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IlepeamoBa

ro HeBesmyuKy KHATY aJpPECOBAHO CTYIEHTAM, SKi BUBYAIOTH MATEMAaTH-
KY B YKPalHChbKHUX YHIBEPCUTETaX, a TAKOXK BCIM MaTeMaTHUKaM, XTO IIParHe
M ABUIIUTH CBiil piBEHBb CydacHO! aHIJIicbKOT MaTeMaTudHOl MoBU. Orparro-
BABIIN KHUTY, BU 3MOYKETE MUCATU MATEMAaTHYHI CTATTI ¥ KHUTHW MPHUCTOM-
HOIO aHTVIICHKOIO, 1 HABITH 3MOXKeTe MePeKJIaJaTh MaTeMaTUIHI CTaTTI aH-
IICHKOI0 MOBOIO Ha PiBHI, Oau3bKoMy 70 mpodeciitnoro. st mporo mema
noTpebu Bix movyaTKy J00pe BOJIOMITH AHTJIIHCHKOIO, MOTPIOHUH Juie MiHi-
MaJILHU 3araJbHUN CTOBHUKOBUIT 3aIac, pO3YyMiHHS MATEMATUIHUX CTATEIl
AHMIACHKOI (HexXall 31 CJIOBHUKOM ), 3HAHHsI TepMiHOJIOriT i, rOJI0BHE, TOTOB-
HICTh AKTMBHO BUKOPUCTOBYBATH MaTeMaTHJHI 3MiI0HOCTI, a He JypHi Tyma-
HITapHI HABUYKM OIAHYBAHHS MOBOIO, 1[0 BUHUKJIN B IIPOIIEC] baraTopiyHoro
puBdeHHs Kyiv English.

3 KHUTOK MOYKHA TIPAIIOBATH CHUCTEMATHYIHO, $IK 3 MIJAPYIHUKOM (TOAi
BapTO BUKOHYBATHU 3aBJIAHHSI), aJle HEI0 MOXKHA TIOCIIyTOBYBATHUCS SIK JIOBLJI-
HUKOM (3BepTaioduch, 3aebiibimoro 1o Jdogarkis I ra IT). Oxnage, Tomi st
KOHYE PEKOMEHIYI0 KOPUCTYBadaM CIIOYATKY O3HANOMUTHUCH 3 TPUHITUIIAMU
MOOYI0BH ITi€T KHUTH.

ITi mpuHIMIIM KOPOTKO BUKJIAIEHI B MEPIIOMY PO3IiJi, SKuit, Ha Bimami-
HYy Bij HacTynHux, Hamucano Mosoio simple English, € unmoces Ha kimrasr
CBOEPIJTHOT'O TECTY BAIIOI TOTOBHOCTI: SKIIO BUSIBUTHCH, IO BU MAETE BEJIUKI
TPYAHOII TPOYUTATH fOr0, TO CIIOYATKY BaM BAPTO IiIBUIIUTHU BAIll PiBEHb
AHIJIICHKOI 38 JIOIIOMOTOIO 1HITTUX JIZKEPET.

JIexriil, sgKi CKJI1aai0Th OCHOBY 3MICTY i€l KHUTH, IATAJIUCIT CTYICHTAM
TPETHOTO KYPCY MATEeMATHIHOTO (HhaKyabTeTy BUIMOI KON eKOHOMIKN Ha-
BecHi 2015 poky B pamkax 00oB’s3koBoro Kypcy «Mathematical English».
Tekcr KOXKHOI JieKIii (B €JIEKTPOHHOMY BUIVISI) OIPUJIIOAHIOBABCS B JICHD
npounTanns Ha caifti. Kpim Toro, cryzenram BujaBasucs (B mamepi) Tekc-
TH, HeOOXITHI JJIs1 BUKOHAHHS JIOMAIITHIX 3aBJaHb. BOHM TaKOXK BKJIIOYEHI B
KHUTY.

3aHsITTS, HaBeJIEHe IiCJIsi ChOMOI JIEKIIiT, BiOyBaJjocst y dhhopMaTi, BiiMiH-
HOMY BiJ JIEKIIIHOTO, 1 IKOIOCH MipOIO HATaIyBaJjIO CEKIIiiTHe 3aciTaHHsT MiXK-
HapOJHOT KOH(MEPEHTIIil: yCHI MaTeMaTUIHI JOMOBIAl OiIst JOIKY, 3aIliKaBe-
Hi cayxadi, BucokokBastidikosanuii chairman B sikocti Bemydoro. (Oguaue,
TeMy TIbOTO «3aCiTaHHsI» — OCHOBU JIHIAHOT ayrebpu — 0y/10 0OpaHO eJIeMeH-
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TApHOIO, JAJIEKOI0 BiJl «MiXKHAPOIHOro piBHsA».) Posb chairman’a B3sB Ha
cebe mpodecop Aitan Maprmasr. Moro mouyrTs rymopy it gapismmii 6pu-
TAHCHKUI AKIIEHT Jaji HOBUIl BUMID IIbOMY 3aHATTIO. B KHu3i, Ha »Kajb,
BiaTBOpPUTH TIe HEMOXKJIMBO. HaToMicTh € po3iji, Ae JaloThCs MOpaju, sSK
poduTH JTONOBi it YuTATH JIEKIIl.

B kypci 6ymo Bcbhoro 8 3amHATb, 7 3 HuX — JeKiiil. Kypc 3axkindyBaBcs
[IUCbMOBUM JIBOTOJMHHUAM iCIIUTOM, Ha sskoMy OyJio Tpu 3aBnanus: (1) nepe-
KJACTH aHTIIHCHKOIO OJHOCTOPIHKOBUI MIMAT HEJABHBOI CTATTI 3 MaTeMaTH-
YHOIO KypHAJLY; (2) PO3CTaBUTU apTUKJI B AHIVIHCHKOMY MATEMATUIHOMY
TEKCTi, B IKOMY apTHUKJI Ta MicCIgd, g€ MOXKHa IMOCTABUTU APTUKJb, OyJIN
samineni kpankamu; (3) Hamucatu TBip (06¢sar npubsimsno 300 cui) npo
BUHUKHEHHSI HEEBKJIJIOBOI reomeTpil. ¢l OyB 31uBOBaHMil, IO CTYICHTU B
[iJIOMY J1006pe BUKOHAJIM IIe 3aBIAHHS, JOBEJIOCS IMTOCTABUTH HAOAraTo Oilb-
me ATipoK, HiXK 3a3BU4ail. 30KpeMa, HECIIOIIBAHO BUSBUIIOCH, IO OijIbIle
MIOJIOBUHY CTY/IEHTIB O€3IMOMUIKOBO a00 MaiizKe OE3MOMUIKOBO PO3CTABUIIN
ApTUKJIl, X04a BBAXKAETHCsI, IO 11€ MOXKYTb 3POOUTHU JIUIIIE HOCIT MOBH.

Kpim TekcriB JiekIiiii, B pO3LOPsIIPKEHH] CIyXadiB Kypcy Oy/iu JaBa JI0a-
Tku (Il ZOJATKU TakoXK BiarBopeni B Kuusi). Omun crocyeThes npuiiMen-
HUKIB 1 CIIOJyIHUKIB 1 CKJIAJIA€ThCA 3 MPUKJIQIIB CUTYAIlN, B IKUX BUKO-
PHUCTOBYIOTLCS Ti abO IHIIN CHOMYIHUKH it mpuitmenuuku. pyruit momaTok
(ne 06OB’sI3KOBUIA JIJIsl BUBUEHHS) — IE€PEAPYK MO€T (HEeHaJpYKOBAHOI) CTaT-
Ti TPO CEMAHTUKY apTUKJIB aHIJIIHChKOI MOBU. B KHU3i € YoTUpH J0/1aTKA:
KPIM 3raJlaHux JIBOX, € CIUCOK ocHOBHUX mrabsouis (Jdomarok I) i Bimmosimi-
koMmeHTapi 1o 3asranb (Jomarok IV).

Asrtop BuciioBioe Besinky mojisKy €srenii Kononenko, a Takox [eoprio
[MTesuenky i KocrstaTuny CoHiHy 3a JOMOMOTY B IJINOTOBIN IO BUJIAHHS.



Chapter 1
Main Principles

1.1. Prerequisites

The prerequisites for this course are a solid knowledge of mathematics
(in Ukrainian) and some knowledge of mathematical terminology in English.
No advanced knowledge of the English language is required: writing or
speaking correct English is not a prerequisite, you should only be able to
understand simple texts, such as the one in this chapter, possibly with the
help of a dictionary.

The goal of the course is to teach you to write and speak mathematical
English.

To do this, you must understand, first of all, that English, unlike Ukrai-
nian, is not a grammatical language—correct English cannot be obtained
by following a finite set of grammatical rules,

good mathematical English comes from usage

i.e., from using only those standard constructions that native English speak-
ing mathematicians ordinarily use.

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

You will never master mathematical English if you don’t follow the main
rule:

never translate from Ukrainian!

In order to produce a good mathematical text in English, never begin by
expressing your mathematical thoughts in Ukrainian, first clarify to yourself
what it is you want to say mathematically, and then express it using the
English constructions that you are familiar with. Even when you are in
fact performing a translation of a Ukrainian mathematical text, do not
translate—first understand mathematically what the author wants to say,
then express it in your own words, by means of those English constructions
that you are sure of. To do that, you need to have a collection of standard
expressions in your memory. I call these expressions clichés.



1.2. Clichés and parts of speech

By a cliché (wa6non in Ukrainian) I mean a fixed text with variable
entries (i.e., blank spaces to be filled in by words, expressions or formulas
of the appropriate type). Here 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

|z — x| <0 = |f(z) — f(zo)| <e.

For any braid b € B, there exists a sequence of braid generators
biy,-..,bi, such that b=1"b;, -...-b;,.
as well as many other popular mathematical statements.

In order to obtain a syntactically correct sentence from a cliché, we need
to fill in the empty spaces by the appropriate type of variable. In our study
of mathematical English, we will consider six types of variables, which we
call parts of speech. Our parts of speech are completely different from the
parts of speech of traditional grammar (which are nouns, verbs, adjectives,
adverbs, pronouns, conjunctions, prepositions, just as in Ukrainian). We list
them below with their abbreviations (without giving any formal linguistic
definition) followed by typical examples.

Objects (0bj): Banach space, f(z), € > 0, the Abelian group G, a second
order differential equation solved w.r.t.! the highest derivative, ...

Modifiers (mod): continuous, twice differentiable, singular, normal, pos-
itive definite, irreducible, small, discrete, noncontradictory, ...

Properties (prop): continuity, smoothness, Lebesgue integrability, Jor-
dan measurability, infinite differentiability, ...

References (ref): Theorem 1, the previous lemma, Gauss’ proof, the
Poincaré conjecture, Hilbert’s 10th Problem, Definition 3.1, ...

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

Openers (opener): Then, Therefore, Without loss of generality we can
assume that, Suppose that, This means that, ...

1A6peBiaTypa w.r.t. po3mudPOBYEThCs AK With respect to i BUKOPUCTOBYETHCS II€pe-
BaXXHO B He(POPMAJBHUX TEKCTaX, HAIPUKJIAM, HA JIOIIIl TP MaTEeMAaTUYHUX JIOMOBIISIX
abo Jiekiigx. [Hima abpesiaTypa, sika 4acTo 3’dABJSETHCS Ha JOIOBisAX, — S.t., BOHA O3HA-
qae such that; BukopucroByouu 3B0opoT «There exists a ... such that ...», anrmomoBunit
JIOTIOBIIaY Ha JOLII HAlleBHE Hamuie «3... s.t. ...».



In some clichés, there are empty spaces that must be filled not by parts
of speech, but by mathematical statements, e.g. formulas or sentences con-
structed from other clichés, so that our constructions can be, in a sense,
recursive. Empty spaces for formulas or statements (which are not parts
of speech!) will be denoted by the word claim. In particular, claims often
appear in empty spaces on both sides of links in clichés such as

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

1.3. Example: a simple mathematical text

To see how much mathematics can be correctly expressed by using a very
small number of clichés, let us now carefully read the following mathematical
text (an introduction to the theory of smooth manifolds).

In this short text, as in all mathematical texts, the correct use of articles
(the, a, an) is extremely important—incorrect use of an article often makes
the text misleading, difficult to understand, or even self-contradictory. For
example, if an English speaking mathematician reads the sentence “Let Z
be a set of integers” he will be very annoyed (and possibly stop reading
further), because in mathematics the symbol Z always denotes the set of
all integers, while the sentence in quotation marks means “Hexait Z — miz-
MHOXKWHa MHOXKWHHK iymx guces”. In the above sentence, the article “the”
should be used instead of “a”, so that it will read “Let Z be the set of
integers”.

In the text that follows, all the articles are used correctly, but I will not
explain why. We shall study the use (i.e., the semantics) of articles in the
next chapter.

DEFINITION. A manifold is a pair (M, .A), where M is a topological
space and A is an atlas; here the atlas Aisaset A = {¢: Uy — R"}
such that

(i) Uy C M is an open set;

(ii) ¢o: Uy — R™ is a homeomorphism;

(iii) Uyey Ua = M.

ExAMPLES. (1) M is R® and A = {id: R" — R"}.

(2) M is the sphere S™ and A = {p;: S" \ n; = R", i = 1,2}; here
p1 and py are stereographic projections, ni,ns are the South and
North poles.

DEFINITIONS. Suppose that (M, .A) is a manifold and «, 8 € J; then
bq © qbgl =:t,,3 is a transition function.
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Further, (M, A) is a smooth manifold if
ta,g € CT(R™) Va,B € J,

where C*®(R") := {f: R" — R™ | f is an infinitely differentiable
map}.

Suppose that (M, .A) is a smooth manifold; a smooth embedding
is a map h: M — R™ such that h o ¢ t: ¢o(Us) — h(U,) is a
diffeomorphism Va.

THEOREM 1 (Whitney, 1921). Suppose that M is a smooth manifold
and dim M = n. Then there is a smooth embedding h: M — R?"™.

Analyzing this text, we see that—amazingly—all its sentences are ob-
tained from three clichés (basically, from only one cliché), namely:

[0bj] is [0bj]; [objs] are [objs]; [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 [0bj]
Consider the 2-dimensional vector space over Fr.
for any [obj], [claim]
For any x € R, the function e* is positive.
let [0bj] be [obj] or [mod]

Let A be a linear operator in Banach space.
Let the operator A be compact.

[ref] or [prop] implies [ref] or [prop]

Differentiability implies continuity.
Theorem 7.3 implies the Poincaré Conjecture.

[ref] or [prop] implies that [claim]
Eq. (3.4) implies that the solution is unique.
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there exists a [0bj] such that [claim)]
There exists a point € D? such that f(z) = .
if [claim], then [claim]
If f: D? — D? is continuous, then there exists a point x € D? such that
f) = .
there exists a unique [0bj] such that [claim]
There exists a unique point « € R such that e” = 17.
[0bj] is called [mod or obj] if [claim)

A group G is called Abelian if gh = hg for all g, h € G.
A topological space X is called Hausdorff if X satisfies the axiom T5.

denote by [symbol] the [obj]
Denote by CP? the complex projective plane.

the set of all [objs] is a [0bj] w.r.t. [0bj]
The abbreviation “w.r.t.” stands for “with respect to”.

The set of all translations of the plane is an Abelian group w.r.t. the
composition operation.

When the above clichés are used, a “claim” can be a mathematical for-
mula or several mathematical formulas separated by the words (“links”)
where, for, and, whenever, for all. For example,

w = (az 4+ b)/(cz + d) for ac — bd # 0.
Stab(x) = {g € G | xg = x}, where z € X.

are claims.

EXERCISE 1.1. Write a one-page (approximately 300 words) introduc-
tion to group theory using only constructions based on the clichés that were
listed above.
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Poznin 2
4K HammcaTm mpocTmit
MaTeMaTUIHUI TEKCT

BpazkaTumemo MareMaTHUHURA TeKCT npocruM (simple), gkimo fioro Ko-
KHa dpas3a € Pe3yJbTATOM 3aIOBHEHHS 3MIHHUX IOJIB OHOIO MIAOJIOHY
(3 11 mabsoHiB MEPIIOro PO3ALTY) BiANOBITHUME «dacTHHAMA MOBU». Me-
Ta IBOI0 PO3Jiy — HABYUTU BAC MPABUIBHO MUCATU MPOCTI MATEMATUYHI
TekcTu. J[Jisi IbOTO TOYHEMO 3 TPUKJIAILY, A%k mpeba 1e poOuTH, a came, mpo-
aHaJizyeMo 100pe BUKOHAHY BIIPABY, siKa IOJISITAJIA B HAIIMCAHHI TEKCTY HA
OJIHY CTOPIHKY ITPO MTOYATKOBI IIOHATTS TEOPil Py, MOCIYTOBYIOYUCH JIUIIIE
mrabJIoHaMy, HaBeJAEHUMHU B KOHII IIOIIE€PEAHBOr0 PO3/iiy). A morimM 1oroso-
pHUMO TIPO Te, Ak He mpeba, 1 HABEJIEMO MPUKJIAIN TTOMUJIOK, XapaKTePHUX
JIJIsl YKPATHOMOBHUX aBTOPIB AHIVIIACHKUX MATEMATHIHUX TEKCTIB. A HacaMm-
KiHenb monpobyemMo pozibpaTncs 31 3HAYEHHSIMU APTUKINB 1 HABIUMOCS 1X
MIPABUJIBHO PO3CTABJATH B IIPOCTUX MATEMATUIHUX TEKCTaX.

2.1. IIpocTmit MaTeMaTUYHUIA TEKCT: 9K Tpeda

Tekcr, HaBeenuit Huxkve — e pomarnne sapganng (Ex. 1.1, c. 10), Bu-
KOHAaHe OJHMM 3i ciyxadiB Kypcy, Ha SIKOMY 0a3yeTbcd I KHUTa. B mpomy
TEKCTi «CTaJIi cJI0Bay BUKOPUCTAHUX IMTAOJIOHIB BUII/ICH] X KUPHUM MIPAMTOM.
(A B mabmoHi |ref|, manpuknan, B Ha3Bl «Binary operations», Hema cramnx
ciiB, 1 TOMy B TEKCTI B IUX 1abIOHAX HISKWX BH/JIEHb HEMA. )

§1. BINARY OPERATIONS

DEFINITION. A map *: S x S — S is called a binary operation on
the set S. Denote by s; * so the image of the pair (s1,82), $1 * 82 1=
*(s1, $2).

