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Ilpeanciopme

DTa MeBOALIITAA KITHTA, TPCTIASTAGCTA B TOPRYI0 OTTCDETL CTYICTTTAM,
MUY UAIOIIAM MATCMATHKY B POCCUACKHY BY34X, A TAKKC J100LIM MATOMATH-
KM, PRCJAOLMM HOBLICHTL CBOH VPOBOLL BSACHES COBPOMCLLLLIM ALK H-
CKHM METCMATHYCCKEM S3LIKOM. YCLUCLIO HPOPAaloTEs ¢, Bhl CMOHCTC 111-
CALb MATEMATHYECKHUE CIATBY M KHULI'H HA LPHIMMHOM AHLIMACKOM W J3xe
HEPEBOAMTD MATEMATHMECKNE CLATBY ¢ PYCCKOr0 HA AHLLIMACKUNA HA ¥POBHE,
O.M3KOM K UPOMecCHOHANLHOMY, sl 91000 He L pebyercs M3HANANBHO X0 PO-
I BIAJIETE F2RKOM, HYKeH JUTITh MUHTMATRHBE ofTHE crorapamTi samac,
YMeHHe TIOHMMATh CTATRI TIO MATEMATHKE Ha aNTIHICKOM {MYyCTh O €Io-
TAPCM }, BTTAITHE TCPMUATIGNOTHT W, TAABIKN, TOTORTTOCTE AKTARITG HOTONT3E0-
BATT CBOW MATCMATHHCCKTC MOBTH (8 110 TVDITLIC TYMATTHTAPIILG THURLITKA,
TOHTHKITIHG TTPH MIIOTOACTITOM maveenmn «Moscow Englishs ) ama ocnoctma
SLILIKA.

C kunroil Mo2K110 PaBOTATL CHETEMATHYCCKY KAK ¢ VIeOLIMKOM [1IpY 310M
ODHTCALUO CACIVET BLILGAIATL 3A81E ), 10 MOMIO (10 HOAL3OBATLES
KAK CLUPABOUHUKOM {0Bpalauces B ochobaoM K [puaosenusy 1w I, Ou-
HAKO B 910M CoLYSAE 3l HACIONTEIBHO PEKOMEH AV LOAbSOBALIE 1M CHAYANIA
OFHAKOMTTTRCA ¢ TIPWHIIITIAMA, Ha KOTOPRX OCHORAHA 9T KAWTA.

DTH TPWHTTHTTE KPATKO HITOWKEHH B MepBoil ITake, KOTOPas, k OTIHTHE
OT TIOCASTYINTING, HAITHCAHA He Mo-pycck™, a "a simple Tnglish, w caymar
eBoCODBPASTION TPOBCPKOH BATITCH TOTOBIIOCTH: CCNT OKAMKCTCA, SITO BHT HETIH-
THIBACTE GOJBLTITAC TPYATTOCTH B ¢C TOTAMATTHA, TO, TIPCACTC T0M paboTaTn ¢
3TOH KITHTOM, BAM TTCODXOIAMO TIOBLICATL YPORCTTL MOMTMATTHA ANTITHCKOTO
1O APYUMM UCTOYIIHEAM.

JleKUMM, COCTABISIOIIMC OCLIGBLIOC COMCPKALIMG KUIMUH, SUTAIMCL TPe-
TEEKY PCHUKAM MaTeMariseckoro (gary.iebrera Brciell 1Ko bl 9K0H0M UK
B pecedem cesectpe 2005 1 B pamkax obasaredabdoro kypea «Malhema-
tical Englishs, Teker kamaoi dekinun {B 206K 1T POHHOM BUAE) BELIEELILBAIL-
cA B JeHh TTPOTTTeRNs Ha cafite wardaka BTTT2. Kpowme sToro, oryiertaw
BHIARANCE (B OYMasKHOM BIAE) TEKCTH, HeolXoHMbBIe AJTA BRITTOTHEHHA
AOMATITATY 38 7aum. OFH TOYKe BKIIOTTEHR B KHATY.

JanaTHe, TPOREICTINIOE TIOEC CETILMOH JICKITHH, MPORCKOTT0 B dopyaTe,
OTIAMIIONM OT JCKTIHOMTTIOTO, ¥ B KAKOH-TO CTCTICTH MATOMATIATO CCRITHOTMITON
BACCAALNC MOAAYUAPOUILON KOWDOPCLLNA: FETULIC MATOMETHHCUKUC 40K 8-



ABL ¥ LOCKE, SAMIITCPCCOBALLLIC CUYLIATCIN, BCIYINEN BHCCAMIIHC BLICOKO-
kba uduuuposaddpiii chairman. {(QAHAKO 18M38 91010 €3ACEUAHMUIY  OCHO-
BEL LAMHENHOR A.e0pel  Oblla BRIOPAHA SUEMEHTAPHON, A3J08KOH 0L <MEHK-
AYHAPOUHOLO vposray.) Pous chairman’a gasa na cebu upodeccop BITD
Atiar Mapmamn, Tiro MyBCTRO 10MODA B OTAPOBATETHHEI SPUTAHCKTH aK-
TEHT JTODABITH KITBHH 9TOMY SaHATHIO. [3 KHITe, ¥ COWATEHTTH), ROCTTPOIS-
BECTH 5TO 3aHATHEe HEROBVMOKHO. [3WeCTo 3ToTO B Hell MMeeTCs Tmaka, Tie
AATOTCA COBOTH, KAK JTCTATE JTOKTATN 7 THTATE JOKTTHH.

B kypee Suimo neero 8 aaratail, 7oA mux — nexnme. Kype sakartmnan-
€3l LIMCLMOLIULIM LBV LACOBLIM 3KEMCLIOM, HE KOTOPOM OLLIO TPy 3sa0am;
(1) uepescerd na AUrMACKUE OAOCTPALIMYILIA KVCOK HCAUBLCH ¢1aTLY 1w
POCCHACKOIO MATCMATHEICCKOLO ACYDPLALL; (2] paceTisulL aprukiv B al-
LUMECKOM MATEMATUMECKOM TEKCIE, B KOLOPOM APUMK.IH, 8 TAKIKE MECLd,
L€ MOMHO LOCLIABMTE 8P THK b, Gbldi 3AMEHEHBL MHOIOTOSNMIMES {3) HALM-
care counnenne (obbemom upumepro 300 cloB) LPO BOSHHKHOBEHWE HEEH-
KITHTOROH TeoyeTprr. A ORI VIMRIEH TeM, TTO CTYIEHTH B TIEIOM XOPOITIo
CTIPARHITHCH ¢ ATHMH 3 aHTAMH, TPHITLTOCk TTOCTARHTR TOPa3ng GoakITe
MATCPOK, TCM 0OBIFNMO. B fTACTIOCTH, TCORIAAITTO OKAZAI0CT, TITO OOABITIC
MOAORATILT CTYACTITOR He30THOONI0 HIH MOYTH Se301HO0TMITO . DACC TARHIN
APTHKTA, XOTH CTUTACTCA, TTO 3TO MOTYT JCIATL TONLKO TTOCHTCTH ALK

Kpose vereron ackliui, B pacuopsaKeidl cIyiare ol Kypea DLl 1sa
LPHAOAKCIIA (311 HPHIOAKCLME TAAKS BOCLPOMSBCACULL B kuure). Oo ka-
CACTCH LIPCLAOIOB 1 COLKK30B K COCTOMT I3 LPUMOPOB CHTVALME, B KOTOPLIX
1€ MM MHBIE COK3hL U UPEAIOUH AOMKHBL HCLOABBOBAIbC. Jpyroe upuio-
Kedue (He 0DA3AIeNbHOE il M3YUeHKs)  Hepeledatks Moeld (Heoiyvi.in-
KORBAHHOM ] CTATRI MPO COMANTHKY apTHRIeH anrTHicKOTo A3RKa. I3 KHATe
e UMeeTed TTeTRIPEe TTPITMRKERHA: KPoMe YTOMAHYTRIX JBYX, CTh CBOIKA
ocHORARTY mabtoron {(TTpuaowernne T) 1 0TRETH-KOMMENTAPITH K 52, aHTAM
{TTpwnoaenme IV},

AnTop Braromapen Cepren JBnoseRoMy 3 TITATCETLIOE B ¥VMTION POTAK-
taponartae, Mapun Bukonoit, Baamvy Paaromony v, nakorern, sapmrepeco-
BALLLIM CAHyWareasM kKypea 5o BUID, 4nn 38Medauds 10M01iM W3a0KuTL
TCKCT DOMCC HOKOMHLLBO,



Chapter 1
Main Principles

1.1. Prerequisites

The prerequisites for this course are a solid knowledge of mathematics
(in Russian) and some knowledge of mathematical terminology in Fnglish.
No advanced knowledge of the English language is required: writing or
speaking correct English is not a preregnisite, vou should only be able to
anderstand sirmple ferts, snch ag the one in this chapter, possibly with the
help of & dictionary.

The goal of the course is to teach vou to write and speak inathematical
English.

To do thiz, you must understand, Gesi of all, that English, unlike Rus-
slan. i not a gramimalical language  correct English cannot be oblained by
following a finite set of grammatical rules,

good mathematical English comes from usage

ie, [rom using only those siandard construcifons thal nalive English speak-
ing mathematlicians ordinarily use.

Are there many such constructions” Actually very few are needed Lo
produce a good text  this is a wonderful property of mathematical Tnglish,
a linguistic fact that makes our approach to teaching that language simple
and efficient.

You will never master mathematical English if yon don’t follow the main
rides

never translate from Russian!

I order to produce a good mathematical text in English, never begin by
expressing vour mathematical thoughis in Russian, frsi clarily to yoursell
whal it Is you wanl lo say malhematicelly. and then express il using the
Tinglish constructions that you are familiar with. Tiven when you are in fact
performing a translation of a Russian mathematical text, don’t translate
first understand mathematically what the author wants to say, then express
it in vour own words, by means of those English coustrnetions that vou are
sure of. To do that, vou need to have a colleetion of standard expressions
i your memory. 1 call these expressions clichds,

=I



1.2. Clichés and parts of speech

By a cliché (wafiaon in Russian) T mean a lixed text with variable entries
(i.e., blank spaces Lo be filled in by words, expressions or [ormulag ol the
appropriate type). Tlere is an example:

For any [~ there exists a | such that [ ].

By filling in the empty spaces (specifying the variable entries}, we can obtain
the following sentences:

For any & = (0 there exists a § = 0 such that

x—xg| < d=|fla}— fze}] < &

For any hraid b € B,, there exists a sequence of braid generators
Dipsoo-o by such that =8 - ... - by,

as well as many other popular mathematical statements.

T order to obtain a syntactically correct sentence from a cliché, we need
to fill in the cnapty spaces by the appropriate fype of variable, In our stdy
of matheniatical English, we will consider six types of variables, which we
call parts of specch. Our parts of specely are completely different from the
parts of speech of traditional grammear (whicly are nouns, verbs, adjectives,
adverbs, pronouns, conjunctious, prepositions, just as in Russiaa). We list
them below with their abbreviations {without giving any lormal linguistic
delinition} followed by typical examples.

Objects {obj): Banach apace, f(z}, £ > 0, the Abelian group . a second
order differential equation solved w.r.t.! the highest derivative, ...

Maodifiers {mod): continuous, twice diffeventiable, singular, normal, pos-
itive definite, irveducible, siall, diservete, noncontradictory, ...

Propertics {prop): continuity, smoothness, Lebesgue integrability, Jor-
dan measurability, infinite diffeventiability, .. .

Refercuces (ref): Theorem 1, the previous lemma, Gauss™ proot, the
Poincard conjecture, Hilbort's 10th 'roblem, Definition 3.1, ...

Links (link): and, or, i, such that, whenever, when, which, ...

Openers (opener): Then, Therelore, Without loss of generalily we can
agsume that, Suppose that, This means that, ...

PAGEpenrary pa e L paciiappoislismemed ki with mspect 1o M Meioisyeres npe-
LMY WCCTECUIO 5 UeORMANLILLX TORCTHN, LAUPIMC], B A0CKC UK MArCMETILHOCKILY
JOKIAIAX WA MekUHax. Jdpyraa abOperuaTypa, 1acTo NOABRTIKANAICT Ha JOKIAIAX,
5.1, oma osmaaeT such thatf; vemoTksys obopoT ¢ There exists a ... such that . o» am-
LUOSLSLI ML QORI HE 1L AOCKS LALCRIMEA LAMINeY ¢ 1o, S0, oo .oe.



Lin some clichds, there are clipty spaces that must be filled not by parts
ol speech. bul by malhematical slatements, e.g. lorinulas or senltences con-
strucied [rom other clichés, go thal our consliructions can be, in a sense,
recursive. Emply spaces [or formulas or siatements (which are not parts
of apeech!] will be denoted by the word claim. Tn particular, claims often
appear in empty spaces on both sides of links in clichés such as

[cladin] and [claim] or  cloim] whenever claim).

1.3. Example: a simple mathematical text

"To see how much wathematics ean be correctly exprossed by using a very
smiall munboer of clichds, let us now carchully read the following inathematical
text {an lntroduction to the theory of smooth manifolds).

Iin this short text, ag in all mathematical texts, the correct use of articles
(Lhe, a, an) is extremely important  incorrect use ol an article often makes
the text migleading, diflicult. 1o understand, or even gell-contradictory. For
example, if an Tnglish speaking mathematician reads the sentence “T.et 7 he
a set of integers” he will be very annoyed (and possibly stop reading further),
because in mathematics the symbol 2 alwayvs denotes the st of all integers,
while the sentence in guotation marks means “TTveTs Z— TOTMITORCC TRG
MTIOAKCCTRS, TICTHIX 9reen . In the above sentence, the article “the™ should
be used instead of *a”, so that o will read “Lot 2 be the set of integors™.

Lin the text that follows, all the articles are used correetly, but 1 will not
explain why, We shall study the use (Le., the semausics) of articles in the
next chapter,

DLFINITION. A smanifold 15 a pair (M, A), where A Is a topological
space and A is an atlas; here the atlas Aisaset A = {d,: Uy — B")
such that

{iy I’y < M iz an open set;

(i) b Uy B™ ig a hormcomorphisin;

(i} |,y U M.
Fxavpres. (1) A s B* and A = {id: " — E").

(2} A is the sphere 87 and A {p;: 8 vny > B 1,2};
heve py andd po are stercographic projections, g, ne are the Sonth
and North poles.

DrrnrrioNs. Suppose that (M, A) is a manifold and o, 8 € .J: then
Gy q}gl Tty g 15 a fransition fanctuon,
Purther, (M, A) is a smooth manifold it

tos € CF(B") Vg € J,

9



where C™(R™) .= {f: B" — K" f is an infinitely differentiable
map}.

Suppose that (M, A) is a smooth manifold; a smooth embedding
is a map h: A — R® such that ko oi': 9.(U,) — A([7,) is a
diffeomorphism Yo

THREOGEM | (Whitney, 1921). Suppese that M is o smoath manifold
and dim A n. Then there is a smooth embedding h: M > B,

Analvzing this text, we see that—amazinglv—all its sentenees are ob-
tained from three clichés (basically, from only one cliché), namely:
obj] is obf|; [obis] ave ohjs]:  [ref].

with the help of only four links (where, and, such that, if ) and four openers
(here, suppose that, then, further}!

1.4. Basic clichés
To conclude this chapter, let us list ten more basic clichés, which we will
constantly use in what follows.
consider [¢hy]
Cousider the 2-dimensional vector space over F;.
for any |ofj|, |elaim|
Tor any = C R, the fnnetion ¢ is positive.
let |off be |abj| or |mod|

Lot A be alinear operator in Banach space.
Lot the operator A be compact.

[ref or proy] implies vef] or [prop

Differentiability implics continnity.
Theorein 7.3 Imiplics the Poincard Conjecture.

[ref or proy] implics that [cloém]
Eeq. (3.1} implies that the solution is umigue.
there exists a [ofj such that [claim)

There exists a point @ € 7 such that flx) = @

10



if [cleim], then [elodim]
It f: B2 > D% is continuons, then there exists 4 point x C I squch that
fley
there exists a unique [obj such that [cleim]
Thoere exists a unigue point @ € 12 such that ¢® = 17,
|obi| is called maod or ofj| if |cladim|
A group G ig called Abelian il gh = hy lor all g, h e G
A topological space X is called TTausdorff if X satisfies the axiom 7.
denote by [symbol] the [ob)
Denote by P2 the complex projective plane.
the set of all [objs is a [ohf] wats obj
The abbreviation “w.r.t.” stands for “with respect to”.
The set of all translations of the plane s an Abelian group w.r.t. the
coimposilion operalioi.

When the above clichés are nsed, a “claiin™ can be o mathematical tor-
nula or several mathematical formulag separated by the words (“links™)
wheve, for, and, whenever, for ofl For example,

. {az | B)/{cz | dYforae  bd /O,
Stab{w) {gc G xg x}, wherer C X,

are claims.

Expreise 1.1 Wrile a one-page (approximalely 300 words) introduc-
tion Lo group theory using only constructions based on the clichés (hal were
listed above.



I';maBa 2
Kak mamucarb mpocToi
MATEMATHICCKUIH TCKCT

TTasoBeM METCMaTMYeCKUE Teker Lpoctbmnd (simple), ecom kasuan ero
dpass LOTYIeHa. 3aNOHEATeM TePCMCTTTLIX TONEH OIHOTO TTabIona (M3 TeX
11 wabuomnos, 4To BLIAM B UCPBOH 151486} HOTXOIALIMAMN «HACTHMI DEMLLy,
Henn macrosiued 1aaBhl Hay<HTh BAC TPABMIBHO LLICATH MPOCTHIE MaTe-
MATHYECKH¢ TOKCTLL

JLIA 10r0 Mbl HAMHEM C LIPUMEPA, TOTO, Kak HaJ0 ¥L0 ASNaLh, 8 ITMEFHO,
TIPORLAITSTPYCM XOPOLLO BLITOMITCNION YUPASKHCITHC (COCTOABITIOC B TOM,
41000 HULMCATb OAHOCTPDAHMYHBIA 1eKCT O TTadallbHBIX LOHSTHIX TEOPDIH
PRV, HOFB3YACh TOILKO TTAGIORAMA, TOPCTUCICHHBIMA B KQITIC TTRCARLTY-
wedt 1asu). 1locie 91000 Mbr LOIOBOPUM O TOM, KK HE Hed0, M LPUBEIeM
PAS MPEMEPOB OIMITHOK, XAPAKTCPITLIX ATA PYCCKOAZRITHRIY aBTOROE aHTIHiT-
CKMX MATOMATHUYCCKUX TeKCToR. b 3aiiOoMed e FIaBLL MLT HOLUPODYCM Puso-
BpaTLOA B CMBICTE APTIKICH T ITAVYATLCA WX LUPaRILHO PACCLABINLL B
HPOCTBIX MATCMOTHICCKUX TEKCTAX.

2.1. Ilpoctoif maTeMaTHYeckuil TEKCT: KaK Haa0

Teker nmae  Aomanmee sagarme (Ex. 1.1, c. 11), Brwosnensos ou-
TTHM M3 CAVIIATCICH KYPCa, HA KOTOPOM OCHOBATIA 3Ta KIHTa. B 3TOM Tek-
CIe &LUOCTOSLHBIE CJI0Bas ACTTONL30BATABIY THAGIO0B BLLICTCULL 2KTTPTILIM
mprdrrom. (TIpw 3ToM B wabmoue [ref], maupumep s 3aroioske «Binary
OPOTations», UCT DOCTOAHHBIX CUOB, I LOTOMY B TEKCTe B HTHX TMabloHax
LT HUKAKHX BbLASIEHTTH . )

§1. BINARY OPERATIONS

DEFMNITION, A map «: S x § — S is called a binary operation on
ihe sct S, Denote by s) = 55 the image of the pair (81,83}, 8 % 80 :=
*(S'[ y 82).

Exavperig. (1) The addition of yeal nuunbers is a binary operation.
(2} The multiplication of complex numbers is a binary operation.
(3} Let (X)) be the get of continuous maps of the topological

space X into X; then the composition of maps (f.g) — fogis a

binary opoeration.

12



(4) Let A be the map A: {z.y) v log{ey): here o and y are positive
real numbers; then A is not a binary operation, hecause the function
log{x) is not positive if # < 1.

DErIKITION. A binary operation # on a sei, S is called associative if
(axb)re=a=+(bxe) forallebces.
The operation * is called comrnutative if
axb=bxa forall abeb.

ExaMmpLes. (1} The addition of real numbers is associative and
commutalive,

{2} The composition of continuous maps is associalive and not
commutative.

$2. ABSTRACT GROUDPS

Let G be a set with a binary operation . Then the pair (G, *) is
called a growup if

(i) there exists a unique clement e € G such that
exp=g+e=g [orall ¢gc

{ii) for any g € G there cxists a uniqne element ¢ ! © ¢ such that

gxg ‘=g lxg=2¢

(iii} the operation = is associative.

Let (&) ) be a group; then the clement e is called the unit element
or the neutral element, the clement g~ is called the inverse clement
to the element g, and the operation = is often called multiplication
or product. A group is called commutative or Abelian if

gxh h=xg forall g hed.

ExaMpLES. (1) The set of all comnplex numbers with respect to
addition is an Abelian group;

(2) the set of all positive real numbers with respect to niultipli-
cation is an Ahclian group;

(3) the sct of all bijections S, of a [inite sct {a;,...,a,} with
respect to compozition is a group; the group 5y is called the permu-
tution group on n elements; the group 9, is not an Abelian group.
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C.‘-.,J.EE,U\}"EPT OTMOTHATT, IO ATOD TEKCTA [HOFROSTHT ¢eB0 LEMHOLO OLCTVITHLR
T }"[.‘-,TIOBTTﬁ Ju AR OH MOTLIORATCS AR MA I.Ll‘d.6JI()ll‘d.h-1]_1, KOTODRRTY T BLITO
B OCHOBIIOAD CITTCKE] HAICHIND, 3TO LABAOTITL

[ot] is mot [mod una obj|
|ohy] is often called [obf mum mod|

A o TeTEM coneeTt A00ABUA X K OCHORHOMY cuueky. (OTmMertin Tak-
WKC, UTO AT0D HCLOML30RAT CORCOM HOBOILUIOR 1a50p BROTHRLX BRIDAIKCII
{opencrs), nyeHIo then, Aere, 1 cocauBaonunx clokedex (links), mcnno and,
or, hecouse,

BrioaHeraas padoTa DoRaILIBAEL, 1re 1eD0NLIN0TY CTIHCKa OCHOBHLIX
oBnuTx MabIoHOR Xnaragl, 2robbl 683 TPYAA THEATR SICMCIILADIILIE 1KLL
1o ob1el w.redpe, TIPIT 3TOM TIYIKIO TOMLIOBALLCS CBOTMK MATCMATHTIC-
CKFMK MORTAMA, TTOOLL YIOKMTL 1O, TTI0 Bbl XOTHATE CKASALL, T DUMKL Pag-
pemerAanx obigrx obopotos. (BMpodges, caMuil gocaeand#t n3 nrabIonuR
LALIETO CUNCKA BPAT A1 MOKIIO CUMTATL OBLIFM 370 OYCHBL crenudm-
HRTH 1036101, KOTOPLIA MCLOABZYETCS TONRKO UPH BRGISHUH amredpanse-
CKUX CIPYICIYD HE MHOMKCCTRC Ol YACTO BCTPETASIC TOMLEG B anredpar-
ueckitx Tekerax. HoaobHble clerAdhbmuecKnes WabIonLl #MOIOTC BO BUEX
DUBIETAK MaLTeMATUKA, ML HX ToXKe OyAeM U3y1arn B 3TOH Kaure.)

2.2. Kak He Ha0: TIpUMeEpH] TAMMYHBIX 0ITHNOOK

[Mepeiiaen K cuucKy THUBYHLIX OLADOK, HOARISLIOIITXCH T HATCAHITT
TEKCTOB 1 TP LEPOROAAX € PYCCKOTO. FIX HETOTHIK — MOCTLLATHAA LPUBbIKA
MOPCROIHTD CI0BA, BMECTO TOTO LroDLI TOPCBOIANTD CMLLCL.

Eme onno ofee 3aMedaline o TOCTOBIOM Tepepoe: ARLIWHCKITE va-
TEMATUUECKWH AZRTK OUeHP JAKOHHTCH 1 TUIOXO TIERCIHOCHT MYCIOCTIORHC
{(racto neTpenalomescs B pyceroM gsuke). Tak, ramano dpasn «B zamaue
O UAKOAGICHUT DELLEHAR YPABIICHUA 5-TO NHOPIUKA [IPEUCTARMLNETCA HO0DX0-
AMMbIM...» (WATHDYIO U3 ¥BAsKASMOL0 ¥uedluKa o anrehipe) cueyeT BLIpa-
IUTE UO-AHTAMHCKT TaK: «To solve BLh degree cquation, one must. .. » (33 we-
TATHRX 3laka paecro §91). Baecs mponanm cnosa-napazuisl «B sagate o»
(e necymue HAKAKOR THOOPMAUIHY), OTTRAIOILHOC CYILECTRUIeNRHOC €Ha-
XOMCACTILE PETTIEHM: 3AMCLTION, JAETHRELIM [aaronon «fnds uw macennnnri
OGOPOT <UPEICTABIACTCA HCOOKOMUMMLIM S 118 AKTHBHBIT TIROMATITCCKTH
ODOPOT «ONe I1Ets.

Crrcox omyboR MbL Ja0M B BUAE KONKPETHRIX TPAMCROT, CDaly 18 all-
LUMECKOM 23L0IKS. BLL JerKo BOoceTaHoBere PYCeKAR opHTHILT KAKIoN (pa-
311 {0eou 0 SLUT) HOCTOBHEIN ODPATHRM MEPERGAOM. Cpasy TTOCIC LPUMCPa
bl LOACHACM, B 4EM COCTOML OTITHOKH.
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TEPMUHOGIOFHIO [[YZKHO 3HATDL, A [IE HOKATE B CJI0ORAPE!
1) Let v be a proper vector of the operator A.

Huwaxmx proper wectors no-anrnuiicky we BLBaeT, a BBIRaOL ewgenvectors,
a TAKKe eigenvalues.

2) A Mersenne nwiber is a simple number of the form . ..

Hyzato ne sémple, a prime. Ho 3aT0 npocrad rpyuua uepesonTes kak sim-
ple group.

3) Let K be a compact, in B,

Cuono compacl  seerna mprararensioe! 3aecn nyx110 compaect sef, mam
compact subset, waw compactum.

4) The elder cocfficient is nonzera.
Baecro elder (GyksabUpil Tepesos ¢0Ba, cTapiuuil} mymuo leading.
3) W1 is the space ol generalized functions.

