for
the space of two kilometres; much truth; in the space of two minutes; a medical
card; to draw a map; to map point A into point B.

I've left my phone at home. The new thing in this textbook is a list of
scientific terms. It causes fear rather than respect. He brought all his textbooks
along. It is a strange thing. It may seem stupid rather than original. 1’ve forgotten all
the explanations along with the examples. He left his girlfriend. | want to leave
Samara for Volgograd. Things look much better than yesterday. They live in
Volgograd. Please leave your work and come here. | would rather accept the offer
than refuse. | can write with my left hand. 1°d rather go to Italy than to Spain. He is
cowardly rather than cautious. A mobile phone is a useful thing. The surprising
thing is that she is absent. He was walking along the river. Come along with us!

Yno6Hoe Kpecno; MefuLMHCKan KapTa; YA06HOoe MecTo; yA06Has KpoBaTb;
urpaTb B KapTbl; yfobHoe Bpems; (wusnyeckas KapTa; ygobHas KBapTupa;
nokasaTb Ha KapTe.

Task 3. Translate the phrases from Text 7

Critical points; much simpler; subject to the constraint; convenient for the
calculations; a standard momentum map; energy-momentum method; the
singular case; the surprising thing; the Lie-Poisson case; closely related to the
theory; along with additional references; a configuration space; for the case of
reducing; associated with the element; usefully formulated.

The idea is first to formulate... See Ortega and Ratiu... It is of interest... It also
has such a structure... Although it plays the role ofH + C... One reduces variational
principles rather than symplectic and Poisson structures... It leaves pefixed...

Speaking on the Text

1. Ask 5-7 questions on the text.
2. What are the key words in the text?
3. Give a short summary of the text using the key words.
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Text 8. Hamiltonian Bifurcations

The energy-momentum method has also been used in the context of
Hamiltonian bifurcation problems. We shall give some simple examples of this
in 81.8. One such context is that of free boundary problems building on the work
of Lewis, Marsden, Montgomery, and Ratiu [1986], which gives a Hamiltonian
structure for dynamic free boundary problems (surface waves, liquid drops,
etc.), generalizing Hamiltonian structures found by Zakharov. Along with the
Arnold method itself, this is used for a study of the bifurcations of such
problems in Lewis, Marsden, and Ratiu [1987], Lewis [1989, 1992], Kruse,
Marsden, and Scheurle [1993], and other references cited therein.

Converse to the Energy—Momentum Method. Because of the block
structure mentioned, it has also been possible to prove, in a sense, a converse of
the energy-momentum method. That is, if the second variation is indefinite, then
the system is unstable. One cannot, of course, hope to do this literally as stated,
since there are many systems (e.g., gyroscopic system mentioned earlier - an
explicit example is given in Exercise 1.7-4) that are formally unstable, and yet
their linearizations have eigenvalues lying on the imaginary axis. Most of these
are presumably unstable due to "Arnold diffusion,” but of course this is a very
delicate situation to prove analytically. Instead, the technique is to show that
with the addition of dissipation, the system is destabilized. This idea of
dissipation-induced instability goes back to Thomson and Tait in the last
century. In the context of the energy-momentum method, Bloch, Krishnaprasad,
Marsden, and Ratiu [1994, 1996] show that with the addition of appropriate
dissipation, the indefiniteness of the second variation is sufficient to induce
linear instability in the problem.

Cnosa K TeKCTy

bifurcation [baifa'keifn] pa3fABOeHMeE,
pa3BeTB/EHME;
6uypkayms

boundary ['baundsri] rpaHuua

surface ['s3:fis] NOBEPXHOCTb

wave [weiv] BOJ/IHA

liquid ['likwid] XUAKWIA; XKNAKOCTb

drop [drop] Kanns

generalize ['dEenrolaiz] o6obwartb

reference ['refrans] CCbIfIKa

cite [salt] CCblNaThCH; UUTUPOBATb

therein [,6ear'in] Tam, B TOM, B HeMm, B
HUX
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converse I'konvais] obpaTHoe
YyTBEPXAEHUE;
obpaTHas Teopema
mention [’menjn] YNOMUHaTb; CCbINaTbCA
Ha
literally f'htralil TOYHO,6yKBanbHO
state [steit] n3naraTtb,
thopmynunposatb
gyroscopic [d£air3'slopik] rMPOCKOMUYECKNiA
explicit [ik'splisit] ACHBIN, NOAPOGHbIN;
TOYHbIA ONpeAeneHHbIN
yet Clet] BCE Xe
imaginary [i'maedEmn] BOOGpaXxKaeMbilii;
MHWMBbI A
presumably [prt'zju:mabli] npeAnonoXnTenbHo
delicate ['delikat] [eNNKaTHbIN,
3aTpYAHUTENbHbIN
technique [tek'ni:k] TeXHUKA; MeToj;
cnoco6
addition [o'dijn] npubaeneHve
dissipation [ disi'pei{n] paccenBaHue
destabilize [di:'steibolaiz] fectabunmsnposatb
induce [in'dju:s] BbI3blBaTh,
CTUMYNNPOBaTb
appropriate [o'prsupriat] COOTBETCTBYHOLLUNA
indefiniteness [in'defsnatnas] HeonpegeneHHoOCTb
sufficient [so'fijnt] [LOCTaTOYHBbIN
linear ['Imia] NNHENHbI

Letters and Sounds

Task 1. Answer the following questions

1 O6paTuTe BHMMaHWEe Ha CNOBOCOYETAHUA, B KOTOPbIX CYLECTBUTENbHOE
nuweTcs c 3arnaBHoi 6ykBbl: Page 5, Exercise 10. Kakyl CUMHTaKcMyeckyio
posib B HAX BbINONHAET KOMYECTBEHHOE YUCAUTENbHOE?

2. Kak uutaetcs coyetaHue al B cnosax always, already? MoxeTte nn Bbl

NPWMBECTU NPUMEPbLI  ApYrMx Nofo6HbIX cnos? Kak Bbl AymaeTe, noyemy
B cnosax algebra, algorithm, alphabet 6ykBa a uMTaeTcs Kak 06bIYHO (B 4YeM
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oT/InuMe OT nepsoro cnyyas)? Kak uyutaetca a B cnosax alike, allow, along?
Mouemy?

Kak uutatotca coyetanusa all, alt, alse; alk; aim, alf alvel MpuBegute
npumepbl CNOB € 3TUMMU BYKBOCOYETaHUAMMU.

3. Kak 06b14HO ynTaetca 6yksocoueTaHune ea? Mpuseaute npumMepsl. Kak
ele OHO MOXeT unTatbes nepeq d, th? MpuseguTe NpuMepbl Ha pasHble cryvan
uyTeHMs 3TUX coueTaHuii. Kak umTaloTcs 6ykBocoyeTaHus ealth, easure!
MpuseauTe NpuMepsl.

4. Kak 06blYHO ynTaeTcs BYKBa O B OTKPLITOM W 3aKpbITOM cnore? B yem
0Cc0BeHHOCTb UTeHus cnoB post, host, ghost, (al)most; roll, scrolll BcnomHuTe,
Kak YnTaeTtca coyeTtaHue old.

5. Kakue Bbl 3HaeTe OAHOC/OXHble rnaronbl Ha —€? Kak nuwetca IV
thopma atux rnaronos? Kak nuwetcs IV ¢opma rnarona to dye (kpacuTb)!
Mouyemy?

6. 3HaeTe Nu Bbl, YTO 03HAYAIOT M KaK YMTAlOTCA Chefylolne COKpaLLleHNs:
etc., e. g, i. e, viz.!

Task 2. Say and write what sound is pronounced in the
following words:

1) halves, 2) almost, 3) leather, 4) cost, 5) alone, 6) steady, 7) false, 8)
install, 9) calm, 10) treasure, 11) post, 12) chalk, 13) lost, 14) salt, 15) health,
16) bold, 17) dyeing, 18) he read, 19) he reads, 20) he leads.

Task 3. Read aloud the following words from Text 8

Bifurcation, dissipation, references, cited, these, converse, other, second,
gyroscopic, technique, imaginary, explicit, situation, of course, delicate,
mentioned, analytically, generalizing, induces, variation, technique, sufficient,
exercise, energy, addition, eigenvalues, gyroscopic, method, liquid, some,
because, example, axis, structure, bifurcation, unstable, prove, work, examples,
last.
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Grammar Activity
Task 1. Answer the following questions

Kak 06bl4HO nepeBoanTCs MecToMmeHue these? HasosuTe ero topmy
e[IMHCTBEHHOTO Yncna. Kak nepesogutcs these B cnefytolem KoHTekcTe: There
are many systems that... Most ofthese... ?

Task 2. Translate the phrases from Text 8

The energy-momentum method; examples of this; Hamiltonian bifurcations
problems; found by Zakharov; free boundary problems; some simple examples;
the context of Hamiltonian bifurcation problems; a study of the bifurcations of
such problems; a delicate situation to prove analytically; a converse of the
energy-momentum method; the Arnold method itself; the addition of
dissipation; the second variation; this idea of dissipation-induced instability; the
context of the energy-momentum method; surface waves; the addition of
appropriate dissipation; references cited therein; the indefmiteness of the second
variation; in the last century; most of these; problems building on the work of
Lewis; generalizing Hamiltonian structures; the block structure mentioned;
systems that are formally unstable; to do this as stated; gyroscopic system
mentioned earlier; Arnold diffusion; eigenvalues lying on the imaginary axis;
dissipation-induced instability; the work of Lewis; other references; to do this
literally as stated; examples of this; liquid drops; their linearizations

The method has been used... We shall give... It has been possible... This
idea goes back to Thomson... The technique is to show that... This is used... It
is given... The system is destabilized... Ifthe second variation is indefinite, then
the system is unstable... One cannot hope to do this... They show that... There
are many systems... This is a very delicate situation... It has also been used... It
is sufficient to induce... Most of these are presumably unstable... One such
context is that of free boundary problems...

Word Formation

Translate the words from Text 8

Structure, dynamic, variation, therein, delicate, linearizations, analytically,
situation, dissipation, instability, unstable, indefmiteness, Hamiltonian,
appropriate, sufficient, linear, destabilized, literally, addition, indefinite,

imaginary, formally, gyroscopic, presumably, bifurcation, converse, diffusion,
destabilized, indefmiteness, the energy-momentum method.
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Words and Phrases

Task 1. Answer the following questions
1. Kakue 3HaueHusa umeet cnoso yetf MpuseguTte npumepsi.