EXAMPLES. (1) The addition of real numbers is a binary operation.
(2) The multiplication of complex numbers is a binary operation.

(3) Let C(X) be the set of continuous maps of the topological space
X into X; then the composition of maps (f,g) — f o g is a binary
operation.
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(4) Let A be the map A: (z,y) — log(xy); here x and y are positive
real numbers; then A is not a binary operation, because the function
log(z) is not positive if x < 1.

DEFINITION. A binary operation * on a set S is called associative if
(axb)yxc=ax(bxc) forallabcels.
The operation * is called commutative if
axb=bxa foralla,bes.

ExXAMPLES. (1) The addition of real numbers is associative and
commutative.

(2) The composition of continuous maps is associative and not
commutative.

§2. ABSTRACT GROUPS

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

(i) there exists a unique element e € G such that
exg=gxe=g forall g€ G,

(ii) for any g € G there exists a unique element g~! € G such that

(iii) the operation # is associative.

Let (G, ) be a group; then the element e is called the unit element
or the neutral element, the element ¢! is called the inverse element
to the element g, and the operation x is often called multiplication
or product. A group is called commutative or Abelian if

gxh=hxg forall g,h €G.

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

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

12



(3) the set of all bijections S,, of a finite set {a1,...,a,} with
respect to composition is a group; the group S, is called the permu-
tation group on n elements; the group S,, is not an Abelian group.

Bapro BisznaunTn, mo aBTOp TEKCTY JO3BOIUB COOI TPOXW BIACTYIIHTH
BiJ[ yMOB 3aBJaHHs: BiH KOPUCTYBaBCd JABOMA IIabJIOHAMM, AIKAX He OYyJI0 B
OCHOBHOMY CIIACKY; Iie I1abJIOHI

[0bj] is not [mod aGo obj]
[0bj] is often called [0bj abo mod]

Tox momamo iX 1O OCHOBHOIO CIHCKY. TaKoxK BiA3HATHIMO, IO aBTOP
BUKODHUCTAB HEBeJIMKHII HabIp BcTaBHUX BUCJOBIB (openers), a came then,
here, 1 cnonyunux ciaig (links), a came and, or, because.

Bukonana poboTta CBiTYUTH, M0 HEBEJIMIKOI'O CIIUCKY OCHOBHUX 3arajlb-
HUX IIa0JIOHIB BHCTadae, mob 6e3 mpobiieM mMucaTH eJIeMEeHTapHI TEeKCTH 3
3arajpbHOI ajarebpu. I BapTo MOCIyroByBATHCS MATEMATHIHUMY HABUIKAMUT,
00 BKJIACTH T€, [0 XOUYeTe CKA3aTH, B PAMKHU JO3BOJIEHUX 3araJibHIX 3BO-
porie. (A BTiM, ocTaHHi#l i3 MAGIOHIB HAIIOrO CIMCKY, HABDPS IM MOXKHA
BBaXKaTHU 3arajbHUM — IIe JIy2Ke CIerudivHuil mabJioH, SKUM KOPUCTYIOThCS
JINIIE [T BBEJEHHS ajireOpaidHux CTPYKTYP Ha MHOXKHUHI; Oro MOXKHA 3y-
cTpitu Jimine B ajrebpaiaanx Tekcrax. [lomioHi «crnenmdivni» madaoHu € B
yCiX po3iijax MaTeMaTUKU, MU IX TaKOXK BHBYATUMEMO B Il KHU3I.)

2.2. dx He Tpeba: MPUKJIAIN TUIIOBUX MOMUIIOK

Ilepeiiemo 10 CIUCKY TUITOBUX TOMUJIOK, siKi BUHUKAIOTH TP HATTUCAHHI
TeKCTiB 1 mpu nepeksasi. [l moMuakyn BUHUKAIOTH Yepe3 raHeOHy 3BUUKY
MEPEKIQIATH CJIOBA, & HE CMUCIT.

[Te ogna 3araabHa 3ayBara o0 MOCIIBHOTO MEPEKJIALY: AHTVIIIHCHKA Ma-
TeMaTHYHa MOBA JIyzKe JIAKOHIYHA I [IOraHO TOJIEPYE MAPHOCJIOBCTBO (SIKOIO
6araTo B CJIOB’THCHKUX MoBax). Tak, mogarok dpasu «B 3a7a4i mpo momryk
PO3B’I3KiB PIBHSIHHSI 5-I'0 TOPSIJIKY BUIAETHCS HEOOXIIHUM...» AHIJIIHCHKOO
oyne: «To solve 5th degree equation, one must...» (33 mpykoBaHux 3Ha-
ka 3amicrs 69!). Tyr nponanu ciosa-napasutu «B 3azadi npo» (axi e
MicraTh Higkol iHdoOpMaIil), BijuiecaiBuuil IMEHHUK «HOIIYK PO3B’sSI3aHHS>
3aMiHSIETBCA aKTUBHHUM JiiecjioBoM «find» a macuBHUIT 3BOPOT «BUIAETHCS
HEOOXi/IHUM» — Ha aKTUBHUI iioMAaTUIHUI 3BOPOT «one must».

CImcok OMMJIOK MU JIA€EMO Y BUIVIsIII KOHKPETHUX MMPUKJIAJIB, Bipasy
AHIJIICHKOI0 MOBOIO. Bu MoxkeTe Jjierko BiHOBUTH Opurinaj KOXKHOI dhpa3u,
(ko BiH 6yB) mOC/IBHUM 3BOPOTHIM nepekiazoMm. Ilicisa po3risiy mpu-
KJIaJy MOsICHUMO, B YOMY ITOMUJIKA.
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TEPMIHOJIOTIIO TPEBA 3HATHU, A HE IIIVKATHU B CJIOBHUKY!

1) Let v be a proper vector of the operator A.

Hisxkux proper vectors aurmiiicbkoio me 6yBae, a OyBae eigenvectors, a TaKOXK
etgenvalues.

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

Tpeba ue simple, a prime. 3aTe mpocTa rpyna HepeKIaIacThcs K simple
group.
3) Let K be a compact in R™.

CioBo compact— 3asxau npukMmerauk! Tyt Tpeba compact set, abo compact
subset, abo compactum.

4) The elder coefficient is nonzero.
Bamicrs elder (bykBanbuuil nepexam cjioBa crapiimii) Tpeba leading.
5) W1 is the space of generalized functions.

AuryioMoBHI MaTeMaTUKU 3a3BUYall, HE MOCIYTOBYIOTHCS BHUPA30M general-
ized functions, sxuii 3ycTpidyaeTbest 374e01IbIIOT0, B NEPEKIAIHUX CTATTIX.
Tyt kparme distributions.

6) The space X is linearly connected.
Taxoro Tepminy mHema: 3amicTb linearly TyT Tpeba path.
7) The definition of multiplication is correct.

Cmuca cioBa correct — npaBUiIbHO, a He KopekTHO. Tpeba: The product is
well defined.

8) Consider the algebraic manifold V.
Amnrniiicekoro Hema Hisikux algebraic manifolds. Tpeba variety.
9) The operator A is positively defined.

TyT positively defined — 1e noctiBuuii epeka (epekiagaTu rpeba He cJio-
Ba, fKi HA3UBAIOTH TEPMiH, a Horo cmuci!), Tox Tpeba positive definite.

Let BUMAT'A€ IH®IHITUB!

10) Let G is an Abelian group.

lanebna, mpoTe TOMUpPEHa TOMIIKA: 3aMICTh S TYT HeoOXimHO be.
11) Let B has a singularity at the point p.

BamicTb has Tyt Tpeba have.

14



IT1Ccj1s can I must HE MO>KHA CTABUTU to!

12) Now we can to prove Theorem 3.5.
He norpiben to.

13) To establish Lemma 2.1, we must to prove (2.5).
He Tpeba mpyroro to!

T'ETh HAIIII KOMU!

14) Take any element x € X, such that z > xg.
Koma e norpibHa (11e rpy6a cMucaoBa nmoMuikal).
15) Suppose G is the group, that was considered in §2.

3HOBY He MOTPIOHA KOMA.
HE HATPOMAJI>KYATE of ’'u!

16) Therefore we must suppose that there is the necessity of generaliza-
tion of the method of bifurcation diagrams of V.I. Arnold.

He moxkna tak 6araTo of i i crisbku 6e33micropaux imennukis! Tpeba mpo-
crite, wanpukiag: Hence V. I Arnold’s bifurcation diagram method must
be generalized. 3aznaunmo, mo Buxinua dpasza (sKa 0coGUCTO MEHI HE OO0~
6a€eThCsl) € XapaKTEPHOIO JJisl HAIMX MAaTeMATUIHUX TEKCTIB 1 B GlibiiocTi
YUTa4diB HE BUKJINYE PO3/paTyBaHHs: «TakuM YHHOM, MH IPHUXOIUMO [0
BHCHOBKY PO HEOOXi/IHICTh y3arajbHEHHsI MeTO/y OidypKariiftnux jiarpam
B. 1. Apuosbas.

17) The set of prime elements of the subgroup H of the group of bijec-
tions of the set S of all finite sequences is finite.

®pazy Tpeda paJuKaJIbHO TEPEpOOUTH, HAIPUKIIAI, TaK:

Consider the subgroup H of the group of bijections of S, where S is the
set of all finite sequences; then the set of prime elements of H is finite.

OCTEPITAVITECH MIACTYITHOT'O which!

18) Now we use the singular homology theory of the space A*(X) which
will be constructed in Section 3.

Which — ue mo taxe? Io 6yze constructed — Teopis uu cam mpoctip A¥(X)?
Aximo B opurinasi 0ys10 KoTpa — OT2Ke, Teopis, i Tofi 3amicTs which MOXHA
mucaru ; this theory (3BepHiTH yBary Ha Kpalky 3 KOMOIO!), a SKII0 KOTpe —
; this space.
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PI13HE

19) F is equal G.
Tpeba: F is equal to G abo F equals G.
20) On Fig. 3.
Tpeba: In Fig. 3.
21) The function f is discontinuous in the point z = 0.

3amicTb in Tpeda at.

2.3. Ilynkryamnist B aHIVIICHKil MOBI

Ha Bigminy Biz ykpaincbkol, B aHIVIIHACHKI MOBI HeMa KOPCTKHUX IPa-
BUJI JJIsI KOM Ta IHIIMX pO3/iioBuX 3HakiB. OuHade, € Takuil 3arajbHUIi
HpI/IHL[I/IIIZ

Komu crapisTb abo Hi i 3pyYHOCTI YUTAYiB U JJIsT TOTO, MO0 IO-
JIETTIIATU PO3YMIHHS TEKCTY B XOJIi OTO IUTAHHSI.

(VkpalHChKOIO He Tak; Jemo nepeblIblIryioun, MOXKHA CKA3aTH, MO YKPaiH-
ChKi IIpaBUJIa IIYHKTYaIlil MalOTh Ha METi iHIIle — IIPOJIEMOHCTPYBATH YUTa-
4eBi, 1110 ABTOP OLIAHYBaB IIi IPABUJIA. )

OpHade, BUIE3raIaHuil 3arajbHUI TPUHIAI HE BAPTO TPAKTYBATH: <K
XOYeIll, TaK U CTaB». 3 HbOI'O BUILINBAE KiJIbKa 3araJlbHUX KOHKPETHUX Ha-
CTAHOB.

1. Ilpu mepepaxyBanni OLIbINe, HiXK JBOX OJHOPITHUX TIEHIB MiXK HUMH
CTAaBUTBHCS KOMa, B TOMY YHUCJII TIEPEJ OCTAHHIM 3 HUX, HABITH AKITO oMy
[epeJIy€e CIOIYIHUK and.

Ocb KiJIbKa, MPUKJIAIIB:
The points A, B, C, and D lie on the same quadric.

3BepHITH yBary, o B YKPaAlHCHKOMY TEKCTI OCTAHHIO KOMY CTABUTH HE MO-
xHal

Both groups G and H are amenable.
The surfaces RP2, S2, and S?#RP? are nonorientable, orientable, and
nonorientable, respectively.

2. Iicag BeraBuxX pedenb (openers B HAII TepMiHOJIOrT) Epe rOJIOBHUA-
MM IiIMETOM 1 IIPUCYJKOM CTaBUTHCS KOMA, 38 BUHATKOM THX BHUIIQJIKIB,
KOJTH Opener 3aKiHay€eThCcs CJIOBOM that.
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IIpuknam:

Therefore, the group G is solvable.
It follows that the group G is solvable.

3. B maTemaruyHNX TEKCTaX TUPE BUKOPUCTOBYETHCHA BKpPAil PifKo, i Juire,
o0 BiIIIUTH BCTABKY Bi/l OCHOBHOTO TEKCTY; a 100 YHUKHYTH TOBTO-
PEHHsI TUpe HIKOJIM He CTaBUTHCS 3aMiCTh JII€CJIOBA, 8 CTABUTHCS KOMA.

[Ipurraman:

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

TyT 3aMicTs APyrol KOMH He CTABJIATH «YKpPalHCBKE THDES.

Supermanifolds—whatever their dimension—are always complicated ob-
jects.

TyT 3aMmicTh JBOX THpe MOXKHA I[TOCTABUTU KOMH, ajie Ie JIEN0 3MiHUTh
cMmuca dpas3u: BctaBka whatever their dimension BTpaTuTh CBOIO aKIEHTY O~
BaHICTh, cMucs dpasu Oy/ie PIBHOCWIBHUI CMUCITY OLIBIT «MJISABOI» (pasu
Supermanifolds of any dimension are always complicated objects.

Hanpukingi nporo naparpady 3ynuHuMocs Ha (I0CHTh TOHKOMY!) mpa-
BUJIi, TTOB’SI3aHOMY 3 THUM, UM Tpeba CTaBUTH KOMU B TaK 3BaHuUX restricti-
ve/nonrestrictive clauses. [Tounemo 3 J1BOX TPUKIAIIB.

For n > 5, the homology groups of a compact n-manifold that may be
triangulated can be computed by using simplicial homology theory.

The homology groups of a compact 2-manifold, which can always be
triangulated, can be computed by using simplicial homology theory.

Yowmy B apyriit ppasi migpsmaue pedenns which can always be triangulated
BUJIiIEHO KOMaMu, a that may be triangulated B TieprioMy pevdeHnHi He BU/Ii-
stero? CipaBa B TOMY, IO B IEPIiil (ppasi migpsijiHe peUeHHs 36YHCYE KAAC
(restricts the class) MHOrOBUIB, sIKi PO3MIATAIOTHCS, TOMI 9K B ApyTriit dhpa-
31 BifmOBizHE MiIpsi/THE PEYEeHHs KJIaC MHOTOBHUIB He 3ByKye. lIpu 1pomy,
SAKINO 3a0paTu MiapsiiHe pedeHHs B TepImiit ¢ppasi, MmarumeMo pasIbITuBuii
BUCJIB (HEBIpHUM € Te, IO BCi M-MipHI MHOTOBHJY € TPUAHIYJILOBAHUMH,
i ToMy He MOXKHa HigpaxyBaTH IXHI CHMIUIIIaJbHI ToMosorii), Tol K B
Jpyriit dpasi miapsiiHe pedeHHs MMOBIIOMJISIE JOJATKOBY 1H(MOPMAIIO PO
2-Mipni MHOrOBU/U (& came Te, IO BOHU BCl € TPIAHTYJIBOBAHIL), HE 36YHCY-
10%U TIPU IHOMY KJIAC IUX MHOTOBUJIIB, TOXK BUJIAJIEHHS I[HOTO IIiIPsTHOTO
peveHHs He BILUINBAE HA ICTUHHICTH BUCJIOBJIIOBAHHS.
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Takoxx BapTO BijzHaunTH, 110 nonrestrictive clauses mounmHAOTHCS 31 CJI0-
Ba which (micas komu), Toxi sk restrictive clauses mounHaroThCst (6€3 KOMH)
3i caoBa that. Ipyre TBep/zKeHHS IOTO MPHUIKCY, HOMPU T€, IO BOHO BKa-
3aHO B IIPABUJIAX JIJIsI ABTOPIB, CKIAJEHIX AMEPUKAHCHKUM MATEMATHIHUM
TOBAPUCTBOM, YaCTO IOPYIIYETHCs, OCOOJIMBO, SKIIO HACTYIIHE CJIOBO — iS
(mo € corymEIM, 6O OCHOBHHIH CMHUCJI CJIOBOCIOJIyUeHHs that is — e «To6-
TO» ).

CranmapTaa (GOpPMYJIIOBAHHS BiIIOBIIHONO TpaBUIA AHIVIICHKO MO-
BOIO 3BYyYUTH TaK:

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

Ile mpaBmIO € JOCUTH BaXKKWUM JIJIs PO3YMIHHS 1 HE Ma€ aHAJIOTIB B YKPa-
THCBKIll MOBi. AJizKe y Hac Iepes; CJIOBOM «KOTPi» 3a60#cdu CTABUTHCS KOMA,
IIOIIPU Te, IO II€ CJIOBO Mag€ JIBa 30BCIM PI3HUX CMUCJIN: «KOTPi BCi» M «Ti
KOTpi»! AJre mocmimaro 3aCIoKoITH YnTada: Miil JOCBiI Kaxke, 10 aMepUKaH-
CBKI CTYJIEHTH, HABITH JIyKe J00pPi, TAKOXK MMOTaHO PO3YMIIOTH 1€ IIPABUIIO 1
pobJIATh NOMWIKY B mOAi0HUX curyanisx. (Brim, npakrukyiodi MaremarTu-
KU J[y2K€ PLIKO HOPYIIYIOTh i€ MPaBIJIO, OJHAYEe YacTo uiryTh which (Ge3
KoMU) 3amicTh that, monpwm HaBeeHl BUIe BKA3IBKN.)

2.4. Haiimpocrinie BUKOpUCTaHHS apTHUKJIB

B anruiiicekiit MoBi € mpu apTuKI ofHUHA: the, 4 U NOPOHCHIT aPMUKAD,
SIKOIO B TEKCTax He BUAHO (Ile IOPOXKHIM CHMMBOJI), & MU IIO3HAYATUMEMO
oro 3HaYKOM []. ApTHKIIb HAJIA€ CMUCIOBE HABAHTAXKEHHS IMEHHUK, KN
ime 3a HUM . A came:

I. Aprukiib the o3Hauye, mo e € mot camut abo eduruti marui;

1. ApTUKJIb a O3HAUYE, IO Te AKULCH, 00UH 3 MAKUL;
1. Ilopoxsiit apTukis [ o3Hadye, mo e edurul c6020 pody, YHIKYM.
Ocb KiJIBKa NPUKJIAIIB.