ADEIonEpMHEIC MATEMATHRKA KaK TPABKIO 11¢ UETONR3YIYL BHPAIKCIIN: geN-
erelized functions, KOTOPOE BCIPEUACTCA B OCHOBIIOM B CTATHIIX, LEDERCASH-
HBIX ¢ PYCCKOTO. 3aeck Ay distributions.

6) The space X is lincarly connected,
TuROro TepVRLL ¢ CYIIECTBYCT: BMecTo Hneardy 2a0eh HYH0 path.
7} The definition of muliiplication is correct.

Cuono correct 03nA4ACY TPARAILHD, o e Koppexrno, Hywxuo: The product

is well defined.
8) Consider the algebraic inanifold V.

Ho-anmumiicku ner nnkaxux algebraic maenifolds. Hysxuo variefyy.
9) The operator A is positively defined.

3aeck positively defined — 3T0 LOCTORHRI MCPEBOL ¢ PYCCKOTO {meperogUTL
HY KGO G ¢I0B, COCTABATIONIHE TEPMUIL, & OTO cMblcal), a HYKIO posilive
definite.

Let TPEGYET MHOUHHUTHUBA!
10) Let (G is an Abelian group.

[TozopHas, HO YACTO BCTPETAIIIANCH OMADKA: BMECTO 1§ 3700k HOOBXOIU-
Mo he,

11) Tet B Lias a singularity at the point p.

Buecro hes 3a0em geobxogunvo have.



ITOCHE cun M must HREJIBS3A CTABW L to!

12) Now we can to prove Theorem 3.5.
He nyxen fo.
13) To establish Lemina 2.1, we must Lo prove (2.3).
He nysoen sropot (ol
H0T0H PYCCKUE 3ATLA b

14y Take any clement » € X, such that & > xg.
Savsras uuunus (310 rpydaa oMbicoRaa ommokal).
15) Suppose ¢ is the group, that was considered in §2.
OMTAT TUILEHS 3aTATAL.
e HATPOMOMKIAATE of 'L
16) Thercfore we musi suppose tliat there is the necessity of generaliza-
tion of the methiod of bifurcation diagrams of V. 1. Arnolc.

Henpza Tak muo1o of ‘05 1 ¢TOMLRO BeCeoqepKaTelRRRTY CYLILeCT B TILILIK]
Hyzxno upome, nanpisep: Hence V. 1 Arnold’s bifurcotion dingram melhod
must be generalized. 3umoTry, TTO MexoaHan pyeekada dpaza (Koropas -
HO MHE OT0HE HE HPABULICIL) BLOJNC XAPAKTCPIA IIA MY MaTeMaTdo-
CKUX TCKOTOB M Y DONIBITIAIICTRA MUIBTEnel PASAPAKENHS 11¢ BLIBOBeT: «Ta-
KITM 0DPA30M, Mbl LPUXOAUM K BLIBOTY O HEOBXOTHMOCTH 0600 LLEHI MOTOI,
Ompypranuounrx aparpasy B H. Apnonnaas.

17) The sct of prime elements of the subgroup H of the group of bijec-
tious of the set § of all finite sequences is finite.

DPpasy HYKHO PAMHKAILHO LCPCCTPORTR, HATTPTMED Tak:
Consider the subgroup H of the group of bijections of S, whoere 8 is the
sct of all finite sequences; then the st of prime cloments of H is finite.
BEPETHTHCHh KOBAPHO!I'O which!
18) Now we use the singular homology theory of the space AF{(X) which
will be constructed in Section 3.

Which— o 2107 TTro Gyaer constructed — TCOPHA T CAMO LPOCIPHIICTRO
AR(X)? Ecnn mo-pyecku B0 KOTOPAS — 3HATUT, TCOPTA, W TOINA BMOCTO
which vooxHAO nauweaTh ; this theory (oBpaTwic BIFMAMe Ha TOMKY € ulla-
roill), a cean koropoe — ; this space,
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'ABHOE
19} F iz equal G.
Hyxuo: F is egual to (¢ mn F equals G.
20) On Fig. 3.
Hymwno: In Fig. 5.
21} The function f is discontinuons in the point @ = 0.

DBvecio i Hya<HO ol

2.3. IlyuxkTyanua B aHCANCKOM A3BIKE

B o1ndrepe o7 pyeckoTo, B aHITTMECKOM S2LIKE TICT JKCCTRKUX UPABKIT 1A
PACCLAHOBKM 3aL1TBIX M APVTAX 3HAKOB TIPellMHanus. Bors, 0aHaKo, Takoi
OOTIIFTH TTPIITIET

3aTAThIC ¢TanaTeA TIMH HE Clapsrcs g: }’,;106[.'-1‘]5?1 HTTATIIEL W ATTE
L0, Q1oBET 0bIerSLrh TTOHMMAHHE TeKCT. TIO ROAY 210 1.

(B pyeokoM S3BIKE HE LaK; HCCKOJLKO YTPTWPYA, MOXHO CKA3ATEL, TTO pye-
CKAC TIPARFIA UVHKTYATTH LPECISLYRYL COBCEM JAPVIVIO TGN LOKABALL
UMTA TR, WO ARIOD BIATCCT ITHMH TTDARTLIAMIT. )

Tew e Wetee, YIOMARY LU Bule oBIME UPATIIET IOIL3A TPAKTOBATE
KHAK € KHK XOYCLIL, TAK M CTaBh». H3 HeTO caeiyer Heckonb ko 0BMEeTPUHITEIX
KOHKPEIHBIX TTReATHCAHTH.

1. Ilpu uepermeieHH HO00 ABYX GIIOPOIILIX TTICHOE MeXIV MY CTa-
BATCA 3aTTATAA, T TOM “UICHE [EPE] LHOCTEIINMM 13 1IUX, TAMKEe CCIH CMY
UPCALIOCTBYEL COI03 and.

Bot neCKOILKO 1pUMEpOR:
The points 4, I3, £, and I lie on the game quadric.

OBPATATC BHUMATING, 210 B PYCCKOM TCKCTC TIOCTEIHION 341FTYI0 CTABW b
eI !

Both groups ¢ and H are amenable.
The surfaces RP2, §2, and S?#RP? are nonoricentable, orientable, and
nonorientable, respectively.

2. Toeqe BROMHLIX BLIPAKCIMA (OPCNers B HAIMISH LepMUHOTOTTH) Lepo
ISTABILIMM LIGATEHAILEM T CKABVOMBIM CTABTTOA 3aThlas, 38 HCKIIOue-
MUCM TCX CIVHASE, KOMTa OPencs oKuHYTMRACTed clIoRoM (hal
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IIprrveps

Therefore, the group & is solvable.
It follows that ilie group & is solvable.

3. B MarcMaTHveckux reKerax THEH? HCIMTOTRI Ve LCH OMeHL DOJTKG, T TOGILKG
AT OLIETEHNA CANMOCTIOHNIETHHON BUTARKT OT OCHOBHOLD TerCra; JTaA
HAOCHKAHHA e HDOBTORA THRE HHKOT/(EQ HE HCIIOGVIL3YETOH BRMOCTO MIANOTa,
B TAKHX Col¥TIadxy CTABLTCE 3alTaA.

Ipumep:

An infinile finitely generated group has infinitely many subgroups, a
finite: group, finitely many.

3,3,[‘-(:]_, BAIHTO BTO[')OEI ZHUSTOH UIL3A CTaBTLb APVCCKO T,

Supermanifolds  whaiever their dimension- are alwayy complicated ob-
joets.

3Aeen BMECTO TBYX THPC MOKHO MOCTARLLS SALSTLLC, TI0 3TO IOCKOTbKO -
MeHML CMLLICGIL (DPash: Borabka whatever thetr dimension LOTePAeT CBO0 ax-
HCHTAPORAHAOCTL, CMEBIC (hPasHT HYaer DABIOCILICTL CMBICLY DOJee «BaloHs
dpaszol Supermanifolds of any dimension are elways complicated obiccts.

B saxmouenue storo maparpada ocraoBumes Ha (JOBONbHO TOMKOM!)
MPABIIG, CBA3AHHOM ¢ BLUTCACIIACAM  HORRLASTEHHEM 13 SUlATLIX TAK HA3bTR-
emblx restriclive/nonrestrictive clauses, Haunem ¢ Apyx upusepon.

For # = 5, the homology groups of a compact n-manilold that may bhe
triangnlated can be computed by using simplicial homology theory.

The honwology groups of a compact Z-manifoid, which can alwavs be
triangulated, can be computed by using shmplicial homology theory.

[Touemy Bo pTOPOH (bpase UPKIALOTHOE LUpeLIOKeRTe which can ahways
be triangulated BLIZCICIIO 3ATATEIMIT, B TO BpeMa Kak Hhat may be triangu-
{oted 1 epnott dpase rax ne semenrcuo? Jdeio s roM, 4o © mepsoii bpasze
UPHAATOHIOE LPeiIoAenne cyoeaem kacce {rostricts the elass) pacemanpn-
BaeMblX MHOLOODPARNH, B TO BPeM KaK BO BIOPOH CODTHETCLBYIOTITEC TP T
LOYHOE PACCMATDURACMEI Kmace MIoTooODA3KEA te cyxaeT. [Ipy »ToM comu
yOpaTh MRWAATONHOC TPCITOKCIRC B UCPBOH Gpase, TOIYTIM T0KIOC Bhl-
CRABLIBAHTIC (HOTEPIO, Y10 BCC 7-MCPIILIE MIIOFOOSPASHA TPHARTYILPYCMEL,
H LOTOMY LCALIA COCHUTETh MX CUMITHIMAILHLIE TOMOIOLAH), B TO BPEMS
KAK BO BTOPOR (hPase upuigronnoe coodIaes ToTOIHLIETLHYI0 THGODMA-
OUIO O 2-MEPILIX WHOLooBPasusx (& UMEHHHO 10, TFT0 OHM BCC TPHAHTYIIH-
PyeMbl), HE CiHcas TTPT 3U0M IGTACC $LTK MHOTOODDAIMH, TaK 1T YAAISHTC
ALOL0 UPUIATONIOTO HE BIHAST HA MCTHHHOCID BBICKAZhLBAHLSL.
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ClLicdyer Lakze OTMOTHTE, 410 nonrestrictive clauses nauupaiorca co
eroka which (Mocuc saugroit), B 1o npeMa kak restrictive clauses maanaa0oT-
e (e samaroil) co cuosa hat. Bropoe yrsepiIenic TOTo TPCIUMCATING,
MICBZHPA TR 10, 410 OHO ARHO YKAZAHO § TTPARFLIAX LI aB10pOoB, COCLaB-
JEHHBIX AMEDHKAHCKIM MATCMATHTCCKUAL ODIIECTBOM, HIACTO HAPYILACTCA,
QCOBCIIT0, CCIM CIGAYIOIEE CI0B0 — 16 {110 Pas3yrno, HOO OCIOBIGH CMLICT
CTOBOCOMETAHKS FhaGE 18 — 3TO <TO eCTh» J.

CranmapTiag GOpMyIUPOBRY cOOTBOTCIEYIOWE0 TPABMTILA. Ha, AUNTAN-
CKOM ABBIKC 3BY4YL Tl

Restrictive clauses are never set off in commas, while nonrestrictive
clanses are always set off in commas.

DTO TPABKIG JOBOJLIO LPYAHO I8 LOHMMATIHA 7 TI¢ TMOCT AHATOIOE 1
PYCCKOM s3blKe. Beib MTo-PYCeRH Mepef CIOROM <KOTODLIC Seezdt CrapuTes
FALTASA, HCRBHPAA L4 TO, U0 910 CIORO UMCUT B4 CORCENM PAZHLIX CMLICTA
ROTOpLIG BCe» 1 «re KoTophier! Ho apTop cmommmT yeuokours <urrarens:
[0 AMOEMY OIRITY, AMCPMKAICKUC CTYVICITEL, J42K€ O{EeHb XOPOTIe, TOXC
JAOCTATOTIIO LLIOXO LOHUAAIOT 3TO NPABKIO T TACTO OMADAIOTCA B HOT00HBLX
erryaumax. (Brpodes, padoTaoiye MaTCHATHKY 04eHb PETKO 9TO TPATILIO
HAPYIIAIOT, OJIAKS Hacro Ty T which (Ges sanaToll) nMeero #haf, sonpexu
IPUBCIEHHBIM BRITITC YRKAZAIFNAM 114 3TOT ¢90T.)

2.4, IIpocTeiiiee HCIOIBE30BaHUC apTHKIEH

B aurinficKoM sE3bIKEe UMEETC Pt APIAKIAA eMIMICTRORHOTO Yuea: the,
@ T NGemel apMUukas, KOTODLIH B TOKCTAX ¢ BIACH (970 uycrod cumpBo),
A ML ByJIenM oB03maMary ero 3nasdkoM L APprukne BaKiaIRRacT CMLICTOBY R
HATPYIKY Ha CICAYIONEe 38 HITM cylectsuTennoe. Moo

I Aprukne the zumadur, 4o 2100 men cossid Wi eduicmeetimttl Mmexol;
1. APTHKIL & 3HaUMT, TO 310 Hewemopuld, odun v maKus;

11 yerotr aprakan [ 3HATAT, 970 970 edisncmeenimili 6 cavesm pode, iru-
RifA

BoT neckosIbKo TTPTMePOB,
Lel & be a nilpoteni. group. Let Z be the infinite eyelic group with

oite gencrator. Consider the set H of all homomorphisms of the
group Z to the group . Let A be an clement of H.

O Grothendicck defined the notion of O scheme, which is now a
[undamental concept in O algebraic geomaetry.
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B aHITIHEACKOM A3bIKE UMeeTCsl ABa APTHKIN MHMKECTREHHOTO TTHCHE, TMEH-
HO the W MHOKOCTERERHBIT HEONPETANCTIHETAL APTIKIIL, KOTOPLIH «BLIAKA-
CTeA» TIYCTLIM CHMBOJIOM {MLT 010 Oyaed oBo3HaYATE cuMBoaom [J¥):

Iv. A'[}'I"'PTKJTB the SITATTHL, TTO 300 GO, G0 KNS TULH et CTReR TR,
V. A])'J."PTKJTB D* JHATHT, "TTO 3T KEKUL-MO, HERMMODHLT U3 TIOKNE.

BEI.ME'I'LIM, TTTO Y YHHEYMOR HET MHOFCCTREIHOL) YT, Tak TTO BOTTROC ol
APTHEIC MINKECTRCTTIIOND THCTA 1A 1IMX 118 CTOHT.
Bor TRH ORTMePa ACTIOL30ORAHMH 'r].'[)'l'lfiKJIE‘-fl MIIOZEECT BOHHOLO TITCIEA,

The eigenvalues of the operator A are posilive.
We will consider only 0% smooth functions.

O0* Polvnomials can have no veal roots, but the polvnomials of odd
degree have al least one real root,

JAMEYMAHUE 1. 34800 7 JAJCC Mbl 110 PACCMATPUBACM CHTVAITHH, B KO-
TOPBLLX HPOUCXOUAT CeMaHTHUECKOS 3aMETITeHHe AR I HKAT ADYTHMUE CITOBAMY,
KaK HATTPUMCD B OPCAIOACTITTAX

This dog is brown. George’s wother died. 1 chose sowme color.

(3mece cnova this 1 George's 3amMewpior sa aprukis the, a cioso some
3aMeInacT apTHKIL a.)

Eerecrsenno, B rex clyHasx, KOLTA TPOMCKOTHT SAMCITCLFC apTHRKITA,
HWKAKOH HacTOATTHI apTHRAL TI¢ CTARATeA.

BAMEYALHE 2 (Bamrmoe!}. Hywe0 NOAMMATR, 410 upasiia I-V He cle-
JIVOT BOCOPHITHMALL KAK TOMHYK H HEODOTHBOPCTUBVIO CHCTEMY AKCLOM
JI BLTOOPA aprukiaei. DM UpaBuia MFOLIA OPOTHBOPCTAT APYT JAPYTY:
HRRBAKL CHTYALFH, KOLAA OAFORDCMEHLIO TRPTMCHMMLT AEA WM TAMKe TPH T3
STHX TPABUT ¥ KaAI0e Tpasiwio 1peGyer snlpaTh ¢sol apTiRab, 13 o1ux
CUTVAIIMAX CMLICIOBAS FAIPYIKA, KOTOPAT HAKJAILTRACTCA BLIOOPOM ApPTHK-
JF HaA CJICAVIONICE 38, HEM CYIICCTRRLCILITEIM, HE CUIhHO SABUCHT T 31070
BRBOPa 3MCCh POYDL WACT O HIOATTCAX CMLLICA.

B npuseaciuiblx BLILE TPHMCPAX DACCMATPABAIOTCA MPOCTHE CUTYALILH,
B KOTODhIX OpHMEHUMO JTMIUL OO0 W3 MPABKI | BLIG0R APVTOTO apTHKLH
PESKO MEH:eL cMbicl (DPazhl WM JenasT ee Hecypasnuoil. Ipaneps cutya-
HUil, B KOTOPRIX HET TAKOH OUHOZAAMHOCTH {OTTH TTACT0 BETPOYAKYTes T ap-
THRJISH MHGKECTROHHOIO THCIAAY, MblL OVICM pa3bupaTts nosadee. Bupodow,
VIR CefiTae MOMKITO OTMOLIHTL, 9TO aAPIHKNL the mopey cnosoM polynomials
B TOCTEUCM MPUMEPE MUOIHAC GITTTOSSLIYIIRE MATEMATHKHA MOUYT M TO-
U¥CTHTE, A TOKA ML JOMAKLLL LAy TRTLCA OTPABTIRIO BROHPATH APTLKIH
B IPOCTBLX { «OLIOBLAMIILIXS ) CALYIaTX,
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K smGopy apTuknacit, B TOM THCIe ApTHX/el MHACKCCTBEHHOTO HHCIA,
MBI DOCTOSHHO O¥IeM BOZBPAITIAILCT B NOCICIyIoWnX riasax. Kpose roro,
B npuioxsen™y [T IpHBOLTTCS CTATLY anlopy IO WOBOLY CMBLCTA apUKIed
HE TOJIBKO B MATCMATHES: LIPUMePbl G8pyICH 103 JIMTeparypHRX (5 Ton ameie
TNOITUICOKHX ) MCTOTTHUKOB.

* ok *

Traa 1 i ' - .

3AAHME 2.1, Hius Karaoro 3 Xoaosuix 10860101108, FKa3aHHLIX B 0ep-
BOf TuIaBe, UPUAYMATITE N TRa NPCIICKeHUS {13 DasHpX obacTel MaTeMa-

'J.'IJJ&H)? QUHOBATIILIX LA 9T0M [HA0I0LE, Ap"l"PIKJTlrl BT)TGTTDa.ﬁ’J.'(E B COOTBOTCIBIN
¢ VRA3AUAAME BLIITE.
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I'masa 3
PazHoo0pa3suM MaTeMaTmdecKuii TeKCT

B 210 1nase Mbl 6}-’,‘1,(?1\-1 YVIHUTLOA I).':\.(Jll()()ﬁpélBT’TTT) Crpoedne OrAeThHB
(_1')_[)6.3 ™ ]}2]131'—'[()()6]_’]}.13PT1‘]_) MATEMATHYECKMA TeKCT B HenoM.

3.1. Crpoenne anrnmiickoil ¢pasn

Ho cuagana gogdepkaen, fTo NOPATOK CIOR W TPYTI GIOB BUYTPU ad-
LTUACKOR $Pashl HAMIION0 KOCTYC, 90M TO-PYCCKH. TUlM4AAA ARTIMACKas
WATCMATHTCCKE (DPAsa CPeIHell i IMHRT BRICIPAMBAETCA TAK:

|opener] [subject] [verb| [direct complement] |other complements).
Bov upusep:

|Therefore,] {the group Zg| {contains] {a subgroup isomorphic to Zy]
[generated by the element 2]

B qacimocTw B ATTTSTHHCKOM A3LIKC Kpaﬁue HeAdena 1'eIbHO OLAE) 5T b EOd-
JOMALCS OT CKAZYOMOLO I MeERATR HX MCOTOMHA (‘I'T‘O TO-PVECKTT SacToO
ALOHALLO C‘.,ﬂ,eﬁ'l.{tl'b), 1 OCODCIITTG . TLITOR SUBYVHEMT OVICTOTTAC TIPSIMOLD) JOTIOGTLC-

ume o7 riaroga. Tak, B OpeabLay ey NPpUMepe KoHIoska (pasol B BLUIE

|Therefore,] [the group Zg) [contains] |the generated by the element 2|
[subgroup isomorphic to Zy).

COBOPLUIEHHO HENOUYCIHMA, A BOT [O-PYCCKT SRYTTHT MOPMANLIG (T 9CM MOM-
HO ¥6e UTREH HOCIORILIM OGPALILIM uepesonon ). Bor apyrod, wacro serpe-
TARGILARCA 1 IWTOXAX TePCBOAAX, TRHMED:

Consider now the varicty V5.
3peck AT TOPMAILIOrG {AHTIITHCKOTO!) 3By4aHMs, HYAHO UEDECIABUILb

TEDNBLIC Mhd IO, Bor eme QT T Ae

The set {1, ..., v, } generates in the complex case the required sub-
algehra.
3aeck BRIpaykerHe i the cormpled cose, OLISIELIONES IIAIOT O 10 LDAMOLIO
JTONTOITHETTTA, CTOWT HE TR Medle o NYAHO Nepeclabills B KOHSL (I)pa?)bl
FLIH T3 CAXIO0C OO TTAMATO.
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3.2. Yacto reTpedawinmecs mabioHb

Tepeiiaem Leneps K 0CLOBLOR TR 3TOF IMIARK  HAYIUTLeT PA3Ao0Gp:-
BUTT MATOMATHTCCKTE Tekersl, Haduesm ¢ uedoanmore cnueka Hadan ¢hpas
{HatoMuLIaI0, IO Uadano (DAL — OPerer 910 OALA U3 TAITAY Tacrell pe-
TH}, & 3ATEM TPUBENEM CTIMCOK YacTO BCTPOTARIITKG WaBIoLOs, CrPy -
POBALLILIX B COOTROTCTRUM ¢ UX CMLICTOBLIM LABTIAMOTTHEM.

BEOJHBIE BRIPAXKEINA (OPENERS)

50 oW then here

hence therefore, it follows that obviously,
clearly, for example it is easy to show that in this case,
note that let us note that “in view of the above, further

in fact, actually, in addition, first,
secondly, however, nevertheless, in particnlar,
thus wo have in this article (chapter, section)

withoul loss of generality, we may assume that
O0paTiTe BHUMAHKE, YTO B UCKOTOPLIX (IVIAAYX ODeNer 3asepilacton
FAMTOR, B APVIHX — 3anaTad He CLaBuIcs.

BBEJNEHUE OBO3HAYEHHUA (NOTATION)

denote [0bj] by [symb]
Denote the projective space by R,
let us denote [0hj] by fsymb|
Let us denote the hyperbolic plane by H2,
by [symnb] we denote [obf]
By GL{n) we denole the group of nondegenerate linear operators in B™.
for fobi] we use the notation {symb|
For the convex hull of X we usc the notation Conv({X).
{symb] stands for [ohf]
Tor((7) stands for the subgroup of finite order clements of G

(Mmelre 3 BuAy, 910 CYIWCCTBATEALLOC Rotation OTCTTh PeAKO MCHOMLIYFCEIea
BO MHOKSCT BEIIIOM YHOIC, HAODAMCD, «TREASKM ()603TTEJ.'I(TFTHJ£» LEeBOIIred
Kak let us introduce the noiation.)
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DOPMYJIUPORBKA OIPEIE, TEHHH

[0bj] is called |mod wmu obj]
A subgroup satisfyving this condition is called normal.
fobj] is called [snod wim obj] if [claim)
A transformation is called isometrie if it preserves distances.
|ohs umw symb] is defined as fobi]
"The half interval [a,b) is defined as {& € R | e < 2 < b}.
let us define {0bj] as [ol]

Let us define the integral fab flz)de as the limit of integral swns as
& — 0.

definc [obf] as |ohj]
22+ 97 + 22 =1},

Define the sphere 8% as 82 = {(x,y, 2) € §?
we call [obj| |mod] If [claim]

Wo call a manifold CT-sinooth if all its transition funetions are CT-smooth.
MOPMYIHPORKA TEOPEM

if | cleim ], then |claim2]
If the surface M is orientable and x(M) = 2, then M is the sphere S2.
suppose that [cleimi]; then [claim?2)

Supposc that the Tefschetz number A(f) is nonzero; then f has a fixed
Point.,

let |claim|, let [claim2], and let {claim3|; then [eloim4)

Let the function f be continuous on [, 8], let f{a) < 0, and lot f{6} = 0;
then there exists a point ¢ € [o, 8} such that f{{) = 0.

if [clairn|, then |ofj] possesses the following properties:
1° |elazm! J;
2° [ctairn2];
3° [claim3)
If o is an clemnent of the Mdébius group, then o possesses the following
propertias:
1% o preserves angles;
2% g preserves eross ratios;
3° o takes circles and straight lines to circles or straight lines.
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[claém] if and only if [claim2]. Huu xopoue; [claimi] ff [claim2)].
A 3-manifold M is the sphere §* if and only if m (M) = 0.
{cladmm] is a necessary and sufficient condition for [obj] to be [ohf wmu mod|

g’

Hy(X) = Z i3 a necessary and sufficient condition for X 1o be path
connected.

if [elaém], then the following conditions are equivalent:
1° [edadmi |3
2° [clogm2];
3° {claim3]

If T" is a graph, then the following conditions are cquivaleit:
1° T is a tree,
29 x(I'} = 1;

32 there is aounigue patli joluing any two points of 1.
for [ohj] to be {mod i e4f], it is neeessary and sufficient that [cluim2]

For a lincar operator A = (e45) to be nondegenerate it is necessary and
sullicient that det{a;;) # 0.

JOKABATIJILCTBA (PROORS)

we have [eloim]
We have £7(a) = = (JaIb (S(a,b) —» T(z))).
we obtain [clain]
We obtain [ f(z)dr = J; flz)dx + j: flz)de.
it follows that [elaém]
It follows that the sequence (*) is exact.
by assumption, [clein]
DBy agsumption, the function ¢ is uniforuly continuous.
using [ref], we obtain [claim]
Using the Fubini theoremn, we obtain HQ Jle,y)dS= f: (f(d Flx, yydy)da.
since [claim], it follows that [elaim]
Since the diagram (%) is commutuetive and its rows are exact, it follows

that H?(X, Z) is isomorphic to H,_,(X, Z).
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it remains to prove that [sfaim]
Tt remaing to prove that f is upper semi-continuous.
all the assumptions of [re¢f| hold
All the assumptions of Lomima 2 hold,
it. is readily verified that |claim)|
It is readily verified that M is a del Pezzo variety,
the proof is by induction on [ed]]
The proof is by Induction on the dimension n of R,
we argue by contradiction
assume the converse
this is a contradiction; the proof of [ref] is complete
This is a contradiction; the proof of the theorein is comnplete.
we will consider several cases
fref] is proved
The main theorem (Theorem 3) is proved.
this concludes the proof of [ref]
This concludes the proof of the Reidemeister lemma.