2. Uem pasnunuatoTcs because u because of! lMpusegute npumepbl mnx
ynoTpebneHus. Kakue ato yactu peyn?

Task 2. Translate with a dictionary

Are you ready? - Not yet. This problem is more difficult yet. Should I
return yet? He was shocked and yet glad to see her. It is the best computer yet
invented. He did his homework in one copy-book, wrote poems in another one
and drew in yet another. She was crying because she had got a bad mark. She
was crying because of a bad mark. She was crying because of the five problems,
she had solved only one.

Task 3. Translate the phrases from Text 8

One such context; to do this literally as stated; such problems; converse to
the energy-momentum method; appropriate dissipation; many systems (e.g.,
gyroscopic system); for a study of the bifurcations; the energy-momentum
method; due to “Arnold diffusion”; because of the block structure mentioned.

Since there are many systems... To prove, in a sense, a converse of the
energy-momentum method... It has also been used... It has also been possible to
prove... That is, if the second variation is indefinite, then the system is
unstable... One cannot, of course, hope to... Yet their linearizations have... But
of course this is... Instead, the technique is to show that... Along with the
Arnold method itself, this is used for...

Speaking on the Text

[EEN

. Answer the questions on the text.

A. In what context has the energy-momentum method also been used ?
B. What generalizes Hamiltonian structures found by Zakharov?

C. When is the system unstable?

D. Are there many formally unstable systems?

E. What situation is delicate to prove analytically?

2. What are the key words in the text?

3. Give ashort summary of the text using the key words.
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PART Il

Text 1. The Poincare-Melnikov Method

The Forced Pendulum. To begin with a simple example, consider the

equation of a forced pendulum:

 + sin p = s COScot
Here a is a constant angular forcing frequency and e. is a small parameter.
Systems of this or a similar nature arise in many interesting situations. For
example, a double planar pendulum and other "executive toys" exhibit chaotic
motion that is analogous to the behavior of this equation; see Burov [1986] and
Shinbrot, Grebogi, Wisdom, and Yorke [1992].

For e = 0 (1.9.1) has the phase portrait of a simple pendulum (the same as
shown later in Figure 2.8.2a). For e small but nonzero, (1.9.1) possesses no analytic
integrals of the motion. In fact, it possesses transversal intersecting stable and
unstable manifolds (separatrices); that is, the Poincare map Pii : R2— R2defined as
the map that advance solutions by one period T - 21l starting at time to possess
transversal homoclinic points. This type of dynamic behavior has several
consequences, besides precluding the existence of analytic integrals, that lead one to
use the term "“chaotic.” For example, (1.9.1) has infinitely many periodic solutions of
arbitrarily high period. Also, using the shadowing lemma, one sees that given any bi-
infmite sequence of zeros and ones, there exists a corresponding solution of (1.9.1)
that successively crosses the plane ¢ = 0 (the pendulum's vertically downward
configuration) with > 0 corresponding to a zero and ¢ < 0 corresponding to a one.
The origin of this chaos on an intuitive level lies in the motion of the pendulum near
its unperturbed homoclinic orbit, the orbit that does one revolution in infinite time.
Near the top of its motion (where ¢=+n) small nudges from the forcing term can
cause the pendulum to fall to the left or right in a temporally complex way.

The dynamical systems theory needed to justify the preceding statements is
available in Smale [1967], Moser [1973], Guckenheimer and Holmes [1983], and
Wiggins [1988, 1990]. Some key people responsible for the development of the basic
theory are Poincare, Birkhoff, Kolmogorov, Melnikov, Arnold, Smale, and Moser.

1. Are these statements true or false according to the text?

A. Here m is constant angular forcing frequency and e is a big parameter.

B. A double planar pendulum exhibits chaotic motion.

C. e small but nonzero possesses some analytic integrals of the motion.

D. The origin of the chaos on an intuitive level lies in the destruction of the
pendulum near its unperturbed homoclinic orbit.

E. Some key people responsible for the development of the basic theory are
Newton and Mozart.

2. What are the key words in the text?

3. Give a short summary of the text using the key words.
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Text 2. Geometric Phases and Locomotion

Geometric phases naturally occur in families of integrable systems
depending on parameters. Consider an integrable system with action-angle
variables

12, - A )
assume that the Hamiltonian //(/,,/r,...,7,,;T) depends on a parameter me M. This
just means that we have a Hamiltonian independent of the angular variables 9 and
we can identity the configuration space with an u-torus T". Let ¢ be a loop based at a
point m0 in M. We want to compare the angular variables in the torus over ma, while

the system is slowly changed as the parameters traverse the circuit c. Since the
dynamics in the fiber vary as we move along c, even if the actions vary by a
negligible amount, there will be a shift in the angle variables due to the frequencies
u>'=dH/d P of the integrable system; corresgondingly, one defines

dynamicphase=Jad (I,c(t))dt.
0

Here we assume that the loop is contained in a neighborhood whose standard
action coordinates are defined. In completing the circuit c, we return to the same
torus, so a comparison between the angles makes sense. The actual shift in the
angular variables during the circuit is the dynamic phase plus a correction term
called the geometric phase. One of the key results is that this geometric phase is
the holonomy of an appropriately constructed connection (called the Hannay-
Berry connection) on the torus bundle over M that is constructed from the
action-angle variables. The corresponding angular shift, computed by Harinay
[1985], is called Hannay's angles, so the actual phase shift is given by
hd =dynamic phases + Hannay’s angles.

The geometric construction of the Hannay-Berry connection for classical systems is
given in terms of momentum maps and averaging in Golin, Knauf, and Marmi
[1989] and Montgomery [1988], Weinstein [1990] makes precise the geometric
structures that make possible a definition of the Hannay angles for a cycle in the
space of Lagrangian submanifolds, even without the presence of an integrable
system. Berry's phase is then seen as a "primitive" for the Hannay angles.

1. Are these statements true or false according to the text?

A. Geometric phases naturally occur in families of unintegrable systems
depending on parameters.

B. The dynamics in the fiber don’t vary as we move along the circuit c.

C. We can assume that the loop is contained in a neighborhood whose
standard action coordinates are defined.

D. A comparison between the angles makes sense.

E. Berry’s phase is seen here as a "positive" for the Hannay angles.

2. What are the key words of the text?

3. Give a short summary of the text.
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Text 3. External and Internal Loads

A body undergoes deformation when subjected to external and internal
forces. These forces may be mechanical, electrical, chemical, or of some other
origin. Mechanical forces acting on a particle, according to Newtonian
mechanics, are functions of the position vector x, velocity vector v and the time
t. However, in continuum mechanics the motion of a collection of many
particles is analyzed so that the forces may depend on the position and velocity
of all particles in the collection at all past times. Since we do not identify
particles, this means that the relative deformation of particles with respect to
neighboring ones and the history of this deformation may come into play. Thus,
forces may depend on various order spatial gradients, their various time rates
and integrals, as well as electrical and chemical variables.

As in classical mechanics, the forces are not defined. To the undefined
quantities such as position, time, and mass there are added two more, namely,
the force F and the couple M acting on bodies. They are vectorial quantities
given by

F=\dF, M =$(pxdF +<M (3.2.1)

These quantities are known a priori. The total force 3F consists of the vector
sum of all forces acting on the body, and the total couple M consists of two
parts: the total moment

fpxdF

ofthe individual forces about a point (for example, origin O) and that of couples dM.
From a continuum point of view, whatever the origin may be, we divide
the forces and couples into three categories.

Extrinsic Body Loads. These are the forces and couples that arise from
the external effects. They act on the mass points of the body. A load density per
unit mass is assumed to exist. The extrinsic body loads per unit volume are
called volume or body loads. Examples are the force of gravity and electrostatic
forces. Extrinsic body loads are not objective. The transformations of these
loads are deduced from the basic Axioms 2 and 3 introduced in Section 2.9.

Extrinsic Surface Loads (Contact Loads). These loads arise from the
action of one body on another through the bounding surface. The surface density
of these loads is assumed to exist. The extrinsic surface force per unit area is
called the surface traction, and the extrinsic surface couple per unit area is
called the surface couple. Surface tractions and surface couples depend on the
orientation of the surface on which they act. The hydrostatic pressure acting on
the surface of a submerged body and surface tractions produced by an external
electrostatic field are examples of extrinsic surface loads.
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Internal Loads (Mutual Loads). These are the result of the mutual action
of pairs of particles that are located in the interior of the body. According to
Newton's third law, the mutual action of a pair of particles consists of two forces
acting along the line connecting the particles, equal in magnitude, and opposite
in direction to one another. Therefore the resultant internalforce is zero. Mutual
loads are objective.

1. Answer the questions.

A. When does a body undergo deformation?

B. How is the motion of a collection of many particles analyzed in
continuum mechanics?

C. What may forces depend on?

D. What does the total force 3F consist of?

E. What categories can the forces and couples be divided into from a
continuum point of view?

2. What are the key words in the text?

3. Give a short summary of the text using the key words.

Text 4. Objective Tensors

The physical properties of materials are not dependent on the coordinate
frame selected. It is intuitively clear that whether the observer is at rest or in
motion, the material properties he observes should be the same. If this viewpoint
is accepted, then the measurements made in one frame ofreference are sufficient
to determine the material properties in all other frames that are in rigid motion
with respect to one another.

Ift the formulation of physical laws, it is desirable to employ, as far as
possible, quantities that are independent of the motion of the observer. Such
quantities are called objective or material frame-indifferent. For example, the
location of a point will appear different to observers located at different places.
Similarly the velocity of a point is dependent on the velocity of the observer.
Therefore, these quantities are not objective. On the other hand, the distance
between-two points and the angles between two directions are independent of
the rigid motion of the frame of reference (the observer). Newton's laws of
motion have long been known to be valid only in a special frame of reference
called the galilean frame. A galilean frame differs from a fixed reference frame
by a constant translatory velocity. Attempts to free the principles of mechanics
from the motion of the observer were resolved by Einstein's theory of general
relativity.