Let G be a nilpotent group. Let Z be the infinite cyclic group with
one generator. Consider the set H of all homomorphisms of the
group Z to the group G. Let h be an element of H.

O Grothendieck defined the notion of [0 scheme, which is now a
fundamental concept in [ algebraic geometry.
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B anruiiicekiit MOBI € JBa apTHK/ MHOXKUHHU, a came the m MHOXKWHHWMIA
HEBU3HAYEHUI APTUKJ/Ib, KU «[I03HAYAETHCA» IMOPOKHIM CHUMBOJIOM (II0-
3HAYATHMEMO fforo cumsosiom [J*):

1Iv. Aprukib the oznaugae, mo 1e 6ci, 6ct maxi abo 6ecv CNUCOK MAKULT.
V. Aprukas (0% osnauye, mo ne axico, 0eaxi 3 Maxu.

3ayBaxkKMMO, IO B YHIKyMiB HeMa MHOXKUHU, TOXK IHMTAHHS PO apTUKJIb
MHOXKWHHU JIJIs HUX HE CTOITbh.
Ochb Tpu IpUKIIAIN BUKOPUCTAHHST APTUKJIIB MHOYKUHH.

The eigenvalues of the operator A are positive.
We will consider only (J* smooth functions.

[0* Polynomials can have no real roots, but the polynomials of odd
degree have at least one real root.

SAVBAXKEHHA 1. Tyt i maqi Mu HE PO3IIISIAEMO CUTYAIliil, B AKUX BiJl-
OyBaE€ThCS CEMAHTUTHA 3aMiHa APTUKJIIO IHITUMA CJIOBAMU, SIK, HAITPUKJIA,
B PEUEHHSIX

This dog is brown. George’s mother died. I chose some color.

(TyT cnosa this i George’s 3aminsiors nBa apTukii the, a cioso some 3ami-
HSIE€ APTUKJIb a.)

3po3yMmisio, Mo, KOJIU Ma€ Miclie 3aMiHa apTUKJIIO, HiSKWi CIIpaBXKHIN
APTHUKJIb HE CTABUTHCS.

3AYBAKEHHS 2 (Baxksmso!). Tpeba po3ymiTh, Mo npasuia [-V He Bap-
TO CIPUAMATH $IK IIOBHY 1 HECyIlepewNBY CHCTEMY aKCiOM Jijisi OOpaHHS
aprukJis. 11i mpaBuia iHOAI cymepedaTsh OJHE OJHOMY: OyBarOTh TaKi CUTya-
11i1, KOJIM MOYKHA BOJIHOYAC 3aCTOCOBYBATHU JIBA 9W HABITH TPU 3 IUX IIPABUII,
1 Ko2KHe TIPaBUJIO BUMara€ odpaTu cBiif apTukib. B mux curyarisx cMmucio-
Be HABAHTAXKEHH, Ke BU3HAYAECTHCS BUOOPOM apPTUKJIIO HA IMEHHUK, SKUIi
CTOITh 32 HUM, HE JIy?Ke TO il 3aJIe?KUTh BiJI I[ON0 BUOOPY: TYT HAEThCS PO
HIOQHCH CMUCJTY.

B maBenenux Buire mpukagax po3ryIsIaloThCs MPOCTi CUTYaIlil, B SKUX
MOXKJIMBE 3aCTOCYBAHHSI JIAIE OJHOTO 3 IIPABWJI, a BHOIP iHINOrO apTUKIIIO
JIOKOPIiHHO 3MiHI0E cMucT (pa3u abo podbutsh i1 6e3rmysmoro. [Ipukiraan cu-
TyaIiif, Kl He MAIOTh TAKOI OJHO3HAYHOCTI (BOHU HEPIZKO 3yCTpivarThes
JUIsl apPTUKJIB MHOXKHMHE), PO30MpaTMMeMo 3rojoM. BriMm, Bke 3apa3 Mo-
JKHa BiI3HAYWUTH, [0 apTUKJb the mepes cJIoBOM polynomials B OCTAaHHBOMY
MIPUKJIAl MOXKYTh IPOILYCTUTH 1 OAararo XTO 3 AHIJIOMOBHUX MaTEMAaTHUKIB.
A MU TUM 9aCOM BUMMOCS IPABUILHO OOUPATH apTUKJI B IPOCTUX («OIHO-
3HAYHUX» ) BUIAJKAX.
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o BubOOpY apTHKJIB, 30KpeMa, apTUKJIB MHOXKWHM, MU [TOBEPTATHIME-
Mocd B HACTynHUX posmainax. Kpim Toro, B nogatky III maBomuThesa craTts
aBTOPA IOJI0 CMUCJIY APTUKJIIB HE JIUIe B MATEMATHUIN: TPUKJIAIN OePyThCs
3 JiTEepaTyPHUX, 30KPEMa, I TOETHIHUX J[YKEPEJI.

* ko k

3ABJIAHHA 2.1. JIjas KOKHOIO 3 TOIIMPEHNX IabJIOHIB, HABEACHUX B
[epIIOMy PO3JLI, npuayMaiTe o JBa pedeHHs (3 pisuux obJacreil Mare-
MaTuKn), gki 6 6asyBajucd Ha 1poMy 1mabiaoHi. Aprukii obupaiite 3rigHO
i3 BKaziBKaMu, HaBEIEHUMU BUIIIE.
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Po3znin 3
Y PpiZHOMaHITHIOEMO
MaTeMATHIHIUA TEKCT

B mpomy posmini BumTHMEMOCsT ypI3HOMAHITHIOBATH AK OKpeMi ¢pa3sw,
TaK i MATeMaTUIHUN TEKCT B ILIIOMY.

3.1. CrpykTypa anruiiicbkoi dpazu

CrogaTky HaAraJIa€Mo, Mo MOPSIOK CJIB U PYIl CJIB BCEPEIUH] aHTJIii-
cbKOI dpas3n € HabaraTo »KOPCTKIIMMM, Hi2K B YKpalHceKiil. Tunosa aHriii-
ChbKa MaTeMaTHdHa (pa3a CepeHbOl JTOBKUHI BUOYIOBYETHCS TaK:

[opener] [subject| [verb] [direct complement] [other complements].
Ocb TpuKIIAI:

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

3okpema, B aHIVIIHCHKIN MOBI BKpail HeOaKaHO BiIOKPEMJIIOBATH IIi/IMET
Bi mpucymaka abo MIiHATH 1X MICISIME, IO B YKPAIHCHKi#f pOOUTH MOXKHA.
A 0c06JIMBO TIOraHO 3BYUYUTH BiIOKPEMJIEHHS [IPSIMOTO JIOAATKY BiJl JIi€cjoBa.
Tak, B onepeHbOMY TPUKJIAJIL 3aKiHIEHHT Ppa3u y BUTTISI

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

€ HEeIIPUITYCTUMHUM, [0 YKPATHCHKOIO 3BYYUTH HOPMAJIHHO, PO M0 CBIIIUTH
nocaiBHUHN 3BOpOTHiH nepekta. Och I1e OiH TPUKJIA, TOTAHOTO TepeKJia-
ay:

Consider now the variety Va.

TyT a5 HOPMAJIBPHOTO AHIVICHKOIO 3ByYaHHs Tpeba HepIii /1Ba CJI0Ba II0-
MiHsiTH MicisiMu. Och iMe OJMH PUKJIAIL;

The set {v1,...,v,} generates in the complex case the required subalge-
bra.

Tyr Bupas in the compler case, SKuil BIIOKPEMJIIOE JI€CTIOBO BiIl #Or0
MPSIMOTO JTOJATKY, CTOITh HEe Ha MicCIli — Horo Tpeba mmepecTaBUTH B KiHEIh
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3.2. Ilommpeni mabsroHN

Tenep mepeiinemMo 10 OCHOBHOI METH IIHOT'O PO3iIy— HABIYUTHUCS YPI3HO-
MAaHITHIOBATH MaTeMaTH4Hi TeKcTu. [louneMo 3 HEBEJIMYKOTO CIMCKY IO4a-
TKiB dpa3 (Haragyro, mo movIarok dbpasu — opener — e OJHA 3 HAIIUX Ta-
CTUH MOBH), a IIOTIM HABEJIEMO CIHUCOK IIOMMPEHUX MIA0IOHIB, 3rPyIIOBAHNX
V BiIIOBITHOCTI 710 TXHIX CMUCJIOBUX MMPU3HAYEHbD.

BCTABHI PEYEHHS (OPENERS)

SO now 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 particular,
thus we have in this article (chapter, section)

without loss of generality, we may assume that

3BepHITH yBary, o B JeIKNX BUIIAIKAX OPENer 3aBepIIyeThCsd KOMOI, a
B iHINX — KOMa HE CTaBUTHCS.

BBEJEHHS IIO3HAYEHb (NOTATION)
denote [0bj] by [symb]

Denote the projective space by RP3.
let us denote [obj]| by [symb]|
Let us denote the hyperbolic plane by H?.
by [symb] we denote [obj]
By GL(n) we denote the group of nondegenerate linear operators in R™.
for [0bj] we use the notation [symb]
For the convex hull of X we use the notation Conv(X).
[symb] stands for [obj]
Tor(G) stands for the subgroup of finite order elements of G.

(BBaxkaiiTe Ha Te, M0 IMEHHUK notation jyzKe PIIKO CTOITh B MHOXKHHI, Ha-
MPUKJIA, «BBEIEMO MTO3HAUECHHSI> MEPEKIAIAEThCs K let us introduce the
notation.)

22



DOPMYJIFOBAHHA BU3HAYEHD

[0bj] is called [mod a6o obj]
A subgroup satisfying this condition is called normal.
[obj] is called [mod a6o obj] if [claim]
A transformation is called isometric if it preserves distances.
[0bj abo symb]| is defined as [obj]
The half interval [a, ) is defined as {z € R | a < z < b}.
let us define [0bj] as [0bj]

Let us define the integral f; f(z)dx as the limit of integral sums as
0 —0.

define [0bj] as [obj]
Define the sphere S? as S? = {(z,y,2) € R3 | 22 + y? + 2% = 1}.
we call [obj]| [mod] if [claim]
We call a manifold C"-smooth if all its transition functions are C"-smooth.
DOOPMVYJIFOBAHHSI TEOPEM
if [claim1], then [claim?2|
If the surface M is orientable and y (M) = 2, then M is the sphere S2.
suppose that [claim1]; then [claim2]

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

let [claim1], let [claim2], and let |claim3|; then [claim/]

Let the function f be continuous on [a,b], let f(a) < 0, and let f(b) > 0;
then there exists a point ¢ € [a, b] such that f({) = 0.

if [claim], then [obj] possesses the following properties:
1° [claim1];
2° [claim2];
3° [claim3]

If « is an element of the Mobius group, then « possesses the following
properties:

1° « preserves angles;

2° o preserves cross ratios;

3° « takes circles and straight lines to circles or straight lines.
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[claim1] if and only if [claim2]. A6o kopore: [claiml] iff [claim?2].
A 3-manifold M is the sphere S? if and only if 71 (M) = 0.
[claim] is a necessary and sufficient condition for [0bj] to be [0bj abo mod)]

Hy(X) = Z is a necessary and sufficient condition for X to be path
connected.

if [claim], then the following conditions are equivalent:
1° [claim1];
2° [claim2];
3° [claim3]

If I is a graph, then the following conditions are equivalent:
1° T' is a tree;

22 x(I) =1

3° there is a unique path joining any two points of I

for [0bj] to be [mod abo obj], it is necessary and sufficient that [claim2]

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

JIOBEJJEHHA (PROOFS)

we have [claim)|
We have P(a) = = (3a3b(S(a,b) = T(z))).
we obtain [claim]
We obtain [ f(z)dz = f: f(@)dz + [ f(z)dz.
it follows that [claim]
It follows that the sequence (x) is exact.
by assumption, [claim|
By assumption, the function ¢ is uniformly continuous.
using [ref], we obtain [claim)]
Using the Fubini theorem, we obtain fo f(x,y)dS= f:(fcd flz,y)dy)dz.
since [claim], it follows that [claim)]
Since the diagram (x) is commutative 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 [claim]

It remains to prove that f is upper semi-continuous.
all the assumptions of [ref| hold

All the assumptions of Lemma 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 [0bj]

The proof is by induction on the dimension n of RP™.
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 theorem is complete.
we will consider several cases
[ref] 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.

k0 ok %k

SABAAHHA 3.1. i KOXKHOrO IMabJIOHY, 3TaJaHOro B I[bOMY PO3JILI,
HaBEITH JIBa MPUKJIAIN HOr0 BUKOPUCTAHHS — OJIUH 3 ajaredpu abo aHaJizy,
iHmwmit 3 reomeTpil abo Tomosoril.lle — HeckIaaHI 3aBAAHHS, SIKIIO BU T00pe
00i3HAaHI 3 PI3HUMU PO3MLIAMA MATEMATHKHI

3ABIAHHSA 3.2. Ilepeksiafith aHIHACHKOIO CTOPIHKY TEKCTY (IUB. HU-
Ke) IIPO HelepepBHi Biflo6pazkeHHs TOHOJIOTIYHUX [IPOCTOPIB, BAKOPUCTOBY-
09N AuuLe HABEJIEH] B MEPIINX JIBOX PO3/iJIax IMAa0JOHU Ta BCTABHI BUpa3n
i 3Bepraioun ocoOJUBY yBary Ha apTHKJI. 3BarkKaiiTe Ha Te, IO IIe BayKKe
3aBJIAHHS — JIJIsI TOTO 100 MMEPEIATH CMUCJ I[bOTO TEKCTY, BUKOPUCTOBYIOUH
Jnmire oOMeXKeHuit Habip IMabJIOHIB, BUMATra€ThCsl He TaK MOBHA KYyJIbTypa,
dK MaTeMaThdHa: Tpeda 70 KiHIg 30arHyTH JIOTIKY MaTeMaTHIHOIO CMU-
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CJIy TEKCTY 1 TIEPETBOPUTU BUKJIAJIEHE B JIOTIYHO PIBHOCHJIbHE, HE DOSIUCH
3MIHUTH MOPSJIOK YaCTUH TEKCTY W HABITH MOPSIOK (DOPMYIL.

§ 1. HENNEPEPBHI ®YHKIIIT

1. BinobpaxkenHns TorosorivHoro npoctopy X B TONOJIOTIYHUIT ITPO-
cTip Y Ha3WBAETHCH HeENnepepsHuM, SKIIO Mpoodpa3 Oy/Ib-sKOl BiIKpHU-
TOI M IMHOXKUHU TTPOCTOPY Y € BIIKPUTOIO MiJIMHOYKUHOIO ITPOCTOPY
X. PiBHOCWIIBHA yMOBa: TPO0OOPA3K 3aMKHYTHX MHOXKWH 3aMKHYTI.

Binobpaxenus f: (X,A) — (Y,B) Ha3uBaeTbcs HenepepsHuM,
SKITO HeNepepBHO Bijtobparkenus abs f: X — Y.

Kopucue 3ayBaxkennst: Bimobpaxkenns f: X — Y e HenepepBHUM,
SAKIIO TPO00PA3n BIAKPUTUX MHOXKUWH JESKOI 06a3u mpocTtopy Y Bii-
KPUTIi.

2. OueBuUIHO, 1110, AKIIO Bijlobpaxkenus f: X =Y ig: Y — Z e "e-
[IepepPBHUM, TO 1 IXHsT KoMmosuilis go f: X — Z nenepepsHa. Takoxk
3pPO3yMLIIO, 110 TOTOXKHE BimobpaxkenHst idx : X — X € HenepepBHUM
it 6y Ib-9KOTO TpoCcTopy X .

I3 BusHaUeHHS BiAHOCHOI TOMOJIOTIT BHUIHO, IO, SIKIO BigoOpazke-
HHst f: X — Y e HenepepBuuMm i A, B € TakKuMu MHOXKXHMHAMU B
X,Y, mo f(A) C B, To i Biobpakenns: ab f: A — B € Henepeps-
HUM. 30KpeMa, 3By:KeHHs f|4: A — Y HenepepBHOIO BiJIOGpasKeHHSsI
f: X — Y na 6yap-axy migMHOKUHY A mpocTopy X € HellepepBHUM.
Hampukiia, BKIIIO9eHHs MiAPOCTOPY B MIPOCTIP € HEEPEePBHUM Bil-
00parKeHHSIM.

3. 3posymijio, mo, gk ' — dyHmaMeHTaJ bHe IIOKPUTTS IPOCTO-
py X, 1o 3 HemepepsHoCcTi 3ByxkeHb f|4 ¢ A € T Bunsmsae He-
mepepBHicTh Bimobpaxkenusi f: X — Y. PiBnocuibae dopmysoBa-
nad: Hexalt [ — dynmamenTasbHe TOKpUTTS mpocropy X, i Hexait
st koxkHol mHOXKMHA A € ' 3a7ano HemepepBHE BiioOparkeHHsI
far A=Y, 1 fa(x) = fp(x), sxkmo © € ANB (A, B € T'); Toni
Bijjobpaxkennsi, f: X — Y, BusHauene popmyJsIow

f(z)=fa(z) mpuaxe A(AeT),

€ HellePEPBHUM.
4. HenepepsHe BijloOparkeHHsI HA3UBAETHCHA BIOKPUMUM, SKIIO
0o0pa3y BIIKPUTUX MHOXKHUH BIJIKPUTI, 3GMKHYMUM, SIKIIO 00pas3u
3aMKHYTUX MHOXKHUH 3aMKHYTI.
OueBnIHO, 10 KOMIIO3UINS BIIKPUTUX Bi0OparkeHb BiIKpuTa, a
KOMIIO3WITiS 3aMKHYTHX BiJIOOpaskeHb 3aMKHYTA.
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Po3znin 4
Ing-oBi KoHCTPYKIIil,
IPUCJTIBHNKA, apTUKJIL

B npomy po3zmisi Mu MpPOMOBXKYEMO BUNTHCS yPI3HOMAHITHIOBATH HAIII
BUpaKaJIbHI 3ac00H, JJIsT YOTr0 PO3TVISHEMO ing-OBi KOHCTPYKINT Ta ITPUCTTiB-
HUKU, a8 HAITPUKIHII PO3/IiJTy 3HOBY ITOBEPHEMOCH JIO0 CEMAHTUKHN apTHUKJIIB.