Q.E.D.

SAMAHHE 3.1, Jdia xacnoro aabfioHa, YIOMHY 10TO T 3TOH Take, Hpu-
RBOSATC ABE DPHUMCPA L0 HCIOILIOBAMIHS — OMWH W3 amxrebpol Waw amaiud-
34, APYIOL W3 PEOMErpUN WM TOUECIOU MK, 310 — LICCTIOMHOE 3831KE, €¢I
¥ Bac UMEeoTCA JOCIaToTHO NIHDOKUE DOZHAHLN B DA3HEIX PA3LSTAX MaTe-
MaTHKH.

3A0AHUE 3.2. TlepepeanTe Ha aulmuickull 43LIK CTPARHIY TeKeTa (e
HUHE] O TICHPePBIBARTY 0TOHDAKCHUIX TOMOIOUMITECKAX TPOCTRARCTE 114
krura B. AL Poxmmna v I, B. @ykea «[Tamaneestit kype rononorm. Teoser-
PITTICCKTIC IIABLIY, ACIOIL3YS MOALKS OPURCACTIHGIC B NMePBLIX IBYX IIABAX
Mabaolsl B BBOITTEC BLIPEKEHUT 1 0Bpallas ocoboe BHUMALKMe 11 APTUK-
ar. AMeiire B BUIY, 970 970 TPYAFOC S3uJalue — il roro 91odul nepeigaTh
CMLIGT 3100 TEKCTE, HCUOTR3YA TOALKG Orpaumdcunsii nabop wabaonos,
TPeBYErcL HE CTOMLKO H3BTKOBAT KVILTY A, CKOILEO MATEMATHUMOCKAN: HY -
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HO 0 THMTIA TOHATL TOTHKY A& TERMATHYOCKO) CABLCTO TRKCTL | np(‘-()Gpa—
JOBALTL N3TOMMEeHNTC B JJOUHHeCK PAaBHOCHIBHOS, AR Gosch liO[JOﬁ U3NMEHATE
LDl 00 TACTON TeKCra W JTKe TOPALOR CICTOBAITITA (I)()I]I\-Iyﬂ.

§ 1. ITENPEPLIBIIHIE OTOBPAYKEHWS

1. OTobpamkeAne TOROIOTHYECKOT) OPOCTPANCTRa X T TOUOJIOL Y-
YOCKOE UPOCTPELCTBO Y HA3LIBACTCH HERPEPbSHRM, eCiIl TP0odDA3
JOBOTO OTKPBLIOTO NOAMFOKCCIEL TPOCTPalcTEa Y anadered or-
KPBITLIM OOAMITOAKCCTEOM TPOCTPauctsa X PasHOCHILHOe yeaosure:
HPOOOPASBEL FAMKHY IblX MAOWKECLE 3aMKHAYTEL.

Orotpuskenue fi (X, A) — (V| B} musmsaerc senpepnsiot, ec-
OU ucupepusrne orobpaxenue abs f: X — Y.

Lloaesnoe zameTanie: otobpaxenue f: X — Y denpepninio, ceay
MPOOBPASLL OTKPHITLIX MHOKECTE HeKoTepoi Dase npocrpancrsa Y
OIKPLLILB.

2. OQuenmann, yTo coanm orobpaseunsa f: X - Y w g Y — 2
LCHPEPIBARL, 10 M MX KOMIIO3WIM go f: X — Z neupeprisra. fletio
TaKe, 9T0 TOXNRACCTRONTIoe orobpakeune idy : X — X nenpepuisdo
JUTA BELKOLO TpOCTpadersa X.

H3 onpeefen st oTIOCHTOILHOH TOMOMIOTHE BYTIG, TTO CUITH 0T00-
pameunc [ X — Y veupepnpio u A, B rakme muoomecisa 8 X, Y,
gro f{AY C B, 10 v otobpanxcenue ab f: A — B nampepnmmno. B gacr-
HOCTH, cyiRenne fla: A — Y penpeprisnoro orobpaseuus [ X — Y
1a moboe noamHoxecTro A npocrpanerna X nenpeprisro. Tlanp-
Mep, BRINHUeHUe DOTPOCTPALCTRA I TPOCTPAHCITO CUTH LCLPEPLIE-
HOC OTOODAKCTITC,

3. Heno, wro ecim I — dyrgaMenTannior HOKPRITE TROCTPAI-
crea X, TG B3 HEUPCPLIBHOCIH eyvacimil f|4 ¢ 4 € T enomyoer Heupe-
PRIRTTOCTL OTobpamxenun f: X — V. Paprocrnniag &hopuyauponka:
oyere 1 OyuaasMerTansioe TOKPLITHe DpocTparcTsa X, 0 IyeTDh
el KAk a0To MAGKee1sa A € T agano HeupepuIsnoe oTodpaxeiue
FarA =Y. m falz) = friz),ecmuz ¢ AND (4,8 ¢ I'): woraa
oTobpazkenuc f: X — Y, onpenesentoe chopayion

Fla) = fale) apuzcA{dcl),

LEUPEPBTRITO,

4. TTenpepwnroe OL0BPAKCLIME HA3BIBAETCT OMEDPWIIbM, 0T 00-
a3kl OTKPLITLIX MHOACECTD OTKDRILbL, M MBI b, CCIN 00Dasel
3AMKITVTEX MITOKCCLB 3AMELY T

OORMILO, KOMUOBKIIMS GIKPLITHIX OTOOPRACCUTTH OTKPHTA, 2 KOM-
MOBTUME 3AMKLYTEIY OTOODaKOITITH 3uMKLLY 18,
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I'1aBsa 4
Ing-oBble KOHCTpYKINH,
Hape4ns, apTHKIN

B »Toit roane MBI OpOTOIKACM FIAThG PasnoofpasnTh 1Ml BLIPasH-
TOILHLIE CPEACIBA, AT HEero PacCMOTPUM INE-0BEIC KOHCLIPYKITL 1 ITape-
i, & B 3aKJIIOMeRAS THARH OTTAThH BEPHEMCA K CeMAHTHKe apTHRKICH,

4.1. KoucTpyKnuu c ing

Bor vHecronnke iNg-oBRX MabU0HOB; OUM 0OLIYHO CTABATCA B Havalle
bpazen, 1o UIOLIA BOUBTAIOTCA U B COPCOFRE (1 Torua 0ba3aTeaLIo BRIAC-
JIAEOTCSL 3aTTATRIMM! )

using [ref, obj], we obtain [cloim)]

following [ref], let us prove that [claim|

setting |cloimI] in [ref], we obtain [claim2]
putting [claimi] in [ref|, we can write |claim2)]
taking [obj] for [0bf], we can prove that [claim]
identifying [0hj| and [0bj], we obtain |claim]
choosing [¢b7], we can write [claim]

gathering like terms in [ref], we obtain [cleim]|

4.2. Hapewns

Haperus (adverbs) nowrn seeraa crassres neped rmaronom (3a HCKIIIO-
TCHPCM 1marona 5}, BoT Haperma, Hanbomee qaclo BelPeduronecA B Ma-
TEMATHYECKTX TCKCTAX:

casily obviously  clearly immediately  readily  always
usually sometimes  noever directly entirely  naturally
sufficiently  necessarily  additionally  partly

BOT HECKOMTBKO THITYHELX MDHRCDOB X HOLIOJTh30OBAHTT:L

There always cxists [a maximum of a continucus function on a com-
pact set].

[Lemma 2.3] readily implics [the theorem).
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We obviously have [24 2 =1 {mod 3)].
We sometimes denote [the unimodular complex nuubers] by [81].
[The theorem] is entirely [proved).

[Using] [Eq. (2.3)], we immediately [obtain] [the leiunal.

4.3. Hoacusaomuce ¢Gpaski

I MaTeMaTim oCKAX TORCTaX BCTPTTARKITCA TIOSLCTIH RO (ppa'sm, Kak ODI
JOTIOTITAIOITHC COMAIITHRKY [ITar0SIa. LJ..':\,]J_I_[‘- BC2L'O BCLIDEYMARYLCA TAKKHE BL1U-
HETIMH, KEK

after some manipulations by direct calculation
from the induction hypothoesis by gathering like terms

(JHM ¢TABATCS NOCAE LWTATONA MUOU B Hadade (ppasp! W WHOOTa (ne peernal)
BbLASIOTCT 3amATRIME. [IpHMepnn

Alter some manipulations, we obtain Tlq. (3.6).
Formula (2.3) is proved by direct calenlations.

Gathering like terms, we obtain a systen of linear equations.

4.4. CymccTBATENLHBIC CTAHOBATCH IPHJIaraTelbHhIMHK

B aurmafickoM a3nike CYMOCTRHTONDLIION MALHYIECIKH LIPDEBDETITACTICH B UPRH-
JATATCITLIIO (L{[‘- MO CBOCL'O IlLLllLlCU.Illrl}l!J, SO 2TO TTOCTARTTL e e/ IDy-
THL CFITCCTBTENLHBLM. Bor HecroubKo TP CPDOR

line segent, intersection point, Pascal line, vector space, identity
transforination, box dimension, dimension theory, Mobius symbol,
hoinology theory, Goodstein sequence, cquivalence relation, eohomol-
ogy group, path integral, Cauchy sequence, Fourier series.

K coxancnuo, Her To4HOIe obwiero TPaBmis, KOLZd TaKWe TTepeeTa-
HOBKH JOM8Th MOMCHO, T HENR3H, WM MOKIO KAK JSNaTh, TAK U He JI0-
JarL. 3aeck Bee ompeensaer usage. TTampuMep, uKro He ToROpuT grovp of
eohomology unw sevies of Fowrder, oIHaro Bee 1oBopsL renge of o function
{1 B I'PAMOTHBIX TEKCTAX Bhl HUKOTIA HC BOIPeTUTe function ronge), n 9acro
Burpeyaeren kak theory of relativity, tax n relutivity theory.
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4.5. Eme pas - - nojpobuee — 06 apTUKIAX

Kaxr vRe ropopanocs, B adriHHCKOM 93RKe HMeaTCd miphi apTHRAST C/THH-
CLBEHIOIG Wucaa: the, & u nycmot apmukab, KOTOPDIL B TEKeTAX 110 BIICT
{(aTot LyCTOM cHMBOT), & MeL B¥7eM ero ofosuatars sHaukoM . ApTman
VKASLIBACT A CTATYC CICAVEMICIO 38 HUM CYICCIRITCALIOTO (0fLeKTA),
& HA QTIAeHHe (B AAHHOM KOMTEKCTe} 3TOM0 CRONA K MIIOKECTBY BeeX
OHLEKRTOR ¢ TOM A<@ [Ta3naimend. Bakuo HOHTMATD, 910 aPTHKIL OPeI-
ETCE HE CaMUM CYTIOCT BITENBILIM, & CMLICTOM CYTIRCTRITCILHOTO G Jarnriom
ROHIRERCTRE.

- i'\_I)Tl:lli.]'Ib the OFHATLACT, TTO CHCIYHOTIECE 38 HITMW CYTIICCTETTENRHOC Obl-
JI0 Danee 38.(bTTKCL1pOB&HO T 970 B JANIOM KOATCRCT 200 CVITIeCT BT T-
ITOC — CRIIIOITIAMIID ()]TI)(?:I,(RTICHHBI'ET AICMEHT MHOKECIBa 0DBOKIOB ¢ TEM e
1LA3BAHIENM ('J.'{tKJ'IM 06[)‘;]30.\-‘1, APTHR L the unoor AR Da31IbLXY l".-l\-ﬂ:»ll".\,"['rl).

* APTHRIL @ O3HATACT, UTO CACIVIONEE 38 HIM CYILECTRHTEILHOS TRIs1-
ercu {paice 1€ 3ahUKCMPOBAITILIM } AMEMCTITOM MIOWKCCTEA OGHeKTOR ¢ TeM
FKC IIAZBEAHTTCM.

o TTycrofl aprokan [ oznadact, 9710 CICAVIOWES <33 HEM» CYIICCTEU-
TESIEHOE 3BSITETCs ©MHCTREIHbIM HIEMCHTOM OMHOBICMEITTHOTO MHOMKOCTR,
OOLEKTOR € TAKKUM HAZBALLEN; TAKLUMU CYTCTRUTENRHRTMI ABTIOTCH HAIE-
Ha COBCIBEHHRE, HU3BAHN EyK WK PASICIOB MATCMATUKY, a TAKAKC ATpH-
OYTLL {HAMPAMCD, CTCTTCHD DOMFHEOME, TOPAI0K YPABHEHWA, PAIHMYC OKPY K-
1OCTH ).

D11 hopMasbHbIe TTOSCHEHTST MOJKHO BbIPA3NTL TOPA3AO0 MPOLIC 1B BHIC

CHCIYEOIIFXY LUPABTLLL

. the 3HATHT, uTo 3TO Mom coMstl, T. €. POHEE YNOMARYIROLE, LIKN eduri-
cmaeniel maxo;

I1. & 3HAYHT, "ITO 3TQ HEKOMOPh, odin U3 TeKuT,
1. U zramur, gro 310 edunemoennud 6 csoesm pode, YHuxYs.

MosicHMM, KK ACTIONBIYIOTCA 3TH LPABH.a, Ha UPHUMODC TEKCTA T0 ha-
TOMATIIECKON (himatTke.

Let 3 be a (nexomopoe) 3-manifold. Let k: 81 — 3 be a (vexomo-
poe} suooth embedding. Then the {edunemeenioe maxoe, mox xax
M w k fowu puiee saurcuposans) sct £(S') is called a {oduw u3)
knot in the {mo comoe) manilold M or a (odna «z) Wilson linc. For
any knol in a (wexomopoar) 3-manifold, O Witten (yuurya — s
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cobemeennioe) defined an (odun n3) isotopy invariaut, now known
as the {cdunemeaennmi maxod) Jones Witten number of the (poree
ynosaiymad) kuot. When the {(mo comoe} manifold M is the {edun-
emoerhan maxad) 3-sphore, the (paree ynomanymoe) Jonos—Witten
nuinber s equal to the {cdunemeennoe maroe) value of the (edun-
emaeniitl maxotl) Jones polyuomial of O {(ampubym) degree n.

IMepeiigen TeTepL K apTAKIAM MIKRKCCTBCHROTO THeaa, Hx aRa, a nven-
Ho: the 1 MHEOKeCIBEHALI Heolpe1eIeHnblf APTURTs, KOTOPLTH «BLIPpaKa-
CTCA» MYCTHIM CAMBOIOM (MBI (TO GyeM of0sHauaTh cimMeonom [¥). Onn
HCTIOMLYYHOLCA T COOLBeTCTEUY € LUPABMITOMU!

V. the 3HAYMY, 910 3TO Gee, 608 MAKUE WM 8ECH CIRUCOK TROKIE,
V. OF 3084, T 910 KaKde-1mo, HEKOTROpbE 43 TRAKUL.
Bor upumepur,

We will consider only OF (wexomopne ) associative vings. The (sce)
rings that we shall study will appear in O (6 nexomeopar) oxact
sequences,

4.6. Tonkas ceMaHTHKA apTHKIIEH

IO PASACT MOKHO LIPOLYCIUTL UPH LEPROM TIeHUHT OH 1PeHA3IAYeH
SR Tex, KTO KAK COtIveT ORI BRIDOPOM apTHRIcH B upocThix (oTHo-
SIATHLIX) CUTYALMHX, OMACAILILIX BhIIIC,

M yace ropOp™iH, 1o Mpakumra [V HC CIeayeT BOCUDUHWMATL K&K
TOAHYH W HCUPOTHROPCTHEVI) CUCTEMY aKeUOM M8 BLdopa apTHRASH: Ghi-
BAIOT CATYATTHI, KOLIA OANOBPEMENRND LPUMEMMLL iBa FUTH JAXE TP M3
ATHX LUPABIIT, T KakKi0e upariiuo ThebyeT BROpars cRof apruras (T, o upa-
RMI UPOTHROPEYAT APYT APFLY). B TAKMX CUTYaITHAX [amg BeeTO CMBICIO-
Tas HATPYVIKa, KOTODAL HAKILIbBA0Te] BLIOODOM APTUKIT 18 CICAYIIGe
38 HIM CYIIECTBATCILIOC, 110 CHIThHE ZABUCAT 01 91010 BHOODY — Petdl 1@l
O MIOAICAX CMLLCTTE.

BoT mprMepsl ¢ apTURIAMUY CORHCTRCIION) THOIA (Upaniia I, 11, 111},
I I T 1 ;L)

Tet 44 be a manifold with a (¢ nexomopett} boundary,
Let M be a manifold with O {empubym) boundary.
Lot M be a manifold with the (¢ edunemaenwofi maxoil) boundary OM.

Dy P Gpase OMCHR BUTT3KT TIO CMETCIY, M HA PYCCRTH S13LIK OHF TIC-
POBOAATCH COBEPTITCHHO OFHAAROBO! «T1yeT, M — Mnoroofipazue ¢ Kpacis.
OueRb BUIF3IRT IO CMLICIY T CICTYIOIAC € Hpasnht.
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Using O {noseanue noyxe) Bass-Serre theory, we will. ..
Usiug the {edunemoeiniyo maxyie) Bass—Serre theory, we will. ..

[ocnemHas w3 3Tux PPa3 IMeeT TOYHO Takoll 28 eMBICT, Kak (pasa
Using the {eduncmoenmyo maxyio) theory of Bass—Serve, we will. ..

A zneck Bee TPE Bpaskl OIHAAKORO LEPEEOIICs HA DYCCKME U301,

Eie crogr oTMOTHTL ¢IV4HAH, KOT/IA Ha TPAKTAKE DOJIRITHHCTRO aHLI0-
UBBIMHBIX MATEMATHKOL [KOTOPLIL, PAZYMESTCs, 110 SIAKT ITKAKKMX <UPAR]
RRICODA aPTHIIEH» ) BRIOHPAIOT ¢ 101 APTHKIR, KOTOPLIE JAMKIYELICH Opa-
saaamMu IV 1 V. Tak, Bo (pase

The space X/G of the orbits is compact

GOMLIIUHETBEO W2 nux ouyersr vropoc the, neemorpa wa o, wto X/G
5T0 TPoCTpaHerBo ecex opdnT. (KormeuHo, 3760k MoXno GLLIO BLI CKA34TD,
910 CI0Be ordit — arpudyl B BLIPAKCHTE space of orbits, HO HTa TPaKTOBKA
TpUTARYTa 32 ¥, ) Takod ewbop orgaciy csssan ¢ TeM, 9ro ome Hosee
COTOOTBCIHO 10 FTRORACIMC ChopMYITTRORaThE MPOLWE, 4 UMEHHO:

The orbit space X/G is compact.
J.J.pll ATOM BOLUDOC, BOC WK HE Boe ()p()PTT‘IJT, Y0 HE BOIHTTEAeT.
* %k

3aganur 4.1, Berasbre smecro Muororouuit aprakam (the, a, ant, O,
O*} & eTpannmy TeKeTa HIKC.

8.1.2. Affine transformations. ... transformation of C onto itsclf
of ... formt 2z v+ az + b, oc — oo, where a,.h ¢ C and a #£ 0, is
called affine. In particular, if ¢ = 1, then ... corresponding affine
transforimation is ..... parallel translation (by ... vector OB, where
B is ... polut of ... complex plane corresponding to ..... complex
number ).

8.1.3. THEOREM. Affine fransformalions leke ... stroight lines to
..... stratghl lines, ... circles to ... circles, and preserve ... angles
and ... cross ratios.

Proof. Denoting a = re*?, v > (), we can write
i o e,
s ey r{e¥r) = (re'Pr)+ b=az + b,
" T46To TORODAT, WO APTHKIE (@ 3AMEHACTCH Hu arl, KOLIA GIeIyRules GI0BO Hasuiia
CreH O ].'..'lé].(_'.H()I-:i; L0 HETOYMHOD & 3aMEHACTON HA an, KOrOa CHeTYRIINEE CTORD MAMITHASTCA

C LilacHOTS seyka. Hanpumep, nyxuo an n-dimensional space, a ue ¢ n-dimensional space,
a unified approach, a ue an unified approuch.
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which shows that any athine transformnation is ... composition of ...
rotation (by ..... angle i), ..... homothety (with coefficient ), and .....
parallel translation (by ... vector b). This implies the theorew, be-
CAUSe ... totations, ..... homotheties, and ..... trauslations obvionsly
possess all four of the properties asserted by ... theorent, The least
obvious of these facts s that ... homotheties prescrve ... cross va-
tio, but this follows immediately from ... fact that homothety In ...
plane of ... complex variable is multiplication by ..... real numbor
{which will cancel out in cach of ... fractions of ..... ¢ross ratio).

8.1.4.  Linearfructional transformalions. ... transformation of ©
given on CY {—d/ec} by

wz+ b
ex+d’

z— where e — bd #£ 0, (8.2)
which tukes ... point —d/c to oc and o0 to afc¢ is called linear-
fracltional.

. set of all linear-fractional transformations forms ... group,
called ... Mdbius group and denoted by Mob,

Indeed, the fuct that ... composition of two lincar-fractional trans-
formations is ... lincar-fractional transformation can be shown as
follows: substitute (ayz + b)/(crz + dp) for z in ... CXpression

(az + b)/(cz + d}, which yiclds (after some manipulations )

(@ay 4+ boy )z + (ab) + bdy)
(cay +dey)z + (eby + ddi )

(8.3)

but this cxpression is of ... same form as (8.2), 5o ... cowiposition
is indeed lincar-fractional.

33



'naBa 5
TekceTel o Da30Boil MaTeMaTUKeE

C dopManbHOl TOTKT 3PEHMs COBPOMOITHAT MALTEMATHKY OCHODAIA HA
TCOPAT MIOKeCTR {akcuoMaTrka Hepyeno — Qpenkens ), a 1akike Ha Jore-
ke (LCHMGICM UPeTkaros) u Ha apudmeTare (akcuomtr Tearro), Oxrako
TPaKTIKE JANIEKa OT 3THX OCHORAHIH, 1 ¢ ASLIKOBOT TOYKH 3POILML MOMNKHO
CHAZUTT, MTO COBPEMEHHbIC METCMATHYSCKIE TEKCLbL CIPOATCT HA «HAUBHOT
TEOPUM MHOMECIEY, A <HethopMaronoi apudyeTrikes 1 na eledopMats-
ot Jorrkes. TTacrogius 1A% MOCBUIIEHA KOHCT PYKUTTAM, UCLOML3YEMbIM
B 9IHX IPEX CUTYATAX. B KOBTE 1Ianhl MBI 0CTAHOBUMCA 114 COIO3aX H M-
NoTax, ¢ Tex, ITehLL MOIMATE, KOTZd TC WM MHLIC TAKUE <CBI3LIBUIOLINE
caopearuy (links) uelonpavIoIc) B MaTEMATUMECKUX TOKCTAX.

5.1. Hausrasg Teopug MHO:KecTB

Bor kax LICPCTARY1'CH HO-aHUTHACKE QCHOBHBTE CLMBOJITT TEOPHTT MIIO-
JRe( TR

reX « belongs to X

Xox X conlains the element »

AcB A Is contained in B

BoDA B contains A

ArB=... the intersection of A and B is ...
AUuB=... the union of A and B is ...
AuB=... the disjoint union of A and B is ...

{re X |P(z)} thesct of all z in X such that Plx) holds

ks T
UJ X ( M Xi-) Lthe union (intersection) of all X; rom 1 to »

i—1 i—1

5.2. HedhopmanpHag apndMernka

3nect: TN apidMEINKOR Mbl LOIMMMAEM HE TOJILKO TeOPUI0 LUt (1),
II0 T PVTHC PA3TEE] MATEMEIMKM, IJIC Perlb HAST O YCTHPEX apudMernde-
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CKHY OTTCDALMAY, KaK, HAIPDUMEeD, TCODRLH BOTICCTRCUILET TACCT MITHM TCODHED
KOTICLL, LOJe | LTYYTITT. Boy eRrA3aLNLIC ¢ 3THM OCHORILRLES TEPRITITILT

A+ B Aplus B; snmof 4and B
A-B A minus B2; differenece between 4 and B

Ax Bum A-B  Atimes 3; product of A and B

A=8B Aequals B; Aisecqualto B2

A/B Aover I3; rutio of A and B3

(X,¥) the pair (X,Y)

(X, X the n-tuple (nam the siring) (Xq..... Xz)
Z/nk residucs modulo n

E=lmodn k equals { modulo n

Hamommuy racke, 4t Apobu- - 9To fraction, o € 1MeIuTesh M SUaMera-
TOML - - T numerator 1 denominator coorsercrrenmmo. Jance, uparas (e
Bast) MacTL pasencrsa — aTo righl-hand (left-hand) side.

B reopun TaHces, Aa U B MATEMATITKE noublle, TAacTo MRHMCLLercT TPhH-
LIl MATOMATHIECKON MHAYKITAL. BoT L1ecKoILKo 9acTo NCUOIBEYCMBIX LUDH
HTOM WAabIOADE,

we will prove [ref] by induction on n

the proof is by induction on n

to establish the base of induction, we must show that [claim]
the base of induction follows from [ref]

now let us perforn the induction step

by the induction hypotethis, we have [cloim]

we have shown that |cleim], therefore |ref] follows by induction.

5.3. HedpopmanpHas JOruKa

Mt ¥3%C BUACTM, KAK YHLAKLICH TC MITT WHRIC JOIRHCCKUE CAMBOIDLT
&um A and; v or; =P not P umu the negation of 7;

— mmu = implies (that); ¥ for all; 3 there exists;



[Ipu paccyKICUART OT MROTHRHOTG HELOURIYKITCH CICTYIONIMG O50DOTH:
We arguc by confradiction; suppose that [claim].
The proof is by reductio ad ebsurdum; suppose that [cleim].
Assume the converse; then [claim].

We have arrived at a contradiction; |ref| is proved.

Contradiction; |ref| is proved.

O6L141LTi JOrUTICCTIT TRHCK TP JOKD31eNLiTBaY — _]_.)}.136()]_'] Cly 94~
O — MPe0IoUCRASTCH © OMOLEEHY CITCTY ENTIHX mwab10mH0R:

Let us consider several cascs.
Case 1 [cleim?] (namee pasbop epnoro caytan)
Case 2 [claim?2| (aanee pasfop sroporo cay4ad) 0T ..

In the proof, we cousider two (three, four, ...) cases ...