We wish to stay in the domain of classical mechanics with regard to basic
axioms. However, we would like to employ the principle of objectivity in the
description of material properties.
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Let a rectangular frame F be in relative rigid motion with respect to another

one, F'. A point with rectangular coordinatesxtat timet inFwillhave t
rectangular coordinates x\ at time t'in F'. Since the  frames areinrigid mot
with respect to each other, we have

*x(0 =W, ()% +**(), t'=t-a (2.10.1)

where a is a constant allowing us to select the origin of time different in x* than
in x, and Q (t) and b(t) are functions of time alone, of which Q(t) is subject to

QktQm = QkQm= (2.10.2)
These conditions are the usual conditions satisfied by the cosine directors of x'
with respect to x. From (2.10.2) it follows that

det Q = %1 (2.10.3)
The rigid motions exclude the minus sign on the right-hand side, that is
det Q=1 (2.10.4)

1. Answer the questions on the text.

A. Are the physical properties of materials dependent on the coordinate
frame selected?

B. What is desirable to employ in the formulation of physical laws?

C. What quantities are called objective or material frame-indifferent?

D. What are the distance between two points and the angles between two
directions independent of?

E. What was resolved by Einstein’s theory of general relativity?

2. What are the key words of the text?

3. Give a short summary of the text using the key words.

Text 5. History of the Rigid-Body Phase Formula

The history of the rigid-body phase formula is quite interesting and seems
to have proceeded independently of the other developments above. The formula
has its roots in work of MacCullagh dating back to 1840 and Thomson and Tait
[1867, §8123, 126]. (See Zhuravlev [1996] and O'Reilly [1997] for a discussion
and extensions.) A special case of formula (1.10.7) is given in Ishlinskii [1952];
see also Ishlinskii [1963]. The formula referred to covers a special case in which
only the geometric phase is present. For example, in certain precessional
motions in which, up to a certain order in averaging, one can ignore the dynamic
phase, and only the geometric phase survives. Even though Ishlinskii found only
special cases of the result, he recognized that it is related to the geometric
concept of parallel transport. A formula like the one above was found by
Goodman and Robinson [1958] in the context of drift in gyroscopes; their proof
is based on the Gauss-Bonnet theorem. Another interesting approach to formulas
of this sort, also based on averaging and solid angles, is given in Goldreich and
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Toomre [1969], who applied it to the interesting geophysical problem of polar
wander (see also Poincare [1910]!).

The special case of the above formula for a symmetric free rigid body was
given by Hannay [1985] and Anandan [1988, formula (20)]. The proof of the
general formula based on the theory of connections and the formula for
holonomy in terms of curvature was given by Montgomery [1991a] and
Marsden, Montgomery, and Ratiu [1990]. The approach using the Gauss-Bonnet
theorem and its relation to the Poinsot construction along with additional results
is taken up by Levi [1993]. For applications to general resonance problems
(such as the three-wave interaction) and nonlinear optics, see Alber, Luther,
Marsden and Robbins [1998].

An analogue of the rigid-body phase formula for the heavy top and the
Lagrange top (symmetric heavy top) was given in Marsden, Montgomery, and
Ratiu [1990]. Links with vortex filament configurations were given in Fukumoto
and Miyajima [1996] and Fukumoto [1997].

1. Ask 5-6 questions on the text.
2. What are the key words of the text?
3. Give a short summary of the text.

Text 6. Some History of Poisson Structures

Following from the work of Lagrange and Poisson discussed at the end of
88.1, the general concept of a Poisson manifold should be credited to Sophus
Lie in his treatise on transformation groups written around 1880 in the chapter
on "function groups.” Lie uses the word "group” for both "group” and "algebra.”
For example, a "function group" should really be translated as "function
algebra.”

Lie defines what today is called a Poisson structure. The title of Chapter 19
is The Coadjoint Group, which is explicitly identified on page 334. Chapter 17,
pages 294-298, defines a linear Poisson structure on the dual of a Lie algebra,
today called the Lie-Poisson structure, and "Lie's third theorem" is proved for
the set of regular elements. On page 349, together with a remark on page 367, it
is shown that the Lie-Poisson structure naturally induces a symplectic structure
on each coadjoint orbit. As we shall point out in §11.2, Lie also had many of the
ideas of momentum maps. For many years this work appears to have been
forgotten.

Because of the above history. Marsden and Weinstein [1983] coined the
phrase "Lie-Poisson bracket" for this object, and this terminology is now in
common use. However, it is not clear that Lie understood the fact that the Lie-
Poisson bracket is obtained by a simple reduction process, namely, that it is
induced from the canonical cotangent Poisson bracket on T*G by passing to g*
regarded as the quotient T*G/G, as will be explained in Chapter 13. The link
between the closedness of the symplectic form and the Jacobi identity is a little
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harder to trace explicitly; some comments in this direction are given in Souriau
[1970], who gives credit to Maxwell.

Lie’s work starts by taking functions Fi,... ,Fron a symplectic manifold M,
with the property that there exist functions ¢ of r variables such that

{F,F}=GI/F, F.

In Lie’s time, all functions in sight are implicitly assumed to be analytic. The
collection of all functions d¢of F,, ... ,Fris the "function group"; it is provided
with the bracket

VVI\/IZ\I(jGi4/i
where
b= and =—
dr, *dH
Considering F = (Fh... ,F) as a map from M to an /--dimensional space P,
and dand W as functions on P, one may formulate this as saying that [,y ] is a
Poisson structure on P, with the property that

e, A ={T'ch,P¥}.

1. Ask 5-6 questions on the text.
2. What are the key words of the text?
3. Give a short summary of the text.

Text 7. Some History of the Momentum Map

The momentum map can be found in the second volume of Lie [1890],
where it appears in the context of homogeneous canonical transformations, in
which case its expression is given as the contraction of the canonical one-form
with the infinitesimal generator of the action. On page 300 it is shown that the
momentum map is canonical and on page 329 that it is equivariant with respect
to some linear action whose generators are identified on page 331. On page 338
it is proved that if the momentum map has constant rank (a hypothesis that
seems to be implicit in all of Lie's work in this area), its image is Ad*-invariant,
and on page 343, actions are classified by Ad*-invariant submanifolds.

We now present the modern history of the momentum map based on
information and references provided to us by B. Kostant and J.-M. Souriau. We
would like to thank them for all their help.

In Kostant’s 1965 Phillips lectures at Haverford (the notes of which were
written by Dale Husemoller), and in the 1965 U.S. - Japan Seminar (see Kostant
[1966]), Kostant introduced the momentum map to generalize a theorem of
Wang and thereby classified all homogeneous symplectic manifolds; this is
called today "Kostant's coadjoint orbit covering theorem." These lectures also
contained the key points of geometric quantization. Souriau introduced the
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momentum map in his 1965 Marseille lecture notes and put it in print in Souriau
[1966]. The momentum map finally got its formal definition and its name, based
on its physical interpretation, in Souriau [1967]. Souriau also studied its
properties of equivariance, and formulated the coadjoint orbit theorem. The
momentum map appeared as a key tool in Kostant's quantization lectures (see,
e.g., Theorem 5.4.1 in Kostant [1970]), and Souriau [1970] discussed it at length
in his book. Kostant and Souriau realized its importance for linear
representations, a fact apparently not foreseen by Lie (Weinstein [1983a]).
Independently, work on the momentum map and the coadjoint orbit covering
theorem was done by A. Kirillov. This is described in Kirillov [1976b], This
book was first published in 1972 and states that his work on the classification
theorem was done about five years earlier (page 301). The modem formulation
of the momentum map was developed in the context of classical mechanics in
the work of Smale [1970], who applied it extensively in his topological program
for the planar n-body problem. Marsden and Weinstein [1974] and other authors
quickly seized on the treasures of these ideas.

1. Ask 5-6 questions on the text.
2. What are the key words of the text?
3. Give a short summary of the text using the key words.

Text 8. Routh Reduction

An abelian version of Lagrangian reduction was known to Routh by around

1860. A modem account was given in Arnold [1988] and, motivated by that,
Marsden and Scheurle [1993a] gave a geometrization and a generalization of the
Routh procedure to the nonabelian case.
In this section we give an elementary classical description in preparation for
more sophisticated reduction procedures, such as Euler-Poincare reduction in
Chapter 13.

We assume that Q is a product of a manifold S and a number, say k, of

copies of the circle S', namely £7=S x (S'1xeeexS"'). The factor S, called shape

space, has coordinates denoted and coordinates on the other factors are
written Some or all of the factors of S' can be replaced by R if
desired, with little change. We assume that the variables 9a,a = 1, ..., K are

cyclic, that is, they do not appear explicitly in the Lagrangian, although their
velocities do.

As we shall see after Chapter 9 is studied, invariance of L under the action
of the abelian group G =S' x *mx S' is another way to express that fact that 9a
are cyclic variables. That point of view indeed leads ultimately to deeper insight,
but here we focus on some basic calculations done “by hand,” in coordinates.
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A basic class of examples (for which Exercises 8.9-1 and 8.9-2 provide
specific instances) are those for which the Lagrangian L has the form kinetic
minus potential energy:

L{x,x,e)="gap{x)xaxp +8aa(x)xas° + "gab{x)e°eb-V(x) (8.9.1)

where' there is a sum over a, p from 1to m and over a, b from 1to k. Even in

simple examples, such as the double spherical pendulum or the simple pendulum
on a cart (Exercise 8.9-2), the matrices gdfi(x), gaa, gat(x) can depend onx.