4.1. Koncrpykmii 3 ing

Ocb KinbKa ing-oBux I1abJIOHIB; BOHM 3a3BUYail CTABJISITHCS HA MOYATKY
dpasu, ane inoxi 3’aBigiorcs 1 Beepeauni (TOAI HEOAMIHHO BUIIIAIOTHCS
komamu!):

using [ref, obj], we obtain [claim]

following [ref], let us prove that [claim]
setting [claim1] in [ref], we obtain [claim2]
putting [claim1]| in [ref|, we can write [claim2]
taking [obj]| for [0bj]|, we can prove that [claim)]
identifying [obj] with [obj], we obtain [claim)|
choosing [obj], we can write [claim]

gathering like terms in [ref], we obtain [claim)|

4.2. IlpucriBHNKT

IMpucaisaukn (adverbs) Majo He 3aBXKJM CTABIATHCA neped JIECTOBOM
(3a BuHATKOM jiecsioBa is). OCb IPUCIIBHUKY, fKi B MATEMaTHIHAX TEKCTaX
3yCTpivaloThCd HaigacTilie:

easily obviously  clearly immediately readily always
usually sometimes never directly entirely naturally
sufficiently necessarily additionally partly

Ochb KiJbKa TUIOBUX TPHUKJIAIB IXHHOIO BUKOPUCTAHHSI:

There always exists [a maximum of a continuous function on a com-
pact set].

[Lemma 2.3] readily implies [the theorem)].
We obviously have [2+ 2 =1 (mod 3)].
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We sometimes denote [the unimodular complex numbers| by [S'].
[The theorem)] is entirely [proved].
[Using] [Eq. (2.3)], we immediately [obtain] [the lemma)].

4.3. IlosicaroBasibHiI ¢paszu

B maremarudHMX TEKCTax 3yCTPIYAOTHCS IOSICHIOBAJIBHI (Dpas3u, siKi Hi-
OHUTO JIONOBHIOIOTH CeMaHTHKY JiecioBa. Haituacrimte 3ycrpidaiorbest Taxi
BUPA3M, K
after some manipulations by direct calculation
from the induction hypothesis by gathering like terms

Bonu crasiarbea micas gieciioBa abo Ha nodarky dbpasu a imoai (He 3aB-
kau!) BuAlIsioTbCa Komamu. [Ipukiiazm:

After some manipulations, we obtain Eq. (3.6).
Formula (2.3) is proved by direct calculations.

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

4.4. IMeHHUKYT CTAIOTh TPUITMEHHUKAMU

B anrificekiit MOBI iIMEHHUK MariYHUM YUHOM II€PETBOPIOIOTHCS HA MTPHU-
KMeTHUK (He 3MIHIOIYM CBOIO HANUCAaHHA!), SKNIO HOr0 MOCTABUTH Iepe
iamuM iMerHIKOM. OCh KiJIbKA MPUKJIAIIB:

line segment, intersection point, Pascal line, vector space, identity
transformation, box dimension, dimension theory, Md&bius symbol,
homology theory, Goodstein sequence, equivalence relation, cohomol-
ogy group, path integral, Cauchy sequence, Fourier series.

Ha »kajib, HEMa TOYHOrO 3arajbHOIO IIPAaBUJIA, KOJIM TaKi I€PEeCTAHOBKU
pobuTH MOXKHA, KOJU HE MOXKHA, & KOJIM MOXKHA, K poOuTH, TaK i HE podU-
tu. TyT Bce 3asexkuth Bin usage. Hanpukias, wHixTo HE TOBOPUTH group of
cohomology abo series of Fourier, omHade BCi roBopsaTh range of a function
(i B rpaMOTHIX TEKCTaxX BU HIKOJIU He 3yCTpiHeTe function range), HATOMICTh
qacTor Oyie sik theory of relativity, Tax i relativity theory.

4.5. Ille pa3 — gerayibHilNIe — PO APTUKJI

4K B2Ke TOBOPUJIOCS, B AHTJIICHKI MOBI icHy€e mpu apTukJi ogunnan: the,
a i nopostcHil apmukab, STKOTO B TEKCTaX He BUIHO (Ile TOPOXKHIN cuMBOI),
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a MM II03HAYaTUMEMO Horo sHaukoMm []. ApTHK/Ib BKa3y€ Ha CTaTyC IMEHHU-
Ka, (00’exTa), gaxuii ize 3a HUM, TOOTO HA BijHONIEHHS (B JAHOMY KOHTEKCT)
[BOT'O CJIOBA J0 MHOXKUHU BCiX 00’€KTIB 3 TOIO 2K Ha3BOK. Baxk/imBo po3ymi-
TH, IO APTUKJIb BU3HAYAETHCA HE CAMUM IMEHHHKOM, 8 CMHCJIOM IMEHHMKA,
6 0aHOMY KOHMEKCMA.

e Aprukiib the o3Hadae, M0 iIMEHHUK, SIKHUil CTOITH 3a HUM, OyJI0 paHime
3adikcoBaHO, abo IO B JIAHOMY KOHTEKCTI Iefl IMEHHWK € OJIHO3HAYHO BU-
3HAYEHUM €JIEMEHTOM MHOXKHMHU O0’€KTIB 3 TOIO YK HA3BOIO (TAKUM UUHOM,
apTukJb the mae nBa pisui cMmucim).

e ApTuK/b a O3HA4YA€E, IO IMEHHUK IICJIs HBOIO, € He 3a(iKCOBAHUM
paHillle eJleMEeHTOM MHOXKHHH 00’€KTIB 3 TOIO 2K HA3BOIO.

e TlopoxHiit aprukb [ o3HaUae, M0 iMEHHUK, SIKA CTOITh «3a HUM» €
€JIMHUM €eJIEMEHTOM OJTHOEJIEMEHTHOI MHOYKUHU 00’€KTIB 3 TAKUMU HA3BAMUT;
TAaKIMU IMEHHUKAMHU € BJIACHI HA3BU, HA3BU HAyK ab0 PO3ILIiB MaTeMaTH-
KU, & TAKOXK aTpuOyTH (HAIPUKJIAJ, CTYIIHb IOJIHOMA, IIOPSIOK DIBHIHHSI,
paJjiiyc KoJa).

IIi dbopmambHi MosiCHEHHS MOYKHA BUPA3UTH HabAraTo IpOCTillle B BUTJIS-
Ji HACTYIHUX IIPABUI:

1. the osmauae, mo me mot camuil, TOOTO 32adarutl pamiwe, abo cIumull
maxu;

II. a O3HAYAE, IO Te deakuli, 00ur 3 MAKUT;
1. [ ozuagae, mo 1e edunuti 6020 pody, YHiKYM.

[MosicanMO, $SIK BUKOPUCTOBYIOTHCS I MPABHUJIA, HA MPUKJIAI TEKCTY 3
MaTeMaTUIHOl (hiZuKH.

Let M be a (desaxe) 3-manifold. Let k: S' < M be a (desxe)
smooth embedding. Then the (edune maxe, ockineku M u k 6y-
2 pariwe sagincosani) set k(S') is called a (odun 3) knot in the
(me came) manifold M or a (odna 3) Wilson line. For any knot in a
(desrum) 3-manifold, O Witten (ynixym — eaacne i’ms) defined an
(odun 3) isotopy invariant, now known as the (edunud maxui) Jones—
Witten number of the (szadanud pariwe) knot. When the (3zadane
paniwe) manifold M is the (eduna maxa) 3-sphere, the (zz2adane pa-
niwe) Jones—Witten number is equal to the (edune maxe) value of
the (eduna maxa) Jones polynomial of O (ampubym) degree n.

st mpaBubHOrO BHOOPY apTUKJIB Tpeba He Juime po3yMiTH IXHiit
CMUCJI, aJie ¥l pO3yMITUCS B MaTeMaTuIl. Tak, npu nepekiai ¢ppasu

Hexait G — rpymna nopsiiky 4

29



OyIb-sIKUil aHTJIOMOBHUII MaTeMaTUK IIOCTABUTH apTUKJIb A IEPe CJIOBOM
group, 60 3Hae, WO € a8l Heizomopdui rpynu 4-ro nopsaaxy (a G —omna 3
Hux). A gkino B uiit ¢dppasi 3aminuru 4 Ha 5, To Gyze norpibeH apTukib the —
CIIOJIIBAIOCS, YNTAY PO3YMI€ YOMY came.

[lepeiiemo 10 apTHKIIIB MHOXKHUHH. iX J1Ba, a came: the u MHOXKUHHUI
HEeBU3HAUEHWUH apTHUKJIb, IKU «BUPAXKAETHCsI» MOPOKHIM CUMBOJIOM (II03HA-
garumeMo foro cumsosiom [1*). BoHU BUKOPHCTOBYIOTHCH 3TiJHO 3 IIPaBU-
JraMu:

Iv. the osHauae, 1m0 11€ 6¢Ci, 6¢i Maki, ab0 6eCb CNUCOK MAKUT,
v. [O0* o3zHauae, mo e AKicb, 0eAK: 3 MAKUT.

[Ilomo mpasmia IV BapTO BiA3HAYUTH, IO apTUK/IL the crasuThbesa Tomi,
KOJIM MU XO9eMO Ni0KpecAumU, 0 PO3TIAAAI0TLC 6C1 Maki, a, SKIO HeMa
TaKol 11oTpebu (CKazKiMo, SIKIIO 1€ 3pO3yMIJIo 3 KOHTeKCTY ), To the craBuTu
He BapTo (QUB. OCTAaHHIN IpUKIaa B po3aiii 4.6 Huzkue).

Ocb npuk/Iam.

We will consider only [0* (desxi) associative rings. The (yci) rings
that we shall study will appear in [0* (y desxuz) exact sequences.

4.6. Tonka ceMaHTUKa apTUKJIiB

Ieit po3ii MOYXKHA TPOIYCTUTH TIPU TIEPIIIOMY INTAHHI: BiH I TUX, XTO
no6pe BMie 06UpaTH apTUKIL B IPOCTUX (OJHOZHAYHUX) CUTYAIIIsIX, OIHCA-
HUX BHUIIIE.

Mu B2Ke TOBOPHWJIM, MO MpaBWiIa I-V He BApTO CHpUiiMaTH sIK MOBHY 1
HECYTIEPEWINBY CUCTEMY aKCiOM JjIs BHOODPY apTHUKJIIB: OyBarOTb CHUTYyAaIlil,
KOJIM BOJHOYAC MOYXKHA 3aCTOCOBYBATH J[Ba YU HABITH TPHU 3 IUX IIPABUI, i
KOXKHE [IPABHUJIO BUMArae obupaTu cBiil apTukib (To6To IpaBuiia cynepedarThb
oniHe oznHoMy). Hafiuacrime B TaKuX CUTyal(isix CMHUCIOBE HABAHTAYKEHHSI
IMEHHUKA, sTKe 3aJIeXKUTh BiJl BUOOPY apTUKJIsI, HE JIy2Ke TO i 3aJIe?KUTh BiJ
BOr0 BUOOPY — HIAETHCS PO HIOAHCH CMUCJTY.

Ocb mpuKJIaaAn 3 ApTUKIISIMA OfHUHY (paBuia I, 11, II1).

Let M be a manifold with a (3 desixoro) boundary.
Let M be a manifold with O (ampubym) boundary.
Let M be a manifold with the (3 edunoro maxorw) boundary OM.

i Tpu dpasu myxe OGJU3BKI IO CMUCITY, TEPEKIAIAI0ThCS OqHaKoBO: «He-
xait M — mHOrOBHI 3 Kpaem». Jlyke OMM3BKI MO CcMUCTy ¥ JABI HACTYITHI

dpazu.
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Using O (Hassa nayku) Bass—Serre theory, we will. ..
Using the (eduny maxy) Bass—Serre theory, we will. ..

Ocranns 3 nux dpa3 Mae Takuil caMuii cMuCI, 5K 1 dpasza
Using the (eduny maxy) theory of Bass—Serre, we will. ..

I Tyt BCi TpU dpasu nepekaaIAIOTHC OIHAKOBO.

IITe BapTO BiA3HAYMTH Ti BUIAKU, KOJU HA MPAKTUIN OIIBNICTH AHTIIO-
MOBHUX MATEMATHUKIB (sKi, 3pO3yMijI0, HE 3HAIOTH HISIKHX «IIPABUJI BHOOPY
APTUKJIB» ) 0OUPAIOTD HE TOW apTUKJIb, AKUIl JUKTYETHCA IIPABUIAMU IV U V.
Tax, y dpasi

The space X/G of the orbits is compact

GinbiiicTh mporycTuTh apyre the, e 3Bakaroun Ha e, mo X/G — 1e npo-
crip eciz opbir. (3Buvaiino, TyT MoxkHa 6yJ0 6 CKa3aTH, WO CIOBO 0rbit —
aTpubyT y BUCJIOBIIIOBaHHI space of orbits, aje Take MOTPAKTYBAHHS € IITY-
quuM.) Takuil BUOIp 4aCTKOBO IOB’SI3aHUI 3 THM, 10 IPUPOJHiNIe (hopMy-
JIFOBATH II€ TBEP/?KEHHSI [IPOCTIIIIe, & CaMe:

The orbit space X/G is compact.

[Ipu mpomy muTaHHs, BCi Uu 1€ BCi OpOiTH, ByKe HE BUHUKAE.

Amnajioriuno B mepekJaii ¢ppasu «Po3riistHeMo 1mojie n-x KOpeHiB 3 OJMHE-
mi» mepen ciaoBamu n-th roots of unity moxkHa mocTaBUTH apTUKJL the, aje
GiTBITICTh MATEMATHUKIB, HOCIIB aHIIICHKOI MOBH, HE MOCTABJISITh HisIKOTO
apTUKJIO: iM 1 6€3 TOro 3po3yMiJsio, IO WAEThCS TPO 6Ci KOPEHI 3 OINMHMII
(imakie He fiTuMeTbCst PO 1oel), 1 HeMa IOTPebH Ha IILOMY HATOJIOILY BATH.

* ok ok

BABIAHHS 4.1. Ilocrasre aprukii samicTs kpamok (the, a, an', O, (%)
TEKCTi Ha HACTYMHIA CTOPIHI].

8.1.2. Affine transformations. ..... transformation of C onto itself
of ..... form z — az + b, oo — oo, where a,b € C and a # 0, is
called affine. In particular, if @ = 1, then ..... corresponding affine
transformation is ..... parallel translation (by ..... vector OB, where
Bis ... point of ..... complex plane corresponding to ..... complex
number b).

19acT0 TOBOPATD, MO APTHKIL @ 3aMIHAETHCS HA a7, KOJU HACTYIHE CJIOBO MOUHHAE-
TBCsl 3 TOJIOCHOI; Il HETOYHO: @ 3aMIiHSIETBCS HA AN, KOJIM HACTYIIHE CJIOBO IIOYHHAETHCS
3 rosocHoro 3eyky. Hampukaan, tpeba an n-dimensional space, a e a n-dimensional
space, a unified approach, a He an unified approach.
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8.1.3. THEOREM. Affine transformations take ..... straight lines to
..... straight lines, ..... circles to ..... circles, and preserve ..... angles
and ..... cross ratios.

Proof. Denoting a = re'?, r > 0, we can write
2 €%z r(e¥2) o (re¥2) + b=az + b,

which shows that any affine transformation is ..... composition of .....
rotation (by ..... angle ¢), ..... homothety (with coefficient r), and .....
parallel translation (by ..... vector b). This implies the theorem, be-
cause ..... rotations, ..... homotheties, and ..... translations obviously
possess all four of the properties asserted by ..... theorem. The least
obvious of these facts is that ..... homotheties preserve ..... Cross ra-
tio, but this follows immediately from ..... fact that homothety in .....
plane of ..... complex variable is multiplication by ..... real number
(which will cancel out in each of ..... fractions of ..... cross ratio).

8.1.4. Linear-fractional transformations. ..... transformation of C
given on C\ {—d/c} by

z Zjis, where ac — bd # 0, (8.2)
which takes ..... point —d/c to oo and oo to a/c is called linear-
fractional.

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

Indeed, the fact that ..... composition of two linear-fractional trans-
formations is ..... linear-fractional transformation can be shown as
follows: substitute (a1z + b1)/(c1z + dq) for z in ... expression

(az 4+ b)/(cz + d), which yields (after some manipulations)

(aay + bey)z + (aby + bdy) (8.3)
(cay +dcy)z + (cby + ddy)’ '

but this expression is of ..... same form as (8.2), so ..... composition
is indeed linear-fractional.
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Po3nin 5
TekcTu 3 0a30BO1I MaTeMaTUKMT

C dopmanbHOI TOUKEM 30Py CydacHA MaTeMaThkKa 0a3yeThbCs HA Teopil
muoxkul (akciomaruka Ilepmesio — Ppenkesist), a Takok Ha Jjorini (ducie-
HHsI npejukarie) i Ha apudmeruri (akciomn Ileano). Ogaave, mpakThKa €
JIAJIEKOIO BiJT X 3aca)i, 1 3 MOBHOI TOYKHU 30pY MOXKHA CKa3aTH, IO Cyda-
CHI MaTeMaTH4HI TeKCTH 0Aa3yIOThCA HA «HAIBHIN TeOpil MHOXKWH», HA «He-
dopmasbHiit apudmerniiy i Ha «Hedopmasbhiit Jorimiy. et posmia npu-
CBSIY€HO KOHCTPYKIISIM, SKUMU KOPUCTYIOThCs B IIUX TPHOX cuTyariax. Ha-
MPUKIHII PO3/LIY MU 3YyIIMHUMOCS Ha CIIOJYIHHKAX 1 TPUAMEHHUKAX, 1100
3posymitn, Koy Ti abo inmi «cnomyusi caisrigy (links) BuKopuCcTOBYIOTHCS
B MATEMaTHUIHUX TEKCTAX.

5.1. HaiBHa Teopis MHOXWH

Ochb K TIepeIaloThCsl AaHNTICHKOI0 OCHOBHI CHMBOJI TEOPil MHOYKIH:

reX x belongs to X

X>oz X contains the element x

ACB A is contained in B

BDOA B contains A

ANB=... the intersection of A and B is ...
AUuB=... the union of A and B is ...
AUB=... the disjoint union of A and B is ...