B uaTevarmtIecko joruke, KAK 1 BO Beell MaleMaTiKe, MOMKHO J10aTh
3aMEeHy [ICPCMEHHLIX; T JOTHKC 9TO OQH0 13 TPABWI BLIBOTA, KOTOPOoe 0bo-
3UAMACTCA CTICHAATBFRIM cUMBOTOM. B ofumuol (e & gopManbhoil) mare-
MATHKE B TARWX COYH8AX UCHOILIYVIOTCH CASIYIONe MabI0Hb.

Substitute [obj!| for [ebj2] in [ref]
Substituting [0bj!] for [ohj2] in |ref], we obtain [claim|
Replace [0bi2] by [obil] in [ref]
Replacing [0bj2| by [obj1] in [ref, we obtain |cleim)]
(_)61’)6."["51"]"@ LBITHMAaHTE Han 10, 'TI0 B LCDTLTY ARYX ITIa-ﬁJ‘IOHaX JAMOTTAEN A

uepesieuttad [0572] cTorT sTopott; a 3aMensiouasn [¢8i1] — nepnoi, 1 10 Bpe-
Ml KAK B IDeIheM 1 HeTBePpToOM mabaonmax — Haobopor.

5.4. Cow3bl H OpelJIoTH

Llpuneuen MOCKOIRKO MACTO BEIPOTMAIIIHXCH UIPAMCROL YTTOLpeb1eTmms
«CBALLTRAINIHNX. cnonteks (links) of, fo, in, by, as, for, with, from, under
M APVITX, BLILOMUMIOIAY B aulIgickon g3nike Gy UKo Taered, comson
M UPCIIOUOR B PYCCKOM.



at the point @ L LOTIKE &

replace & by v BAMOHITLL & 114 ¥
substitnte y for ZAMOLLLD £ HA Y
change x to y 3aMCLMLh E Ha Y

2 belongs to X 2 TMpuLaTeReT X

X depends on a X 3BUBMCHT OT o

X is independent of a X 1 3aBHCHT o1 4
vector field on M7 BeKTOpHOC Tode na M

iy, tends to A as n — o0 gy CTPEMATCH K Anpan = o

extend [ to X upoaomkmis faa X
resirict f o A orpammaurs [ Ha A

J ranges over X f upofieraer X

under the map f npw oToBpaskenmm [
polynomial in z TOJTITOM OTHOCHTEJULHD 2

function of the variable x  rymrUMA TepeMCHAGH £
systein of equations CUCTOME, YPARTTCIIMIT
PacmupeLsmii cIACOK TakhX WabIoH0T MpHRBOAATC 1 ipuaozkeidy I1
ok ok
B3ANAHUE 5.1. TTamumrare koporku#t Texer (300-400 CA0B) ¢ OTPEIEe-
TTHAMU BEKTOPTIOTO UPOCTPAHCTBY, DABICA, CYMMDL IOIUDOCTPAHCTE, (MR-
bx ouepaTopos. Choemyre 3a IPARAILLOCIBI0 YIOTPEONeHTs apTHRICH, ue

sabRTRAHTC IJE]SHOO6]}33HTB TORCT BROAHBIMT BLLRASKEHITAM, LOACTIAKIITH ML
(1’)'[)33?1.1\'111 1 ILAPETTITAMIM.



Fnasa 6
TekcTol ¢ hopMyIaMu, TeoMeTPHL;
MeCTOMMeHNd

B wrofl roase ML OUTALORTMCT Ha ARYX (P, HEROTOPOM ChLICTE CTLITH-
CTHYICCKH l'l'[)OTFI'Fi()lJOJIO}K'FTBIX) THUAX TCKCTOR - TEKCTHT ¢ GOABITHM KO-
HeCTROM BLLKIKYHRIX (l)l']pM}'JI H TEKCTRL IO PeOMaeTDRHE. HUI"OB()I)HI\{ TaKKe
0O MEeCTOUMEHE X,

6.1. Tekcrnr ¢ GOIBIIIMM KOJHYeCTBOM hopMya

B Texerax 1o auamusy, ocobeuio no TudPepeTuabibIM ¥ PakiHeH sIM,
OOLIYNLG COTOPIKUTCA MHOTO BRUICTIONHBIX (POPMYIL H MATO CIOR MEeRTY Hi-
st Takme 1eKCThl BOTPEUAOTeA HIUOTAR M B AATeOpe, B KOMOURATOPUKS, B
AaTrebpanTeekoi TomooTI. Tlae Beero B MX BeTPOTAIOTCH BRIpasKers;

we have wer obtain we see that we ¢ail write
this implies  we find that it follows that  we conclude that  we got

LOEIC KOTOPTHIX ¢Lasrmes (Brikiuounadt) dbopmyna. (TTocaeamee soipasxe e —
We Fet— YMOCTHO B YCTLOH POTI, TIO ¢T0 ¢AeayeT HsBerarh B (hopMATRIThiX
MATOMATHIECKTTX Texcrax.) [lepea dhopyymamm Takae HeloussVIoTe BBOM-
LIDIE CAOBA H BLIPAKEHHA, 0CODEHHO HACTO CACAVIONTC:

henee {therefore, S0, thus, conscquently, further,

()6_[)&-‘1’11'1"‘(3 BITHMAHTIC 1T "Ly, "ILO HOCSTE hence MLl HE TIOCTABRHIY ZHLLY HY,
a HOCAC OCTATLHDLIN BENIHLIX CTI0R — TTOCTAaBI I ('J.'U.K 00LILIO TTOCTYTTAMT 13
XOPOMILX MATeMarniecKiX TerCTdX, XO0TA H He BCeNdy - - Mbl YAC OTMOMAMTL,
HTO ARCTHHXY TTPRARLLL MMYHRKTYallki B AHLMTHCKOM S3bIKEe He'T').

B rexerax ¢ BOIBIIHM KOITIOCTROM BLIKTIOMITLIX CbODMyJT TIACTO UCLIOT.-
3YHICHA mab.Iolnl ¢ i]lg—()Ehli\Iﬁ KOTMCTDYEUMAMK, IIATTRITAMCD

Using [ref], we sce that ...
Substituting |¢b7] into [ref], we obtain . ..
Setting [cieim| in [ref], we obtain . ..

Integrating by parts, we find that ...
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Oucus MODYIAPHETY dBIASTCT OGOPOT
since [claims|, it follows that [cladms];
ZIACCh UOCHE SINEe MR TIOCLIARTITN CUIOBG cleimns RO MITOMKECTREHHOM HITCNe
MOTOMY, "ITO 4allle Beero 3TOT 000pOT MCLIOIL3YETCd, KODJAA NOPCHTcnel-

ca Heekoavko yTeepaaenmil uepen it follows that. B Texcrax ¢ Dosnmom
KOTHICCTBOM (DOPMYIT TACTO MOMATA0Tea B Gojee KOPOTKwe TaOIOIs:

[ref] implies that [cleim|;
[ref] yields [ref wum claim].

B siemenrapron aaauze {caleulus) etpocrme Tekcra conced Apyroo,
B IaKHX TCKCTaX MeloAL3YIores b 0c1os1loM Sasucuvie ofopors, (CM. pasuen
1.4}, 8 TRKAE LECKOURKD CLEIINITISCKIE 0B0OROTOR, KOTODBIE MBI TIPOHITI-
CTPUPYEM KOHKPETHRIME MTRHMCDEMHA:

#{z) tends to A as ¢ tends to 0.
The slope of the tangent F(x) at the point xg is £7{zg).

Subdivide the closed interval [e, 8] into smaller intervals [a, a1]. [e1, a2],
oy [tn, B] and choose a point & € a1, ¢4] In cach,

A BOT HOCKOIBKO BT)l'[)c"l.)K(ET]TTfl_, KOTODTC 118 THOTTYHAKY L CA LOCTOBH IR 11e-
PERCIOM COUTROTUTBRYHMITIAX DYCCKEX CTOB!

implicit function theorem chain rule

clogsed (open) interval ni-th terin {of a series)
least upper bound (or supremum} jump dizcontinnity
greatest lower bound (or infiim) POWOCT s0Ties

6.2. DaeMeHTapHAS TeOMETPHS

Qcobulil cTHIL TEKCTOB 1O AACMERTARLON MCOMUTPUR CRAZAL ¢ TPLIW-
LHOMULIM OTUOIIEHHHT K L'eOMCTPU, COXPAFABIIMMCL ¢ BPOMOL EBRILE.
A apeRATR IPeKOR TeoMOTPUS OLLa TOJIRKO OUFE, W CrepeoMeTprs Onl-
Ma, B CYNITOCTH, (PI2ukoil OKPYKAOMETo Lac mpocTpancrka. Llostonmy o
TEKCTAX T ATOMCUTAPHON POOMCTDTTH BLIPAMKERHC 471 $pace TALIeLCA B0z ap-
THKIH — BU.Ih TPOCIPATICTRO OIHO, MUOKCCTBO RCCX TPOCTPUHCTE (¢ TouKi
spenra BoKAAge) cOCTONT M3 QAROLO 3MIeMelTa, 910 yaukyM. Korga peun
WICT ¢ LAAHAMELPTH, LORORPLL o the plane, yacen apTiras the rosoput o
TOM, 4T0 PACCMATPITRASTCH I8 CaMad [LTOCKOCTE, I KOTODOR DAZRMRACLC: BCA
ILTALMMET s, CTORT 3aMCTHTR, TTO HCUOIL30BaHTE UPCATOTa, in B emyiac
UpOCIPAHETRA 1 0N T CIYTAC LLIOCKOCTH TOKE CRAZALO ¢ uX (husieckM
BOCLIHAHTHCM,
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(-),J,I.l‘d.KO CTITHCTHITCC KOS O'TIIHYHE I“)..'I[‘-l\ri[‘-lll‘d[)ll[]ffi’ TaandeTIT O 00T L
HbIX MATSMATHYCCKNY TOKCTOT TTANMTTOTO J_'le6}i{l':‘-, qex T TSI:»IG[Jp(‘- ap’r-uKﬂeﬁ
K CoBaM WIOCKOCTE M LM TDATTCTTO, AZ&D'T‘TTKJTFI, KaK LpaBlt, GUYCRAKTEAS
TP APYLIAY TCOMOTPITIOCK A PePMHHRX, LALLM

Altitude AIT of triangle ABC divides side BC in the ratio 2 : 3.

3Iceh MPONYMeRH apTHKIY ueped cnosavu triangle, side u altitude. (Bupo-
vent, apruran The uepen altitude B Fadase Gpasul MOXG 7T TOCLABULD
Tak 3nyary jgyHue.) OreyTeTsac STHX apTIRICH MOALO 00hICHUTh HEXONS
s pumocodyn mupa maeld Inarona. Tak, rpoyrolsauk obmero Baa- - 1o
YHUKATRHAbLI MACUILULE 00BOKT, BHTAMUE B WIATOMOBCKOM MHDPE Mg,
¥ KOTAA MTT JIOKA3RTRAEM TeOpPCMY LPO TAKOH TPCYTOIbHHK, MblL A0KABLITACK
€€ LPO IV CYLIILOCTL, 4 He TTHO 88 MATEDUANbLHLIE DEATIIATIAN, & CYIIHOCTDL
OBIIETO TPEYIOIbHHKA OIIIM W TICLHOBTODPHMA, TAK KO Kak U CYIIOeTh BRICO-
TLL TPeyIoanaka. [Tpo 910 seluayproe dhumocodickoe 06bacHERHe MOKLLG U
1G3a6RITh, 110 CIEAYEL LOMITHTS 0 TOM, 110 ADTHKIA B TOT00MTIX ciryvasx
OTTYCKAKOLCH.

Teueps LCPEYHCTHM HOCKOIRKO TACLO BCELPEYATOTIIXCT OTACaHUE 1e0-
MOTPHHCCKUY 00Pason, ¢ roM 91o6ul uyY sadurerpobals 1 SALOMEHTE Te-
LHOUE3YEMBIC [IPT ¥LOM TIDETTOTH.

ithe straight line passing through (the) points 4 and 73
ithe line joining (the)] points A and B

37I8Ch M LUAKC QPTHETL T CKODKAX CLABIICH, BCIH W TONBKO €C7IM COOTEIT-
CTRYIOMIMC 06 bex bl (B AALLOM CIYYae points) O yoMatyThr pagee, Cy-
WICCTBUTENRAOC «TTDAMAsL> UHOLAS TIEDCBOIATCA BLIPamenuem straight line,
HO UPANAraTCeILLOC staight MACTO OTYCKASLCH; LPH 3TOM ecid B I0Ka3a-
TCABCTRC MK KOHCUPYKITH CIOTO <LUPAMAT» HECKOILKO DA3 TTORTOPSErcsH,
TO B UCPBLIT Pas COTecTECHHO HALMCATS stradght line, a qadblie npocto line.

the cirele of radius v centered at O

the parallel to { passing through A

the infersection point of (Lhe) lines { and m

the lines 2 and wm intersect at (vowkno win) the point A
the rotalion by 90° about (uium around) O

the homotethy of center O and cooflicient (nan ratio) ¢

the parallel translation (1 shift) by a (the) vector 7
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6.3. CoBpeMeHHAS TCOMETPHA M TOIIOJIOINS

B OCLHOBHOM COBPEMEHARE '€OMCTPITIECKAC H TOLOIOTUHECKHE TeK bl
HCTIOSILAY 101 TUABHBIE GB0OPOTRT, KOTOPLIE MLT YA€ BCIPETan PAFCe (T TacT-
goory, B pazaeae 1.4). C rourn spenus TCRMUROTOTHI, OTHIT W TG ZKE CIOBL
{(TepMUTILL) MOWKHO UAdIH B TOLONOTHICCKHX T TCOMOIPTYCCKUX TEKCLAX,
MOPTOMY Mbl 36ChH OBLEAATTASM 3TH 45e HayKu, Bor Feckobro cmenndyre-
CKUX TEPMATIOR, KOTOPLIC MOV BB3BATh 3AUPYIRCITA Y PYCCKOL3BIMIILIK
MATCMATLKOGE,

MHOTG pa3sHbiX TePeBOAOT (3aBUCIHIIUX 0T KOHTEKCTA) UMOIOT TePMTILT
«UYTTOK» H «PACCIOCUTC» | TAK:

uyuok chep (pacomoenue co cnoem edpepa)  sphere bundle
TeHR3OPILIT Ty4uoK (reHzopuoe pacenocdue) — tensor bundle
KucaredbHLI} IyTo% (T. €. RACATOILIOE paccavenne)  tangent bundle
LUYTIOR ATCKTpoTos — electron heam

myvaor ceera — heam of light

LYYOK APAMEBTX (B TPOCKTHRLOM Lpocrpancrse) — pencil of lines
pacenoeduc Xoudpa  TTopl bundle wan Tlopf fibration
paccaoesre b cMpicae Ceppa — Serre fibralion
JOKATLUO-TPUBUATbHOE pacesioerne — fiber bundle

RCKTOPHOR paceaoetae — vector buudle

JOKATLITO cnobonueil ygo  locally [ree sheaf

Muoro Pa3HEY BITAMCLIME FMOCT W CIOBO €CBAZHOCTDLS (O'I'I'H'TT)—T.':\,KH B 3d-
BHCHAMOCTTT OT K(]TT'J.‘[‘-}.{C'J.":].)._ HALIDHMeD

MHLCiHAs cBA3FoeTE — path conuectedness

CBSBROCTE (TOTOMOIMHMECKOLO) TTpocTpancTra — connectediess of a (to-
pological) space

KOMIIOHEHTA CBAZHOCTH — connectivity componert

adppuran eraanocrs  affine connhection

CII0B0 <LUICTTHAy TTeRCROTATH Kak filin B TEOPUM MULIMMAILHRX TIOBEPX-
HOCTCH, 1O B TCOPUT TOMOJOUME 9TOT TCPMUH HE FCTIOMbSYETCA, T YIoGmoe
BLIPAKEHUE «ILIEHK, HATTHYTAS T LMK ¢» MPAXOIMTCA HCCTHO LCPeko-
anTL Ka® chain whose boundary is the cycle .

B anrIHHcKOM 43bTKe CnoBo boundaery Mool AR COBERTITOHTIO PA3LLLX
3HaneAna (1B OBIIeH TOTIOIOTHL M B TOLOJIOTIN MAOTOOGDAZHIT):

manifold with boundary — MporooGpasue © Kpaem

houndary of a domaiu in R™® — rparaga obaactu 5 R”

houndary point — TpaAHMHIAs TOTKA, TOURA KPas (B SADHCAMOCTH 0T KOTI-
TOKCTA)
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PyeeROASHINGLIC MATCMATHKH TacTO OTMTTHAITCT TP MepeRoie Hexkoro-
PBIX IEOMETPUKO-TOLOJM0LI HHECKHY TOPMHLIOL, T HSaCTIOCTH!

CIORO «KapTa» (Aa MEOTOOODAZUM) LEPEE0ALT KAK AP BMECLO LIPABUIL-
nore chart

CI0BO <DYKers> LepeBoLIt Kak bouguet BMeeTo Gosee ynoTpebUTeILHOTO
wwedge sum;

CIOBO «OCLIANTCLIICY HCPCROAAT KAK Tigging BMCCTO MTRABWIRHOTO framing,

BRTpamerue «aKk opUpOCIPALCTE0s 9acto HOReBOAAT Kak fuctor spoce
BMOCTO TTPATRFCILITOTO guotient space.

I zaxmotienne 5Toro [PASUETA IPHACTCRM LU RO LED (I]T(ELH’T(i)'PT‘{C(’KTTX e
MOTTHARO-"TOTTOMOTHHCCKHX ABIOHOR.

attach [obj1] to [oBj2] by [0b3]
cut [ebif] along [0652)
glue |objs| along their boundaries

partition [od] iuto [objs]
(Raeen partifion— aTo THAPOI, O3FAMATOIMI <<pa36141b>>)

the [obif] spans [obj2]
(S,ZI,(.‘-(:]_) SPUTLE OSMAMACT <«TTATATIYT Flél?})

the |0bj1| defines a metric on [pbj2]

6.4. MccronmeHud

B ammiantie oM A3LIKe, KK M B PYCCKOM, IMEeICH MHOLO PASLIOBHITIONT S
MeCIOMMEHME [Pronouns), HO, K C49aCILIo, OTTH, KaK TTPARHI0, LePEBOIdTeT
CROTIMH (JIOBAPHRTMA SKRUBAICTITAMA. Ho v 3acch e ofxoguToa 6e3 ToHKO-
eTel: MLl yake Tosopran upe which w that (o 3a0arbX LpK UNX oM. pasTen
2.3 rnasn 2); a ceilac LOTOBOPUM npo this w it

Mowpo chopMymMIPOBATE TAKOS TIPABLIO TMCLOMLIOBAITHA L1UX MeCTro-
FMEHTTIT

Mecronmenne It 0BbITTHO 3AMCIIAET MATCMATHICCKHAT 08berm, B 10
BpeMa kak this 3avemact ymecpacdenue.

Bor ABH HPHMOD.

We have obtained the Tunler gamma funciion; it often appears in
number theory. ..

Thus we have proved that the expression in formula (1) gives the
Euler gamma [unction; this fact can be uscd in number theory. ..
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B wrax ppasax meanada sumenwrs it Ha this s this na it. Brpougey,
& Tiepsoid dpaze 6e3 ymepba A eMuTeny it soaco savenmTn Ha this func-
tion. BaMOTHM Taroxe, wro it B MATCMATWTECKIX hpasax He obuzaresnlio
BAMCTTACT ODLEKT, 3TO MOCTOMMEHUE TTOARIACTCA 1 COBCEM APYTOM KarCCTRe
T TAKUX PACKOKIK DBLIPAKenHTX, Kak

it iy not true that  wam it can be shown that.

6.5. Coroant

CoOXos B aHTATHCKOM SISLIKE TOYKC OTICTTL MUOLO, HO HHOTIL 1P Iepe-
ROAC ¢ pyccRoro ux ue xparaeT. Tak, ¢omosbl «TTPIFTOM» W LU YIOM» IIC
MMET aICKBATHLIX aFTIHACKAX AllAN0TOR. PYCCKOL3bIMHbIE TCPCBOTIMKHY
ofLTaHO WX LepeBoIaT kak furthermore s moreover, TO MCLLHET CMBICH
{18 06paTHOM Lepesoae TomyaacTes «Bosee Toros ). Hawiyuuwit mrixom wa
TOJIOPKCLLUY  LOCTARFTEL TOUKY € 3aMAToH 1 sares ¢ioko here.

Her 1ovmoOTO Lepesoya Wy comosa «ay, UPFXOINTC uucars but {enmm-
ko Lo ), and (canmkonM ¢nabo), while i whercas (C/HTITROM T912Ke010-
noeno).

B apyThx cIy4edx, Kak TPaBUIO, MOKHEO 0DXOIMIbC CIORADTIIMUY $K-
RIRAICLTAMHY. K PoMe Toro, ¢cronT 0GpaTiiL, BHUMAATC TIa «Taplbe COX3h»
(correlative conjunctions):

cither — or neither —nor both —and not only — but also

ANAJOTH KOTOPLIX B DYCCKOM H3LIKE He TTOIVHAIOTCs CHOBAPHRM MCROROIAOM
Ka@TOTO ¢oi03a W3 Tapul. B aATInHcKTX MALeMAaTT ICCKIX TORKCTaX OH A0-
CTHLOYHO TACTO HEUOIL3YIOTCS H MPUAAIOT JOTHICCKE JIEIAHTHOE CTPOCTIFG
alaMPcRol hpase.

* ok ok

BAaJaluk 6.1, HamammTe xoporkuid TexeT (300-400 cios) Mo Tomono-
TUM, PEOMOTPHL WM SICMOLTAPHON TEOMCTPUY, UCLOMB3YA TP 310M 000
pOLHT TIPURCAEHHLTE I L0 THake, B TOM 4ucue not only ..., but olso u
since . .., it follows thal; TycTh B pamey rekcre GyeT HOGOILLIE MECTOMMe-
HEH 1 COm30F, mapodka ing-osux oboporos W BOODILE L& JI0RA W TR PAKe-
HUA, UPUBSICTIILIC BBILLG, K KOTGDREM BRT HC 0TC1L MTPHBLIKIIL.
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I'masa 7
Ilpukiagnad mareMaTHKA

Ansipeit Huroszaerun KoamMoropos TORODHI aBTopy, 9TO DET Takoil Ha-
YK UPHEIATHON MATCOMATHRKH, GRIBAIOL SIUITL TRITIOVKEH M MATEMATLLKH.
Ha JITHTEUCIATECCKOM YPOBLC 910 BLIPAMKACTCH B TOM, YTO B LPHIOAESHU-
AKX HCTIONLAYILCH T OCTIORHOM T& e CaMble 0Boporbl (Wabnodbl), 9To W
B 0ObIMHOA MaTeMaruke. LIp 210, ROTICYITO, Samae TCPMUHOT DACLLHDHET-
CF 3A CHOT CITOB, BIATIXY ud TOT Tpeamertoll objaciy, K KoTOpod ganmman
METEMATURKY TPLUKIAILIBACTCS,

Tem He mMetee cpedu UpPUNeKeHui ecrlh ocobole 0BIACTH, T KOTODRLX
BOBUHKACT OTTPEUCICTITAR A3BIKOBAS CTTeuHBUKa, OTHOCHINANCKH HE TOILKO
K MEKCHKE, HO T K cTpoeduio gppas. K yruv oBiacraM oTIocHTed, B TFE!I)J:S'ylG
OHMCPCIDL, TCOPHY BCPOATITOCTH T MATEMALLYCCKAT CLATHUCOTHKA, 4 TAKHKe
Teopust MHDORPMATTILY, KOIMPOBAHKE U KPATITOUPapHA, Teopus anropulMon
H CIOWKITOCTR, OQTMOTHM, TTO MU TIe paceMaTpiRaeM duuuky 4 mihopmMa-
THEY (computer sclence) Kak UPUJIOKOLFNA MATCMATHKT — Mbl CIFTAEM, 110
HTO CAMOCTOATCALITLIC TITCUFTIANIEL, 0 B 310 KU 10 KACaoMoA X BOBCe.

B »rofl kopourkod 1mase Mol UPUBOIAM, A KaKAoh u3 ¥rux obmacTol,
TCCKOTRKG IPHMOPOE cremudiriceckux 0bopoTos,

7.1. BepoaTHOCTh H CTATUCTHKA

TeopHa nepOaTIIoeTeH CTAMA HACTRIC MATeMATUKY (2 UMETIIO, PA3IRN0M
reopuu Mepnt), Koraa A, Ho KomMoropons nocranis ee Ha akeHOMaTnaeeKHi
dyraament. (o 9roro rakue yuemhe, kak [Tyankape, KOTOPHTE YKAILIBAT
T TIOPOTTHBIA KPYT I CaMOM OTTPCACTICHHY BCPOSTHOCTY COBLITHA, TOODLIE He
CUNTAIH ¢ TTacroamett maykoi. ) Taxmu ofipazon, Bo.blag YaclL coBpeMed-
HpiX CTATCH T KHUT HO BOPOSTHOCTH M CTATUCTHEC B 33BLIKOBOM OTUOMICHEH
MAaVIO OLTHYAKYLC O APYLMX DAFTICN0E auannia. (FIHAKO Pl KOHCIPYKITEH,
CBAZAFHAIX ¢ OPOCAHMEM KOCLCH W MOHEl, 4 TAKACe ¢ BRBOPOM TTPeICIHRT-
TCACH W3 HEeKOTOPOT COBOKYITHOCLIM, TIOR3 DhIPEIHTL ¢ TOMONTRI HALITX
OCHOBLULTX nabaonon. [TprneIeM HECKOMbKO MPUMEDPOD COOTBCTCTRY HNINX
WaBIoLOT.

A pair of dice is rolled [three tlines
13 dots or less] turned up?

; what is the probability {thatl a total of

44



A dic was thrown [7 iimes|; what is the probability that it came up [with
six dots only once]?

A coin is tossed {4 tinics]; what are the chances that the result will be
[heads—tails—tails heads]?

A coin came up [beads 72 times in a row]; what is the probability that [it
is not a lair coin|?

A box contains {25 red balls and 32 blue ones]; {six balls] are taken out
without replacement; what arc the chances that [three or more| are red?

A sample of [five TV sets| was randoinly chosen from a shipment of [500
TV sets|, and [ouc of the sets] turned out to be defective; can we conclude
that the probability of fa TV sct| from that shipment being defective is
[more than 5%|?

A representative sample of {the population of New York] must contain {at
least 2000 people].

7.2. Teopunsa nadopmaman

B3neck Gommuuerso cucnuHTeCKTX 0GOPOLOE CHI38H0 ¢ HCPCIAYMCH
Hn €0 exarueM TRGopMari. Hanpumep:
|A 10 digit binary mnnber| is sent through [a channcl with wlite noise|.