Because 0Oa are cyclic, the corresponding conjugate momenta

are conserved quantities. In the case of the Lagrangian (8.9.1), these momenta
are given by

A. Ask 5-6 questions on the text.
B. What are the key words of the text?
C. Give a short summary of the text.
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MpunnoxeHus

Mpuno>keHwe 1

UTeHne maremaTmnyeckux Bblpa)KeHI/IVI

538 five hundred (and) thirty-eight
15,000 fifteen thousand

‘N one second

% three fourths

1'A one and one second

0.2; .2 two tenths; nought point two
0.17 nought point seventeen

1.50 one point five nought

% per cent

1 first

2rd second

3rd third

4th fourth

No. 1, #1 Number one

a+b..aplushb

a- b aminusb

atb aplusorminusb

a+b; ab amultiplied by b; atimesb; ab
a:b adivided by b

a/lb aoverb; adivided by b

y Xequalsy; xisequaltoy

y X is not equal to y

y X isequivalenttoy; x is identical withy

y X is approximately equal to y

y X is proportional to 'y

y X is greater thany

X<y Xislessthany

x <y xisequal to or less than y; x is less than or equal to y

X >y X is equal to or greater than y; x is greater than or equal to y
X <y <z vy isgreaterthan x but less than z; x is less than y is less than z
X» 'y Xissubstantially greater thany; y is much less than x

7+5=12

seven plus five equals twelve;
seven plus five is equal to twelve;
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seven and five is (= are) twelve;
seven added to five makes twelve

7-5 =2

seven minus five equals two;

five from seven leaves two;

difference between five and seven is two;
seven minus five is equal to two

2:50=4:x two isto fifty as four is to x

x2 xsquared; x (raised) to the power 2
x3 X cubed

x4 X to the fourth; x to the power four
X" X to the nth (power); xto the powern
x'n x to the (power) minus n

(x+y)2 xplusy all squared

(x/y)2 x overy all squared

A']l A inverse; the inverse of A

Vx (square) root x; the square root of x
3vx cube root (of) x; third root of x
4Vx fourth root (of) x

"Vx nth root (of) x

n! n.factorial

X xi\ x subscript/; x suffix/; x subi
a3 athird; a suffix three; a sub three
[} modx; modulus x

[x|| the norm (or modulus) ofx

£ summation of...

-
X a, the sum from i equals one to na,; the sumasi runs from 1to n ofthe a,

Ax deltax; finite difference (increment) ofx

N/(x) delta times function ofx; small difference in the function ofx
Ax — 0 delta x tends to zero (approaches zero)

n —*00 nbecomes infinite; n tends to infinity

fix)', (x) function ofx
f(x) /primex; /dashx; the (first) derivative of/with respect to x
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f*(x) f double-prime x; / double-dash x; the second derivative of/with
respect to x

f"\x) f triple-prime x; / triple-dash x; the third derivative of/with respect to
X

fix) /fourx; the fourth derivative of/with respect to x

ntAx) limit of the function of x

dx differential ofx

dy/dx derivative ofy with respect to x

d%/dx2 second derivative ofy with respect to x

<fy/dx" «th derivative ofy with respect to x

dfldxi the partial (derivative) of/ with respect to x,

<Tfldx2] the second partial (derivative) of/ with respect to X

| integral of...

a
I integral between the limits a and b
b

\ the integral from zero to infinity
0

lim the limit as x approaches zero
X-*0

lim the limit as x approaches zero from above
x—>+0

lim the limit as x approaches zero from below
- -0

log; logio common logarithm; Briggsian logarithm

loge; In natural logarithm; hyperbolic logarithm; Naperian logarithm
logcd the logarithm of d to the base ¢

logey; Iny logy to the base e; log to the base e ofy; natural log (of)y

() parentheses, round brackets
[1 (square) brackets
{} braces
0 degree
minute
second
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peyeckunii ancdasnt

Aa alpha ['telfa]

B p beta ['bi:ta]

ry gamma ['gasmal]

a5 delta [delta]

Ee epsilon ['epsibn],
[ep'sailan]

zZr zeta ['zi:ta]

H N eta [ i:ta]

00 theta ['0i:ta]

1 iota [ib:ta]

KK kappa ['karpa]

AX lambda [Itembda]

My mu [mju:]

Y\|/

Qto

79

nu
xi
omikron,
omicron
Pi

rho
sigma
tau
upsilon
phi

chi

psi

omega

MpunoxeHue 2

[nju:]
[ksai]

[au'maikran],
fbmikion]

[pai]

[rau]
['sigma]
[tau]
[ju:psibn]
[fai]

[kai], [ki:]
[psai], [psi:]

[aumega],
['aumiga]



MpunoxeHue 3

MpuctaBkn CU ansi o6pa3oBaHns AeCATUYHbBIX KPaTHbIX

tera (T) - 1012
giga (G)- 109;
mega (M) - 106;
kilo (K) - 103,
hecto (h)- 102
deca (da) - 10;

deci (d)- 10'%L
centi (c) - 102
milli (m)- 10°;

micro (p) - 10'6;
nano (n) - 10'9;
pico (p)- 10'12
femto (f) - 10'15
atto (a) - 10'18

N AONbHBIX eAuHuL,
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MNpunoxeHne 4

TemaTnueckuii cnoBapb Mo MexaHuke

(CanbkoBa W.M. J1eKCUYECKWIA MWUHWMYM N0 aHrIMIACKOMY SA3blKy AN
CTYLeHTOB-M3NKOB: y4yeb. nocobme. MH.: Bbiw. wk., 1988. 167 c. C. 69-78,
C fobaBneHnemM TpaHCKpunLnum).

acceleration [ak.sela'reijn] yCKopeHue
acceleration due to gravity

acceleration of translation

YCKOpPEHNE CUNbI TAXKECTN
YCKOpeHune I'IpﬂMO]'II/IHeVIHOFO ABUXXEHNA

average acceleration
mconstant acceleration

gravitational acceleration

vector acceleration
zero acceleration

cpefHee yCKopeHue
MOCTOSIHHOE YCKOPEeHUe
YCKOPEHUE CUJbl TSXKECTH
BEKTOP YCKOPEHUS
HY/IeBOE YCKOpeHue

accuracy [‘aekjarasi]
limiting accuracy
action f'aekjn]
action of gravity
back action

TOYHOCTb; MOrPeLWHOCTb
npegen TO4HOCTK
LeiicTeue; BANAHME
[eiCTBME CUNbI TAXECTU
obpaTHoe feiicTBne
combined action COBMECTHOE felicTBuE
reciprocal action B3aMMOAelCcTBME
add [aed| npu6asnaTb, 406ABNATL; CKNafblBaTb
addition [a'difn] CrIoXeHue; npubasneHune
agreement [a'griimant] cornacoBaHHOCTb, cornacosaHue

air [ea] BO34YyX, aTMocdepa
altitude |'aeltitju:d| BbiCOTa
angle [‘aerjol] yron

angle of advance
angle of alteration
angle of bank
angle of friction
acute angle

solid angle

anticlockwise [.aenti'kIDkwaiz]
area j'earia]

per unit area
cross-sectional area
surface area

Yron onepexeHus

Yron oTKNOHeHUs

yron KpeHa

yron TpeHus

OCTpbIA yron

TEeNECHbINR yron

NPOTMB YaCOBON CTPENKM
nnowasb

Ha eguHWLY Naowaan
naowasb NONepeyHoOro ceyeHns
naowasb NOBEPXHOCTH
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arm [A:T|
attraction [a'trsekjn]
average [‘aevarid£]
axis ['aeksis]
axis of rotation
balance [ baelans]
spring balance
ball [ba:1]
balloon [ba'lu:nj
band [baend]
bar [ban]
beam [bi:m]

bend [bend]
block [bbkl
body [b3di]
body at rest
elastic body
moving body
boil [bDd]
bond[bDnd]
bottom [‘bDtam]
boundary [ baondari]
box [bDks]
box of weights
brake [breik]
bulk [bnlk]
capacity [ka'paesati]
car [ko:]
cell [sel]
centre ['senta]
centre of gravity
vibrating centre
centrifugal [,sentri‘fju:gl]
centripetal [sen'tripitl]
charge [tfa:d£]
circle [ s3:Kkl]
circular f's3:kjol3]
circumference [sa'kAmfrans]

nneyo (pblyara, cuibl)-, pblyar; cTpenka
MPUTAXEHMNE, TATOTEHNE
CpeAHWiA; cpefHee KOMMYecTBO
0Cb

0Cb BpalLeHuns

paBHOBeCUe; BEChI

MPYXXWHHbIE BECI

wap

BO3AYLUHbIA Lap, aspocTat
nosioca, CMoi, Ny4oK, guanasoH
6pyc(oK), cTepXeHb; 6ap

6anka; ny4, Ny4oK nyyeii; banaHcmp;
6pyc; nepeknagnHa

n3rnbarbea

rpynna (cnos, uudp)\ ysen, 6510k
mMaTepuanbHOe Teno; Kopnyc
TeNo B COCTOSHUU NOKOA
ynpyroe Teno

LBUXYLLeeca Teno

KnneTb

CBA3b

LHO

rpaHuua (NoTokKa), CTeHKa
KopobKa

pasHOoBeCKM

TOpMO3

macca, 60/bluas YacTb Yero-n.
CNOCO6HOCTb, EMKOCTb
aBTOMallunHa, BaroH

Aveiika (4ns npubopos)', 3NeMeHT
LIeHTP, CepefunHa, 0Cb

LIEHTP TsXecTu

LIeHTp KonebaHus
LIEHTPOBEXHbI
LLleHTPOCTPEMMUTENbHBIN
Harpyxarb

OKPY>XHOCTb, Kpyr

KPYyroBoli

OKPY>XHOCTb, A/INHA OKPYXXHOCTK
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cluster ['klAsta]
collision [ko'liEn]
elastic collision
compress [kam'pres]
compressibility
[kaT ,preso'biloti]
concept ['kDnsept]
conditions [kan'dijnz]
connect [ka'nekt]
consequence ['kDnsikwans]
conservation [,k3nsa‘veifn]
energy conservation
create [kri'eit]
contact [ kDntaekt]
contain [kan tern]
convert [kan'v3:t]
conversion [ksn'v3:Jn]
cover ['kAva]
damage [daemid£]
data [ deita]
degree [di'gri:]
density [ densati]
substance density
depth [dep0]
derive [di'raiv]
describe [di'skraib]
design [di'zain]
desk [desk]
determine [di't3:min]
detect [di'tekt]
development [di'velapmant]
difference ['difrans]
dislocation [#disla'keiln[
displace [dis'pleis]

displacement [dis'pleismant]
angular displacement

dissipate [ disipeit]
distance ['distans]