{z € X |P(z)} thesetofall z in X such that P(z) holds

U X: ( N Xi) the union (intersection) of all X; from 1 to n
i=1 i=1

5.2. Hedbopmansaa apudmernka

Ty nig apudmernkoro Mu podyMmiemo He Juie Teopito ucen (N), ae it
iHIT pO3AiM MaTEeMaTUKH, Jie fIeThCs MPO YOTUPU apUPMETHIHI Omeparrii,
K, HAIPUKJIA, TEOpilo MificHux unces abo TEOpilo Kijelb, MOJJiB i TPYyII.
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Ocb 1oB’si3aHi 3 UM OCHOBHI T€PMiHHU:

A+ B A plus B; sum of A and B

A-B A minus B; difference between A and B
Ax Babo A-B A times B; product of A and B

A=B A equals B; A is equal to B

A/B A over B; ratio of A and B

(X,Y) the pair (X,Y)

(X1,...,Xn) the n-tuple (abo the string) (X1,...,X,)
Z/nZ residues modulo n

k=1 modn k equals [ modulo n

Haranaemo Takoxk, mo apidb — ue fraction, a i1 YuceJbHUK 1 3HAMEHHUK — I1€
numerator i denominator Bimnosimmo. Jaui, npasa (siBa) dacTuru BigHO-
eHHst pisaocTi — ne right-hand (left-hand) side.

B Teopil yncen, Ta it B MaTeMaTHIIl 3araj0M, YACTO 3aCTOCOBYETHCS ITPUH-
o MaTeMaTnaHol iHayKmil. Och KibKa MOIMMUPEHNX a0 IOHIB.

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 perform the induction step

by the induction hypotethis, we have |claim]

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

5.3. Hedopmanbua Jorika

Mu Bke 6a9dmian, K YNTAIOTHCA Ti ab0 iHMI JOrivHi cuMBOJIH:

& abo A and

\Y or

—-P not P ab6o the negation of P
— abo = implies (that)

v for all

B there exists
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IIpn MipKyBaHHI BiJI CyIPOTHBHOIO MOCIYTOBYIOThCA HACTYITHUMU 3BO-
poTtamu:

We argue by contradiction; suppose that [claim].

The proof is by reductio ad absurdum; suppose that |claim)].
Assume the converse; then [claim)].

We have arrived at a contradiction; [ref] is proved.
Contradiction; [ref] is proved.

3BuvaitHuil JOriYHUN TPUHOM NPU JOBEIEHHSX — PO3OUPAHHS BUIAJI-
KiB — JIOJTAETHCS 3 JOMTOMOTOI0 HACTYITHUX TTa0JIOHIB:

Let us consider several cases.
Case 1 [claim!] (nani po36upaHHS IEPIIOro BUNAJKY )
Case 2 [claim2] (nani po3bupaHHsT IPYroro BUIAJKY ), TOIIIO.

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

B maremarunawiit sorir, gk i B yciit MaTeMaTuIl, MOXKHa POOUTH 3aMiHy
3MIHHUX; B JIOTII[l IIe OJfHE 3 IPaBUJ BHUCHOBKY, IO ITO3HAYAETHCH CIIEITi-
aJIbHUM cuMBOJIOM. B 3Buuaiiniii (He y dopmasbHiil) maTemaTuii B Takux
BUIIAIKAX KOPUCTYIOTHCsI HACTYITHUMU ITaOJIOHAMIA:

Substitute [0bjI] for [0bj2] in [ref]

Substituting [obj1] for [0bj2] in [ref]|, we obtain [claim]
Replace [0bj2] by [obj1] in [ref]

Replacing [0bj2] by [obj1] in [ref, we obtain [claim]

3BepHITH yBary Ha Te, IO B IIEPINNX JBOX MIa0JI0HAX 3aMIHIOBAHa 3MIHHA,
[0bj2] croite apyroro, a 3aminio4a [0bj1] — nepiow, Tol sIK B TPETHOMY
it yeTBepTOMY IMAOJIOHI — HABIIAKH.

5.4. CoJIlyYHNKY ¥ IPUAMEHHUKT
Hapenemo KibKa MOMUPEHNX MPUKJIAIIB 3aCTOCYBAHHS «CIIOJTY THAX CJTi-
senb» (links) of, to, in, by, as, for, with, from, under ta inmux, axi B anriii-

CHbKiil MOBi BUKOHYIOTH (PYHKIIIIO BiIMIHKIB, CIIOJIyIHUKIB 1 MpUiiMEHHNKIB B
CHUHTETUYHUX MOBaX.
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at the point =

replace x by y
substitute y for z
change x to y

z belongs to X

X depends on «a

X is independent of a
vector field on M™

a, tends to A as n — 0o
extend f to X

restrict f to A

f ranges over X

under the map f
polynomial in x
function of the variable x

system of equations

B TOYIN ¥

3aMiHUTH ¥ Ha Y
3aMiHUTH T Ha Y
3aMiHUTHU & HA Y

T HAJIEXKUTH X

X 3aj1exXuTh BiJ a

X He 3aJIe2KUTh BiI a
BekTOpHe Tosie Ha M"™
Qp TIPSIMY€E 10 A SIKIIO 1 — 00
npojosxutu f Ha X
obmezkutu f Ha A

f upobirae X

npu BijoOpaxkeHHi f
ITOJIIHOM BiJTHOCHO X
dyHKITisT 3MIHHOT X

cucTeMa piBHSIHB

Posmupennit ciincok Takux mabJIOHIB HABOAUTHCS B j101aTKy 1.

* ko ok

3ABJIAHHS 5.1. Hanumits koporkuii Teker (300-400 ciiB) 3 BusHaveH-
HMH BEKTOPHOTO IIPOCTOPY, 0A3UCy, CyMHU i IPOCTOPIB, JIHIHHAX OIepaTo-
piB. CTexTe, IK TPABUJILHO BXKUBATH apTUKJIL, He 3a0yBaiiTe pi3HOMaHITHTH
TEKCT BCTABHUMM Ta MOSICHIOBAJBbHIMH PEYEHHSIMU Ta IPUCTiBHUKAMI.
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Po3nain 6
Tekctu 3 popmyiramm, reoMeTpid;
3aliMEHHUKH

B upoMy po3aisii 3ynuHUMOCS Ha JBOX (B JEAKOMY CEHCI CTHJIICTHYIHO
[POTHJIEZKHUX ) THUIIAX TEKCTIB — HA TEKCTaX 3 BEJIMKOIO KIJIBbKICTIO BHHECe-
Hux Gopmys i TekcTax 3 reomerpil. IloroBopumo TakoXK Mpo 3aliMEeHHUKH.

6.1. TekcTn 3 BeJMKOIO KUIbKiCTIO (DopMyT

B rmekcrax 3 amamizy, ocobsmBo 3 audepeHIiiHnX PiBHAHD, 3a3BUYAl,
MiCcTUTBhCsT HaraTo BUHECEHUX (GOPMYJT W MaJo CJIiB MixK HuMu. Taxi TekcTn
3yCTPivaloThCs iHO/II i B asirebpi, B KoMbinaTopuiii, B aarebpaitiHiii TOmosIorii.
Haijtuacrimie B HUX 3ycTpiyatoThcsi BUPa3u:

we have we obtain we see that we can write
this implies  we find that it follows that we conclude that we get

iciis SIKUX CTaBUTbCs BuHeceHa dopmysta. (OcTaHHE BUCJIOBIIOBAHHS — wWe
get— JOopevYHe B YyCHOMY MOBJIEHHI, ajie HOro BapTO YHUKATH y (opMaJsib-
HUX MAaTEeMaTUIHUX TeKcTax.) Ilepen GopMysaMu TaKoXK BUKODHCTOBYIO-
ThCA BCTABHI CJI0Ba 1 BUCJIOBJIIOBAHHS, HadacTille HACTYIIHI:

hence therefore, S0, thus, consequently, further,

3BepHITH yBary Ha Te, IO HicJs hence MU He IIOCTaBUJIN KOMY, & IICJIs PEITH
BCTABHUX CJIB — IIOCTABUIIU (CaMe Tak 3a3Bu4ail pobJIsTh B 100pUX MaTeMa-
TUYHUX TEKCTaX, Xo4a i He 3aBXKJU — MU BXKe BiJ3HadasH, 10 YKOPCTKUX
PABUJI IyHKTYyalil B aHJIIHCHKINA MOBI Hema).

B rTekcrax 3 BeJIMKOIO KUIbKICTIO BuHECEHUX (DOPMYJI MOCIYyTOBYIOTHCS
mabJIOHAMH 3 INg-OBUME KOHCTPYKIIISIMHU, HAIIPUKJIA/T

Using [ref|, we see that . ..
Substituting [obj]| into [ref], we obtain . ..
Setting [claim| in [ref]|, we obtain ...

Integrating by parts, we find that . ..
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yzKe TOMyIapHUM € 3BOPOT
since [claims], it follows that [claims];

TYT MicJisi since My MOCTABUJIN CJIOBO claims B MHOXKWHI TOMY, [0 Haiida-
CTiIlle UM 3BOPOTOM IOCJIYTOBYIOTHCS, KOJIU MTEPEPAXOBYIOTH KiAbKA TBEP-
mxkenb nepen it follows that. B tekcrax 3 Besmkoro kisibkicTio dhopmyst me-
PiKO TpAIIAIOTHCS it KOPOTII a0/ IOHM:

[ref] implies that [claim];
[ref] yields [ref aGo claim)].

B enemenrapuomy amasisi (calculus) crpykrypa TekcTy 30BCiM iHInA,
B TAKHUX TEKCTaX BUKOPUCTOBYIOThCS 37e011bI10ro 6a30B8i 380poTH (JIUB. PO3-
nin 1.4), a TakoxK KijgbKa crenudidHuX 3BOPOTIB, fIKi MU HIPOLIIOCTPYEMO
KOHKDETHUMU ITPUKJIAIAMU:

F(z) tends to A as z tends to 0.
The slope of the tangent F'(x) at the point zg is F'(zg).
Subdivide the closed interval [a, b] into smaller intervals [a, a1], [a1, ag],

., [an,b] and choose a point &; € [a;—1,a;] in each.

A och KiJTbKa BHUCJIOBJIIOBaHb, SIKI HE BUXOJATH B PE3yJIbTaTi MOCIIBHOIO
MEePeKIaTy BiINOBITHUX YKPATHCHKHUX CJIiB:

implicit function theorem chain rule

closed (open) interval n-th term (of a series)
least upper bound (or supremum) jump discontinuity
greatest lower bound (or infimum) power series

6.2. EnemMenTapHa reomerpis

OcobsinBHit CTUIB TEKCTIB 3 €JIeMEeHTAapHOI reoMeTpil 1MoB’si3anuii 3 Tpa-
JUIIAHAM CTaBJIEHHSIM JI0 TeoMeTpil, sike 30eperyiocs Bin yacis Eskiima. st
JABHIX I'PEKiB reoMeTpist OyJia Jinie ojiHa, i crepeoMerpist Oyiia, Biacue, (i-
3UKOIO TIPOCTOPY HABKOJIO HAC. 1OMY B TEKCTaxX 3 €JI€MEHTApPHOI reoMerpil
BUCJIB N Space MHUIIETbCsT 0e3 apTUKJIIO — aJI2Ke MPOCTIP OJWH, MHOXKUHA
BCiX mpocropiB (3 Touku 30py EBKiina) CKiIamaeTbCst 3 OJHOIO €JIeMEHTY,
e yaikyMm. Ko iijierbest mpo mjiaHiMerpiro, roBopsiTh on the plane, TyT
apTukKJb the roBOpuTh PO Te, M0 POIIIATAETHCS Ta CaMa ILIOIINHA, B SAKii
PO3BUBAETHCS BCs ILTaHIMETpisi. BapTo BifgHaYnTH, 110 BUKOPUCTAHHS TTPHU-
MIMEHHUKA in y BAMAJKY IPOCTOPY i 0N ¥y BUIAJKY ILIOIMIMHA TEXK [TOB’SI3aHO
3 IXHIM DIBUIHAM CIIPUAHITTIM.
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OpHade cTujlicTUYHA BIIMIHHICTD €JIEMEHTAPHOI TeOMeTpil BiJl perTu Ma-
TEeMATHIHUX TEKCTIB HAOaraTo rimbIna, HiXK Tpu 0OpaHHI apTUKJIIB JI0 CJIiB
[JIOIUHA 1 TPOCTIp. ApTUKII, 3a3BUYail, He CTABIATHCS MEPEJ, iHIMUMU reo-
METPUYHUMHU TEPMiHAMH, HAIPUKJIIAJ:

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

Tyt npornyieni aprukiai nepen caosamu triangle, side ta altitude. (Brim,
aptukjib The nepen altitude Ha moUaTKy bpasu MOXKHA 1 MOCTABUTU — TaK
3By4aTuMe Kparie.) BicyTHICTb 1uX apTUKJIB MOXKHA TIOSICHUTH, BUXOTUU
3 dimocodii ceity imeit Ilmaroma. Tak, TPUKYTHHUK 3araJbHOTO BUIY — IIE
VHIKAJIbHUHA i7eanbanit 00’€KT, sIKWil MUPs€ B IJIATOHIBCHKOMY CBIiTi ifeit,
i KOJIU MM JIOBOJIMMO TE€OPEMY IIPO TAaKUH TPUKYTHUK, MU JOBOIUMO 11 IIPO
II0 CYyTHICTB, a He Tpo 11 MaTepiajbHi peaJsizarlii, a CyTHICTb 3araJbHOTO
TPUKYTHUKA €IWHA Il HEMOBTOPHA, K 1 CyTHICTh BHCOTH TPUKyTHHKA. [Ipo
e xuMmepHe (distocodchbKe MOsCHEHHS MOXKHA ¥ 320y TH, ajie BAPTO aM STaTH
PO Te, IO APTUKJI B TAKUX BUIAJKAX HE CTABJIATHCS.

Tenep nepepaxyemMo KijibKa 9aCTO BXKUBAHUX OIICIB F€OMETPUIHUX 00pa-
3iB, OO 3adikcyBaTn iX 1 3amam’saTaTh MTOTPIOHI JIJIs I[HOI0 MPUAMEHHUKH.

the straight line passing through (the) points A and B
the line joining (the) points A and B

TyT i HUKYE aPTUKJID B JyXKKAX CTABUTHCS JIMIIE B TOMY BUIAJKY, KOJIA
BianoBinui 06’ekTn (B JaHoMy Bunajaky points) Oyiu 3ragani panime. Iven-
HUK <IIpIMa» IHOM] IIePeKJIaJaeThCsd BUCIOBOM straight line, aje mpuxme-
THUK S$traight 9acTO TPOMYCKAETHC; 1, AKIMO B JOBEICHHI UM KOHCTPYKIIT
CJIOBO <«IIPsSIMa» ITOBTOPIOETHCS KiJbKa pas3iB, TO BIEpIEe BapTO HAIUCATH
straight line, a mami mpocro line.

the circle of radius r centered at O

the parallel to [ passing through A

the intersection point of (the) lines I and m

the lines [ and m intersect at (moxxHa u in) the point A
the rotation by 90° about (a6o around) O

the homotethy of center O and coefficient (afo ratio) ¢

the parallel translation (a6o shift) by a (the) vector ¥
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6.3. CydacHa reomerpid i1 TomoJioris

31ebinbroro, cydJacHi reOMeTPUYHI 1 TOMOJIOTIYHI TEeKCTH MOCJIyTOBYIO-
ThCs TUMH 3BOPOTaMHU, sIKi MU BKe 3ycTpidasu pasiiie (30KpeMa, B pO37iii
1.4). 3 Touku 30py TepmiHOJIOTiI, Ti cami cioBa (TepMiHM) MOXKHA 3HAHTH B
TOIOJIOTTYHUX Ta NF€OMETPUIHUX TEKCTAaX, TOMY MU TYT 00’€IHyEeMO I1i JIBi Ha-
yku. Ochb KijibKa CHeruivHuX TePMIHIB, fKi MOXKYTh CTATH ITPOOJIEMHIMEI
B YKPAIHOMOBHUX MaTE€MAaTHUKIB.

Bararo pizaux Bepciii nepeksiais (10 3aieKUTh BiJl KOHTEKCTY) MAIOTh
TEPMIHU «IIyYOK» 1 «pO3MIapYyBaHHAY; TaK:

ny4ok cdep (posmapysanusi Xorda) — sphere bundle
TeH30pHUI ny40oK (TeH30pHe posniapyBanis) — tensor bundle
JOTUYHU# 1y9oK (T. e. JOTUYHe posniapyBaHHs ) — tangent bundle
IIyYI0K eJIeKTpoHiB — electron beam

mydoK cBiTiia — beam of light

y40K IpaMux (B IPOEKTHBHOMY mpoctopi) — pencil of lines
posmapysannst Xorda — Hopf bundle abo Hopf fibration
posmapyBanus B cmucyai Ceppa — Serre fibration
JIOKaJIbHO-TpUBiajbHe posinapyBanas — fiber bundle
BEKTOpHE po3miapyBanis — vector bundle

JIOKAJIbHO BltbHEIT mydoK — locally free sheaf

Bararo pisHux 3HaveHb Mae i CJIOBO «3B’43HICTb» (3HOB-TAKU, B 3aJie-
JKHOCTI BiJl KOHTEKCTY ), HAIPUKJIAJL:

nminifina 3B ga3HicTh — path connectedness

3B’s13HiCTH (TOmOJIOTIUHOIO) TIpocTopy — connectedness of a (topological)
space

KOMITOHEHTa, 3B’ sI3HOCTI — connectivity component

adinna 38’sa3uicTs — affine connection

Ci0BO «ILTiBKay» MEPEKJIIAEThCsI sIK film B Teopil MiHIMaJbHUX IIOBEp-
XOHb, aJI¢ B T€OPil TOMOJIOTiH ITLOTO TepMiHy HEMA, 1 3pyUHUil BUPa3 «ILIiBKA,
HaTATHEHA Ha IIUKJI C» JOBOIUTHCS Iepekagaru sik chain whose boundary
is the cycle c.