[Tntropy] quantifics {the amount of uncertainty involved in the value of a
randormn variable].

[The data] must be reconstructed fexactly].
|Daia compression| allocates |bils needed Lo reconstruct the datal.

[The rate of a source of information] is related to [how well it can be
comproessed|.

It is always possible to] transmit with [arbitrarily small block error].

7.3. Komaposanue n Kpuntrorpacdus

[auecudeckad Teoptiy KOTMPOBAHKA, OCHORALLIA HA sJedpanticexolf
LeOMELPHY 118 KOUCINLIM TTONEM, HCLOML3YET OBLIYHBIE MATEMATTUCCKI
WABIOHBL, 1O KOTOA POYT WG O KPALTOrPAQITHECKHY LDITOACTTHAX, TIO1E-
JSLIOTCS W HEKOTORLIG eneraduiieekme obopoThl. acTh u3 pux nprsogrea
B MPEARLIYIIEM PABFCIC, TG CCTTh W ADYLINE TTPHMEDRT.
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[Codes using the one-time pad| are not vulnerable to [such brute force
attacks)].

[How many pennies] can be packed {inio a circle on a tabletop].

[L'hese codes] offer more protection against |noise| than {an equivalent block
codel.

[Such algorithms| are hard to break |by any adversary].

| These secure schemes| cannot be broken [even with unlimited computing
power].

7.4. AJNTOpUTMBL U CJI0KHOCTh

OCHORHRIC OTPULATEILLLIE PO3YILTATL TCOPUY aSTOPYLMOR (Y LeeTBO-
BAFE TTCPA3PELLHMBTX MRCCOBDLIX 1POGIEM ) -~ 3T CCLRCTROTTULIE LPOIOIAK-
HIS PU3YIBTATOB M3 MATCMATUTECKON MOUMKA, aurebphl, Tonomoram, m Lio-
roMy Be TpeGyior cneunalkirx oboporor. QaFako ¢ 1ex Top, Kax 5 y1of
TEMATUES UOLRILINCL OPAKYIL, HE TOBOPA yAKC IMTHO 0 camoM Mepormme,
JETI0 OCTOAKITTIOCE. BOT UPUMEDTL.

[This type of random oracle] produces [a bit string of infinite length].

How should [Merlin| convince {King Arthur] that {the given string] belongs
to fthe langnage L]?

If [the ovacle| plays optimally, then [his winning chance W ()] depends on
[the string = only].

[Merlin| feeds {the string z| into [a Turing machine

7.5. dpyrue npunoxeHns

Ha camon J00e B APYINXK LPUKJISAHBIE 0GTacTAX TOMKE MO0 Halry CTTe-
tuchuseckne 060poTh, Mexois W3 TPHLLMUA <11&b3s 00LATE HeOGBATIIONS,
MLL HA ITOM 3aBCDUTaeM 3TY TIARY, LPeIOCTABHE "TTIATeNn0 MTHOAOTKNTL
HOMCK TAKUX 000poTon T paborax 1o ero celnadThITOCTH.

&%

3a0AHUE 7.1. Mpoaacralire HecKoUbKo craTed mo Bawe CLCTTHAILHO-
CTT T BLIMUIMLTE HECKOILKO 0DOPOTOR, He VKTAALIBUICHIUYCA B OCHOBHbTE
MABIOULL, LUPUBEACTIRRC BeTe. 3 KamaoM 13 3TUX 0G0POTOB LOMCUSHATe
HECKOILKG CJI0R FIA BRIPAWKEHHT Tax, TToDLL TTabnoll cOXPanmic, a coiaep-
SKATTHC (CMBICT ) H3MCHILICA.

46



I'1aBa 8
OxkosiomMaTeMaTndecKme TEeKCTBI

B aTo#f rmake podn 0oiIeT e 0 MATCMATITICURIX TOROTAX {ruis oupege-
JIEHUE, TCOPCMY, JOKASLLIEILETBG), 8 O TeKCIAX PO MAIEMATHKY — DA3HOTO
POSTa PaZLoBoOpAax ¢ TOM, TLO Mbl DYIET MCNATR, KaK 7 TMOYEMY, SaMCM 3TO
LY KO, TTO ORI PANLING, KTO 7 KaK 370 UpAAyMal 7 T. 1. Heuoub3ys rep-
MHHOMOUMIO U3 MATEMALTHYECKOE JOTHKHY, MOMHO CKAZATL, Y10 BMCOOTO MaT(-
MATHKF MBI DVieM 3aITTMAThCL MeTaMarnemarmiukot. TakHe TOKCIhL BT
K LYMALATAPIILIM K MCLOAL3YIOT OTPOMHOE KOTNYCCTBO PEATHTTHRIY 06070~
TOR — LHEPEUHCHHTE MX BCE HE LIDEICTARTNETC: BOIMOMHBLIM. BOC 3KC MLT
HONpoSYeM MPUBCCTH HOKEE MUHWMATLHLIE Tabop manbonee qacro serpe-
TAOMUXCH WABTOHOB, Pa3buB WX 10 TX CayikeOubiM MyHKTTHAM T TCRETE,
T. ¢. TTa 0BOPOLsl, BCTPETAIIMXCH B anunmoTammax (8.1), 5 mpeauciosugx n
seencuuax (8.2), p saMedannax ¥ koMMentapuax (8.3) u, nakower, B G1a-
rouaprocrax (8.4).

Llpi co3galtiy TORCTOR 3TOTO THIIA UYL TOMURTL, IO TOKAKE KK B
HELLOCPEACIBCULG MATEMATHMOCKEX TOKCTaX, LOCIOBHBIA HEDPEROT PYOCKITX
DBLIPAMKEHTH 1 UIFOM TPUROAMT K KELacTpohICoKTM PE3YILIALTaM.

B srii naase v 6yTeM npUBOAATE WalIonn He B o0hHIIoNM BHIO (7. e
B BUIE TeKCTA ¢ TePEMEHHBIMEL LOJIAMU ¢ YKA3aHHUeM THUA LePCMCTIITOTO To-
A, oBpaMISHHBIMI KBAPATHRIMU CKODKAMMT), TI0 T BHAC OOLIYHOLD TeKe1s
¢ PESULIMT BAPHAUTUMA (BARHATITLT 3ak/004a01¢a B duryvpinie ckobrr), a
HE, MECTE LCPOMCHHBIX NOGIER MLL GYACM BITHCRIBATE He HAZBAHNSA THTIA MCpe-
MCTITION, 8 KOHKPOTHRIS TRTMeDbl 3aUOIMCLITA JUITIOTO TTCREMEHHOLIO LIOJISL.

8.1, AHHoTanuu

Haiwe peero s atmorarimax (abstract) k cTaTham MeTONLUYIOLCH CIEMY-
G GHOPOTLIL.

In this [papcr], we prove {study, construct, develop, consider, survey, gen-
eralize} [the main [acts of TQFT].

This [arlicle] is devoted to {deals with, is concerned with, describes} [a now
approach to thermodynamics].



In the present article [polynomial knot. invariants| arc defined {generalized,
studicd, considered}.

In the second {third, ...} part of [this survey], we develop [the theory
of ...].

8.2. IIpenucnoBug M BBEIEHNA

B mpesmenonwy (foreword naw preface) k xumre 1 5o seeTeuuu (introdue-
LION) K CTATLE MAM [MABE KAFIH MOMKHO 0B0A1IHCE CHGTYIOWITMIT XapAKLep-
TToIMUL OOCPOTAMT.

This [papcr] is an introduction to {a systematic study of} [the [ainlevé
equations].

This [book] introduces [the nolion of ...] and develops [new methods ... .

In this [survey], we study [rccent results in analytic number theory] as well
as [...].

The purpose of [this chapter] is to [study the .. .].

This [book] is based on the lectures on [Banach spaces] that the author gave
at [MIT] in [1999)].

This [survey article] was written while the author was [an iuvited professor

An importént feature of this [chaptier] is [the systematic use of Lic algebras].
I have tried to make this [paper] self-contained.

Prerequisites for reading this [book] are [basic lincar algebra and ... ].
The [hook] contains many problems {has two appendices} and [...].

The origin of [topology] lies in the work of [Poincard, Ricmann, ... ].

[Cowplex analysis] was developed in {acquired its modern form in} the
seminal work of [...].

[This] will be the object of another publication.
We will study [the general casce] in subsequent publications.
[Here the proofs] are at the physical level of rigor.

The paper is organized as follows. In Section 1, we. ...
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8.3. KommeHTapum u 3amedaHnyd

Komwerrrapun n samertanms (reinarks) B oram™hdxX W KITHIGX MOUYT OLILL
CAMDIMY DU3LO0OPASTILIMY, B LMX [OUATAKTCT 0BOPOTLL, IPHBEIEHFRE BhI-
UIe B ¥LOH LTTake, & TAKAKE CUENYIOTHe KOHCTRYRIH.

It was [Emil Artin] who first [defined the braid group).

[Lhis prool] first appeared in [the rewarkable worl ol ., . ].
There are several proofs of |...]

Our approach to [this problem] follows the work of [...].

We don’t know who invented {first proved} [this theorem].
Qur treatment of [this subject] is based on [...].

[Lhe computation of arcas] goes back to [the Ancient Greeks.

The first substantial achievement in [the theory of integral cquations] is due

to [von Newmann], who [first showed that .. .].

This] was known to mathematicians since the time of [Ganss].
These results] were immediately noticed by [Hermite], who [...].
Functional analysis] has many applications, in particular to [...].

[
[
[
[Our proof] follows the seminal paper by [Gelfand and Gracv].
[L'his theorem| is the main connection between [.. .| and [...].
[

The Temperley—Lich algebra] is a main ingredient of {is a classical object
in} [...].

The following problem {This problem} remnains open,

8.4. BaarojapaocTn

A por TunmmriELe Ginaronaproctr (acknowledgments), kak drspaeckum
JUTTAM, TAK W OPLALASATIMAM  TDRAFTOIATOINM, WHCTHTYTAM, YUMBEPCHIC-
TaM.

I am grateful to [y rescarch advisor professor Ivanov] for setting the prob-
lem and valuable discussions.

I would like to thank [lvan Ivanov] for valuable advice {for supplying the
proof of [Lemma 7.1]}.
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I am grateful to [prof. Pelrov], who read the first draft of [this paper| and
pointed out several errors.

My thanks go to [Professor Sidorov], who indicated |[. .. ].

Part of this work was carried out when the author [was a visiting professor
at the IHES]; T an grateful for the hospitality and the excellent working
conditions.

This research was partially supported by [the RFBR. grant No. ...].
[The authors] acknowledge the support of [the NSF grant #...].
[The first-named author] was supported by [.. . |.
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3414HKME B.1. TlpeuctarkTe cobe, ITO BAM OPGICTOTT CPOMITO TIAMACALL
CTETLIO 110 HOCAeTIeH Bael pabore, UPHIYMAiTe oo Ua3salue, Halluli|uTe
AFHOTATIHIO, RROIEHUE M DUIAIOMAPHOCTL,



I'maa 9
Jokimaasl 1 JIeKimmn

MuaTeMATHRY, TIIOX0 BIAICIONIEMY AHLVMECKUM U3LIKOM, TOTROCTO BLI-
CLVUALL HA MEACUYHAPOAHbX KOH(bepermmax. Fwme rpyaneii, ccobenno
TCPBLIH pad, SHTATTL KYPE JEKTTHH B KaKOM-TIMOYIL AMOPITKAITCKOM VHURED-
CHTOLE MaJI0 910 SUAIONIFM T TTTHeI0 HE YMEOWHA, 110 LPHIADYADBLIM CTY-
AEHTAM.

B sr1ott mane aptop mLITacTed 00LACIMTL SHTATCTK, KAK TIPeQIOIeTE
BOZHUKAKOWKNE HPH DLIOM LPYIHOCTT.

9.1. Jocka n Men, 40CKa M POEKTOP WJH Ope3eHTAuHd !

[oaasaamomee HOILIMIICTBO MATEMATHKOE LPEILOMNTACT KAACCHTICCKHC
JOKIATRT - MeJIoM 1O a0cKe, TaIe JOKIAIL TTPOTE CIIVITIATL, MX MOZKHO
sanucearn, QDNMAKo 3TO 11¢ 3MEYHAT, 410 BaM OBM3ATCILIIG TV CIATh
TMERAHG TAKOR J0KIa,

Ecnn v mac ¢ anmumiicriy e o 00CTOUT COBCCM TEIOXNG  VXKACHRTH k-
Len, BeAULE CHOBAPLLIH 3aTTac, IVPHALL UPHUBLIMKA CTPORTL (OPasnT TOCIon-
HBIM LIEPEBOAOM € PYCCKOIO - 1 BLT JI0 TOKIa13 He Veleere Lpopaborars
MACTOAINYE) KITHTY, TO ¥ Bac TOJILKO OdMll BLIXOM — COTaTh MPEeHTALLLID
B oauoll u3 peperii POWERPOINT miu ¢ ooy EXTRX a, Teket omxerr
COCLOTLE M3 UPOCIbX KOporxkux dpas. TIpm 3ToM 0B73a1ei1bH0 HyIKIO 110
MPROCTTR KOJIIETY, XOPOLLO 3HAFOTEIO AHITHACKME SUBIK, OTDEUAK I UPOBALD
BATIT TOKET. KATCTORHTICCKT TIONDS MPOKPYHMEA T IPCSCTITATIHI CTPaHATA
33 CIPAHMUCH, [PH KAXKTIOM HAMKATHHN KIIOTKH AOJRKHE LOSBILTLEH TOMD-
KO onga Koporkasd (pasza, 04Fa QUPMYIA TN OuRF pucvHor, 2Komarens-
HO, TTOGRI BYKREB GRIITH BOALITOTO pasMepa; T BOWTeCh OLUSIbHEIE CIO0BS
7 hpassl BEUICIATL UBCTOM, CLaBULb Clopa W DOPMIIL B PAMKW 1 L 1,
Bo spemMst TToKasa, KOLOE Bbl BRIBOAWIE OYCPOITYIO (DPAsy T1a 9KPaIt, Wme-
1 CMLICT CC TTPOLOBADUBALL, HO AEl HeODXOIHMOCTH JIGIATTL 3TO TPOMKO
{(qroful ue MewaTE CAFTTATENAM 4ATA L LOTBUBIIKACY TOKCT); ¢ CacIyeT
U Lals (POPMWIbLL, BMECTO 3TOTO MOMKHO L'POMKO UPOUBLCCTH CLATTAPTITYIO
dpasy ruua

We obtain the equation  wam  We have the relation.



TTOMIOCTLIO OOXOUMTRCA TOIRKO AOCKOH W MOJIOM HC CIICAYET M B TeX CJIY-
qasx, KOUZa B BAMCM JOKAATC UPACYTCIBYRYL IPDOMOSIKIC DODMYILT Wil
CJOKHBIE PUCYAKK., ECIM upH 910M Bhl YMERLe He 04Yetb LIVI0XO IOBOpPUTE
PO MATCMATHKY MO-aHTILACK, TO CIGIVCT MOPCAOEATE PACCKA3 Ha JA0CKE
¢ LOTKTIORLLUEMH TTPOCKTOPA J7Tsl HOKASA CIOMKILTX (DOPMYIT HIF PHCYITKOL.
Ha apeke cneayer BLIUNCLINATD OCHOBABE QOPMYAUPOBKY, UCUOILIYH JTOTH-
eekue suadku (7, 3, —, V., &) 1 cTaHgapTHRIC corpameHss Trma, Thrn,
Del., Lin., s.t., w.r.t., iff, Eq., n v w). Hr 3 woes coy4ac me eaemver -
caTh IIa JTOCKC Takue nelyxible qpassl, kax We need the following lemma
{mocraroguo nauncats Lemine wn L) wun Let us begin with definitions
{rarmiTe Def. 1).

9.2. [IpakTRYECKHE COBETHI

B pames ciayHac OIVIITIC ¢IOSIATS KOPOTKOH BROAHVI) TaCTh JTOKTAIA M
cpazy TepelTr ¥ cyru gens. Joxuans obLidino nadUIRT ¢o CraugaprEci
hpasne

I am grateful Lo the organizers for the invitation

M, €CITH BRI PACCKASLIBACTC O COBMOCIIION pubole, XOPOLWO CHATY 3TO O35Y-
aurn, ckasas 1his is joint work with. .., 7 Fanucars uHMLMANEL M EMWLTTTT
COABIOPOB B aJuBHTIOM HOpsLIKe, JODADHT B KOTITIC CBOM WHHTTHAJIET, L~
TTPHMCR, TaK:

S. Avvakumov, (. Karpenkov, AS.,

LIOCIC 9OI0 MOMKEeTE COPMTHPOBATE TOCTAHOBKY 3804491 MM CKA3dTL, Ka-
KVIO TEOPUID BBl PA3RHBAcTe Wil obobmacTe, Hued B BRay, TTTO BATIT aniuiiii-
CKITH AFRIK HE OTICLL XOPOW (1Muade 3o Ol 10 SuTaId 9Ty KITHTY ), 7 BE coBe-
TVIO B TTAYLIC JOKNSI8 ODRACHATE MOLTHBUPOBKY BAlLEr) HCCIETOBALINA —
JOVULIE 970 COUIATE B CEPEATTHE, CKAMKOM TTOCIC QOPMYITTPOBKY OCHOBHRTX
PE3VIBIALOB, TOUTA 3TO BYICT Merde ¢aeIaT.

TTarran paccKasLIBATL CYVIL JIETA, XOPOILO 33Pallee SUdTh, T10, KaK |
T7IC T JTOCKE BEN Byaere 1MCATh M KAKHE KYCKH HATTTCAHHOIO MOKIO OvIeT
CIUPALL, & KAKUE OCTARTATE ANA JamhHe[dImero moms3osanud, Fs-30 qoedex-
TOB BAWCH pedM Bay TRPHASTCH QITRCTTPORATE BAKHRIE BEIT B NUCtMEHHOM
eude Ha nocke, [Ipw 5TOM 3To CMCAVOT ACGTATL MAKCHMATRHO JTAKOHIYTIO,
B QOPMTIMPOBKAX M300TATE TICMYKITHX CIOT M BLIPDAMKCHT, THTRIORATHCL
CTATTAPTHRIMUI COKPAITICTIMANA, JOTHICCKOR W MATCMATITTICCKOH CHMBOJIL-
KOH.

Ecnn oot Jenacre ue JorI88 ¥ IOCKH, 8 KOMULKTCPITYIO DIPC3CHTATTHD,
OUellL COBOTYI JI OACHMBSIENNE BALLEO BLICTYILISINS I KaKOW-TO MOMeHl

]
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OLOWATH OT D HaHE. JIO,?L[Jfl'l‘Ll K TOCKE W IT0-TO DATBACHHTE, TIATTHCAE Cb()]}}-‘l ¥=
Y WM LIAPACORAR KAPTITHICY UL CXeMY. Toaxoi BUH3RO0T IOV D T T
MOUTOLIOBATL SAPELICE, TTIO TP 9TOX OH JOJIRKEH BLUIHIETE KAK DKCLUDOMIL.
B?,I[El‘{TTBIﬁ' HAC IO MET AKCLUPOMT MOIVIATCA, CCIA BaM RO BDOMA 0OKIIALA
JAIATYL BOMPOC, BRI MORME e 10T ROLMOC 1 OUBETHTC T TTCID ¥ TOCKH,
HAPICOBas 910-1() WO MaTTHCaR (_1')0_[)1\{}' V.

Ho ROTTROCEL 3 38718 BO BROAA JOKMAIL — 3T0O Gt pOCCHﬁCK‘HX MATEMA-
THEOB! KaK TPDABIIO, HANY JKGTAATTHKTT BOLLPOCEL LOLHMAIOT TLIOX(0. B Ta-
KX CAYHaHX Ue LV KITO HORBHITTA T, A CTIOKORHO TTOTROCTN S

Would vou repeat the question? Louder, pleasc.

Eeau nocac MORTOREHM: BOLPHOCH BRT TTO-TTDEKHEMY €00 e IICLHMASTE, Bl
JOTED Bblfl,il,e‘l'[‘- W3 TIOTIPTATHOTO TTOJOACTITA, CKa3as (C'I'I'OKOﬁ'HO}:

That’s a good question.
I'll auswer it after the talk T am ranning oui of time now.

A Tocne SOKNAIE NOMZORTTC 322BUICI0 BOTIPOC K JOCKE T TAM V3K TOTPO-
Oyiire pazobpaThea.

Flesty BO BPoMH JIOKIA48 BRI COLLIACTCCE Ha, DESVIRTATH APYTHX ARTO-
POB, B TOM TICNe KAACCHKOD, ODA38TIbUO LUILLTC HPH FTOM 1X (habMUIuT
Ha A0CKE (MLAMC TIPH BAITTEM UPOUATIOMICHTH CIVITaTeN He HOMMYT, 0 KOM
pedn). BopotmeM, 1aKue UERCCTILIC W TCIKO LPOABITOCAMEIN (DaMAINT Kak
Weierstrass, Cauchy, Perelinan Moxmo ®e uucars, Ho vor Buler wim Kleene
BLT CKOPEE BCEIO TdK MCKAINTE, TITO UX LC VITTAIOT

Fenw srl MOKa3biBaere Tro-T0 04 SKPALE HOPOS LPOCKTOD, UMOCT CMLICT
MOIBIOBETLCA JTAZCPHOHE VKAZKOHR  —3T0 TTOSROMITL BAM HE LPOIOBAPUBALD 10,
MTO HAMMCAHO WHH [[HPUCORAHG Ha SKPALC, F TPHUEACTH BHUMAHWC K KAINTIC-
BLIM MOMOETAM AOKIAIA 005 LOMOTIH AHTIMACKOUO HSLIKA.

5 ue coseTyo paccRasblBalb ATCKAOTH WIH MIYIMIE  CKODee RCETo,
¥ OBAC HTO LOMVIWTCd TLI0X0. (FARAKO MKOTTeILIG, YToORT Ball JIOKILT 770
BLLT CTMIMKOM €¥XHM MO (hOPMAThABIM: HEIAPOM Ko JOKTAALL L8 KO-
thepennuax mo-armiuickl LasbiBaloTed He reports, a lalks! Trofnr omu-
BUTH Balle BLICIVTITERHE, TOJIe3H0 0D3ARCCTHCR ABYMA-1IPeMa Tehopyahb-
TBIMT TTACLO UOBTODACMLIMH BREPAMKCUHAME, THNA this guy fere nmn this
thing here (upn 9roM BLL ¥RA3WITACTEe LA KYCOK (BOPMYILT LA JOCKE WM LA
IRpaLe], He GoFTech HHOTUA BOTABITALE KOPOTKUG LHed)OPMATRIRE KOMMELI-
TAPHH BPOMEC

nope, that ain't gonna work
J28) 1%}

veah, we then got this crazy forimula.

=4
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OKIBAATE AKPANTTLIC TTRCEZCHTATITA TOXE MOXKHO (7 HY2KHO!}, HATTPITMOep,
BOTABAAA B TeKCT CMeNlLe Kapruigu, GoTorpadii BULIHX COABTOPOL KT
KOHKYPEHLOB, MYTBI(UIBMBL.

Hvetire & BRIy, 770 B OOMIDLUTLLICTSE 34L8JHRTX CTPAH HEVKOCHUTEh-
HO cobmogacrca peraanent {(ocobenno Aa colloquinm talks), B ommardue or
Pocciw, BRITTpAITUBATE AOTOMNATCILITHIC UMTh MUUYT ¥ chairman’a 0o
avprO Tor. TlosToMy TIaTupyATe A0KIa] 18K, TTOOR KOHLOBKA He CKOM-
KATAChH M OCHOBLIOEN BLL YCUENH [IPOroROPHTE A0 TOTo, Kk chainman ckasker

You have lwo minules left!

XOpOLI.lO ZABEPUITTE MOKIIAD Ha I\-l’?.l,)K()pl'I()fl HOTE YEKAFIION 3}.1]_.)8,118!’:‘- 38~
LOTOTICTITION (I)I)Elf%()ﬁ, A LOTOM YA llI)OLl3H€C1'TT (HJ’IFI BRICHBOTHIR HA T-)K]_"JF!.TT(E:I
GanasbHoe

Thank vou for your attention!

9.3. Jlexkim

HuTaTh DOKIHIA TO-LLUITMECKTT TOPAZI0 TPYALee, YeM TUTaTL HAY  THRS
JOKITE AL, 0coBeHHO 8CIH petih uiel ob oGmeodpasenaTiILERY ICKITHAX 10
MATEMATHKC 1A BONLILGEG HOTOKA CTYVACUTOLR LHeMATeMATUHECCKHX CLelu-
ANBTIOCTCH, 1y, cKaxem, JekIAl uo npeciaosyromy Calenlus'y » oupoym w3
aMepukanckuX liberal arts colleges. Baeck a40me Me TOMLKG B A3LTKOBLIX TPYA-
HOCTAY W TITM3KOM YPOBLUE CLYIESTITOB, 110 1 B LPULILUIKMAITHRI0 HUIO0M HX MeH-
TATHICTE M COBCEM APYTOM OTHOLLEeHHH K TTpodeceype.

Yeuewnas TpopaboTra STOH KKK TICI0CTATOYIE I8 TOrO, 9robL
XOPOTTIO THTATE TaKUe nekiui. {Buposew, econ nepe Kaxx ol Jexnuelt co-
CLABMTL (¢ TCKCI TOTRKO T3 KOPOTKAX (ppai, TOCTPOCLLILIX Ha OCHORTILIX
TADJIOHAX, 1 UPOCTO TROMIUOCHTE 3TOT TCKCT, TO B UT0LE MOXKET TTOIY UL
Col TISTIFIONO, TTPH YCIORHH, 410 BAalug peds Oyz1eT aurci, 1e, ue Gyaer mo-
LLUTHO, TG BHT ACKIAMUDYELE BRYIEHHRIA HAMIYCTE TCKCT.)

LlosroMy « nacrorrelhAC CORGTYIO, KOTA BaM B LCDLLIE pas Tpeimoxar
ATy Jekuny cryaertas (undergraduates), PELMTEILI0 OT MTHX OTKA3ATL-
¢A, 0ObICHUE, ITO B MOPRLIH COMOCTD BLI CMOXKOTC HHISTE JICKLLH TOJILKO
acumpanTay {graduate students), a GounILMe NOTOKOBEE JCKIMH CMOZKETE
UMTATE TOJIRKO T CIGIYIOWEM CEMECTPe, J1eKuun HeBOTRITION rpyITTe acTTH-
PARTOB YUTATEL TOPA3I0 Aerde, 9eM 0oibloll coabo avigrropun. Femm tax
7 OYNer POLIeG, B TCHCLEE HEPROTO CEMeCt pa TMeeT CMRTIC PETVIARHO To-
COLIALD LOTOKOBLLUL JIEKIMOHHBIL KYPC OUHOL0 T3 KOJUICT, MTO MOZFROJIHT BAM
TOIATR, TLO 910 TAKOE W KAK 9TO JAeaeTed.
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3ajganur 9.1, [peaerannTe cobe, w10 sapipa BaM MPOICTONT CACTATE
JOKIE TI0 TOCICTICR sawei paboTe, TPHAyMaHTE M 3aNHINHIC LCPBLIC BBOI-
aote (bpazpl, u206puzre HA. LOCKE LEPLLIC TTVIEHLE 38l1lMCH U HALMIUATE
JABC-TPH ZaKITH YK LEILITHIC (DPaibl BaTero <« oKTaTas.