CKonneHne, nyyok
CTO/IKHOBEHUNE

ynpyroe CtToiIKHOBeHUE

CXXUMaTb
CXXNMaeMOCTb

noHaTMe
yCNoBUs

CBA3bIBATH
CNeficTBMe, pesynbTar
COXpaHeHue
CoXpaHeHue aHepriu
co3aaBath

KOHTaKT, cuennieHmne, CONpukoCHOBEHWE

cofiepxatb B cebe

npespawiatb

npespaLyeHune

noKpbIBaTh
nospexaeHue, yuwep6, Bpes, nopya
[aHHble

CTeneHb rpagyc

NNOTHOCTb

MNOTHOCTb BeLLecTBa

rny6uHa

anddepeHLMpoBaTh, BbIBOAUTH
onuncbIBaTb

nnaH; KOHCTPYMpOBaHue; pacyeT
nynbT; NpnbopHas A0CKa; CTEHS
onpegensTb

06Hapy>uBaTb, AeTEKTUPOBATb
pa3BuTue, pa3paboTka

pasHoCTb

CMeLLeHue

nepemMelLatb, CMeLLaTb
CMeLLeHMe, BbITECHEHME
yrnoBOe CMeLLeHMe; yroa nosopora
paccenBatb

paccTosiHue

83



distinct [di'stigkt]

disturbance [di'st3:bons|

draw [dr3:]

drive [draiv]

dynamics [dai'naemiks]

ear [ia]

earth [3:0]

effect [I'fekt]

effort f'efat]

elastic fi'laestik]

element [‘ebment]
basic elements

engine [‘endEm]
steam engine

escape [Is'keip]

equal ['i:kwal]

equilibrium [,i:kwi'libriam]

equation [1'kweijn]

eraser [l'reiza]

evacuate [I'vaekjueit]

even ['izvn]

exert [ig'z3:tj

extend [ik'stend]
extension [ik'stenjnj

factor [faekta]
factor of safety
accuracy factor
fall [fJ:lj
field [fnidl
field pattern
constant field
scalar field
sound field
uniform field
vector field
velocity field
flow [flan]
steady flow

OTYETNMNBbIN

BO3MYLUEHWE, HapyLLeHNe, BO3BYXeHWe

TAra, BbITArMBaHMe
BOANTL (MALLUHY)
LUHaMMKa

yXo0

3emnsa

pencteue, ahhekT
ycunue, nonbiTka
ynpyrui

3MIEMEHT, COCTaBHas 4acTb
OCHOBbI

MalluWHa, ABUraTeNlb; MeXaHU3M
napoBas MalluHa

nsberatb

paBHbIN; paBHATLCA
paBHOBecKe

ypaBHeHue
pesuHkKa, nacTuk

BblKauMBaTb BO3AYyX

POBHbINA, YETHbI

OKasblBaTb AelicTBMe
npocTuparbCcs

pacTs>XeHue, paclunpeHue;
pacnpocTpaHeHune

(haKTop; MHOXUTENb; KOIPULMEHT
KO3 (UL MEHT 3anaca NPoYHOCTU
KO3 (OULMNEHT TOUHOCTK
nageHune; Hanop; nepenag

none, ctepa, o6nactb

KapTuHa (KoHhurypaums) nons
NOCTOSAHHOE none

CKanspHoe none

3BYKOBOE Mose

0[HOPOAHOE Teno

BEKTOPHOE Nnone

nose ckopocTei

TeyeHwue; NOTOK; Pacxoa
yCTaHOBYBLUEECA TeYeHMe
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fluid [ flu:id]

foot [fnt]

force [fl>s]
arm of a force
component of a force
composition of forces
field of force

point of application of forces

applied force
body force
centrifugal force
centripetal force
compressive force
dissipative force

driving force
external force
friction force
-gravity force
inertial force
internal force
form [fD:m]
formation [fofmeijnj
frame [freim]
friction [frikjn]
fuel [fju:al]
fulcrum (pi fulcra) [*f\lkrsm]
glass [gla:s]
measuring glass
gravitation [.graevi'teijn]
gravity [ graevati]
specific gravity
hand [haend]
heat [hi:t]
heating ['hi:tiq]
height [hait]
horse-povver [ hDispaua]
increase [igkri:s]

>KNAKOCTL; Fa3; TeKy4as cpeja
OCHOBaHwue; yT

cuna

Mnse4yo cusbl

COCTaB/IAOLLAA CUSIbI
CNOXEeHMWe cun

CU/I0BOE MoNe

TOYKa NPUIOXKEHUS CUN
BHELUHAS cuna

06bemHas cuna
LeHTpobexHas cuna
LieHTpoCTpeMuTe/lbHas cunia
CKMMaroLLee yecunve
pacnpegenutesnibHas (guccmnaTuBHas)
cuna

BbIHY>XaloLLas cuna
BHELLHAA cuna

cuna TpeHust

cua TSHKECTK

cvuna nHepuun

BHYTPEHHSSA cuna

thopma, Bug, BbIpaXeHue
o6pasoBaHe; BO3HNKHOBEHMWE
cucTema oTcyeTa

TpeHue

TONAMBO, roproyee

TOYKa 0NopbI pblyara
CTeK/10,CcTaKaH

MeH3ypKa

TAroTEHWE, TAKECTb

cua TSHKECTU; BeC, HanpsKeHHOCTb
yAenbHbIl BEC

pyKa; cTpenka

TennoTa; HarpeBaTb
HarpeBaHue

BbICOTa

nowagnHas cuna

yBe/IMyeHne
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inertia [i'n3:/a] NHepLus

intensity [in'tensati] CuNa; UHTEHCUBHOCTb
interaction [,intar aekfn] B3anUMoyeiicTame
interface [‘intafeis] rpaHuua pasgena
interval [‘intavl] NMPOMEeXYTOK, pacCTosHue
involve [in'vDiv] coflepXatb; 3aKNno4aTh B cebe
knee [ni:] 3arn6; KoneHo; KPOHLUTENH
law (b:J 3aKOH
conservation law 3aKOH COXpaHeHWs 3Hepruu
inverse-square law 3aKOH 06paTHO NPONOPLMOHaNbLHOCTU
KBafpaTy paccTosiHWA
power law CTeMEeHHOMN 3aKOH; CTeneHHas
3aBUCUMOCTb
length [lerj0] AnnHa
level ( levol] YPOBEHb
loudness level YPOBEHb FPOMKOCTU
sound pressure level YypOBEHb 3BYKOBOTO [jaB/IeHUS
lift [lift] nogbem
line [lain] NINHWA; YepTa
plumb line oTBeC
straight line npamas
liquid ['likwid] XNAKOCTb
load [land] Harpyxarb
magnitude [maegnitju:d] BENN4YMHA
order of magnitude NopsL0OK BEIMYMHbI
mark [ma:k] O0TMEeTKa; OLleHKa
zero mark HyneBas OTMeTKa
matter ['maeta] maTtepuasn, matepus
measure ]'me£a] N3MEPATL, MEPUTH
measurement ['me£amant] n3mepenune
mechanics [mi'kaeniks] MexaHuKa
melt [melt] nnaBnTbLCA
meter ['mi:ta] CYeTUnK
mobility [mau'bilati] NOABUXHOCTb
mould |mavld] (hopmMoBaTb, OTNINBATL B hOPMY;
thopmupoBaTthb
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momentum [mon'mentom] KO/TMYECTBO [BVXXEHWS; UMMNY/bC

conservation of angular
momentum

COXpaHeHVe MOMeHTa KO/IMyecTBa
LBUKEHUA
total angular momentum
motion ['maujn]
circular motion
forced motion
rectilinear motion
upward and downward

MOMHBIA MOMEHT KONIMYECTBA ABUXEHUS
ABUXKeHMe

ABVKEHME N0 OKPYXHOCTK

ABWXeHNe HecBOGOAHOTO Tena
NPSAMONIMHERHOE [BUXXEHNE
Kone6atenbHoe ABMXEHMNE

motion
movement ['mu:vmant] LBVKEHMe, NnepemelleHne
net [net] CeTb, peLueTka

nucleus ['nju:klias]

number ['nnNTb3]

numeral ['nju:maral]
numerical [nju'merikol]

observe [ab'z3:v]

A4p0, LEeHTp

4yncno, KoINYecTBo
uundpa, CMMBON Yncna
YNC/IEHHbIN, YNCI0BOA
Habnwopatb

observation [pbzo'veijn] HabnofeHne

order ['3:da] nopafoK; ynopago4eHHOCTb; Nocneosa-

TE/IbHOCTb; 04YEPEAHOCTb
Origin ['Drid’\in] NnponcxoxaeHne, Havyano

paper ['peipa] bymara; cTartbs, AoKnag,

part [pn:t] YyacTb, fleTanb

path [pn:G] nyTb
circular path TpaekTopus

pendulum [pendjulam] MaATHUK

pipe [paip] Tpy6a; Hacoc
piston ['pistan] NnopLUEeHb, KnanaH
plane [plem] M0CKOCTb

position [pa‘zijn]
equilibrium position
power [ pao3]
power of point
average power
press [pres]
pressure ['preja]
vapour pressure
procedure [prau'si:dfa]

MON0XeHNe, pacnoioXxeHne
MosioXKeHne paBHoOBeCUS

CUna; MOLHOCTb; 3HEPrus
KONNYeCTBO ABVKEHWI TOUKM
CpeAHAs MOLLHOCTb

[aBUTb; HOXXUMaTb; NPeccoBaThb
faBneHue

[aBneHune napa

mMeTon(MKa)
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produce [pra‘'djuis]
property [ prDpati]

provide [pra‘vaid]
pull [pul]

pump [pnTp]
force pump
lift pump
push [puj]
quantity [‘kwDntati]
quality ['kwDtati]

range [remd£]

rate [reit]

rate of angular motion

rate of flow
rate of motion
ratio [‘reifiau]
reading ['ri:diq]
scale reading
reference [ refrans]
reference system
region ['ri:dfan]
relationship [ri'leijnjip]
relative f'relativ]
relaxation [,ri:laek’sei|n]
release [ri'li:s]
remove [n'mu:v]
resistance [n'zistans]
air resistance
rest [rest]
the rest
result [ri'zAlt]
resultant [n'zAltont]
right [rait]
rise [raiz]
rope [raup]
rolling ['rauliq]
rotation |rai)'teijn|

Npon3BOAUTh; BbipabaTbiBaTh
Xapaktep(UCTuKa); CBOMCTBO; Ka4ecTBo;
npmpoga

obecneymBaTb, CHabXaTb

TAHYTb; TAHYyLLas cuna

Hacoc

HarHeTaTe/bHbI Hacoc

NOABEMHBIN Hacoc

TOMYOK

KO/INYeCcTBO

KayecTBo
[LanbHOCTb; paguyc; cihepa (geicTsuns);
[vanasoH; UHTepBan; pag
CKOPOCTb, TEMM; KO3(P(ULUEHT, Knacc
yrioBas CKopocTb