B amrmiitcpkiit MmoBi coBo boundary mMae aBa abCOTIOTHO PI3HUX 3HAYEH-
Hs (B 3arajbHi#l Tomosorii i B Tomosorii MHOTOBUIIB):

manifold with boundary — muorosu 3 Kkpaem

boundary of a domain in R™ — rpanung obiacti B R™

boundary point — rpanuyna TouKa, TOUKA Kpaio (B 3aJ€KHOCTI Bij KOH-
TEKCTY)

40



VKpalHOMOBHI MaTeMaTHKH YaCTO IMOMUJISIIOTHCH, ITePEKIaIal0dn JesKi
reoOMeTPHUKO-TOMOJIOTIYHI TEPMiHH, 30KpeMa:

CJIOBO «KapTay (Ha MHOIOBH/I) [EPEKJIAJAIOTH K Map 3aMiCTh IPABUIb-
HorO chart,

CJIOBO «OYKeT» I1ePEKJIIAI0OTh K bouquet 3aMiCTh B2KMBAHOT'O 4acTile
wedge sum;

CJIOBO <«OCHAINEHHSA» IEPEKJIAJAI0Th K Tigging 3aMiCTh IPaBUILHOTO
framing;

BUCJIB «}aKTop IPOCTIp» IePeKJIadaloTh K factor space 3aMiCTh Lpa-
BUJIBHOTO quotient space.

Ha 3akinueHHsI 1IbOT0O PO3iIy HABEIEMO KijbKa CIEIU(pITHAX TeOMeTPH-
KO-TOTIOJIOTTYHIX TIIA0IOHIB.

attach [obj!] to [0bj2] by [0bj3]
cut [obj!] along [0bj2]
glue [objs] along their boundaries
partition [obj] into [objs]
(TyT partition— 1e Ji€cioBO, siKe 03HAYAE «PO3OUTH )

the [obj1] spans [0bj2]
(TyT spans o3HaUAE «HATATHYTO Hay)

the [0bj!]| defines a metric on [0bj2]

6.4. 3alimenHuKkn

B amrniiicekiit MOBi € GaraTo pisHOBHAIB 3aliMeHHMKIB (pronouns), aJe,
BOHU, 3a3BHUYail, MEPEKJIAJAIOTHCS CBOIMU CJIOBHUKOBHMU E€KBIBAJIEHTAMU.
Aje it TyT € ynmasio TOHKOMIIB: MU BKe roopuiiu 1po which u that (upo
KOMH IIPH HUX JUB. OiApo3zaiia 2.3 posuiny 2), a 3apa3 noropopumo 1po this
Ta it.

MozkHa chopMy/IIOBaTH TaKe MPABUJIO BUKOPUCTAHHS ITUX 3afMEHHUKIB:

SajimenHuk it cToiTh Ha Micni MaTemMaTuIHOrO 06 ’ckmy, a this cTtoiTh
Ha Mici meepdorcenma.

Ocb J1Ba IpUKJIAIN:

We have obtained the Euler gamma function; it often appears in
number theory. ..

Thus we have proved that the expression in formula (1) gives the
Euler gamma function; this fact can be used in number theory. ..
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B nux ¢dpazax He moxkua 3aminuTu it Ha this a6o this ma it. Brim, B mep-
mriit ppasi 6e3 cMucsioBUX BTpAT it MoxkHa 3aminnTu Ha this function. Takox
3a3HAYNMO, IO it B MaTeMaTwIHnX (ppasax He 00OB’SI3KOBO CTAE€ Ha, MicIe
00’eKTy, TIeil 3aiiMeHHUK 3 SIBJISETHCA B 30BCIM HIMI SKOCTI B TAKUX IOTIIH-
pPEeHHX BUpa3ax, siK

it is not true that a6o it can be shown that.

6.5. Croosryynukm

CroJiy9HUKIB B aHIJIIACHKI MOBI Jiy2ke 6araTo, aje iHO/ X OpaKye st
repekjiay. Tak, CIOJYyIHUKH <«IIPUTOMY> 1 «IIPH I[LOMY» HE MalOThb aJle-
KBATHUX AHTJIINCHKUX aHAJOTIB. YKPATHOMOBHI IepeKjaaiadi, 3a3Budaii, X
[ePEeKJIAJIAIOTD K furthermore abo moreover, mo 3MiHIOE cMUCII (IPU 3BOPO-
THOMY HepeKJIal Buiije «Oliabine Toros ). Haiikpalie pimenus — nmocraButu
Kparky 3 KoMoio i moTiMm ctoBo here.

Hewma TounOTrO Iepeksay # CHOJIydHUKA «ay, JTOBOJUTHCS nucaTtu but
(samajro cuiabHO), and (3aHaxro ci1abo), while a6o whereas (zananro He-
3rpabHO).

B immmx Bumajkax, 3a3Buvail, MOXKHA OOXOIUTHCS CJIOBHUKOBAMU €KBi-
BasleHTamMu. KpiM TOro, BapTo 3BEPHYTH yBary Ha <«IAPHI CIOJIyIHUKH»
(correlative conjunctions):

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

AHAJIOTU SKUX B YKPAIHCHKIN MOBI He BIITBOPIOIOTHCS CJIOBHUKOBUM II€pe-
KJIAJIOM KOYKHOT'O CITOJIy9HUKA ITapu. B aHrIiiichkux MaTeMaTuIHIX TEKCTaX
BOHHM BUKOPHUCTOBYIOTHCS JIOCUTH YaCTO 1 HAIAIOTh aHIVIHCHKiN ¢dpa3si Jori-
YHOI €JIETaHTHOCTI.

b I S

3ABAAHHA 6.1. Hanumiits xoporkuii Teker (300-400 cuiiB) 3 Tomosorii,
reoMeTpil abo eJleMeHTapHOI TeoMeTpil, BUKOPUCTOBYIOYN 3BOPOTH HABEEHI
B IIbOMY DPO31iii, 30Kpema not only ..., but also u since ..., it follows
that; mexait y Barmomy TeKcTi Oy1e sKHa#O1IbIIe 3aiiMEeHHUKIB 1 CITOTy IHUKIB,
KiJbKa ing-oBUX 3BOPOTIB i Oy/Ib-5Ki cjI0Ba i 3BOPOTH 3 UHUCJA, HABEICHUX
BHIIIE, JIO SIKUX BU HE 3BUKJIU.
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Po3znin 7
IIpuknagna maTemaTuka

Annpeit KosiMoropos roBopus aBTopy, 10 HEMa TAKOI HAYKU — IIPUKJIa-
JIHAa MaTEeMAaTHKa, € JIUIIe 3acCTOCyBaHHA MaremMaruku. Ha miarsictuanomy
PiBHI IIe BUParKa€ThCsl B TOMY, III0 B 3aCTOCYHKAX BUKOPUCTOBYIOTHCS, 3J€-
Giabimoro, Ti cami 3soporu (mabsonn), mo i B 3Budaiiniiit maremaruni. [lpu
IIbOMY, 3BUYAiHO, 3allaC TEPMIiHIB PO3MIUPIOETHCI 38 PAXYHOK CJIB, B3ATUX
3 TOI IPEIMETHOI 00JIACTI, 10 STKOI TaHA MATEMATHKA 3aCTOCOBYETHCH.

Twum HEe MeHIT € 0cobaMBiI 00/1aCTi, B IKUX BUHUKAE MMEBHA MOBHA CITE-
mudika, siKa CTOCYETHCs He JIUINE JIEKCUKH, aje i crpykrypu ¢pas. Ile B
IIEePIILy 9ePry CTOCYEThCS Teopil IMOBIpHOCTEIT 1 MATEMATUYHOI CTATUCTUKH,
a TaKOoXK Teopil iHdopmarril, KomayBaHHs Ta Kpunrorpadii, Teopil aJropurMmis
i ckIaHOCTI. 3a3HAYNMO, 10 MU He PO3IISIaeMo pi3uky Ta iHDOPMATUKY
(computer science) sik 3aCcTOCYBaHHS MATEMATHKHU — BBAYKAEMO, 1110 1€ CAMO-
CTIliHI JUCHIUILIIHY, 1 B IMiff KHU31 IPO HUX HE HJIETHCS.

B mpomy KopoTKOMY pPO3iji HABOAMMO I KOXKHOI 3 IUX 0O0JacTeit,
KLUIbKa MPUKJIAJIB CHEuMIIHUX 3BOPOTIB.

7.1. NmoBipHicTh i cTaTrcTHKA

Teopist fiMoBipHOCTE} CTaTa TACTHHOK MATEMATHKH, (a caMe, PO3IIIOM
Teopil mipn), komu A. Kosmoropos nocrasus I Ha akciomarndsuii QyH-
namenT. (o roro raki maykosui, sik Ilyankape, sikuii BKasyBaB Ha IIODO-
9He KOJIO B CAMOMY BH3HAYEeHHI MOBIPHOCTI TO/Iil, B3araJji He BBaXKajd 11
CIIPABXKHBOIO HAyKoI0.) TakuM 4MHOM, BeJIMKa YacTHHA Cyd9aCHUX crareii i
KHUT 13 Teopil WMOBIPHOCTEH i CTATUCTUKU B MOBHOMY BIJIHOIIIEHHI MAaJIO
YUM BiJIPI3HSIOTBCS BiJI IHINUX po3uiiB anajizy. OjHade, psij KOHCTPYKIIIiA,
OB’ sI3aHUX 13 KUJAHHSIM MOHET, & TAKOXK i3 BUOOPOM NIPEICTABHUKIB 3 Jie-
KO CyKyITHOCTI, HE MOYKHA BUPA3UTHU 3 JOIOMOTOI0 HAITNX OCHOBHUX IIa-
osonis. Hapememo KibKa MPUKJ/IAIIB BiAMOBIIHIX MTaOJIOHIB.

A pair of dice is rolled [three times|; what is the probability [that a total of
13 dots or less| turned up?

A die was thrown [7 times|; what is the probability that it came up [with
six dots exactly once|?
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A coin is tossed [4 times|; what are the chances that the result will be
[heads—tails—tails—heads|?

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

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

A sample of [five TV sets| was randomly chosen from a shipment of [500
TV sets|, and [one of the sets| turned out to be defective; can we conclude
that the probability of [a TV set] 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. Teopisa indopmartii

Tyr 6inbmiicTs crerudivHrX 3BOPOTIB MOB’S3aHO 3 mepejadero abo 3i
cruckanasaM indopmarii. Hampukiam:
[A 10 digit binary number| is sent through [a channel with white noise].

[Entropy| quantifies [the amount of uncertainty involved in the value of a
random variable].

[The data] must be reconstructed [exactly].
[Data compression| allocates [bits needed to reconstruct the datal.

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

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

7.3. KonyBannsg i kpunrorpadis

Kacuuna Teopist KojyBaHHsI, sika 0a3yeThcs Ha ajredpaldniii reoMeTpil
HaJ| CKIHYEHHUM II0JIEM, BUKOPWCTOBYE 3BUYANHI MATEeMATHIHI ITaOJIOHU,
aJjie, KOJI UIeThCs PO KpunTorpadivdui JOJATKY, 3 ABISIOTCS 1 JIesKi Cciie-
muiani 3BopoTn. YacTuna 3 HUX HABOAUTHCS B MOMEPEIHHOMY PO3/ILT, aJte
€ 11 IHIIT TPUKJIA/IA.

[Codes using the one-time pad| are not vulnerable to [such brute force
attacks].
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[How many pennies| can be packed [into a circle on a tabletop].

[These codes]| offer more protection against [noise| than [an equivalent block
code].

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

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

7.4. AropurmMu Ta CKJIAAHICTH

OcHOBHI 3amepeuHi pe3yabTaTh Teopil aJropuTMis (HasIBHICTb HEPO3B si-
3aHUX MACOBUX IPOOJIEM) — 1€ IIPUPO/IHI IPOJIOBXKEHHS PE3Y/IbTATIB 3 MaTe-
MAaTHIHOI JIOTIKH, ajirebpu, TOMOJIOrIl, 1 TOMY BOHU HE BUMATrAKTh CIIEIiA/Ib-
Hux 3Boporis. OjHade, BIATOM, K B I{iif TeMATHUIN 3’SIBUJINCH OPAKYJ/IU, He
KayKydn Bxke Ipo camoro Mepuiina, cupaBa yckiaaauiaack. Och IpUKIaIN.

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

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

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

[Merlin]| feeds [the string x| into [a Turing machine].

7.5. Tamii 3acTocyHKHn

I B inmux npukKaaTHIX 001aCTIX TEXK MOXKHA 3HaiTH crerudivHi 3BOpo-
Ti. BUXOs191 3 TOrO MPUHIMILY, 1[0 HE MOXKHA, 38, OJIUH Pa3 OXOIIUTH BCE, MU
3aBEPIILYEMO Tl PO3ILJI, a YNTad HeXall MPOJOBXKYE MONTYK TAKUX 3BOPOTIB
B poboTax 3a HOT0 CIeiaJIbHICTIO.

* ok ok

3ABJAHHS 7.1. [Toropraiite KiJibKa crareii 1Mo Bariii CHerniajabHOCTI i
BUIAIIITH KiJIbKa 3BOPOTIB, K1 He BKJIAAI0OTHCS B OCHOBHI ITAOJIOHU, HaBe-
JIeH1 BUIIIE.
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Po3znin 8
HaBkojoMmaremMmaTnudal TEKCTHI

B npoMy posjiiiai BTUMEThCs He PO MaTeMaTUIHl TeKCTU (THUIly BU3HAYE-
HHsl, T€OpeMa, JOBEJIEHHS), & IIPO TEKCTH NP0 MATEMATUKY — PI3HOTO POy
PO3MOBH TIPO Te, IO POOUTUMEMO, K i oMY, HABIIIO 1€ TOTPiOHO, 10 OYJI0
pamimnie, XTo 1 KOJM I BArajaB, TOIIO. 3TiAHO 3 TEPMIHOJIONIE MaTeMa-
TUYHOI JIOTIKM, MOXKHa& CKa3aTH, IO 3aMiCTb MaTEeMAaTHUKU 3afiMaTHMEMOCS
memamamemamuroro. Taki TekcTn € OJIMKINMA JI0 TYMAHITAPHUX 1 TOCIyT0-
BYIOTHCS BEJIMYE3HOIO KLIBKICTIO PI3HOMAHITHUX 3BOPOTIB — IlepepaxyBaTH
TX yciX HEMOXKJINBO. AJjie MU ClIpoOYEMO HaBECTHU JeIKUi MiHIMaIbHUN HAOIP
HANOMUPEHIUX MIa0JI0HIB, PO3OUBIIH 1X 3a IXHIMU CJIyKOOBUME (DYHKITI-
sIMM B TEKCTi, TOOTO HA 3BOPOTH, sIKi 3ycTpidaioThcd B aHoTamiax (8.1), B
nepeaMoBax i Berynax (8.2), B Horarkax 1 komenrtapsax (8.3) i, maperuri, B
nojgxax (8.4).

IIpu cTBOpenHi TeKCTiB TAaKOTO THITY Tpeba maM’aTaTH, 1o, J9K i B MaTeMa-
TUYHUX TEKCTaX, IMOCJTIBHUI IEPEKJIa ] BUCJOBIIOBAHb Ta 1JI0M NPU3BOIUTH
JI0 KaTaCTPOMIYHUX Pe3yJIbTaTiB.

B mpomy pozmisi My HaBOAUTUMEMO IMAOIOHN HE B 3BUYATHOMY BUTJISIITI
(10610 Y BUIIs TEKCTY 31 3MIHHUMU [OJISIMU 13 BKa3iBKAMU THUILYy 3MIHHOI'O
[0JIs1, B KBaJIPATHUX JIy’KKaX), ajle Y BUIVIsZl 3BUYaHOrO TEKCTY 3 PI3HIUMU
BapianTamu (BapianTn y dirypHuX JIy’KKax), a Ha MICIFX 3MIHHUX MOJIIB MI
BIIMCYBaTHUMEMO HE HA3BU TUILY 3MIHHOI, 8 KOHKPETHI MIPUKJIAJIN 3aII0BHEHHS
JAHOIO 3MIHHOI'O IIOJIS.

8.1. Anorarii

Haituacrime B anoranisx (abstract) mo crareli BUKODUCTOBYIOTHCS Ha-
CTYIIHI 3BOPOTH.

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

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

In the present article [polynomial knot invariants] are defined {generalized,
studied, considered}.
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In the second {third, ...} part of [this survey], we develop [the theory
of ...].

8.2. IlepeamoBu i BcTynm

B nepenmosi (foreword abo preface) mo xuurum i y Beryni (introduction)
JI0 cTaTTi b0 70 PO3IiIy KHATU MOYKHA OOMEXKUTUCS TAKUMY XapaKTePHIMUI
3BOPOTaMU.

This [paper| is an introduction to {a systematic study of} [the Painlevé
equations].

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

In this [survey|, we study [recent 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 invited professor
at ...].

An important feature of this [chapter] is [the systematic use of Lie algebras].
I have tried to make this [paper| self-contained.

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

The origin of [topology] lies in the work of [Poincaré, Riemann, ...].

[Complex 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 case] 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. Komenrapi it 3ayBakeHHS

Komenrapi it 3ayBaxkenns (remarks) B crarrsx 1 KHUrax MOXKYyTb OyTH
HAN#PIZHOMAHITHIMIIMA, BOHH MOYXKYTh MICTUTH 3BOPOTH, HABEJEHI BUIIE B
IIBOMY PO3/ILI, & TAKOXK HACTYITHI KOHCTPYKIIii.

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

[This proof] first appeared in [the remarkable work of ...].
There are several proofs of |...]

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

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

[The computation of areas] goes back to [the Ancient Greeks].

The first substantial achievement in [the theory of integral equations] is due
to [von Neumann], who [first showed that . ..].

This] was known to mathematicians since the time of [Gauss].

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 Graev].
[This theorem] is the main connection between [...] and |[...].

|

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

The following problem {This problem} remains open.

8.4. JIakyBaHHd
A ocb Tunosi gaxysanns, (acknowledgments), sk dbizuanum ocobam, Tak
i opraHizallisiMm — rpaHTO/IABIIAM, IHCTUTYTaM, YHIBEPCUTETaM.

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

I would like to thank [Ivan Ivanov] for valuable advice {for supplying the
proof of [Lemma 7.1]}.

I am grateful to [prof. Petrov], who read the first draft of [this paper] and
pointed out several errors.
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My thanks go to [Professor Sidorov], who indicated |[...].