3adAHUE 9.2: OororHOE! TToapearTe wror paloThl Hayl 3TN KHATOH:
cocrasbTe enreok W3 4(-50 wmabIouon, SaTOMTHLIe UX TCPMATIAME T0 Ba-
Lieil CUeLNaIBIOCTH, 300aBblre K HuM HeBOUbLION CTTHCOK LOJE3HBIX 13l BaC
BROANLIE BLIPaAeHull (opeilers), TIeCKoILKO HYKHLX BaM acknowledgemoents
M, ECJM TAKWC TANTyIed, IBa-TPu Wabmous, HOABTUCIMXCH B paborax Ba-
TITHX KOHKYPEHTOB, LI0 HE YKa3aFAAX B 3106 kuure, IToayareimecs AHCTO™-
KA CIOMKUTC B KPACHBYIo Tanxy. Kora TacTymry 9epet UalMCATL CTATLED
M KHULY, JOCT4LLTS 9Ty LalKy, upojauciaiite ee 7 ¢ YBePeNHOCILIO B
FUITCXC — HAYTMHARLE OHCAT.



ITpuaoxenne 1
Crmcok MareMaTHYeCKWX MIa0JI0HOB

Ltsn rex unrarese, KOLOPLIC 00paTUIUCL K 9TOMY TRHIOMCHHIS, TG TITK-
THTAR OCTIOBITLIC PASAEIRT KHATH, OTMETY, TTO, KAK TPABLIO, LDCIIOMKCHM
AHIHACKOLO MATCMETHYCCKOTO F3LIKA MOWKTIO CUPOULL, 32L0THLST TYCTHE
oA «afIonos» (CLAHIAPIHEX 0GOPOTOB} COOTBCTCTRYIOMWFMA «HACTA-
MU peyws (obf, mod, prop, vef, cloim) v KOMOMLIMPYY WABIOLLL € LHOMOLIEK0
TAK HAZBIBAEMbIX CBa30K {fnks). [losroMy 4 coReTYIO XOTA GBI TTPOCMOTPETT
TCPBRIC ARG THABRLT (Tae oBbACHASTCA, L0 LaKoe Mabaol, Hacth oY, M
LOACHAETC, KK O0paIIaThes ¢O CRASKAMI W ¢ &I UKIsIMu ).

HarmmHaromemy dnlIamreiii i HaCiOw e lbHO DEROMOTIYIG THEDIO VOROHTL
OCLIOBLLLIG WaBnonn {(ux neero 12, oM. paznat 1.4), 1o ceoeMy yCMOLPEeHIIO
BETTACATE 1 0CBOMTE elé wryk 10-20 1, nponneTas mapy eTaTei 1Mo cnock
CUCLHATDITOCTH, oToGpaTh w3 mix emg mTyK 10, € Hoay9eiues ¢lMeKoM
w3 30 40 wabuonos Crowt LeMIOIO TOVTPAKHIIBCH (KOMOUMHUDORATR X
¢ HOMOMIBE) CBAZOK) M u0baRATH BRIGPAHHEIE MO BRKYCY CMACOK BBOILLIX
BbIPAKeHU (MHEMMaILULE CLHUCOT COMCDKTLICH B wiase 3} [ocue yromo
MOXKTI) HATTTHATE TTHCATR 1eKCT CROUX crarci wa oTol ocHore. TIpH »ToM
HAAO LC LHOPCBOIATT, 8 TCPCCKAILIBATE PYCCKHN TOKCT, 4 CId JV4IIe cpasy
THCALD HO-2HIVILACKHE U3 IOIOBbL LI 1O YCRTIOBbIM (POPMIIAM 1 UEPIesxKaM.

1. Ocnosapic MAabIOHBL

DTH MAHIONTT FCTIOIB3VIILC: HOCTOARTO B0 BCEX MalCMATITICCKAX TUK-
crax. B obLIMILX anTIOASLINNLIK CTATLAX OTTH cocTas) ol ot 60 10 70 upo-
Terros 08oporos, KoMBuuupys WX, MOMUO B UPHHIUNE BbIPA3HTL LPAKTL-
FOCKA TGV MATEMATHYECKVIO CEMAHTUKY. [IoVvanTenhro, 1o TTIOTTH Bee
OCMIOBITLIC TITABIOTIET TOCAOBHO He TCPOBOATTCE WA TUIOXG TTePeRoIATea 1a
preckutt — 3TO TACTO AHTIMHCKTC MIROMLL. B manmx madnonax Mel, Kak
UPABUII0, LC YKAZLIBACM APTHRIIN; THTATOIT, MC BICIOMCTO THM HCKYC-
CIBOM, Mbl OTCLLISCKM K DA3TUIAM 00 apTHKIAX B 1misax 2 4 4. Bupoues,
TPaBUIbRG PACCTABHMTL APTHUKIM LOMOLIBIOT TTPUBCAEHHEIC LOCIE KANI0LI0
MAlIOFa LPUMEPLL UPUMCLCHES 9TUX WAGIOTToR.



(1) [obi] is {obj win mod]

The [unction f is continuous.
The set R is a ring.

(2) comsider [obj wnw ref]

Consider the 2-dimensional vector space over Fr,
Consider the Sobolev space WY,

{3) for any |vbj wim elaim]

For any pair of distinet points P, (0 in R, there exists a uuique line
containing I? and Q.

(4) et jobj| be {obj i mod|

Let w be a scsquilinear form on M.
Lot the operator A be orthogonal.

{5} [ref mam prop| implies [ref wan prog]

Lemma 7.3 implics the Cauchv—Kovalevskaya theorem.
Continuity implies integrability.

(6) there exists a {obj] such that [claim|
There exists an isomoetry i: B2 — RB? such that f{A)= A" and f(8)=B".
(7} if |cfaim], then |claim]
It F: D% — D? is continuous, then there exists a point « € D? such that
flzy ==
{R) there exists a unique |obf| such that {claim]
There exists a unique interseetion point of any two distinet lines in RP2,
(9) [od]] is called |mod wm obj] if [cluirn]

A ring R is called associative if (ebje = afbe) for all a, b, c € R.
The map s: B -» E is called a section of w if w o s = 1d.

(10)) denote by [symbol] the [obj]
Denote by CP™ the complex n-dimensional projective space.
(11} |elaim| if and only if [claim)]

A sccond degree curve is generic il and only if the invariant I5 is nonzero.
A closed 3-manifold M is the sphere 8% if and only if m (M) = 0.

(12} [0b4] bas the form |claim| v [oby]
The simplest parabola has the fotm y = 22,

The sccond Markov move has the form & — 8bF', where b e 12,,.
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2. QopMyIHPOBKA ONpeaeICHAE

[08]] is called [snod i obj]
Subgroups satisfving this condition arc called normal.
lobj] is called |mod wim oby] if [claim]
A transformation ig called isometric il it preserves distances,
|obf wnn symb) is defined as [0bj]
The halt interval [a, b) is defined as {z € R ia < & < b}.
let us define |obi] as fobj]

Let us define the integral j; flx)de as the limit of integral sums as
g — .

define |ohf] as |obj]
Define the sphere §2 as {{z,y,2) € R® 2?4 42 + 22 =1}
we call [obf] {med] if [claim]

We call o manifold €7 -sinooth if all its transition functions are C7-smooth,

3. PopMyaupoOBKa TeopeMm

if {eladrn |, then |claim2)
Tf the surlace Af is orientable and x(M) = 2, then M is the spheve 82
suppose that [cleim?|; then [cluin2)

Suppose that the Tefschetz number A(f) is nonzero; then f has a fixed
point.

let {claimi], let {cluim2|, and let {claém3]; then {cloim |

Let the [unction § be continuous o [a. 0], let f{a) < 0, and let £(B) > (;
then there exisis a polnt ¢ € [e, 8] such that f(¢) = 0.

if [edaimn|, then |obj] possesses the following properties:
1° [elaimi|;
2° [elaim?|;
3° [elaim3)



Tf «v is an element of the Mdbius group, then o possesses the [ollowing
propertixes:

17 « preserves angles;

2% (¥ PIeseTVes Cross rabios;

3% « takes circles and straight lines to cireles or straight lines.

[claimi] if and only if [cleim2] unu xopode:  {eleind | iff [claim2|
A 3-manilold M is the sphere 8% if and only if 7 (M) = 0.
[elaim] is a necessary and sufficient condition for {obj| to be fobj unm mod)|

Iy X) = Z 15 a neeessary and sufficient condition for X to be path
coniected.

if [elairn], then the following conditions are cquivalent:
1° {elaimi];
2° {elazm];
3° {clagm3|

If T is a graph, then the following conditions are equivalent:
1° T is o tree;
3° there is a unique path joining any two points o T
for [obj| to be [mod] wuu [obj], it is necessary and sufficient that {claim|

For a linear operator 4 = (@) to be nondegenerate it is necessary and
sufficient that det(mgy) # 0.

4. HokazaTeJbCcTRa

we have [clain]

We have P(a) = - (3¢3b(S(a,b) — 1))
we obtain |vlaim|

We obtain [ f(x)de = f: f(2)da + [ flz)da.
it follows that [claim|

It follows ihat the sequence () is exact.
by assumption, [claim]

By assumption, the function ¢ is uniformly conbinous.
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using [ref], we obtain [eloim]
Using the Inbini theorem, we obtain fo flz,dS= j:(f{d Fle, y)dy)de.
since |claim], it follows that [cleim]

Since the diagram (*) is commutative and its rows arc exact, it follows
that H#{ X, Z} is isomorphic to A, {X,Z).

{ref, prop| implies that [cladm, prop|

Differentiabilily implics continuity,
The last inequality implics that r(z) ~ O(z?).

it remains to prove that [cleim|
It remains to prove that £ Is upper semi-continuous.
all the assumptions of {ref] hold
All the assumptions of Lemma 2 hold,
it is readily verified that [cluim]|
Tt is readily verificd that A is a del Pezzo varioty.
the proof is by induction on [aby]
The proof is by induction on the dimension » of RP™.
we arguc by contradiction
assume the converse
this is a contradiction; the proof of [ref| is complete
This is a contradiction; the proof of the theorew is complete,
we will consider several cases
[ref] is proved
The wain theorem (Theorem 3) is proved.
this concludes the proof of {ref]
This concludes the proof of the Reldemeister lemma.

Q.E.D.
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ITpunoxenne 11
Coto3bl u mpeajaorn

TI0 TPFIIOMKERHC — CBOAKA MCTIONT30RAHUS COKB0L T IPEFIoros (conjun-
ctions and prepositions) n MaTeMaiudceknx Texerax. [lepesod $THX Caoke-
HEK, PASYMOeTCl, 3aRACAL OL KOTTTCKCTa, W MO TPUROUITM KOHTEKCTLL, TTaM-
Gonee YuoTpeBHTEILITEIC B MBLeMATHICCKUX TeKeTax, B caMon manaue (oM.
110} s nepequensem uanbosee XOA0BLIC TIPTMEPbL, & 3ALCM IPYINHNpyeM
TRHUMEDDLL TCPEROUOT TIO TIHEIIOLIAM

of, to, in, by, on, for, with, from, at, over, under, into, onto, along, as.

BO3MOMHO, BAM HMCCT CMITC BBIMUCATD T U3 91UX KOUCTPYKIWT, KOTOpHIe
MBI RECTO BCIPCUTARICH B TOKCTaX 10 samntel cnenimanbaocry. Pasyaeet-
€A, MPM 3TOM ODTMEMATCMALUMYECKHC TOPMTHbLL (KOTOPLIMT A 3i1eCH LhlIaIesT
OUPAIITINTLCL) MOZKHO 3aMOTIFITh 48 MX IACTIIHE KOHKPOTHSATAN (Hanpr-
Mep, mmap — epimorphisin, sct — variely, structure = metric 1 L)) sTe
U DOTOOABIE 3aMCLLbL HO BICKYT 34 coGoll M3MeReHui upeIaoron.

Bo sTopof TacTn 3TOro OPAIMKeHMs 11 YA0OCTEa ugrarencil MnT npn-
BOJTTM UX BCPEBOJEL B OOPaTHYIo CTOPOITY (¢ PYCCKOTO 1A aHTIMACKIE).

0. Copcok caMbIX XOJIOBBIX KOHCTPYKIHI ¢ HPCAIOTaMK

at Lhe point »

replace 2 by ¥
substitute y for x
chaunge » to y

z helongs to X

X depends on a

X is indepondent of a
vector field on AT

iy tordds to 4 as n — oo
exlend f to X
restrict f to 4

f ranges over X
under Ll map f
polynomial in z

D TOUKE &
SUMOTIHTh 2 HA
SAMCTTHTT 2 Ha. Y
3AMEHUTL ¥ 114 Y

T APUHAINCKAT X

X 3aBWCHL 01 o

X ne sapweny or ¢
BEKTOPITOC TIose Ha M
@y CIPCMWTCA K A 1pu 11— 00
APONIKTATE [ Ha X
oTpaduanTs f va A

f apoGeract X

npH orobparkern
TIOJIATIOM OTLHOCTTEIRHO T
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function of the variable x (hyHKT(HA TepeMendort «
system of equations CTCLCME ¥ PABHEHT

1. Of

ITantomnee }"I.l()'l‘]_.)()(ﬁl:l’].'eﬁ'l.bliblﬁ APHITOT OOLTYTTIO TCPCBOIATEA ¢ OPRIMerHe-
HITCM DOIHTCILHOIO T 008, HI1001Is NCPeBONNLCH UPeTTOTraMy Ud, 01,
e M np.

function of = PyUKUMA Tepenellnoil 2
a solution of cquation (2.1) pesenTe ypasuenuns (2.1}

Honyeruso takxe solution to (2.1)

the set of all « MHOMKOCTEO BCeX T

oie of the sty OFTLO W3 MHOKCCLE

the class of functions Kaace yyuxmuii

a subsel of R” HOTMUOAKECTRO npocrpadcTrsa R?

OOTOPOXKHO: uepepounTh @ subsef of X Kok «HOUMAORCCTBO X» OHACLIO:
TO-PYCCKU TO BRIPAKCTIMC MMEeT jha PasHbIX eMbietal 3aech HYIKIGO «UOil-
MHAOKCCTEO MUOMKECIBa>. ARATOTHYHRT TIPOIOCTEPeKeHTa OTUOCHTCT W K
ApyLruM TpuMepad ¢ of. B DaiulelinIcM MLL IIOMeTack «¥LFagaHHRICy (IoBa
COIEYIOTTTITMIT KABTLIMKAMUI! ¢ ».

closure of X 3aMBTKARTC <IpoCIPaHeTnar X
noighborhood of 2 OKPCCTUOCTL «TOTTKH» &

subdivision of M uoapazaenernc «’L-mnoroobpasuay M
the sum of o and b eymMMa a w b

the center of the circle HETITP OKPY>KHACTH

ai cquation of order n YPUBLIEHTE MODLIKA 7

syslems of equations CTCIeMBl Ypasuenni

a group of transforiations Tpyana npeobpasosarnii

Jomyermvo w transformation group, RO He cqualion system 1 ue point neigh-
borhood; MMBePCMY TAKOTO DOIA CAEAVCT AGNATh, TOILKO BCUTT BLT X BOTpe-
TAJIH T TOKCTAX AHTVIOASLIMIILIY A5 T0D0OE.

angle of rotation Y1OJT IOBOPOTA,

circle of center O and radius + OKPYKHOCTR PAIUYCA © ¢ UeATpoM (O
consists of all points COUTOMT 13 BCCX TOHCK

the mapping f of D otobpaxenme [ «obzocius D
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transpose of the matrix
complex conjugate of

TPRAHCIIEDOTaHHARL MATPARIN

AHACTOY, ROMILTCKCTIO COTIRA AeHHO:

AHHUY # 2

]_[lJHF}e,H,EM HOMCTPRY KUK, T8 BuCCTS © of HCTIOMRIVHYLCE T MY UHC TS0

of dinension 2 over C

extension of ¢ by the identity

on A
coeflicient of 23 in p(x)
rotation of F about x

defined on all of X

take IT in place of G
image of 4 under f

2. To

pazmepuocTn 2 nan €

TPTOMTAKEUNE ¢ TOWKUESCTBOHHbIM
orobpaskennen ua A

koathbthument npm 23 5 pl)

Bpamerie «Qpurypnts Foxrpyvr
«IOYKH» T

OTPASINEHO T Beem X

poseMeM H B kagcerne (¢

0Bpa3 «MIUIKeCTRA» A UpH
«OTOBPaKeNs |

]_[(fl')eBO,I[LlT(:ﬂ 1)&311()()6[)%13140: AALENLULIN TTAQEHOM, & TAKIC HPReL 00

ML K, Hd, 8, € K1 J).

x belongs to the subgronp IT < @

change x to y
@ is equal to gy

& APUHAIICHKHT noarpynue H < &
JUMOTITM & Ha
T PAaBCeTT ¥

Houyerumo m «x equals g», HO Kareropmaecky neIn3a <2 equals to y»!

¥ corresponds to g

f takes x to g

o, tends to 0

T maps to y

Iy is parallel to o

assign H*{M) to each M

relatively to the topology T
i tangent to S

all primes up to 97

attach a handle to M
restrict the map f to N
extend the map § to W

12 ig relatively prime to 25

T COULBOTCTBYCT 4

F ovobpuxkact z by

Tp CTpemMures K ()

x orobpawkaerca By

I wapanneena {p

KA oMy M TOCIABMM B COOTRETCLIBMC
H*(M)

OTLIOCATENLIIG TOWOJIOTHT T

! kacaeTca S

BCE LIPOCIBIC HACTA BLLIOLE 0 97

IRRKICHTE pyary K A

arpanuTIArL orobpaykenue f a N

TpoAokRALE orobpaykerne | wa W

12 pzaummo upoero ¢ 25
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HpHB(.‘-,ﬂ,ell'l APTANMCPLD ynm‘p(‘ﬁnmmﬂ N ATOTR to B COMETAHMH JPYTHMIL

LD ANOTAMIT

suin from 1 to n

integrate from ¢ to b

fisamapof X toV

fis aomap from X to Y

consider the sum from 1 to n

the application of the lemma
to this situation

extend f to all of X by the
identily

the contribution of X to the ...

3. By

CYMMa OT 1 1o

HIITErPUPYEM OF ¢ 10 b

[ orobpamenne X B Y

f amnagcerca orobpuxeunem u3 X 3 Y
paceMorpuM cyMmy o 1 10 0
UPUMEHCITAC JIEMMBI K 9TOH Clrryarnun

npogomuM fooa see N
LM NCOTROUHBIM OTOBPANKEHNEN,
nraad A B ...

I—[EPI)(‘TSU,"[H].‘(:}I TBOPATILHBLIM TEATOXRKOM, & THICHC TDCIOUAME W, Wpes,

no, ROCPEdCIEnat.

H*(X) is determined
{defincd) by X

denote mo( X, Y) by A

#y 18 majorized (bounded
above) by «

f and g differ by 7 = const

thie homomorphism f*
induced by f

dividing (imultiplying) by =

@ 1s given by (2.3)

X is generated by e1...., ¢y

by construction (definition,
assurnption)

F is approximated by f,

A is permuted by o
Lemma 1 is obtained

(proved) by induction
rotation by the angle 7/3
by putting (sctting) « = 1
by the theorem, ...

H* (X)) onpeagnaeTes «IpocTPaHCIBOM
X

oboanadtum (X, Y) Tepes A

Iy OTPaAFIOTE CRODXY <HHGIOM» T

f n g orraorea Aa = consl

romomMopday 7, MY HUPOBaHHRI
<oTOBpameress |

Joema {(yMTIoMKe) 1A T

¢ momvaacres 13 <chopavans (2.3)

X NOpOKUAETCA <BCKLIOPAMUY €1, ..., 8,

O UOCTPOCTIHIO {ONPENEIEHTTIO,
VCIIOBTIO )

[ annpokcumupyeTes
CMOCIEAOBRLENLIIOCTLIO [y,

A LOpecrapisiercs «TOCTaHOBKORY 7

aesMa 1 moayvaacTed (A0Ka3HIBAETCA) o
MHITY KL

UOBOPOT HA yLoT /3

nogara:n r =1,

o TEOPEME, . . .
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,z:f,‘d.J'I(l(‘ TOCKOIIBKO K()HCT'[)}"'KLLMLUI, LT TRe a0 by LIOARTASTCH & IDVTTMI
APe IO

extend f by the identity to f OPOIOIATM <Oorodpakeares [
TOAICCTRORHG 10 orobpaskenty [

the extension of M by I PAcTIITpEHe ¢« MOV M
HOCPCACTBOM <MOJTYIs £

A is moved by finite number A TepenoeHTes KOHEY1LIM THEIOM

of shifts CTRATOR
X is mapped by fto ¥ X orobpakaerca nocpeueteon [ 5 Y,
4. In

Hame peero (Ho ue peerual) nepesonuTes wpesoroM a.

x is contained in X # comepwuTe B X

M lies {is embedded) in R" M sesur (paowero) s R?

a polynowial in NOATHOM QUHOCHTCILHO 2

A iy everywhere dense in X A paony motao B X

X is compact in the weak X wOMuUAKTLO B eMabol LoToIorTH
topology

in the case (i) B coyuae (i)

in the space (group, ...} B IpocTparcrse ((pynae, ...)

A intersects B in a plane A uepeceract I3 no unockoecTn

syinmctry in the plance OTPATKERUE OTLOCATETEHO LIOCKOCTH

represent in the form UPEICTARHTE B B

differeniiation {integration} Jrdhpepenauporarue
in ¢ (unrterprposarmc) o {

Mo 3pec, myqme crasatn differentiolion with respect Lo f.

domain in B? obmaeTh B R
take z in place of y BO3BLMOM & BMECTO ¥
the multiplier in the second term MUOAMTCIL BTOPOLO TLACHA

Bor KOHCTPDYEIOFH, B KTORLIX in TCNOIL3YCTOA CORBMECIHO ¢ APYTHMUI npen-
JIOTEN

polynomial of degree noin @,y OOSHIION CLEeUenu 1 OT X, i

in transverse position with TPAHCBODCATBHO OTHOCKH ICTLITO
respecl to M «MuoTOObpasMay M

in the sense of distributions B CMLICTC 0B0OWeILIX DpyIKITui

66



5. 0n

ITot i Beeria EepeBOAMICT MHEGAIOTOM i, MHOTIA 0, ¢, o, 0Mm.

points on the curve TOYKM HA KPHBOH
points on the boundary TOUKIT HA TPalldue
depends on SURHCTT OT
projectioi on UPOCKLUMA B

OGparnTe BHUMAHME, TTO «By, 8 HC «Has; roBLL LOMVHIAOCL «HAs, TIYIKIIO
HE «On» a <omtos!

the identily on TOALTCCTEO HA,

function on the demain p¥HKTHA 118 06/18CTH

nietrie {topology, structure, METPHUK {TORONOTH, CLPYKTYDA, ...}
.} on I

theorem on implicil functions Teopenma ¢ HedBHOM hyikuun

Jawe ropoputea anplicit function theorem, a ROOBLLE «TeOpCMa Oy OBRITIIO
neperomTed Kak theorem about,

graph on n vertices rpad ¢ 1 BePITTIIIaMUI
terms on the diagonal UNCIbL, CTOATIMC [0 ATATOIIATL
6. For

[lovTh Beeraa epesoauIcs MRCELTOTOM dad, HHOTIY PONFTeNLILM Nade-
OM, TIPDCIGIOTAMA 7pU, OMHOCHIREABN, K.

houndedness condition for VCIIOBFE OUPAHKTTRHHOCTH 1T
the [unction (pviKLMn

a basis for the space Gaare OpocTpaHersa

solved for y PASPETITCIIO: CINOCHIETRHO ¥

the inverse for f obpatuoe K f

Yaie rosopiten the inverse of f.

the problem for H saaara gag H
X,, is compact for all n X, KOMOAKTIIO D051 BCEX R
substitute = for ¥ in (2.1} gaMenumM y Ha x i (2.1)

ITo MOIKHO CKa3aTh U rax: replace ¢ by T in (2.1); obpaTrTe nHuManTe 1A
nopaLIoK OYKE © ¥ 4!



7. Over

TIepeROAFTES TPEAIOTEME 1itd, 10, HE, BUHUTEThHBIM 118, TeK0M.

f ranges over Tm f f npoberaer Im f
n ruis over all even integers 7 LPOHETACT BCC METHBIE TUCTS,
integrating over A7 AHTELpUpYSH L0 M
vector space over B ROKTOPHOE OpocTpalcTio Hag R
summing over all n CYMMUPYA IO BCOM 12
conc over X KOHYC Hay, X
affine schemec over F aduprHAay cxeMa Ha F
fibration (bundle) over B paccnoenne nag B
module over the ring R MOJIYITb HA), KOGIbIuM R
linearly independent over C IMACHAO HesarmcaMB wan £
contitmons over all of X HeMpepLIni Ha seoM X

8. Under

OBHTHO fepesoiuIcsa MPCLIOTAMU npY, nod, 1no.

under thoe actions of G Tt geficreaeM G

under the condition UPH YCITORHA

group under multiplication TPYTLA 1O YMHOMKCITHE

under the map (inorphisnt) npu oTobpaxkenHT (MopdusMe)
invariant under shilts WHBAPUAIITHO IPH CIBATAX

the point P lics under the TOMKA P OICGKRL 10T IWIOCKOCThIo 11

planc I1

Under BeTperaeics i BMOCTC ¢ ADPYTHMHE LPCIAQUAMIT;

X projects on P under p X apoekrupyercy ua P npu
«OTOGPAYKCITITT>

a maps to b under § ¢ oTobpaskacTes B b upu
corofpaseruny f

the imnage of X under f ofpas «npocrpadersay X npe

«oToOpaxernuus f

9. From

[lepesonaaTen TpeNIOraMy s, an.
follows from cresyer ud
subtracting from RLITHTARA K3
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moving away from the point
bounded from above

resulls from the paper [3]
determined from initial data
functions from the space

ABATH OT TOTKA

QTPAHTICIO CREPXY

DUBYIRTATLL W3 CLalha [3]
ONPCICIEHHOES M3 HAMALIDIX NAHHBIX
GYHKLUTT F3 TPOCTPAHCTRA.