CKOpOCTb NOTOKa

CKOPOCTb IBUXXEHUA

OTHOLLUEHNE, COOTHOLLIEHNE, CTEMEHb
CHATME MOKa3aHWiA, NoKasaHue; oTcyeT
nokasaHme WwKanb

3TaNoH, ccblika, 6asmc (oTcyerta)
cucTema oTcyeTa

obnactb

OTHOLLEHNE, 3aBUCUMOCTb
OTHOCUTENbHbINA

3aTyxaHue; paccacbiBaHUe; pefakcayms
BbICBO6GOXAATb

YCTPaHATb, CHUMATb

COMpPOTUB/EHNE

COMpOTUB/EHNE BO3AYXa

COCTOSIHME NOKOSA

ocTaTok

npoucTekarb, CnefoBaTb
pe3ynbTUPYHOLLUIA
npaBW/bHbIA, NPAMONA, NPAMOYTO/bHbINA
BO3pacTaHme

BEPEBKa; KaHaT; Tpoc

KayeHwue

BpaLleHue



round [raund]
rule [ru:l]
right-hand screw rule
ruler [‘ru:la]
scale [sked]
scales [skeilz]
scheme [ski:m|
section ['sekjn]
separate [ separeit]
separation f.seps'reijn]
sequence [siikwans]
set [set]

side [said]
size |saiz]
slide [slaid]
solid ['sDlid]
solution [sa'lu:jn]
sound [satmd]
specimen ['spesamin]
speed [spi:d]
angular speed
constant speed
full speed
mean speed
rotational speed

subsonic speed
uniform speed
spring [spnq]
state |steit]
bound state
excited state
solid state
stationary state
steady state
statics ['staetiks]
strain [strein]

KpPYT bl

npaBu/o; 3aKoH

npaeuno 6ypasumka

NUHelka

WwKana, maclitaé

BeChI

CXeMma; MnaH; NpoekT

CeyeHue; pasgen; y4acTok
0TAenaTb

pasfeneHue; MHTepBan; Neperoposka
nocnefoBaTeslbHOCTb
MPUEMHUK; TPYNNa; MHOXeCTBO;
KOMMJ/EKT, yCTaHOBKa

CTOpOHa; 60K; Kpaii

pasmep

CKONb3UTb

TBEpPAOe Teno

pelueHune; pacTBop

3BYK

obpaseL,

CKOpOCTb (CKanapHas)

yrnoBas cKopocTb

MOCTOSIHHasA CKOPOCTb
npegensHas CKopocTb

CpeAHAs CKOpoCTb

yrnoBas CKOpoCTb; YKCo 060poToB (B
eAVHULY BPEMEHU); CKOPOCTb BpaLLeHus
[03BYKOBas CKOPOCTb
NMoCTOsIHHas CKOPOCTb

Npy>unHa

COCTOSIHME

CBSi3aHHOE COCTOSHUE
B0O36Y>XAEHHOe COCTOAAHME
TBEPA0e COCTOsHME
CTaLMoHapHOe COCTOsIHNE
yCTaHOBMBLLEECS COCTOSAHUE
cTaTtmka

fedopmaums; HaTsHXKeHNe;
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strength [streijO]
substance ['sAbstans]
surface [’s3:fis]
suspend [sa'spend]
table [teibl]
conversion table

term [t3:m]

terrestrial [ta'restrial]

thickness ['Oiknas]

time [taim]

top [tap]

transition [traen'zijn]

travel [‘traevl]

triangle [ traiaeqgl]

trip [trip]

tube [tju:b]
side tube

turn [t3:n]

twin [twin]

uniform ['ju:nifD:m)]

universe [‘ju:niv3:s]

unit ['jurnit]

unstable [An'steibl]

upthrust ['ApOrAst]

use |ju:s]

vacancy ['veikansi]

value ['vaelju:]

valve [vaelv]

vapour ['veipa]

variable ['veariabl]

velocity [va'lDsati]
average velocity
constant velocity
coordinate velocity
finite terminal velocity
instantaneous velocity
original velocity

NPOYHOCTb, CWUMA, HAMPSXKEHHOCTb
BELLECTBO

NOBEPXHOCTb

noAAepXmnBaTh

Tabnuua; cton

Tabnuuya nepesoga mep (13 OAHON
CUCTEMbI B APYryio),

Tabnmua nepecyeTa
TEPMWH; UNeH; cnaraemoe; Cpok
3eMHOM

ToNWMHA

BPEMS; pa3; XpOHOMEeTPMPOBaTb
BepLIUHa

nepexoAHOe MofoXKeHWe, Nepexos
[BUrathbCs, nepefBnraTbCs
TPeYrofibHuK

xof,; npober; nepexon

TpybKa

60koBas Tpybka

060pOT; BUTOK, Ouepesb

[ BOVHUK,JBONHON

OAHOPOAHbIA, MOCTOSAHHbI
BCeJleHHas; Mup; 061acTb
eAvHMLa

HeCcTabubHbINA
BblTaNK1BaTebHasA cuna

nonb3a, NCNonb30BaHme

nycroTa

oLeHKa

KnanaH, 3afBMXxKa, KpaH

nap

HepaBHOMEPHbINA (0 ABU>KEHNM)
CKOpOCTb

CpeAHAs CKOpOCTb

NOCTOSHHas CKOpOCTb
KOOpPAMHATHbIE COCTaBAIOLME CKOPOCTU
KOHEeYHas CKopoCTb

MIHOBEHHas CKOPOCTb
HayanbHas CKOpoCTb
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resultant velocity
vibration [vai'breifn]

normal mode of vibration

free vibration
random vibration
view [yju:]
visible ['vizabl]
volume f'vDl.ju:m]
unit of volume
vortex ['vD:teks]
water |'w3:ta|
wave [weiv]
longitudinal wave
transverse wave
weigh [wei]
weight [weit]
wide [waid]
width [wid9]
zero ['ziarau]

pe3ynbTUpyloLas ckopocTb
BpaLyeHme

co6CcTBEHHOE KonebaHune
cBoboAHOe KonebaHme
cnyyvaiHoe KonebaHue

BUA, N300paxKeHne; None 3peHns
BUAVMBbIA

06bem

eAnHNLa 06bema, eMHNYHBIN 06bEM
BMXPb, BOAOBOPOT
BO4a

BO/IHA
npojonbHas BOHa
nornepeyHas Bo/Ha
B3BeLUMBATb

BeC

LIMPOKKIA

LIMprHa

Hy b
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MpunoxeHune 5
Kak nucaTtb aHHOTauuu n pedeparsbl

(Manbuesckast T.H. KHura ana utenus. O6pasuybl Hay4yHbIX Ny6amkauuii Ha
aHraniickom ssbike. Buonorus. J1., «Hayka», 1980. 244 c. C. 6-8 n 15-16.)

AHHOTALNW (ANNOTATIONS)

TeKCT aHHOTaLUWM NpefcTaBnseT cob60i CXaTylo XapakTepuCcTUKY Hay4YHOro
npoussegeHns (yyebHuka, cnpaBoYHMKa, MOHOrpaguu) N 0TBeYaeT Ha BONPOC:
0 Yem roBopuTCH B KHUre. O6bIYHO MEpPeuMCnAlTCA OCHOBHbIE BOMPOCHI
TEMATUKM W [aeTca XapakTepucTMKa OCOBEHHOCTel MNOCTPOEHWS  KHWTW,
HanpuMep, Hanuume 6GubAMOrpaduKn, UANKOCTPALUIA AN APYTUX MPUNOXKEHWIA.
Kak npaBuno, onpeaensieTcs Kpyr BO3MOXHbIX unTaTeneil. Hepefko BMecTe C
aHHoTaumen ny6nMKyeTcs W NnaH MNOCTPOEHWUA KHUTWM C MepeyncieHnem
Ha3BaHWi pasgenoB. [atTCA BbIXOAHble CBEAEHWS WM KOMMYECTBO CTpaHUL.

TeKCT aHHOTauuyW CTPOMTCA rNaBHbIM 06pa3soM U3 NPOCTbIX, MOMHbIX,
pacnpocTpaHeHHbIX MPeAnoXeHWd, a Takke MPOCTON0 Tuna CAOXKHbIX
NPeAnoXeHnin -  onpeAenuTenbHbIX W 06CTOATENbCTBEHHbIX.  CNOXHbIE
rpamMmaTvyecKkne KOHCTPYKLMM yNnoTpebnaoTcs 04YeHb pefko. CUHTaKCUyeckne
CBA3M 0AHOO06pasHbl. Yalie BCEro MCMNOMb3ylOTCA BpemMeHa rnaronos Present
Indefinite n Present Perfect.

AHHOTaUMN MOXHO NOApa3fenvTb Ha ABa OCHOBHbIX TWMa: aHHOTauus-
MH(opMaLns, KoTopas cOCTaB/NAETCA aBTOPOM U MO U3MIOXEHUIO UHOT4a MOXeT
6bITb 6nM3Ka K pedpepaTy (CM. HWXKE), U aHHOTauua-peknama, KoTopas
COCTaBNAeTCA M34aTenbCTBOM. B oT/AMume 0T  aHHOTauMM-MHGOopMaumm
aHHoTauus-peknama 06bI4HO COAepXuT MOMIOXMNTENbHO-0LEHOYHbIE
XapakTepucTukn. Hanpumep:

The book is beautifully (richly) illustrated. - KHura npekpacHo (6orarto)
UNNCTPMPOBaHa.

This is a thoroughly entertaining book. - 3710 - Becbma yBnekartenbHas
KHura.

The book is very readable. - KHura nerko umraercs.

[ns aHHOTauMin CBOWCTBEHHO YMOTpe6reHMe OMpefeseHHOro Kpyra
06LlieHayYHOW NEKCUKN - T[NarofoB, CYLWEeCTBUTE/bHbIX, MpunaraTenbHbIX, a
TaKXe C/I0BOCOYEeTaHW, BbIPAKAMLWMX OCHOBHblE MOHATWSA, KOTOpble
COCTaB/IAKOT €6 OCHOBHOE COAEpXKaHue.