Part of this work was carried out when the author [was a visiting professor
at the THES]; I am 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 |[...].

* ko ok

3ABJIAHHA 8.1. ¥YsiBiTh cO0i, IO BU MAa€Te TEPMIHOBO HAIMCATHA CTATTIO
Ha OCHOBI BaImol poboTH, mpuayMaiiTe i1 Ha3By, HANKUIINTH AHOTAINIO, BCTYII
1 moagaKm.
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Po3nin 9
JomoBini 1 Jiekiii

MaremaTuky, siKkuii IOraHO BOJIO/IIE€ AHIVIIICHKOIO MOBOIO, BUCTYIIATH HA
MikHApOAHUX KOH(MepeHisx BaxKKo. [1le Baxkde, 0coOIMBO BIEpIle, YNTATH
KypC JIEKIl B SKOMYy=HeOY/b aMepPUKAHCHKOMY YHIBEpCHUTETi CTY/IeHTaM,
fKi MaJIO 3HAIOTh, HIYOr0 HE BMIIOTb, Xi0a IO JIIATUCS JI0 BUKJIAIATA.

B nboMy po3misii aBTOp HAMAra€TbCsl MOSCHUTH YUTAYEBI, K IOJO0JIATH
TaKi TPY/IHOIITI.

9.1. Tomka i Kpeiiza, Jiomka i mpoeKTop abo mpe3eHTallis’?

BinpmiicTs MaTeMaTHKIB BiflJIa€ TepeBary KJIaCHIHUM JOTOBIIIM — Kpei-
010 110 Jomrti. Taki JomoBiai mpocTiie cayXaTH, 1X MOKHA KOHCIEKTYBATH.
OxHade, 1e He O3HA4YaE, IO BaM Tpeba pobuTH came Taki JOIOBIJI.

Axio y Bac 3 aHIIHCHKOO CIIpaBU 30BCIM KEIIChKI — YKaXJINBUI aKIIEHT,
GiHuit BOKaOyJIsIp, MOraHa 3BWYKa OyayBaTh (Ppasyd MLISIXOM ITOCIBHOIO
MEePeKIaAy — 1 BU JI0 MOYATKY JIOMOBIJIl He BCTUTAETE OMPAITIOBATHU ITI0 KHU-
Iy, TO y Bac € JIAIEe OJNH BUXiJ — 3pOOUTH IPE3EHTAII0 B OIHIN 3 Bepciii
POWERPOINT a6o 3a gonomorn IXTEX’a. Tekcr mMae cKItaiaTucs 3 MpOCTUX
KopoTKux dpa3. HeobxigHO Oyae MOMIpocuTH KOJery, skl 100pe roBOPUTH
aHIJIIACHKO, BijiperaryBaru Ball TeKCT. HisiK He MOXKHA MPOKPYIyBaTH
MIPE3EHTAIIII0 CTOPIHKA 3a CTOPIHKOIO, MOpa3y IPU HATUCKAHHI KHOIKYU Ma€
3’SIBJIATHUCS JIIIE OJIHA KOPOTKa (pasa, ogHa dhopMmysia ado OIUH PUCYHOK.
Baxkarmo, o6 JiTepu Oyau Beuki; He 6ifiTeCh BUALIATA KOJIHOPOM OKpeMi
cyioBa i dpasm, craBuTH caoBa Ta hopmyan B pamku i T. 1. Ilix gac moka3y,
KOJIM BU IIPOEKTYETE YeproBy (pa3y Ha eKpaH, MA€ CEHC 11 IIPOMOBJISITH,
ajie He KOHYE rojiocHO (106 He 3aBarkaTh CJlyXadyaM YUTATH TEKCT, sKUil
3’9IBJIETDC ); HE BAPTO duTaTu (GOPMYJIU, HATOMICTH BAPTO MOJOCHO BUMO-
BUTHU CTAHIAPTHY dpaszy THUILY

We obtain the equation ab6o We have the relation.

He BapTo BraBaTucst BUHSITKOBO JI0 JIOIIKY i KPEu 1 B THMX BUIIAKAX,
KOJIM y Ballliif JOMOBII MPUCYTHI IPOMi3IKi (hopMysu abo CKJIaIHI pUCyH-
KH. ¢IKIO BW 37aTHI CTEPITHO TOBOPUTH PO MATEMATHKY AHTJIIACHKOIO, TO

BapTO B IMay3aX MiK PO3MOBIIsIME OiIsT JOIIKHU IIiIK/TIOYATH TPOEKTOP JIJIs
mokasy ckJaaunx dpopmyst abo pucynkis. Ha mormri citi BUmmcyBaTn 0CHOB-
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Hi dopMysrOBaHHs i3 BUKOpHUCTaHHAM Jorivnux 3xaukis (V, 3, —, V, &) i
crangapTaux ckopodenb Tuiy Thrm, Def., Lm., s.t., w.r.t., iff, Eq., i ©. .).
Hi B sskoMy pasi He BapTO mucaTH HA JOMUII Taki HermoTpibHI dpasu, sk We
need the following lemma (mocrarabo Hanucaru Lemma abo Lm.) abo Let
us begin with definitions (manmuits Def. 1).

9.2. IlpakTuani mopaau

Haiikpame 3pobutu KOPOTKY BCTYIIHY YacTUHY JIONOBijAl # Bijpagy me-
peiitu 10 cyTi. omoBini, 3a3Buvail, MOYMHAIOTH 31 CTAHAAPTHOI (ppas3u

I am grateful to the organizers for the invitation

i, IKIIO BM PO3IOBiZIa€Te MpO CHUIBHY pobOTY, HOOpe Iie Binpasy O03ByUH-
T, ckasapmm This is joint work with. .., i nanucarn imimiaam it npisBua
CITIBABTOPIB B a/ihaBITHOMY MOPSIKY, JOJABIIM HAIPUKIHIN CBOI iHirtiaJim,
HAIIPUKJIAJT, TaK:

S. Avvakumov, O. Karpenkov, A.S.,

micjist 90ro Moxkere cOpMyYJIIOBaTH MMOCTAHOBKY 3aJja4i abo CKa3aTH, Ky
Teopito BU po3BuBaeTe abo y3arajpHIOETE. Bepyun /10 yBaru, 1o Balna aH-
ruiificbka He jryzke 100pa (iHakiine Bu 6 He YUTAIK i€l KHUI'Y), s He DAJKY Ha
MOYAaTKY JIOTOBIJ/II TOSICHIOBATH MOTHUBAIIIO BAIIOTO JIOCJIII?KEHHS — KPAIIEe
11e 3poOUTH BCepeInHi, CKaXKiMO, Mic/sd POPMYIIOBAHHS OCHOBHUX PE3YJIb-
TaTiB, TOJI 1€ 3pOOUTH Oy/Jie JIerIIe.

[Mounnaroun BUKIaIaTH CyTHICTH CIIPABH, 10OpE 3HATHU 3a3/aJIeriIb, 110,
JK 1 /e BU MICATUMeTe Ha, JOTIIN, 1 SKi YJaCTUHN HAIIMCAHOTO MOXKHa Oy/1e BU-
TUPATH, a AKi 3aJIMINATH I8 IOJAJIBIIOT0 BUKOPUCTAHHS. Uepe3 mpobiem-
HICTDH BAIITOTO MOBJIEHHS BaM JIOBEIETHCsI (DIKCYyBaTH BAXKJIMBI PEti NUcCbM060
Ha jormii. | e BapTo pobuTn MaKCUMAaJIHLHO JIAKOHITHO, Y (DOPMYJTIOBAHHSIX
YHUKATH HEMOTPIOHUX CJIiB 1 BUC/IOBJIIOBaHb, TIOCIYTOBYBATHCS CTAHIAPTHU-
MH CKOPOYEHHSIMU, JIOTTIHOIO I MATEMaTHIHOIO CUMBOJIIKOIO.

dAxmo Bu pobute He JAOMOBiAb O MOIMIKHM, & KOMII'IOTEPHY IPE3EHTA-
ito, JyKe paJKy BIJICTynaTH BiJl eKpaHy, IJIXOJUTH JIO JOMIKKA I IIOCh
PO3’SICHIOBATH, HAIUCABIIN (GOPMYJIY UM HAMAJIOBABIIN KAPTUHKY abo cxe-
My. Takwil emizos BapTO PETENHLHO MiJITOTYBATH 3a3/AJIETib, ajie Ie Ma€
BUIVIAJATU K €KCIPOMT. Biajmit cmpaBKHill €eKCIIPOMT BHUIi/E, SIKIIO BaM
i1, 9ac JIOTOBiJI MOCTABIIATH MUTAHHSA, K€ BH 3PO3yMi€Te i Bi/mmoBicTe Ha
HBOTO OiJTsT JOMIKH, IMOCHh HAMAJIOBABIIN a00 HAIMCABIIH (DOPMYJIY.

Aute zanmraHnHs i3 3a/1y mij 9ac JOMOBIiJIl — Iie HAIIACTD JJjIsl HAIIUX MaTe-
MAaTHKiB: 3a3BUYail, HAI JOTOBi/Iadi TOraHO pO3yMilOTh MUTAHHA. B Takmx
BUIAJKAX HE BAPTO HEPBYBATH, a BaPTO CIOKIIHO MEPEUTATH:

Would you repeat the question? Louder, please.
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SIKIO KOJIM MIUTAHHSI IIOBTOPHJIM BH BCE OJIHO HOTO HEe PO3yMi€Te, BU JIEIKO
BUiijieTe 3 HEMPUEMHOI cuTyarllii, ckasasImu (CHOKIHO):

That’s a good question.
I’ll answer it after the talk—I am running out of time now.

A micsst HOIOBIAI 3aIIPOCITH JI0 JIOIIKKA TOrO, XTO IIOCTABUB IIUTAHHS, 1 TaM
B2XKe CIIpobyiiTe po3ibparucs.

Ko mig yac JOMOBi/ BU MOCUJIAETECh HA PE3YJIHTATU IHIMUX aBTOPIiB,
30KpeMa, 1 KJIACUKIB, HEOAMIHHO NUINTH IXHI npizBuina Ha gommni (60 1upu
Balliii BUMOBI cjIyxadi MOXKYTh HE 3PO3YMiTH, IIPO KOro MoBa). Brim, Taki
BizoMi it Jierki y BuMoBi mpisBuiia sk Weierstrass, Cauchy, Perelman moxxHa
we mmcaru, a or Euler un Kleene Bu ckopirie 3a Bce Tak CIIOTBOPUTE, IO X
He BIN3HAIOTh.

Axio Bu moch MOKa3yeTe Ha €KPaHi depe3 MPOEKTOp, MAE CEHC CKOPH-
CTATHUCS JIA3ePHOI0 YKA3KOI0 — I1€ IO3BOJIUTH BaM He IIPOTOBOPIOBATH T€, IO
HaIuCaHO ab0 HAMAJbOBAHO HA €KPaHi, 1 IPUBEPHYTH yBary J0 KJIIOYOBUX
MOMEHTIB JOIIOBiIi 6€3 JOIIOMOI'M aHIJIIIChKOI MOBH.

He pamxky posmnosimaru anekaoTu abo KapTyBaTu — CKOpIIlle 3a BCe,
y Bac 11e Buiize norano. [Ipore 6axkaHo, 06 Baa 10moBi AL He OyJra 3aHaITO
Cyx0r0 9u POPMAJIBHOIO: HEJAPMa, JIOMOBiAI Ha KOH(MEPEHIIgX aHTJIIHCHKOI0
Has3uBalOThCst He reports, a talks! I11o6 moxkBaBUTH Balll BUCTYII, KOPUCHO
BUBYHUTHU JIBa-TPU HePOPMAJIbHI YaCTO MOBTOPIOBAHI BUpa3H, TUILY this guy
here abo this thing here (upu 1BOMY BH BKadyere Ha mMaT GhOpPMYyIH Ha
JIONINI YU Ha ekpaHi), He GiiiTech iHOAlI BCTaBisTH KOPOTKI HedOpMasbHi
KOMEHTapi TUITY

nope, that ain’t gonna work
abo
yeah, we then get this crazy formula.

OkuBjgaTu ekpanHi npesedTalii Takok moxkua (1 Tpebal), Hanpukiam,
BCTABJIAIOYH B TEKCT CMIITHI KapTuHKH, hoTorpadil Bammx cuiBaBTopiB abo
KOHKYPEHTIB, MyJIbThIiIbMHA.

Maiite Ha yBa3i, 110 B OIIBIIOCTI 3aXiTHUX KpalH TiTKO JOTPUMYIOTHCS
persiamenty (ocobsmBo Ha colloquium talks), BunporysaTu 101aTKOBI AT
xBwimH y chairman’a e jaypauii Ton. Tomy nanyiiTe J0MOBigL Tak, 100
KiHI[IBKa He OyJia moxarinBa i mo0 B BCTUIVIM CKA3aTH OCHOBHE JI0 TOTO,
gk chairman ckaxke

You have two minutes left!

obpe 3aBepmuT JTOMOBIIL HA MAaXKOPHiit HOTI — KapOOBAHOIO 3a37aJIe-
rijib puroToBaHow (hpasoio, a BxKe IOTIM BUMOBHUTH (YU BUCBITJIUTH HA
ekpani) 6anasnbue Thank you for your attention!
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9.3. Jlekmii

Yuratn JeKIil aurIiiicbKoo HabaraTo Bakde, HiK pOOUTH HAYKOBI J10-
MOBiTi, OCODJIMBO SIKIIO HAEThCsI PO 3araJIbHOOCBITHI JIEKIT 3 MAaTeMaTHKH
JJ1sI BEJIMKOTO TIOTOKY CTY/AEHTIB HEMATEeMATUIHUX CHEIiaJbHOCTEN, CKaxKi-
Mo, Jiektil 3 ropessicaoro Calculus’a B ommomy 3 amepukanchkux liberal
arts colleges. TyT cupaBa He JHUIlle B MOBHUX TPY/IHOINAX i HU3HKOMY PiBHI
CTY/IEHTIB, & 1 B IPUHIMIIOBO 1HIIIOMY IXHBOMY MEHTAJITETI 1 30BCiM 1HIITOMY
cTaBJIeHH J10 TIpodecypu.

Veminmme onpaloBaHis i€l KHUKKA HE € JOCTATHIM [JIS TOrO, 100 10-
6pe umratu Taxi Jexiil. (BriM, gKIoO nepes KOXKHOMIO JIEKIIE CKJIACTH 11
TEKCT JIUIIEe 3 KOPOTKuX dppas3, modyI0BaHNX Ha OCHOBHHUX ITAbIOHAX, 1 TIPO-
CTO BUTI'OJIOIIYBaTHU IIeil TEKCT, TO B Pe3YyJIbTaTi MOXKe BUUTH HEIIOTAHO, 32
YMOBH, IO Ballle MOBJICHHsI Oyjie >KUBUM, TOOTO HiXTO He 3]10rajlyBaTHMe-
ThCH, 10 BA JEKJIAMYy€Te TECT, BUBYCHUH HAAM ATh. )

Tomy s myxxe pamKy, KOJIU BaM BIIEpIe 3aPOIOHYIOTh YATATH JIEKIIT
crymenram (undergraduates), pimyde BiAMOBIATHCS Bij HUX, MOTHUBYIOUU
Ie TUM, IO B IIEPIIIOMY CEMECTPi BU 3MOXKETE YUTATH JIEKIIIT JIUIE acIipaH-
tam (graduate students), a BeJmKi OTOKOBI JIEKIIiT 3MOKETe UUTATU JIAIIIE
B HacTymHOMY cemecTpi. JIekril Jijiss HeBeJMKOl Ipynu acHipaHTiB YUTATH
HabaraTo Jeriie, HiXK JJIs BEJIUKOI cjiabkol ayauropil. fArmo Tak i Oyme
BUPINIEHO, TPOTATOM TEPIIIOTO CEMECTPY BapTO PETYJISIPHO BiIBIIyBaTH I0-
TOKOBUU JIEKIIIHNI KypPC OJIHOTO 3 KOJIET, IO JO3BOJIUTH BaM BTOPOIIATH,
IO TIe TaKe i K I1e POOUTHCS.

* ok ok

3ABJAHHS 9.1. Vasith cobi, 1m0 3aBTpa BH MaeTe POOUTH JOIOBiIHL
3 Bamrol poboTn, mpuayMaiiTe i 3amuIIiThL mepir BCTymHi ¢ppasu, 3podiTh
Ha JIOIII mepini MOTPiOHI 3amucy i HAIUIITH IBI-TPU 3aBepiIaJbHi (ppa3u
BAINO] YSIBHOI «JIOTIOBIJIi».

3ABIAHHS 9.2: OCHOBHE! IlincymyiiTe Barty pobory Haj IIEI0 KHU-
ror: CKIaIITh ciucok 3 40-50 1mabJioHiB, 3aM0BHITE X TepMiHaMU 3 BaImol
CITEIiAJIbHOCT1, JTo/1aiiTe 10 HUX HEBEJIMYKHIT CIIMCOK KOPUCHUX JIJIsI BAC BCTY-
nHUX Bupasip (openers), KinbKka moTpiGHUX BaMm acknowledgements i, sikio
3HalieTe Taki, 1Ba~-TPpHU MAOJIOHU 3 PODIT BaIlMX KOHKYPEHTIB, siKi He 3rajia-
Hi B it Kau3i. KnanTrkm 3 My 3anmcaMu CKJIaJITh B rapay nanky. Kosm

BIIEBHEHO ITOYMHANTE MUCATH.
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Honarok I
Cromcok MmareMaTHYHUX I1A0JIOHIB

s Tux 9uTadiB, AKi 3BEPHY/INCS 0 IHOTO TOJATKY, HE MPOTUTABIIN
OCHOBHI PO3J/IJIN IIi€] KHUTH, BiJI3HAYY, IO 3a3BUYall peYeHHS aHIJIICHKOL
MaTeMaTUIHOI MOBU MOXKHA OY/TyBaTH, 3aIIOBHIOIOYN TTOPOYKHI OIS «ITabJI0-
HiB» (CTaHZAPTHUX 3BOPOTIB) BiIOBIMHUMHU «JacTHHAME MOBH» (0bj, mod,
prop, ref, claim) i KoMGiHy09M MAGIOHH 3 JOMOMOrOI0 TaK 3BAHUX 3B A30K
(links). Tomy s pajizKy xo4ua 6 IPOIVISTHYTH IIEPI JABa PO3ALIM (/e HOICHIO-
€TBCs, IO TaKe IMabJI0H, JaCTUHA MOBHU, 1 TTOSICHIOETHCSI, STK MATH CIIPaBy 3i
3B’SI3KAMU 1 3 APTUKJIAMHY).