A por M from ¢ AP TEMEL T TIIOUAMET:

at the distance of 4 from X
integrate from a to &

10. With

Iy paceTodHu i o X
WHTEL PUPYCM OT & 10 b

[lepeponurea TROPUTENLIILIM TAICKOM, & TAKIKE OPOITOIaME ¢, HE.

couipped with a metric

supplicd with a norm

coincides with

identificd with

pul into correspondence with
the group

angle of 60° with the plance

take the product with X

interseetion of A with

arcs with small diamaeters

subspaces with finitely many
components

[ibration with fiber F and
base B

11. As

CHADCITHOS Me'L PUKOR

CHADKEHIION TIOMOH

COBMATALL ¢

OTOAGTECTRICHARTT ¢

MOCTARHTL B COOTBOTCTBEC ¢ IPYINOL

yTog 607 ¢ WIGCKOCTLIO

B3s11L TpouskeleHte na X

nepeceuetne M e N

JYVTH MAILIX JHaMOT]OB

NOTUPOCTPRPAHCTBA ¢ KOHETHRIM HHCITOM
KOMOQIICIT

PACCIOCHUE O coeM £ u Baszoi 3

II(BI)(!B()#TTTC)T CJIOTAMIL YA, KK, BLIDUAWHHAN M ¢ GTH}C, 3 KAYeCtiae,

a8 1 — o0

regarded as a [unction
cousidered as a function
viewod as a function
exprossod as

as aiy other binetion

OpA N — 0G

PACCMATPURACMAA F KATCCTRC (Y HKTIMM
PACCMATDUBACMAT KaK (DVIKUTH
PACCMATPUBACMASL KaK (DY HKUTA
DBLIPAMKEIIAS B BUIS

Kar W grobas apyras $yHKuK:
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12, At

TTepenoaurey upeaJoTaMa g, Ha.

at tirne ¢ B MOMCITT BpeMend {
at infinity 11a. GOCKOHEYHOCTH, B BOCKOECHEOCT
at the point B LOTTKe
has at most two solutions HMCCT He DOIee AByX peinedmi
13. Into

Tlepepoauicy TPeATOTAMYT &, .

decomposition into the PATIOHKCHUC B BPOASRCINHITE
product
divided into two classes Pa3bHTO 1A Ina KAACcCa
partitioned into Pasburo Ha
J maps X into ¥ f orobpaxacr X s Y
14. Onto

yl'LO'J.'lJE‘ﬁ.TI ASTCA, WOT A TTY A0 TOATCDKITYTL, T1I0 DACCMATDHERETCA CHIYL-
CRTHBEHOC (]T()ﬁpa.?l((.‘-llkl(.‘-._ M 10008 DCReBOITTCH BPSULTOTOR R

the homeomorphism ol (0, L} romeonopdman mrtepsana (0, 1) na R
onto R

projection (z,4) — (&, 0) of npoexuus (2, ¢} — (7, 1) naockoeTu
R? onto the x-axis ’? ma ock abenmee

()6]){1;1'&11'!’:‘- BHHAMAHHAL, "TTO BLIPDAACTIHC j’)T‘O_ijSCJ,'d:O'Il OF, KAK TTPRRBHI0, TICHOMT-
BVOUTCA, KOTAA TTOCRIHA MOMET OLrrn He ClO]}"bEPKTTT'FSH()ﬁ.

15. Along

[lepepoarca cnoBaMT edoasb, o HARPLGACHUN, UIPETKS TBODUIESTHTRIM
TIATEKOM.

& moves along the curve & JBUMASTCA BAOTH KPHATOH

is dirceted along ... HAUPARIEH BAOIh ...

derivation along OPOM3BOUAHAST [0 TAMPEDBICIIMO

pullback along the projection OTOBDAMKCHTC, WILIYLKPOBAHHOE
TEPOCKTTITCH
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16. IIecpeBoy B 00paTHYI0 CTODOHY

a7 vaobeTna TOFCKs, TTAcTh MRCARTAVICTO CTHCKA Teneph TDeACLaBle-
Ha B oBpArLyo cropony, ¢ Pycckoro la apvauickrdt, TaTaTtemo ciusayet
HMELD B BUTY, "TTO CHCTCMATHUSCKOE U3YTEHTe 3TOH Bropod Yactl BDCIIL
(OHO PASEHRACT «PYCCKOASLIMHOE MRETTIFICHITCS THO OLHOTITEHTTHIO K AHTIMACKUM
TPCIOUAM J, 9TV H8CTL CIeAYCT HCIHUILIOLBALL TONBKO KAK CIPABOUHLTH Ma-
TePHAL

TTartHeM ¢ RAUSKET  OHWM REPEROATTCT THOCPOICTROM HPOTIOTOR.

(1) POANTENBHBIA TTATFMK [«KOTO-I0TOY )
O611Mno nepesoapres npeatoroM of, pexke to,

knace gyHKLi clags of [unctions

by HRTIHA nepemMedHot & a function of x
OKPOCTHOUTL TOYKH & a neighhorhood of «

Apyrue npusepot ¢ of em. B pazgere 1 o,

! racaeres S { is tangent to &
OTHOCHTCIRIG MOTPHKEH with respect to the moetrice
AYIH MAILIX TUAMESLIPOS arcs with small diameters

man arcs of small diametor

(2} JATEABUBIA TTATEXK (¢KOMYy-UEMY > )
OGRITTHO HOPCROTATCA MPeuIoTon to.

T OPHHAMTORAT X x belongs to X
¥ COOTBCICTBYET & y corresponds to x

(3) TBOPW IEABHBIA HAMEHC { €KOM-TEMD )
QBLMMII0 TePCROATeA ApeIoromM by, pewce with.

I*( X)) onpesensacres H*(X} is deterinined by the
npoeTPALeTTon X space X

{a;} orpanuycno urcaom M {a;} is bounded by M

cnAfKEeHI0e MeIPIKOH equipped with a meiric

NPOAGIEKEHNE [ TORIASCTROM extention of f by the identity
pHe X outside X

LOMOMOPTIIM, the homomorphisin
WHAYIFDOBAHHRIT f induced by f
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{4) [IPE/TIOL &
ObLMI0 nepesoTMTed TpediloromM in, a Takwxe into, to, by, on.

x comepures B X x Is conlained in X
f oTobpaxkact X 3 Y f maps X into ¥V

f orobpeskacr x B y f takes o to y

& ciyqae 11 in case I1
APCACTARHTR B BHIES represent in the form

(5) lIPESSIOT wa
O6RITHO NeRpesOIUTes HPEIIOIOM 01, a Takwke to, powke onto, into, by.

TOTKH Ha KPHBOH points on the curve
MOTPUKA LA TIPOCTRARCT R metrie on the space
JAMEHTTh Ha replace by

OOTBOPOT Lia IO & rotation by the angle @
orobpaxenne Ha el Y map onto ¥
apoaomrenc ma X extension to X
orpadudenne § ga A restriction of f to A
pPasbuTh Fa 4Ba KIAcCs partition into two classes.

(6) 11PIIJIOT das
O6wIMHO nepesomures upengoronm for.

3AIAMa LI KOTOMOJIOTTTH the problem for cohomology
(G, — abcaesa 108 Boox N G, 15 Abelian for all n.

(7) llpraIOT #1ad
OﬁBT'IHl"J TORCROIMTCH WPeITOTOM OVEE.

KOHYC Hagl X cone over X
pacenoelne uat B fiber bundle over B
MOIYIL HAJ KOJILLGM module over the ring

(8) [IPEAIOT npu
[epesonuren ouenn paznoobpasuo: as, at, for, under.

iy, > 0apmn — oo i, — 0 as n— oo
obpas npu oTobpaKernT image under the map
OPH YCIOBHU under ihe condition
f oupeagneno upu 2z >0 f is defined for x > 0
KOpGUTIMERT LD T3 the coellicient at g
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(9) TIPEJLIOT w3
Q6nI0 mepesodaurcd npearoramy from u of.,

oTobpameune us X 5 Y map from X to Y
BLIMMTaH 13 subtracting from
COCTOUT W3 TOTOK consists of (the) points
OJTHO F3 MLOWKCCTD one of Lhe sets

(10} lIrEA70T ¢
OBprHO TeperoanTeA NpeaIoroM with, peske to, on.

YIOJ ¢ TpAMO angle with the line

COBTLTACT C coincides with

B3AUMHAOC LIPOCTO C relatively prime to win coprime to
rpadp ¢ 7 BepIIATIAMT graph on n vertices



IIpunoxenne 111
CemanTuka aarmiickux aprukieit

Kax 7 GOARIMHICTRO eCleciBeHARX uocurenett aiinickoro aanka, 4
JTOAIO CHUTAT TPABWILHOCTT YROTPeOIcHia apTHR:IcH B aHPTITHCKEX TeKCIax
WL B YCTION pesy CASACTEUEM H3bLIKGRON METYUTTIY, HC IOIIMOWeHcT op-
MATHSALNR. DTy PACKOKYIO TOTKY SPCeHML BO MHE Nokouebana pabora Hag
MALMEHBIM TCPCEOAOM MATCMATUHEECKEX TCKCTOT — OKAZATOCH BOUMOMHBTH
JaTh ADCTALOTHO NPOCTYI0 U LeTKYI CBOZKY WPABUI, IO3BOJHILYIG TPHO-
¢heccHonaNAM TPABMILHCG PACCTABIATL APTHKIA T MOHOIPAQTAX 7 IAY 1HbIX
CLareTx 0o marematuke (em. [Sos-91], [Sos-92]). llbiragen nomsin, modesy
AIATIOTH 1 0GOBITCIINA 9TUX NDARII Heyb3: uepenecty Ha Gouee mmpoxuil
KOPUYC AHMMUACKUX TeKeTOB [HATPUMep, TIA Bee <Nay THRIC ), 1, K CBOeMY
YATRICHNIO, 0OHAPY KL, 110 G0Mee $KOHOMHAL CBOMKA TPasul (MM Ta, 9T0
chopuysiuponarma © [Sos-91, § 10]) Gaarononywiie yapapaseT BRIGOPOM ap-
THKTEH 80 SCel POCCMOMPERBG MHOKW INEKCTGE, TAMKC TYMAIUTAPIIRIX |
AATCpaTYPULIX. Inannas 1ein 3Tod cTaTel  chOPMyIupoOBATE 9TH [Pasku-
8 U UOKA3WIL HA LPUMEDEX, KAK OHM padoraior,

TTosrepkHeM, STo OMMcAHARE IDDKE {1 § 4] uPABHIA ABAUIOICH COMATTTH-
HOCKUMU H MOTYT € YCUCXOM TIPTMCHATRCA 1HOAbEG NPt CoCMamowno 2ay-
BOKOM RONUEMAHUL CMBEAR PRCCMAMPUGaemoze nexema. TIPH $ToM TTpaRH-
Mo, He BCCTZA QUHOBIATHO TOBODAT, KAKOW aPLuKib HYIKCH B JAIIIOM MC-
CTe— 7T 3TOTO MOKeL TOTpeboBAILCA SIAMIHNE TTHPOKOID KOHTeKeTa (He
TOUBKO TEKCTOBOLO KOHTCKCTA, HO, €GIIHM MOJKI 12K BRIPASHTLOS, MOKET
HOIPEGOBAIBCH B «BHETCKCIOBRI Kompreker). T3 macruocry, ocam v xopo-
MCM MITTARCKOM MOBCCTBORAIINT ¥OPATL apTUKIN M LOLPOCHTE TIOCHTCIs
A3LIKY MX CIIOBA PACCLABNTD, TG PUSYALTAL CKOPCH Beero GYAeT OTiIMuarbes
B HEKOTOPLIX MECIAX O OPUIMHAN — APUUKIM HECYT COMAIITITHCCKYIO UH-
hopMaTIHIo, KOTOPAT ASJIEKO HE BCOTAA BOCCTAHABJIMBACTC: W3 KOITCKCTA.
B nay«HBIx rekcTax (B 0CODSHHOCTH MATEMATHWECKMX ) KBATH(UITTPORAI-
HEIT AIMIOABRMIILIT CTICMIANMCT MOYTH BCROTY <TTPEBUWILHO» BOCCTRHORUT
APTUKIM, XOTA HABCPHAKS HAHTYTC: TAKHE MOCTA, T7E DASHLIE CTIETIMATNG IbL

Hacvosmee upiosenne — nepenemaTra moel craton, namucaniaol 28 ner tomy Ha-
3A/T, HO Tak M He onyOmukosaddoi. B nell w3maramTed Opabuaisl HCuoE3OBAIMA AFIH-
KICH 13 AUPIARCKOM AULIKG, UDHTOM G TOALKO B MATCMATHUCCKHX TEKCTAX, HO i BO BCEX
Tererax soobie, dymar, aTo paslop 3ol CTarsy, ocodennd pasiop TPHRBGICNHBIX B Hett
HPHMEROR, OyaeT LOTe3eH THIATeHM PTOH Kunly,

74



UPCILIOYTY T PAsibe Aprukin, B Uy MaHTTAPHLIX FKC TOKCIAX TaKkasl 1COTHO-
BHAMIOCTD BCTPEUAETCH TOPASA0 YAIIe (HECKOMRKO TPKMX LPUMCPOT LPHEo-
anres HIKe B § 3.

Ocnosoil UPCAIAIaeMOTO LHOAXOAA TRILETCT MPOCTAT KOHIEKCIO-CEMAH-
THECCKA KIACCUDHRATIT CYIIMTECTRATSNILILIX, LOABTHIOITNXCT B aHTIHHCKMX
TekeTax — oma omacaln B § 2, Mie xorenoch Bl HAUEA TR, YT0O 918 KJIACCT-
mxaLng HMeer 1 HEKOTOPRIHT CAMOCTOATCIEHETH NITUTBICT rIeck il TTHTepeC,
TeM BoLee, TITO OHa TTePeHOCHTeA B03 TPYIA ma (PPUILY3CKIH ALK W JukKe —
B KAKOH-TO MCpe — 114 «GO3apTICICHLLILY pyeciii’.

OTarLs OprallnzosaHs eneryow s obpazos. T3 88 1-2 cogcpmaTten nexo-
TOPLIE UPEABADITETRERIC SAMETANAL U OCHOBLLC oupesenciud, B § 3, ko-
TOPHII MOMKIO OTIVCTHUIL K LCPBOM YIeHMH, OBCYACIAIOICH HEKOTODHIE Ce-
sManruyeckue Toukoeu. Coborpeano nmpannna onmcannt 8 § 4, a § 5 cocront
W3 LUPTTMEPOB, HOKAIBIBAIIMY, KAK UX UPUMECIILTL.

§ 1. Apmiknn the, a u [J

ITan ¥1OBHO CHATALL, Y10 T AllTTUACKOM d3b1Ke TMeeIC:l He 4Ra, a4 TPH
APTHKI eauHCIBeHHor0 Treas  the, a m o«nyerolt aprurans O llpesxe
TeM LOACHATH, fTTO Takoe [, — aBe OLOBOPKH.

Bo-uepBuix, caoBe <aprAiibs 10 FMOJTHAHTD OSIadaeT 3i0ch aApTHKIL
SIMIICTBEHHOTO MuCaa; B TCX CIVHAAX, KOTAA GYIVD DacCMEIPUBALILCL ap-
TURJIHF MIUGKCCTRCIIION) YHCIA, GyacT UeNomLIOLBAIbeA TEPMIH AMHUOMCECTT-
GENHDIE GEITIURY.

Bo-sTopri, Mpl B ganLneimeM Gyoem msborarn 1ex curyauull, B Ko1O-
DEIX TTPOTCXOTUT COMAIITHUSCKOU 3AMEINERUE Ay I TTRIA APYTAME CIOBAMIT,
AT, [MHUPUMED, T UPeLIOMEeTH:X

(1} This dog is brown.

{2} George’s mother died.

(3} T chose some color.

(Baoen caopa fhis n George's 3aMelwiaor ana aprukin the, a caoso spme
BAMCILACT APIHKIL &)

Tenept o6 apruxge . IlycTol apTMKis  HEBWIMMELL cuMBoa (B yor-
HOH PerT — HOCIBITIMRDIN 38VK), BRIMOIIFOWTAN OTPCAETCIHYIO CEMAH -
QeCKYIo (DYURLMI0 W «HaXoauuics» TaM, Tue Mor OR crosts APYTOH ap-
THKITb. (JTHAKO TVCTOR APTHKIbL HE CIGIFCT MYTATH € OTCY TCLUBTEM APTHEIA:
UPTHKIL MOXKET OICYTCTRORATR B DUIVILIATE UAMCIICHHA, A4 TAKXKE KOTLA
TPOOYCTCH IeONPCUSTeHHLT APTHKIIL BO MIOMECTRCHIIONM THCIC,

"Yepes gBadlallL TATE TET LOCTE IEIMCALLIE TOH CTATELA 1 YIHAMN, YI0 JMUTEHCTIN
ToieOHas KITacerpHKAA yaxe uiscoroa (oM., Hanpunep, [Heim-84]).

T
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Acs1o B TOM, TTO APLMIGIE & BO MIOMKCCTHOIHOM TTHCNE TOKE BLIPAYKAST-
Cil UFCTBIM CHMTBOIOM, HO HECOT COBCCM APYIYIO COMAHTHIECKYH) HALPY3KY.
pumep:

{1} This is a book. These are hooks,

Paaymeeres, 3qech uepesn books <HAXOUMTCS» HE LLYCTOH APTHUKIh, a4 MR-
HOCTBENHOBIE ICOnpeel(@AHBT apIUKTh, TAKKC <BBDUKCIILL» 1YCTLIM
CHMBOJIOM.

Mur TToKa AC Jaid TOYIOr0 OUPEAeNeHHs TTYETOTS apTUKIA, TAK KaK Re
FKABATH KAKVIO MMERHO «CeMARTHTeCKVIC (PVHKIIMIO» OH BhilomIder. bonee
TOYMHOE ONPEIENEIAC TOARATCA [I033KE, & ITOKA MLl Ol DUIIITTITMCST TPHMEPanK.

(5) [1 John Keats is a great poct.
(6) O Jogeing is good for your health.
{(7) My Geld of O expertise is O topology.

§ 2. Tpm cemaHTITIECKNe KATerOPUR

Pexp 3nece moiaer ne 0 pasbrelluy HA KATEIOPUE OTSTRAD B3ATHTY Cy-
LWECTRUTCILELIE, HO O pasbuenun eroowdenut CYLIECTHUIEILILIX (T. €. Cy-
IMECTBUTSILELIK, TOCTABICHHBIY B OLPOACICIHOE MOCTO KOHKPEeIHod ¢dhpa-
36T} HA TP coMaRTEYeckue karcropnn. [Ipm aTom pedn mofiaeT 1o Tomhko
0 CYIECTIRUTCALIRTY, COCTOAWY W3 OZIOI0 CIOBA, HO U O COCIADILIX CY-
IECIBATETRHRTX, T, ¢, O CYIICCTBUTCIBHBIX BMECTE ¢ LMY HEMOCPe:1eT BeH HbIM
OKPYIKCHMCM (0 TOM, 10 LO-8HIVMHCKIT HAILIBAETCS Noun phrasc).

Aprukian a, the m C oMPoneIsorcy CoMUHTUICCKOR Kareropuell 1oro
CYILECTENTEMLHOTO (WIIW COCTATHOIO CYIUECIBUTEILHOMN), K KOTOPOMY OHN
MPHACTARICHR. Mbl §y1eM HA3BIBALL 3TH KATETODTH KATCIOPUAMH MPOICTa-
BUICHCH, HIAURMUAYYMOE T VAHKYMOR COOTBELCTRCIITO,

Hpedemasument — aT0 BXOMKIICIIME UMEHY (ITASTAIINSL) HIH OLIMCAHMSL J0-
HOTATa. CYLIECTBIIEILHOIG (0 KOTOPOM WAST Petlh b Aanmoi chpasc) B cHry-
ATTIH, KOTAA JCHOTEL HL0U0 MMeHU pance 1e 6out sadwkcuponal. B wacTtno-
CTU, KOLTA T HCKOTOPOH (pase YTEepKIACTes APUIaIesKIOCTL 16r0-Tu6o
K OIPEJeNeHOMY KITACCY, TO COOTBOTCTEYIOEE CYIHOCTBUTANBIOS OTTIOCHT-
CA K KaTerophu Tpeacranurenci. Hamprmvep:

(8} This dog is a for fervier.

{9} Extramarital sox is a sin.

{10} Is Marxism a serious philosophy?

He enegyer aymMaTh, 970 apTHKIL & COOLROTCIRVE! KBAHTOPY ¥ (117
RGUX), H SHaHHT —39T0 BCETAS HEONPOICICHHELIA, HO KOHKPEUHbL OFbeKT.
B upemiozkenn



{11} A rasn drop fell on my neck

KaTIA JIOoKsl, O KOTOPOR TOBODLCH, RIOINC KOUKPeTa {14 canas KALLI,
TG T ARHHBT MOMEHT YTTama 1A ek pacekasz iika). OIako cyiieersATems:-
noe drop (TOTICe, COCTARIOC CYINECTBUIEIRHON 1064 (rop) — 3T LUPETCTARR-
1eTh, UHG OHO eure e 3ahIKCHponaHo. Dol MOTIHHa ceMaH1Tra 9108
dpaswy rakosa: Hexomopes xonis 0oxcds ynane 1e Mo 1410, WK, BRDa-
#ANCh POPMAILHD MATOMaTHUECKH, OQ0HG %3 MHOMCECINBE Kaneat JoHcoR
YRGAL 1A MO WERD.

Ecnu 28 crasalb

(12} The rain drop fell on my neck,

TO HOCUICIb aHTIMHCKOTO A3RTKE ZaX0Uer CLUPOcHTD What rain drop?, nmofo-
upenas, TTO 06 3Tol KATIC TI0-10 LAXNRKHG HLII0 BT CRAZAH0 PAHBLLUL,
Huducud 510 BXOKAEHTE TMENW ([aUBalke) HIH ONTMCATMs (PUKCHDO-
BALIIOLO IEHOTATA CYILECTRHTEILHOIO (WM COCTARLOLO CYIIECL BTTCIBIOLO).
DURKCHPOBATIILIM 0T MOXKET ObITh, BO-TEPELIX, LOTOMY, 110 OLLT YUOMUHYT

parce. Hanpumep:

{13} TTe saw a dog. The dog barked at him.
{14) The method described in §3 can be applied to this problem.

WHausna someT Tarske OLirs 3ahUKCITPOBAIL KOHIEKCLIOM, T. €. DLirb Of-
HOSHARIIO OLPEIENICIL JA1IHEIM exy B 3Tol ke dpaze omueannen, Hampmaen:

{15) This dog is the for ferrier that we can saw yesterday.
(14) Extramarital sex is the maost common of all sins.

(158) Is Marxism the philosophy of vour party?

{16) The rain drop that fell ou my neck was cold.

(TWTaTeme MAT COnCTYEM CPABINLh 3TH HELHDE UPSIIMKeHNA ¢ HOXO-
AInH upegiaokendanu (8)—(11) nuime. )

Hakoren, HEAMBHAONM MOIKCED Bbrin 06OGIIenHRI (He KOUKPEIHRIH, Kak
Bl ITTTORON) SICMCHT HEKOTOPOTO Riacca.

(17) Among the larger cats, the figer is the most ferocions.
(18) This is typical of the man in the streel.

Viwwyae 0 — 200 BXOWICILE TTMCHA (HAZBAHTS) WIH OLUCAHAS JCIOTATA
CYIIECTBATOALIONG, KOTOPBIH CYIIECTRYEr TOJIRKO BB &JUHCTBEHHOM 3K3EM-
wigpe. Haupunep:

(19) T'm crazy about O Maridyn Monroc.

(20) O V. I. Lenin, living in [1 Geneva, crilicized U logicel posttivism.

He caeayeT qymatnh, 1o 0606 yuorpeficiine ey cobeTseImors upe-
CTaBIHACT coBOT YHHURYM. Yurareamw upe,,u:lalaew(’.ﬂ TTODAIMBICTTTT 10, CJ18-
JIVIONTHME LD AN eDanIT



(21) & Homlet was superbly played by O Ofivier.
(22) The Hamlict plaved by O Barreult was nervous and extraverted.
{23) O Seofield played a noble and introverted Hamlet,

AnTopaM W pesIakTopaM HAyHILIX CTATeH MOJe3HO 3HATh, 410 aobunie-
HITC FOMEDRS, K 1La3LBAlLRI0 TDEBPALIAST TO HABRAHHC B VHUKYM. [anpusep,
T LUPCTTOMKCIIHLL

(24) This proves Thearem 2.1
Theorem 2.1 npeacrasiuer cobol VETKYM, B TO BPOMEL KAK B LLOXOXCT dpasc
{256} This proves the theorem

CIION0 t!‘[!.-BUT‘ﬂT?], ABNHEICH WMILTHBITOMN.

,,-'_[pyra,u AOQCTATOTHG TACTO RCTPCTAIONTAACH 13 HAVTHRTY TCHCTYX Ja3H0-
BHAIOCTT, YHHEYMOT FLC r}.m;(m-ﬁymm, L€ TPHCYIMHE TIOKOTOPRRM CYVLIe-
ClBHISTLILLIM CTFBIT_TT(I)I1LIBCI{L10 XADAKTCPHCTTRH, Takhe Kak DaTaye ORIV
HOCTH, KOHTIEHTPALIMS CMECH, CRODOCTE IBHAKCHA A

(26} a circle of radius 1; a mixture of high concentration; a blast off at
supersonic velocity.

§ 3. Tonkast cemaHTHKa apTHKJIE

B srom maparpadie MLT T3y HAEM WAMELCIUS CMBICTA HEKOTULLX TeKCTOR
B DUSYALTEIC 3AMEHBl OJHOIO apTHKIA APVTUM. B PDacCMOTPeRHBX 5iech
TPLUMEPAX Pedh WueT He o TPanWILHCCTH yrorpebnenus aprakiact, a o co-
MAHTITeCKOH Ho0aBKe, CRABAHHONA ¢ UX UpUCYTeTEReM. Takum oGpason, MLl
obpamach BIHMALIHE L CEMARTATTECKRE PAIHIHA (Hopof TOBOJIbHG TOH-
K1€) MEKIY NPEeUCTARTTENMA, HITTUBMIVYMAMI W YILKYMaMH.
PaceMoTpRHM clevIowes UpeaaoKele:

(27) Soon the Concorde reached supersonic spocd.