Hanb6onee yacto ynoTpebnaoTcs cnefytoLine rnarofbl:

to contain - cogepxartb; t0 cover — 0XBaTblBaTb, UMeTb 06beMm; to deal
with - kacatbcs, pa3bupatb; to describe - onucbiBaTth; to discuss - 06cyxaatb,
paccmaTpuBarts; to illuminate - ocsewaTs; to include - BKOYaTh; to mention -
ynomuHaTb; to present - gaBaTb, usnaratb; to refer to - ynomuHatb, ccblnarbes;
to revise - nepecmaTpuBaTh; t0 Serve - CAyXWTb; to show - MoKasblBaTb.
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TakxXe Mcnonb3ytTcs 06bIYHO B (POPME CTpaAaTeNnbHOro 3anora rnaronbi:

to bring up to date - goBecTV [0 COBPEMEHHOrO COCTOSAHUA, 06HOBUTL; tO
concern with - paccmartpuBaTb, KacaTtbes; to devote - nocsswaTb; to discuss -
ob6cyxpaaTh, pasbupatsb; to fill - HanonHaTb; to illustrate - nnnocTpuposatsb; to
place emphasis on - 0co6eHHO BblfenATb, NofyepkmBaTb; to provide with -
CHabXaTb.

Kpome Toro, ynoTpebuTensHbl 1 HEO6XO4UMbI MO CMbICY KOHCTPYKLUK iS
of interest; is of importance:

The book is of much interest.. — KHura npeacTaBnseT 60MbLUOIA
MHTEpeC...

The book will be of great value... - KHura 6ygeTt npefctaBnaTs 60/bLYH0
LLeHHOCTb...

[na aHHOTaLWi XapakTepHbl CiefyoLme CNoBOCOYeTaHus:

background material - ocHoBbl (Hayku); basic information - OCHOBHble CBefieHUs;
basic problems — ocHOBHble BomMpockl, nNpo6nemsbl; characteristic feature -
XapakTepHasi 0C06eHHOCTb; complete review - nonHbIA 0630p; critical review -
KpuTU4Yeckunii 063op; data available - nmerowmecs paHHble; established facts -
ycTaHoBMeHHble (DakTbl; experimental data - 3KcmepuMeHTanbHble AaHHbIE;
laboratory techniques - mMeTogmku; mechanisms involved in - MexaHW3Mbl,
CcBSi3aHHbIe C; original approach —opuryrHanbHbIA, cO6CTBEHHBIA noaxog; overall
view - obLee npeactasneHune; principal concepts - 0CHOBHaA KOHLeMNLMs, OCHOBA;
recent advances - nocnefiHue LOCTUXXEHUS; recent work on - nocnefHue paboTbl
no; source of information - ucTouHMK MH(popmauuu; variety of problems - psg
BOMpPOCOB; unique feature - 0CO6eHHOCTb.

PE®EPATHI (ABSTRACTS)

B oTanuve oT aHHOTauuu pedepaT oTBe4aeT Ha BOMPOC: Kakas
VHOpMaLns COLEpPXMTCS B MepBOMCTOYHMKE. B TekcTte pedepata C
MaKCUManbHOW KpPaTKOCTbIO UM3/MaraeTcs COAepXaHue Hay4qyHoW paboThbl.
MpnBOAATCA OCHOBHbIE Hay4Hble [aHHble W BbIBOAbI aBTopa, T. e. pedepar
coo6LaeT 0 TOM, YTO COAEPXKMTCA B HAY4HOW paboTe.

Tak Xe Kak aHHOoTauuu, pedepatbl MOTyT 6biTb pasfMyHbl NO CBOEMY
xapakTepy. o cOBpeMeHHON MeXAYyHapo4HOI KnaccuuKauum oHU LenaTca Ha
NH(OPMATUBHbIE pedepatsl (pedepaT-KOHCNEKT) " WHANKATUBHbIE
(yKasaTenbHbIl, onucaTenbHblii). XoTa dopMa petepata 06bI4HO CTabusnbHa,
MocTpoeHMe ero B 6OMbLION CTeMEHW 3aBUCUT OT XapakTepa petepupyemoit
pa6oTbl. OfHaKo BO BCeX C/ay4aaX Heo6XoAUMMOCTb faTb  MaKCUMyM
nHopmaunum nNpyu  MUHMMaNbHOM 4MCNe MeyaTHbIX 3HAKOB OKasblBaeT
onpefeneHHOe BANAHME Ha CTU/b U3N0XeHUA pethepaTta. Pedepar paccumTaH Ha
ObiCTpOE BOCMPUATUE COAEPXALLMXCA B HEM CBeAeHMA W TpebyeT MnoaTomy
0COBEHHO ICHON (DOPMbl N3N0XEHMS.

TekcT pedepata CTPOMTCH MNOYTW MOMHOCTbIO M3 MPOCTbIX, MOJMHBIX,
pacnpocTpaHeHHbIX MNPeAnoXeHnin. CnoxHble npeanoxeHus pegkn (1-2 Ha

93



pethepat). MoyTn OTCYTCTBYHOT CBA3yHOLLME CN10Ba. XapaKTePHO UCMO/b30BaHNe
6e3MYHbIX NpeanoxeHnii. Hambonee ynoTpebutensHbl BpeMeHa Past Indefinite
n Present Perfect.

B pethepaTe 3aMeTHO npeob6nafaHune cTpajaTesibHOro 3an0ra, Tak Kak uatle
BCEro peyb WAET 0 BUAAX NpofenaHHoli paboThbl.

B faelicTBUTENbHOM 3a/l0re LUMPOKO MPUMMEHAKTCA rnaronsl: to show, to
exhibit, to contain, to possess, to concern U UX CUHOHWUMbI; B CTpajaTe/lbHOM 3a/ore
- to be studied, to be considered, to be suggested, to be discussed, to be examined, to
be determined, to be expressed (as), to be used, to be estimated, to be fixed, to be
compared, to be obtained, to be defined as, to be reviewed, to be developed, a Takxe
rnarosbl, XapakTepHble A8 TEKCTOB aHHOTauuu (CM. BbILLe).

O6pasuybl cocTaBNneHUA pedeparta U aHHoOTaLUm

(AHHOTUpOBaHWe 1 pedepupoBaHune. Mocobue NO aHrAUIACKOMY £3bIKY /
I.N. CnaBuHa, 3.C. XapbkoBckuii, E.A. AHTOHOBa, M.A. PbibakuHa. M.: BbicLu.
WK., 1991. 156 c.: un. C. 10-14).

TekcT
A classroom demonstration of automobile stopping distances
By Robert D. Grimm

One almost universal complaint of high school students as well as college
undergraduates is that physics course material is often irrelevant. Recognizing
this problem, we need to identify things that are important to students and that
are explained by physics concepts. One area that comes to mind almost
immediately is the motion of automobiles. High school students are especially
preoccupied with cars since they are at the age when they are beginning to drive.
Here's a question on automobiles that can teach some physics.

Consider two cars, a 1500-Ib economy model and a 3000-Ib gas-guzzler
both moving with the same velocity. Which car will stop first if both drivers
lock up the wheels at the same instant?

After the students make predictions, open a driver's manual to the page
where the stopping distances are listed according to the initial velocity of the
car. The figures in such tables are based on smooth stops, without the wheels
being locked and skidded. Note that the data are independent of type of car. This
lack of dependence on mass would also be true with locked wheels.

If the coefficient of friction is the same for two cars on the same surface
(usually a good approximation), then the friction force is prng and the
deceleration is pg, independent of mass. Two cars of different masses will stop
in the same distance. This idea is not always obvious to students and is also an
idea that has not received a great deal of attention as a classroom demonstration.
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One rather simple demonstration of this concept is shown schematically in
Fig. 1. The two ramps may be constructed from pieces of wood or whatever
materials are available.

Fig. 1L The experimental set-up tiles two bathroom loaded on the cart

For the first trial one bathroom tile is placed on the top of the cart, smooth
side down. The loaded cart is then released and travels down the ramp until it
collides with the end of the shorter ramp. At this time the tile slides off the cart
and skids to a stop just as our economy car would in the "real life" example. If
the ramps are built in such a way that the angles of inclination are the same, and
the separation distance d is equal to the height of the car, the tile will slide onto
the second ramp with very little interference.

A second run is now made with two tiles. Place the tiles on the cart with
rough surfaces facing each other so they act as one body. These represent the
gas-guzzler car in our example. If the experiment is done carefully, it will be
seen that both cars stop in the same distance.

In both trials visibility of the stopping position can be increased by putting a
flag in the center of the tile and recording where the flag stops on the lower
ramp with a second marker.

For the velocity ofthe car to be the same for both trials, the relational kinetic
energy of the wheels must be negligible compared to the total kinetic energy of
the cart. A fairly massive cart with light wheels is therefore suggested. A
number of scientific supply houses have carts that closely approximate this

requirement.
(From: "The Physics Teacher”, N.Y., No. 11, 1978)

Mepesog,
JeMoHcTpaumna TOpMO3HOTo NyTM aBTOMOOGUNA Ha YPoKax hU3NKK
Mpumm P.A.
OT CTYAEHTOB BbICLUEW LUKOMbI W BbIMYCKHUKOB KOAMefXei nocTynaeT, B
OCHOBHOM, OfHOTMMNHas >anoba Ha TO, 4YTO MaTepuan Kypca (U3MKM He
HaxoguT NpPUMeHeHUs B XW3HW. Co3HaBas 3Ty Mpo6nemy, Mbl LO/MDKHbI
BbIleINTb Te ABJIEHUSA, KOTOpble O4HOBPEMEHHO ABMAOTCA U BaXHbLIMW [N14
CTYAEHTOB W O0OBACHUMBIMU C TOYKM 3PEHUA (U3NYECKMX MNOHATUIA. OfuH
npuMep NPUXOAMT Ha YM NOYTW cpasy - I3TO [BWXKEHWe aBTOMOGWNEN.
Yualymecs cTapwnx KnaccosB cpefHei LWKOMbl 0COBEHHO WMHTEpecykTCcs aBTo-
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mMobunamu, n6o B 3TOM BO3pacTe OHWM HauyMHalOT BOAWTb MawuMHy. BoT 3agava
06 aBTOMOGMNAX, KOTOpas MO3BONAET HECKObKO Yry6UTb 3HAHUA MO (PU3NKe.
PaccmoTpum fBa aBTOMOOGWMAS - 3KOHOMU4YHYK Mofenb Becom B 700 Kr
N «noxupartens 6eH3nMHa» BecoM B 1200 Kr - ABMXYLLMECH C OAUHAKOBbIMU
ckopocTAMM. Kakoil aBTOMOGUIb OCTAaHOBUTCA paHblle, ecnm o6a BoauTens
3aTOpMO3AT OAHOBPEMEHHO?

Mocne TOro Kak CTYfAEHTbl BbICKaXYT CBOM MPEAMNONOXKEHUS, OTKPOTe
«PyKOBOACTBO MO BOXAEHWUIO aBTOMOOMNSA» Ha CTpaHuue, T[Ae YKa3aHbl
pasfnyHble TOPMO3Hble NYTM B 3aBUCMMOCTM OT Haya/lbHON CKOpPOCTM
aBTomMo6umna. [aHHble B 3TOM Tabnuue npuBefeHbl AN PaBHOMEPHOrO
TOPMOXEHUSA, KOrfa Koneca He 3aK/IMHEHbl Y HET MPOCKab3biBaHUA. 3aMeTbTe,
4YTo 3TV [aHHble He 3aBUCAT OT TWMa aBToOMOGWUNA. 3Ta He3aBUCUMOCTb OT
Macchl AeiiCTBUTENbHA U B C/TyYae 3akK/IMHEHHbIX KOMeC.

Ecnn Ha OAMHAKOBLIX MOBEPXHOCTAX KOIPHUUMEHT TpeHusa Ans obomx
aBToMO6uned oAMH M TOT Xe (a 3TO MPMOGAM3UTENBHO Tak), TO CWa TPeHWS
6yfeT paBHa ping, a yCKOpeHue, HanpaBfieHHOe MPOTUB CKOPOCTU, paBHO pg,
T.e. HE 3aBMCUT OT Macchl. [lBa aBTOMOOMAS C pasHbIMKW Maccamu OCTaHOBSTCA
Ha O4MHAKOBOM pacCTOSHUWU. ITOT (hakT He BCerga O4YeBWUAEH ANS yyalluxcs,
a B MpaKTWKe npenojaBaHUs He YAensnocb [LOCTaTOYHOrO0 BHUMAaHWA ero
[LeMoHCTpauuu.

OfMH 13 NPOCTbIX ONbITOB, AEMOHCTPUPYIOLLNX 3TO AB/IEHWE, CXEMATUYECKN
nokasaH Ha puc. 1. YkKasaHHble fiBa CKaTa MOTyT ObiTb CAenaHbl U3 fepeBa Uan
Apyrux LOCTYNHbIX MaTepuanos.

B nepBomM o0nbiTe Ha MOBEPXHOCTb TeNeXKW TNafKON CTPOKON BHU3
nomeltaetca KagenbHas NAUTKa. 3aTeM HarpyXeHHYH TefleXKy OTMycKaloT,
M OHa KaTUTCA BHU3 A0 Tex MOp, MOKa He yAapuTCcs O Kpail 60onee KOPOTKOro
ckata. B 3TOT MOMEHT NAUTKA COCKO/Mb3HET C TENEXKWU M 3aCKOMNb3UT BHUS3,
nokKa He 0CTaHOBMUTCSA, NOLO6HO MaNeHbKOMY «3KOHOMWUYHOMY» aBTOMO6GUIO
B Hallem npumepe M3 peanbHOW XW3HW. Ecnm ckaTbl MOCTPOEHbI Tak, 4TO
UMEKT OAWHAKOBbIA Yron HakAOHa, a BbiCOTa MeHbliero ckata d paBHa
BbICOTE TeNeXKW, TO NAUTKA COCKOJSIb3HET Ha BTOPYK MNNOCKOCTb MOYTM 6e3
nomex.

BTOpoii onbIT npou3BogMTCA Tenepb € ABYMA nauTkamu. [lomecTuTte
NIUTKA Ha TeNnexky LeplaBbiMU MOBEPXHOCTAMU APYr K ApYry Takum
06pa3om, YTOOblI OHM AeicTBOBaNM Kak efuHoe usmyeckoe Teno. OHM ByayT
NpeAcTaBNATb TSHKENbIA aBTOMOOWAbL B Halem npumepe. Ecnn aKcnepumeHT
nposefeH npaBuibHO, TO 6yAeT BUAHO, YTO 06a aBTOMOOWUNA OCTaHOBATCA Ha
OIHAKOBOM pPacCTOAHUN.

YT06bI MECTO OCTaHOBKM B 060MX OMbiTax 6blI10 Nyylle BUAHO, ChegyeT
OTMETUTb OAHUM (PNAXKKOM CepefuHy NAUTKKW, a ApYTrMM - MEeCTO OCTaHOBKU Ha
HUXXHEN NA0CKOCTH.

[nsa Toro 4ytobbl CKOPOCTL aBTOMOGUNA B 060MX OMNbiTax Gbla OAMHAKOBOW,
KWHETUYECKass 3Heprus BpalleHWs Konec A0/MKHa 6biTb MPeHe6peXXnmo manoi no
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CPaBHEHUIO CO BCeli KUHETMYECKON 3Heprueidi Tenexku. MoaTomy nyudiie BCero
MOAOMAET MacCUBHas Te/eXKa C IerkKUMU Konecamu. Takue TeNeXXKU UMeTCs B
(hOHZaxX MHOTUX Y4YeGHbIX KOJI/IEKTOPOB.

MpuMepbl pedepaTa

Ha pycckom a3bike

[eMoHCcTpaLusa ToOpMO3HOro Nyt asToMoOOMNA Ha ypokax uamku. Grimm
R.D. A classroom demonstration of automobile stopping distances. "The Physics
Teacher”, N.Y., 1978, No. 11, un. (aHrn.).

Martepuan Kypca $U3NKW [O/MDKEH OTBevaTb MPAKTUYECKUM UHTepecam
obyyaemblX. Hanpumep, ydyawumcs B TOM BO3pacTe, KOrfa OHW HayuHaloT
BOAMNTb MalUWHY, MOXHO MpPeasoXuTb 3agady: «[Ba aBToMmo6uns secom B 700
Kr n 1200 Kr ABMXYTCA C OAMHAKOBOM CKOpPOCTbi. Kakoii aBTOMO6Mb
OCTaHOBMTCA paHblue, ecnu ob6a BOAWUTENS 3aTOPMO3AT OAHOBPEMEHHO?».
MpefnaraeTcqd 03HAKOMWUTLCA C PYKOBOACTBOM MO BOXAEHWIO aBTOMOGMNA U C
[LaHHbIMW O A/MHE TOPMO3HOMO MyTW B 3aBMCMMOCTU OT HayalbHOW CKOPOCTHU.
YKa3blBaeTcs, YTO, NOCKO/IbKY MPU O4MHAKOBOM KO3((ULMEHTe TPeHUs cuna
TpeHus paBHa pmg, a YCKOpPEHWe, Hanpas/ieHHOe MPOTUB CKOPOCTU, PaBHO Py,
06a aBTOMOOMNA OCTaHOBATCA OAHOBPEMEHHO. [1nA HarnfagHOCTU MPOBOAUTCS
CMefyloWwmnii onbIT: C NMOMOLLbI YCTPOWCTBA M3 ABYX CKaTtoOB C O4MHAKOBbIM
YIIOM HaK/oHa W CNYCKaeMOW TeneXKkoi, Ha KOTOpyl B MNepBOM OfMbITe
KnageTtcs ofjHa, a BO BTOPOM —iBe Kade/lbHble NAUTKW, UMUTUPYIOTCA NErkunii n
TAXeNbIA aBToMo6UnM (cM. puc. 1). Mpu ygape o Kpaik KOPOTKOroO cKaTa NAMTKK
COCKOMb3HYT C TENEeXKN U ByAyT CKONb3UTb BHMW3, MOKA He OCTaHOBATCA. M3
OMbiTa BUAHO, 4TO 062 aBTOMO6WASA NPOMAYT O4MHAKOBbI TOPMO3HOW MyTb.

Ha aHrnuniickom A3bike

Grimm R.D. A classroom demonstration of automobile stopping distances.
"The Physics Teacher”, N.Y., 1978, No. 11.

Recognizing that physics course material is often irrelevant, it is necessary
to identify physical concepts with things that are important to students. An
example of the stopping distances of two cars with different masses can teach
some physics. It is shown that if the coefficient of friction is the same for the
two cars on the same surface, then the friction force is pmg and the deceleration
is pg, independent of mass. Thus the two cars will stop at the same distance.

A simple demonstration of this concept is set up with two ramps with the
same angles of inclination and a cart with one and then two bathroom tiles (see
Fig. 1). It will be seen that the two tiles will skid to a stop in the same distance.
The same will be true for the imitated cars.
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MpriMepbl aHHOTaL MK

Hapycckom si3bike

JeMoHCTpaums TOPpMO3HOro NyTW aBTOMOOWASA Ha YpoKax (u3nku. Grimm
R.D. A classroom demonstration of automobile stopping distances. "The Physics
Teacher”, N.Y., 1978, No. 11, un. (aHrn.).

PaccmaTpusaetcq npob6nema oTbopa y4yebHOro maTepuana, afeKBaTHOro
NpakTUYeCKUM MHTEpecaMm Yu4alluxcs CTapliuX K1accoB CPeAHel LIKO/bl Mmpu
n3yyeHnn Gusnkn. OnucbiBaeTca MNPOCTOA  OMbIT, AEMOHCTPUPYIOLWNIA
He3aBMCUMOCTb TOPMO3HOFO MyTW TeN OT MX MacChbl NpW YCMOBUU OAUHAKOBOA
HayasbHOM CKOPOCTW [BV)KEHUS Ha OAWHAKOBOW MOBEPXHOCTU MPU OLHOM U
TOM e KO3Ip(huuneHTe TpeHus.

Ha aHrnninckom asbike

Grimm R.D. A classroom demonstration of automobile stopping distances.
"The Physics Teacher”, N.Y., 1978, No. 11.

The choice of facts that can teach some physics and are at the same time
important to high school students is discussed. A simple classroom
demonstration showing the lack of dependence of stopping distances on mass
provided the initial velocity and the coefficients on friction are the same for
bodies in motion on the same surface is made.
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