OBparuM cHavaIa BHUMAHAE Ha TTYCTOW apiMKIL [, <CTOAWIH» me-
peil CHIOBOCOMCTAaRWeM supersonic speed. ApTuxkin © naM coobuacT, HGTo
supersonic speed —3To YHUKYM, L ¢ POIL WAl 00 YHUKANBHOM ARICIIMKM —
CRCDXBBYKOBOH CROPOCTT Kak rakonofl. FCmn ke Mbl BMECTO LVCTOLO ap-
TUKIIA TTOCTABMM LI0CTh APTHKIL 4, 10 Qpaza 6y1eT 03HATATH, Y10 CAMOJIeL
JOCTUL OFTIIY T3 BOMOXKIILIX CRePX3BYKODBLIX cKopoeTeil. Hakonen, ecin mbr
CRAKEM 3ACCH the supersonic speed, 10 910 GyneT pHpaxaTh yOexeHne
B TOM, 910 — BOLUPeKN JukonaM (U3MKH  UMeCTed TOJLKO OQHa KOHKDeT-
Hasl CBEPKANYVKOBAN CKOPOCTL (GHITh MOMKET, YTIOMSIIYIaL panee).

73



Iepefinen Touepk K apTHRKIIK the B 3TOM LPOLIOMKEHIT. DTOL APLITKIIR
Han CcooDINACT, TTO Pe4lL IS 1I¢ O KAKOM-TO TaM [NOFKODIC, & ¢ RO
KOIKPeTrHon camonere Konkop, UMerHo o ToM, B KoTOpoM JeruT anrop {of
FIOM CAMOIETC, BO3ZMOMHO, DAIILITE MoROPIIOCE ), B xxe MuT 3amenry the
Ba a, To Qpasa MPHOOPETACT CMLICT JHITL T CISTYIOMEeM JORGIRHO CTPall-
HOM KOIITCKETe! JIOTCI0 HeCKOThke Koukopnos, 4 kakoi-To 13 IIFX A0CLHT
Cnepx3BYKOBOH cropocTH. TTpm 2amene the wa [, momvyaeres apvrad co-
MaHTHKA, TOMXKE BRIBRTBAINIAL HCKOTOPOC HGTOYMCHKE  OBRIEILTH caMOncT
BOZRLILAETCH A0 PAHIY VIKYM&, aB10) Kak Obl OayTITORIACT 9TV MALLIUHY,
cuua, T WMy Concorde oTMEBIBAET CAMOJICT, CVIIUCIBYIOWME B CAHI-
CTBEHHOM 3KSeMTIApe. Eemu namy dhpasy ¢ apruxaes  umm a nuecto
the n pasropope LUpOU3NECET TENOBEK, ILKIONO BIANSHOIWME AlLTHACKIM, TO
€10 AHTIOASBTHIIE COORCTIMEK PETITHT, HTO B BLIGODC APLTKIA UPOHIITLIA
OTITADKA.

Paccuorpuy reneps BOICC ATMTHARH TOKCT, TTO0OL B HEM 11DOCTeNTATD,
K KAKAM H3MCIICHTTAM B CMLICIC IPFRGINT saMens aprukici. (ng yaobersa
COLLIOK TOCIE KAXGIOTO A IMKTE B KBAAPATHLIX CKOGKAX YKASLIBASLICA ero
HOMED. )

[1] Mel used the [2] private elevator, which operated by O [3] passkey
only, to descend from the [4] tower to the [5] administrative mezzanine.
Though his own office snite was silent, with [6] slenographers’ desks
cleared and [7] typewriters covered, the [8] lights had beci left on, He
entered his own interior office. From a [9] closet, near the [10] wide
mahogany desk he used in 71 [11] daytime, he took ont a [12] heavy
topcoat and fur-lined boots, [A. Hailey, “Airport”™ )]

B 5ToM TCKCLe OIIOSIEHII0 OUPeTeNAoTC Jullk aprukis [1], u, noxamyir,
[1], [5] (1nr0Bas x samena TPHROIAT K ICCY PASHOMY 1€KCTY ). 3aftMemMes apy-
rumi. ApTakan the [2] cooBIaeT mam, 7TTo 3160k MMOGICA POBHO OTML 4acT-
et amdyr (3aMena ma a HyAeT 0ZHATATL, IO TAKKX JMTOR HECKOTRKO).
Ecnu uveroit apruxs [ {3] 3aMeHTTh na a, TO Mbl Kak BRI KOHKDETHIMPYCM
VIUBePCaJhHBIT Kmou (passkey), T 10 BPEMsL KAK aBTOD 1IC XoTeI 00paIals
Halle BHAMARHC Ha 9TOT KU KakK Ha TPCIMEL, a TOMLKO ONMUCHIBAN WPITH-
1w BV IKLHOIEPOTBAIIM TuddTa, TOROP: 0 KIIOTE KAK 08 YHIKAILHOM MPHL-
e PYIKLUMOHUPOBALIKE;, KAK U B IPEIRUIYIICM CJIY I8, PASINTA B CMLIC-
6 B pesyILraTe roi sanverml ueseauka. Cregyiomme ana apTukas the [4],
[5] coobuaor Ham, TTO WMeeres 0ana. GaTms 1 o Moot Hirrepeest
creny oWAe fRa apTakd [6], [7]: pasyMectc, 970 — MIOKCCTEELLIE 8 IHK-
JIM, KOTOPEIC MET 377001 130eTach; 3aMela MX HA MIOKCCTBCIHBI aPTHKIIR
the MaNO MOHAGT CMLICT, JWITE TOTICPKUBAT, U910 6ee CTOSBT OL4HLEHRT
W 6Ce MATTHIIKK 3MHCXTIEHBT, B TO BDCM KAK ABTOP LOBOPMI O KAKTX-TO
CTONAX T MAILUMHKAK, He TAPAITINDYY DpubpanHocTL seex. [IpH arom apTop
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COOBIMACT 1AM, TG BCe MAMILL ropenu {MHMKecIsenunit aprmkak the [8]].
Crenyromie aprukig 1aM TOACHAIOT, TITO MMEe1Cts HeCkoUhko wkados {a
[9]) w 7o Men nonbsyercs eIMICIRCIIILIM THCKMEHRETM cTouom (the {10]).
BuiGop aprukmsa O [11] ¢ra3a8 ¢ TeM, 410 €080 dagiime 11e UMeeT 0eMBICToIL-
HOL'O MHOMECTBCHIOID THCT4] BAPOTEM, 34ech apruxns the coxe xopowo
ABYHEAT W B CYMAOCLM MAI0 MOISCr eMnien dhpasel. [TanpoTas, noce il
apruins {a {12|) sour3a zamenunis Ha the, uEAYC MLT BYAEM CTRTATH, YTO
00 3TOM TaIRTO PALLLLEG TIO-TO YKe TOROPHIOCL,

B zakmotenue sroro naparpade Mul pasbepes ceMAHTHUECKITH BRI,
APLTUKTeH B HCCKOIDLKHX (OMCHD BHAMEHUIbBIX) CIPUMKAX HUDTAHCKON mos-
3HT.

For he's a jolly good [ellow. (RR. Burns)

3ncen — camoe 0BpIMHOE HCTONLIONAIIFE APTHKIT a; OHO cooBImael HaM,
IO LePOoi 2ol 3acTOodLEON NecHM — OKMH U3 MIIOMCCTEY BOCCIRIX TAPIICH.
Bean 3eeh HDOCTABUTL aprukak the, To ACKBATHEIM DYCCKUM OUPEBOIOM
Gyner 4To-TO Bpofle Hbo on — mom commt wan edunemacennmnt maxol se-
CEABT NOPENL, B 10 BPCM: KAK OH RCETO AWILL OJUH U3 HUX, OPUIOM 114
O KaKOM BCCCIOM TADPHE 10 TOID ¢ FOBOPUTOCH.

The devotion to something afar
From the sphere of our sorrow  (P. 3. Shelley)

Iepnori the c3pavaei, 410 Pedk HICT HC 0 KAKOM-TO UPEKIONCIHHE {de-
volion), & O IPCKJIOHSHHH MCPET 9eM-TO JATeKTM; RTopot the  ananorut-
Ho. Tlyetoit apruknn O mepea semething 3/1eCh GHENL 1Y 3RO, Qo TICPKATAL
YHHKATLHGCTD W BOSBBULEHHOCTT MOTO-T0 TATEKOL0; WPOIATIECKO: ODbICHEe-
HUE — OTCY FCTRUC OCMBICICHAOIO MIOMECIBEHHOTO HUCTA ¥ CIIoBa something.

T'he Assyrian came down like the woll on the fold (G, G. Byron)

B sroii 3aMeqarcianEol oTpoke see Tpu the BLIMETAIOT MOBOILHO PEAKYIO
Pa3HORMAHOCTL MIUTMBTIA — THUOBOTG (cpakHure ¢ apumepon (17)). Oco-
Gemo sdybertno nepsoe the —ono, ®ax w cnoro Assyrion B CAMHCTBOI-
HOM e

[ocaennui 2am TPIMeP Kacaeres OYCroro apTHKIS.

For destrnclion ice
Is also great
And would suffice. (R. Frost)

Bropofl nyeroit aprukie (Uepo ice) TOMHCPDKUBAST, Y10 PETh WICT O JbIe
BooGIIe, & BOT B HEPBOM UYCLOM ApTUKNG (nopey desiruction) comepkures
sech Tudroe KOHTIORKH 9TOL0 SaMCI&ICIDLION0 CTHXOTHODEHNA — VI OMKe-
Hue BoODIE, YHHITTOKEHTE RBCCLO,
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§ 4. IIpasnna BrIbOpa apTHKAL

TTpUMEHATh 3177 APABLITA MOJKHO APU PEIAKTAPORAHIKL TePesOI0s 0 APY-
PHX TCKCTOR, [IUACAHIBIX JIHIDM, ILIOXO0 RBJIAISIONIAMHE HTIFHACKITM A3LI1-
KOM W/ AT OpeamMerHo? o0IacibIo, & 1aKKC NPH HATUCAHTH CODCTBCIHbLIN
TEKCTOR Ha aRnmickodM. B moboM cayrac, 10t YOACEOLY HPUMEHeHHH
HPABKI HeOGXOIITMO HEe TONRKO NORTMAIINE CAMUX TPABUI, HO A NOHTTMAILLES
CIyBUHEOH COMAITHKY CAMOTG Texers, Kpose ToTo, casayeT TOMIULL, ITO
OPaRAIL — HTO He AKCHOMDL, OHF MOTYT UaATaTh NMpOLITROPUHUBLTC YKA3AHTA
(07O BeNT CTaBWUTL the, apyroe a) —B »rom cuyTiac ELIOOD ARIHKIA pas-
HOCHIEIT OXKASAHIIO UPeITOTIEHAY OJHOMY UPABIITY LA ADYLIMM, A 910 yKe
IABTCHT O TOTO OTTCOKY CMBICIA, KOTOPbIE aprop TeKCra UPemUOTIyTacT
[CPCAATH TTLALESTIO

OcnoBIOR FPUHTTIR {IABEPHOE, YIKC IOUA T TeM, KTo npowurat §§ 1-2
ATOR CLATHH) COCTOML B CASAYIOIIOH:

{0) Aptrrny a, the u O cTapsrea nepei PCACTABUIEIEN, FLIMRILYY MOM
W VIMKY MOM COOTROLCTBEHHO,

TTpu 910M FMCIOTCA B BIAY TOMRKO CULYAIIHT, TAT CYIIECTRITCIRIOR (OHO
MOWET GLITL COCTARHRTM ) HAXONUICA B CTHICIBCHHOM "HCIC | TIPL HEM HC
TPOUEKOITT 3amcrmenda {cx. §1).

OCHOBIION UPHUITTAN NOJICIEH, TOMLKO CCIM MDT YMEeM ONPCACIALL, K Ka-
KOH COMUHTHICCKOH KATELOPHA (1PCCTABUTONL, WHANBAL, YHIKYM) OTIIO-
CUTC CODTROTCTRYIONIES CYIICCTRATCALHOS. ToM IRTaTesM, KOTOPLIE HUC-
TLIIRIBAIOT CSIOMKIIOCTH B MIeHTUHTTITRODALMY ONPEIenclNOl BLle KaTe-
TOPHN CYLLeCTRUTEILILIX, NDOUIATACICH 3a0RIs PO OCHORIOH ML
W OONL30BATLOH CIGTYIOWAME THOMS WPARFIOMHA,

(1) ApTHEAL a Hepey cyIMecIRUTEbRRIM D3HATAST «OIHH AZ» FIA ¢HOKOTO-
PLlils, T. & 3TOT APLUKIbL TOROPIT HAM, IO CAELYIOLICT Sa HITM CYIIe-
CTEUTENLIOE He BLUIO patice 3aduKcHposaHo,

{11) ApTrxis the nepon AglHBNM CYICCLIBTTCILEDIM O3HAMAET « 10T CcaMuIi»
MY «SAAACTEEHNTIN 1aK0H s, T. ¢, 9TOT apIWKIL FOBOPTT HAM, ITO CYIIe-
CTBATELIOC BLIMO Padet BahHKCHPOBAHO I QHOZIAYMHO ONPSICINeL-
€sl KOHTOKCTOM,

(1) Tyeroii aprurik [ neped ey mectBRTOALHBIM O3HATACT, MTO 910 CYLLC-
CTBUTEMLHOE SMIGTBEHHOC B CBOEM [30Ie, HANPUMED — UMA coBCTRERAOD
MM CI0RO, HE HMCHOMEe MHOMECTROIIONC TTHEITY,

K arum UPABHIAKM MBI #()6&-]31:11\'1 EHLC OIIND TIPAGANG, HKACAKIIeecT apTH-
KJCH MHOMKECTREHHOLIO HITCIA.
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I\f') .-"\[)’I"T'TK.TIIJ the ACHEeT CY UeCTRTTENRHBLIM MHCKCCTREHHOTO YHCTE (03U~
€1 4BCe> WIH €BCCL CTIMCOIS.

Lpuyenenyue »Tux OpanmI B A0 UPOIng, 'ToM TOHAMAaHTe ux 0OImux
abCIPaKIHbIX QOPMYTUPOBOK (4 1ECKCH, 970 THTATCIL B ATOM yHeiarcl,
APOTHTAR CACAYIOWRE naparpad). boaee Toro, 3TH TPy IPABKMIA MOXKHO
BAMCIHMTL UPOCTLIM PCHERTOM, B BOThILUNCTRE CIVITACE JOCTATOUHBIM 014
MRARTIBHOTO BolBOPE apIuKIsL:

FCiuy B PYCCKoOM 1EPEBONe BUTalKa «KaKoH-10% (WM «KaKaa-TO», Tk
«KAKOC-TOR ) HE MEHAST CMBLGTA (PPasDl, TO B AHIIMACKOM TEKCTC Ha
MECTO, COOTBCTCTBYENIICS BETARKE, MOMAKIIG IOCTATHATE apPTHKIL &; MI1i-
fle MOWKHO nocTasurs the {emoen koroporo — «ror camutiis ), paszre
IO COOTROTCTRY OO CYIUECTRUIENLIOE HE TMEeT MHOMECT BCIIIONG
MMOTTA, U TOLSE JIYHILC «OOCTARATE» nycrot aprmran O

§ 5. MIpumep

PaceMoOrpuy ILMKCCTSAYIOIAN TEKCT, KOTOPLIT ABIACSTCA HAYAIOM pac-
cKkaza (A0 vaoborea CobLTOK MECTa A BCTABKM APTHKICH POy MepoRa-
I1L1).

I camc out of [1] front door of my house at 7 am. Locking [2] door,
1 wondered when [ would scc [3] house again. Outside, [4] cold wind
was blowing and T raised [5] [ur collar of my coat. [6] bluc Ford raced
up [7] street, and I recognized [8] driver it was [9] Nancy. [10] Nancy,
who was supposed to be in [11] London on [12] business trip or [13]
something.

37ect Bee APTHKIE GRIOIIANIO BOCCTUHARIMBAIOTCT W3 TeKCIA U M3 MIl-
DOPMATTTH 0 LOM, 410 YLOT TEKCT — IENATI0 PACCKA3a (8 JIATHT, HIYITO PaHb-
e He BruTo yroMsaay o), Huenno:

{1] the apeps oguosnaYIo OOpEIETCHA KOITERCIOM (¥ A0MA aRTOPA
MOSKeT Ghllh 10ILKO ozua frond door) (1)

12] the ToIRKO TTO YHOMaHY'LAT Asep (11)

{3] the rnow Towe 6ru yvromanyT (11)

[1 a  xomomumx ReTpOB GRIEACT MHOIO, & PTOT DaHee He yuoMuHaTcs (1)

[5] the ¥ mamnTo anTopa MOMKET GBITh TOURKG OTHH BOPOTHUK {I1)

[6] A roaybux chopmor MEOTO, & 9TOT paHee ¢ yroMIHaICs (1)

[7] the ymuua mepes Aomon, HasepHs, ToURKO ofua (11)

[8] the somurens kouxpernott Mammem — guun (1)
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[9] O  Naney— uma KOHKPETHOrO Hcionexa {I11)

[10) O  Naney— ums KOHKPOTHOLO Hesosesa {111)

[11] 0 Londen— nassaine ropoga (I11)

[12] a  TTonew, nuaumo, Bbuia B OUHOR M3 MITOAKCCTBY CIy2e0HLIX
KOMAILIUPOBOK (paHes 1Ie yHOMAHY ThiX) (1)

113] O something — cnono HC3 MIOKCCTBEIHOLIO THeIa, (111)

Teneph MBI OPCITAIAEM MUIALSUO TPITMCIITLIL DEIe Ty PHOC MPABLIO
K ATOMY JKC TEeKCLY T yOeLITheS B CORNAMCIMY CBOETO PCYARIALA ¢ Ha-
wm, Tocae 9Toro JONOMEHTEILLGH TPOBEPKOd OCBOCIML NPaRMI MOKCT
UOCHYKATR TpoeMOTP upuMepok (1) (29) ¢ Tokna speaus npakar (1)-(111)
W POLCIULY PHOLO TPaRIA.
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ITpuroxenune 1V
Paz0op 3amannii

EXERCISE 1.1 {c. 11). Paz6op xopono BRIMOIHEHHOTO RapHaHTa 5TO-
IO SRLAHTH MPOICIAH T IaHaNc RTOPOH THaBhl. PasgyMeeres, TCKOT BUrimero
RAPHAITA 3adaliuy OeCCMBICIEHHO CPABHUBALE € 18KCIOM, DAROOPAHHBIM B
KHUI'®, HO Bbl MOAKETE TIPOBEPTTH CROH cOGOTHENHLTH TCKET CaMOCTOATETRH.
JmA 3Toro ApCTATOMNIO DOITECPKIYTL DOCTOSHIYIO 9acTlh (1. e Bee (uked-
PUBHINILE CHOLA KAXKIOLD UCHOMBIOBARHOLO WAGTORA) H TPOREPULL, 910
MEVKAY HTHMI CJAOBAMA JCHCTBATEILED CTOAT NCPEMCLIILIC CIORA (FUIH €10~
ROCOYCTALINA ] 1Y ZKHOLIO LHIa {1, €, 9aCId Pet, EPSIUUCAHADBIE COOLBELCTIEY -
FOIMMH LabioHAMA ). LI BAIL TCKCT BRACDKAT TAKYIO TPOREPKY, MOMKETE
cohe TOCTABATL a1ipKy.

JAJAHUE 3.2 (c. 26). 3TO TPYALOES 38JTAING, BOOGIHIE TCDOTBOIATE 1y KO
TOKCT IAMEOIO CIIOZKIICH, 9CM CPU3Y LEUCATE CBOM HO-AHITUACKH, & 1 JA1LI0M
CIYUAE MCKYCCTBEHHOE TPReDORAHNC MCNOMB30BATR JIFIMT AMOWHHAY OTOODAH-
ILIX TTAOIOHOR JOTOMHRTEILIG GI0KIAeY geno. Huwke npuscmennt ana
TCKCTE! UEPBBIA 910 OWIIMTHO BbIEOMHeHHOe onHuM cryaenron DI 3a-
Janmre (B HeM eTporo cobaomacTed TREOURALIFG OTPAHTHATLCA OCHOTRIILIMH
mMASIOIAMU ), & BIOPoR Uepeson, BbIUOIHeHHbIE §e3 21010 orpanuacHus
BLICOKOKJACCHBIM HPOMECCHOIANLHELIM NePeRoATIROM. BTopoi rexcr Bouee
JUTEPATYPHRETH B OITKS K OPHUWIATY, 3810 TCPDBETH — C¥XO 7 TOTHHEeCKH
npone (Bamke K Kanouan (pOPMAIEHOR MATEMATHKMH) BLIPARKACT CMLICT
OPHUIHHATA,

§1. CONTINUOUS MAPS {ueDBbll Bapuant nepesoIa)

1. A map ol a topological space X to a topological space Y is called
continuous if the preimage of any open subset of ¥ is an open subset
of X. Equnivalent conditioi: preimagoes of closed sets are closed.

Amap f: (X, A) = (Y, B) is called continuous if the map abs f: X—
Y is continuous.

Uscelul remark: a map /@ X = Y is conlinuous if the preimages of
all the open sets of a base of ¥ are open,

2. Obviously, if the maps f: X — Y and g: ¥ — Z are continuous,
then their composition go [ X — Z is continuous. For any space
X, the identity map idy : X — X is continuous.
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The defiuition of relative topology implies that i the map f: (X, A)—
(Y, B} is continuous, then the map ab /1 4 — 17 is continuous. Tn
particular, if f: X — Y is continuons, then for any subset A C X,
the restriction f|p: A = Y is continnous. For example, the inclusion
of a subspace into a space is continuous.

3. Obviously, if T is a fundamental cover of X, then the conlinuity
of the restrictions f|d, 4 € T, linplics the coutinmity of the map
f: X — Y. Equivalent formulation: if [' is a fundameutal cover
of the space X and for any A € T there exisis a map fa: 4 = ¥
such that f4(x) = fe(x) for x € AN B (A, B T, then the map
X =Y,

J(@)=falz) brzed(Adel),

is continuous.
4. A continuous map is called open il the images of open sets are
opeil, and elosed, if the images of closed maps are closed.
Obviously, the composilion of open maps is open and the compo-
sition of closed maps is closed.

§1. CONTINUOUS MAPS {B10DOH BADHAHL LEPEROIA)

1. A map of a topological space X to a topological space ¥ is called
continuous it the preimage of any open subsel of ¥ iz an open subset
of X. Equivalent condition: preimages of closed scts are closed.

Amap f: (X, A)—=(Y, B) is called conlinuous il the map abs §: X' —
Y is continuous.

Useful remark: a map f: X — ¥ is continuous if the preimages of
all the open sets of a base of ¥ arc opeil.

2. Clearly, the composition go f: X — Z of two continuous maps
f1 X =2 Y and 9: Y — Z iz continuous and the identity map
idy: X = X of any space X is continnonus.

Tt follows [rom the definition of relative topology thal if the map
F (X, 4) = (Y. B) is continuous, then so is the map ab f: A — B.
Iu particular, the continvity of f: X — Y implies, for any subsct
A C X, that of the restriction flgp: A — ¥. Tor example, the
inclusion of a subspace into a space is contimous.

3. Clearly, if I' is a fundainental cover of X, then the continuity
of the restrictions f|lA4. A € T, implics that of the map f: X — Y.
Equivalent formulation: il for any A € I, where T is a fimdamental
cover of X, there exists a map fa: A — Y such that f4{z) = fu(x)
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forall e € A3 (A, B € '), then the map f: X -+ Y given by
flx) = falz) forze A{AcT),

is conlinuous.

4. A continuous map is called opesn if the images of open sets are
open, and closed, if the images of closed maps are closed.

Obviously, the compaosition of opou maps is open and the compo-
sition of closed maps is closed.

Hirrepecto, 910 B TyHKIAX 1 1 4 «upodeccdOHANBHRITY TCPOBOL COR-
NaAaeT I0BO B GJIORO ¢ LEPEBOIOM, BLIMOMNEHABTM O HAllMM OPABRTLIAM
CTYACHTOM, TII0XG BASICIOINI OOLIMIILIM AIUTHHCKEM 43bIKOM,

B3AJAHUE 4.1 {c. 32). B apuncienuoM IHIKC POLLCIME, 8 TeX Iyda-
SIX, KOLJIY GCTL JIBE BOSMOMKIIOCTH, UPHBOIATCL 008 J0UYCTHMBIX BApUAHTS,
PAZIENEHHBIE KOCOH TTCDIOA «/ .

8.1.2. Affince transformations. A ransformation of C onto itsell of the
formn z — ez + b, o — 20, where o, b € C and a # 0, iz called affine.
T particular, if & = 1, then the corresponding affine transformation
is the parallel translation {by the vector OB, where B is the point
ol the complex plane corresponding to the complex number 5).

8.1.3. TurorrMm, Affine bransformations lake 0% straight lines fo
O* straight lines, 0% circles to O% circles, and preserve T angles
and 0% cross relios,

Proof. Denoting a = re*?, r > 0, we can write
2+ ¥z r(e¥2) = (re™z) +b=az + b,

which shows that any atfine transformaltion is the composition of the
rotation {(by the angle ), the homothety (with coefficient =), and
the parallel translation (by the vector b). This implies the theorermn,
becausc OF rotations, (0% hamothetics, and OF translations obvionsly
possess all four of the propertics asserted by the thcorem. The least
obvious of these facts is thal (0% homotheties preserve the/ O cross
ratio, bui this follows immediately from the fact that homothety in
the plane of the/a complex variable is multiplication by a real number
{which will cancel out in each of the fractions of the cross ratio).

8.1.4. Lincar-fractional fronsformations. The transformation of C
given on CY {—d/e} by

az+ &

e o where ac - bd #£ 0 (8.2)
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that takes the point —d/e to oc and oo to a¢/c is called Lneor-
Jractionad,

The set of all linear-fractional transforations form a group, called
the/ O Mébius group and denoted by Moh.

Indeed, the fact that the composition of two linear-fractional
transformations is a linear-fractional transformation can be shown
as follows: substilute {a2 + b1)/{c12 + dy) for z in the cxpression
(az + b)/{cz + d), which yiclds (after some manipulations)

(a1 + ber)z + (aby + bdy ) (8.3)
{ca1 + dey)z + (eby 4 ddy)’ )

but this cxpression is of the sawce form as (8.2), so the composition
is indeed linear-fractional.

SAJAHHUE 9.2 {c. 55). TOMLKO ¢amM 1MTATOIL MOMKCT C MOIbAGH 111 ceba
BEILOUHTIE PO 3ATAHUE, & AT PAIALIX LHiareneli XOpoTmo BLIoJIHeRHRE
3808ATA BYAYT BLITTAACTh COBGEM HO-Pa3nony. [IpH STOM XOPOTITO BLIOM-
ueLnee 3aganne 9.2 ozuadaes, o Bbl HC 3pa paboradd ¢ 9ol KWL ol
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