Yura4deBi-IoYaTKIBINO 5 JIyKe PEKOMEHIYIO TBEP/IO 3aCBOITH OCHOBHI IITa-
6Jioau (ix Bcboro 12, que. posain 1.4), Ha cBiil pO3rJIs/ BUIIMCATH | 3aCBOITH
me 10-20 i, mporyIgHyBIN e KiTbKa CTaTell 31 CBOEI CIEMiaJIbHOCTI, BiJi-
6parn 3 mHux me 30 10. 3 mum cruckom 3 3040 1mabsoHiB BapTO TPOXU
nonpaioBaTy (KOMOIHYBaTH IX 3 JIOIIOMOIOIO 3B’530K) 1 mojaru oGpamHuit
CIIMCOK BCTABHUX BUpasiB (MiHIMaIbHUI crimcok micTurbest B posai 3). ITi-
CJIsl TIbOI'O MOXKHA [TOYATH ITUCATH TEKCT CBOIX CTaTei, 6a3yl0UnuCh Ha IOMY.
I Tpeba He meperstagaTH, a MEPENOBIIATH TEKCT OPUTiHAJY, & IIe KPAIIle Bij-
pa3y mucaTH aHTIHCHKOIO i3 BUKOPUCTAHHSAM YOPHOBHUX (POPMYJT i KPECIeHb.

1. OcHoBHI madoan

[T 11a6J/10HN BUKOPHUCTOBYIOTHCS 3aBXK U B YCIX MaTEMATUIHUX TEKCTAX.
B 3Buvaiinnx aHTJIOMOBHUX CTATTSAX BOHU CKJIaIat0Th Bijl 60 /10 70 BiCOTKIB
3BoporiB. KoMmbinyioun X, MOYKHA, 3arajioM, BUPA3UTHA HTPAKTUIHO KOXKHY
MaTeMaTUIHy CeMaHTUKY. BapTo Harazaru, o MaJio He BCi OCHOBHI 1m1ab.1o-
HU TIOCJIBHO HE IMEPEKJIATAIOThCA ab0 TEePeKIaIal0ThCs MTOraHO — e CYTO
aHI#chKI iiomu. B namux mabJsionax Mu, siK IPaBUIJIO, HE BKA3YEMO apTU-
KJIi; yuTava, AKuil He BOJIOJIE IIMM MUCTEIITBOM, BiJICHJIAEMO JI0 TiIPO3TijIiB
po apTuki B po3aiiax 2 i 4. Brim, BipHO po3craBuTH apTHKII monoMara-
[OTh MMPUKJIAIN 3aCTOCYBaHHs, HABEIEH] MC/IA KOKHOTO MabJIOHYy.
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(1) [obj] is [0bj] abo [mod]

The function f is continuous.
The set R is a ring.

(2) consider [obj] abo [ref]

Consider the 2-dimensional vector space over Fr.
Consider the Sobolev space W7.

(3) for any [obj]| abo [claim]

For any pair of distinct points P, @ in RP2, there exists a unique line
containing P and Q.

(4) let [obj] be [obj] abo [mod)]

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

(5) [ref abo prop| implies [ref] a6o [prop]

Lemma 7.3 implies the Cauchy—Kovalevskaya theorem.
Continuity implies integrability.

(6) there exists a [0bj] such that [claim]
There exists an isometry h: R? — R? such that f(A)= A’ and f(B)=B'.
(7) if [claim], then [claim]
If f: D? — D? is continuous, then there exists a point € D? such that
f@) = .
(8) there exists a unique [obj]| such that [claim]
There exists a unique intersection point of any two distinct lines in RP2.
(9) [obj] is called [mod] a6o [obj] if [claim]

A ring R is called associative if (ab)c = a(be) for all a,b,c € R.
The map s: B — FE is called a section of 7 if 7o s = id.

(10) denote by [symbol] the [obj]
Denote by CP™ the complex n-dimensional projective space.

(11) [claim] if and only if [claim]
A second degree curve is generic if and only if the invariant I5 is nonzero.
A closed 3-manifold M is the sphere S? if and only if 7 (M) = 0.

(12) [obj] has the form [claim] aGo [obj]

The simplest parabola has the form y = 22.

The second Markov move has the form b+ bbr!, where b € B,,.
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2. ®opmyIIIOBaHHSA BU3HAYCHD

[0bj] is called [mod] a6o [obj]
Subgroups satisfying this condition are called normal.
[obj] is called [mod] a6o [obj] if [claim)]
A transformation is called isometric if it preserves distances.
[obj abo symb]| is defined as [obj]
The half interval [a, b) is defined as {x € R | a < x < b}.
let us define [0bj] as [obj]

Let us define the integral ff f(z)dz as the limit of integral sums as
0 —0.

define [obj] as [obj]
Define the sphere S? as {(z,y,2) € R® | 2% +y? + 22 = 1}.
we call [obj] [mod] if [claim)]

We call a manifold C"-smooth if all its transition functions are C"-smooth.

3. ®opmymoBaHHS TEOpeEM

if [claim1], then [claim2]
If the surface M is orientable and y(M) = 2, then M is the sphere S2.
suppose that [claim1]; then [claim2]

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

let [claim1], let [claim2], and let [claim3]; then [claim4]

Let the function f be continuous on [a, b, let f(a) < 0, and let f(b) > 0;
then there exists a point ¢ € [a,b] such that f(¢) = 0.

if [claim], then [obj] possesses the following properties:
1° [claim1];
2° [claim2];
3° [claim3]
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If « is an element of the Mobius group, then « possesses the following
propertixes:

1° « preserves angles;

2° « preserves cross ratios;

3° « takes circles and straight lines to circles or straight lines.

[claim1] if and only if [claim?2]  aGo koporme: [claiml] iff [claim2]
A 3-manifold M is the sphere S? if and only if m (M) = 0.
[claim] is a necessary and sufficient condition for [0bj] to be [0bj aGo mod]

Hy(X) = Z is a necessary and sufficient condition for X to be path
connected.

if [claim], then the following conditions are equivalent:
1° [claim1];
2° [claim2];
3° [claim3]

If T is a graph, then the following conditions are equivalent:
1° I is a tree;
22 x(I) =1;
3° there is a unique path joining any two points of T'.

for [obj] to be [mod] a6o [obj], it is necessary and sufficient that [claim]

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

4. JloBeneHHS

we have [claim)]

We have P(a) = = (3a3b (S(a,b) — T(x))).
we obtain [claim)]

We obtain [ f(z)dz = f: f(@)dz + [ f(z)dz.
it follows that [claim)]

It follows that the sequence (x) is exact.
by assumption, |claim|

By assumption, the function ¢ is uniformly continuous.
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using [ref], we obtain [claim]
Using the Fubini theorem, we obtain fo flz,y)dS= f:(fcd f(x,y)dy)dz.

since [claim], it follows that [claim)]

Since the diagram (x) is commutative and its rows are exact, it follows
that H?(X,Z) is isomorphic to H,,_,(X,Z).

[ref] abo [prop] implies that [claim] abo [prop]

Differentiability implies continuity.
The last inequality implies that r(z) ~ O(2?).

it remains to prove that [claim]
It remains to prove that f is upper semi-continuous.
all the assumptions of [ref| hold
All the assumptions of Lemma 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 [obj]
The proof is by induction on the dimension n of RP"™.
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 theorem is complete.
we will consider several cases
[ref] 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.
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Honarok 11
Cnosryynuku 1 npuiiMeHHIKH

Ieit momaTOK — 3Be/IeHHST BUKOPUCTAHHS CIOJIYIHUKIB 1 TPUIMEHHUKIB
(conjunctions and prepositions) B MaremarnuHux Texcrax. Ilepexsaz rux
CJIBEIb, 3PO3YMLJIO, 3aJIE2KUTH BiJI KOHTEKCTY, i MU HaBOJUMO KOHTEKCTH,
HailykuBanimi B MaTreMarnduux Tekcrax. Ha camomy mnouarky (aus. 11.0)
MU IIePEePaxoByEMO HAMTIOMUPEHITIT TPUKJIA I, & TOTIM IPYITyEMO TPUKJIAIH
MEPEKJI/IIB 38 TPUIMEHHUKAMHI

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

MoKk TuBO, € CeHC BUIIUCATU Ti KOHCTPYKIIil, siKi HaffdqacTilre 3yCcTpidaioThCs
B TEKCTaX 3 BAIOl CIeIaJbHOCTI. 3pO3yMiJIO, IPU IIbOMY 3arailbHOMaTeMa-
TU9HI TepMiHA (AKUME g TYyT HAMaraBcg OOMEXKUTHUCH) MOXKHA 3aMIHUTU
Ha TxHi KOHKperm3alil (Hanpukial, map — epimorphism, set — variety,
structure — metric i T.11.); ui Ta nOAIGHOrO pojy 3aMiHUM HE TAIHYTH 34
00010 3MiHM TPUIMEHHUKIB.

B npyriit vacTuHi MOro J0JIATKY I 3PYYHOCT] YMTAYIB MU HABOIUMO
IXHI TIepeKIaid Y 3BOPOTHIM OiK.

0. Cnncok HAMOIMMPEHIMAX KOHCTPYKIIiii
i3 mpuiiMeHHUKaMT

at the point x B TOYIN ©

replace x by y 3aMiHUTH T HA Y
substitute y for z 3aMiHUTH T HA Y
change x to y 3aMIHATH & Ha ¥

z belongs to X T HaAJEXKUTH X

X depends on a X 3aexuth Bij a

X is independent of a X me 3aJIeKUTDH BiT a
vector field on M™ BeKTOpHe noJsie Ha, M"
a, tends to A as n — oo an UpaMye 10 A mpu n — 0o
extend f to X npoaoBxkutu f Ha X
restrict f to A oobomexkutu f Ha A

f ranges over X f upobirae X
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under the map f npu BijoOpaxkenHi f

polynomial in z IIOJTIHOM BIJTHOCHO T
function of the variable x QPYHKITisT 3MIHHOT &
system of equations cucTeMa piBHIHD

1. Of

HaityxuBanimuit mpuitMeHHUK; 3a3BUYail IEPEKIAIAETHCS 13 3aCTOCYBa-
HHSIM POJOBOTrO BiAMiHKA; 1HOJI HEPeKIa aeThCsl IPUIMEeHHUKAMUI 13, 6id, 3,
npU TOMIO.

function of x QPYHKITisT 3MIHHOT &
a solution of equation (2.1) po3B’a30K piBHgaHH: (2.1)

Takox npuiycTuMo solution to (2.1)

the set of all x MHOXKWHA BCiX T

one of the sets OJTHA 3 MHOYKITH

the class of functions KJ1ac PYHKILH

a subset of R™ M AMHOXKIHA TpocTopy R™

OBEPEXKHO: mnepeknanatu o subset of X gk «migvuOoXkuHa X» € HebOes-
[IeYHUM: IIeli BUC/B Ma€ aBa pisHux cmuciau! TyT morpibHa «miaMHOKUHA
MHOXKHMHH>. AHAJIOTIYHI 3aCTepeKEeHHs CTOCYIOThCH i IHINMNUX IPUKJIAJIIB 3 of.
Hapasri Mu moMigaeMo «BraJiaHi» CJI0Ba, JIAKAMUI: « ».

closure of X 3aMUKAHHS «IIPOCTOPY» X
neighborhood of x OKIiJI «TOYKU» X

subdivision of M mipos3ourtst «PL-muoroBuy> M
the sum of a and b cyma a Ta b

the center of the circle IIEHTDP KOJIa

an equation of order n PIBHSIHHS TTOPSIKY 7

systems of equations CHCTEMU PIBHAHD

a group of transformations rpyma nepeTBopeHb

Homycrumumu € TakoXK transformation group, ajie He equation system i He
point neighborhood; iHBepcii TaKOro pojay BapTo pOOUTH JIMINE SKIO BU 1X
3yCTpivaid B TEKCTAaX AHTJIOMOBHHUX aBTOPIB.

angle of rotation KyT TIOBOPOTY
circle of center O and radius r KOJIO pajiyca r i3 nenrpoM O
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consists of all points
the mapping f of D
transpose of the matrix
complex conjugate of z

CKJIQJIAETHCS 3 YCIX TOYOK
Bimobpaxkenns f «objactiy D
TPAHCIIOHOBAHA MATDPHILA

«YHUCJIO», KOMIIJIEKCHO CIIPDsAZKEHE

<YUCILY» Z

HaseieMo KOHCTPYKIIiT, Jie pa3oM i3 of BUKOPUCTOBYIOThCS i iHIII pUiiMeH-

HUKH:

of dimension 2 over C

extension of ¢ by the identity

on A
coefficient of x3 in p(x)
rotation of F' about x

defined on all of X
take H in place of G
image of A under f

2. To

poamiprocti 2 Hag C

[IPOJIOBXKEHHS ¢ TOKTOKHIM
BigoOpazkeHHsIM Ha A

koedirient npu x3 B p(z)

obepranHst «dirypus» F HaBKOJIO
«TOYKH» T

BU3HAYEHO HA BChOMY X

BizbMmemo H sk G

00pa3 «MHOXKUHU» A 1pu
«Bimobpazkenui» f

Ilepeknagaerbesd MO-pi3HOMY: JABAJIBHAM BiJIMIHKOM, & TAKOXK IMPUITMEH-

HUKaM# do, Ha, 6, 3 TOIIIO.

x belongs to the subgroup H C G

change x to y
x is equal to y

x HasjexuTh j1o niarpynu H C G
3aMiHUMO T Ha Y
X JIOpPiBHIOE Y

[Ipunycrume it «x equals y», aje TOYHO He MOXKHa <X equals to y»!

x corresponds to y

f takes x to y

., tends to 0

T maps to y

l1 is parallel to I

assign H*(M) to each M

relatively to the topology 7
l is tangent to S

all primes up to 97

attach a handle to M

T BiJIIOBITAE Y

f Bimobpaxkae = B y

T, upsamye g0 0

Z BimoOparXKaeTbCs B Y

1 mapasenpHa Iy

KOKHOMY M mocTaBUMO y
Bignosiguicts H* (M)

BiJIHOCHO J10 TOIOJIOTIT T

| morukaeThesa 10 S

Bci mpocrti uncaa 10 97

MPUKJIEITH py4uKy g0 M
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restrict the map f to NV
extend the map f to W
12 is relatively prime to 25

obmexkuTu Bijtobpakenus f na N
IPOJIOBXKUTH Bimobparkenns f ma W
12 € B3aeMHO pocTUM 3 25

Hagememo mnpukiiaan BXKUBaHHS IpUIIMEHHUKA t0 B IIO€IHAHHI 3 IHITUMH

HpHﬁMeHHHKal\IHI

sum from 1 to n

integrate from a to b

fisamap of X toY

fis amap 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
identity

the contribution of K to the ...

3. By

cyma Bizt 1 1o n

inTerpyemo Big a 10 b

f —Bimobpakenust 3 X B Y

f € Bimobpazkenusim 3 X B Y
posrisieeMo cymy Bijg 1 10 n
3aCTOCYBaHHS JIEMU JIO €T cUTyaIril

nponoBkuMo f Ha BCl N TOTOXKHIM
BiToOparkeHHAM,
BHecOK K B ...

IlepeknagaeTbesd OPYJIHUM BiIMIHKOM, & TAKOXK MTPUNMEHHUKAMU MG, “e-

pe3, no, 3a dONOM02010.

H*(X) is determined
(defined) by X

denote m(X,Y) by A

Zn 18 majorized (bounded
above) by x

f and g differ by C' = const

the homomorphism f*
induced by f

dividing (multiplying) by z

¢ is given by (2.3)

X is generated by eq, ..., e,

by construction (definition,
assumption)

f is approximated by f,

A is permuted by o

H*(X) Bu3HAYAETBCS «IIPOCTOPOM»> X

nosHaunmMo m2(X,Y) uepes A
Ty, OOMEXKEHa, 3rOpU «UUCTIOM> T

f 1 g Binpizusiorsea Ha C' = const

romoMopdism f*, iHayKOBaHMIA
«BigoOpazkeHHAM> [

Jisstan (IIOMHOXKYIOUM) HA &

¢ orpumyeTbes 3 «dopmyauy (2.3)

X TOpPOJZKYETHCS «BEKTOPAMU»
€ly...,En

3a H0OYI0BOIO (BU3HAYEHHSIM, YMOBOIO)

f alpOKCUMYETbCs «IIOCITOBHICTIO> fp,
A IepecTaBIIgEThbC «IIACTAHOBKOIO» O
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Lemma 1 is obtained
(proved) by induction
rotation by the angle 7/3
by putting (setting) = =1

by the theorem, ...

JgeMa 1 oTpuMyeThes (JIOBOIUTHCS) 3a
IHIYKITIEIO

HOBOPOT Ha KyT 7/3

BBaKaio4u, 1Mo r = 1,

38 TEOPEMOIO, . . .

Hani nexinbka KOHCTPYKIIii, e MpuiiMeHHNK by 3’sBAg€ThHCA 3 iHIITUME TPHU-

NMeHHUKaMMU:

extend f by the identity

to fl
the extension of M by H

A is moved by finite number

of shifts
X is mapped by f to Y

4. In

IIPOJIOBXKUMO «BinoOpazkeHHs> [
TOTOXKHO JI0 BijoOpaxkeHHst f1

po3Iupenns: «MoyJis> M 3a
JIOTIOMOT'OI0 «MOJTyJisty H

A TepeHOCUTHCST CKIHIEHHUM IUCJIOM
repecyBaHb.

X Bimobpazkaerbes 3a gornomorow f B Y

Haiiuacrime (asie He 3aBxau!) MepeKIIaIa€THCS TPUAMEHHIUKAMHA 6, Y.

x is contained in X

M lies (is embedded) in R™

a polynomial in z

A is everywhere dense in X

X is compact in the weak
topology

in the case (ii)

in the space (group, ...)

A intersects B in a plane

symmetry in the plane

represent in the form

differentiation (integration)
in ¢

x MictuTbed B X

M nexurh (BkiajgeHa) B R™

MOJIIHOM BiTHOCHO I

«MHOXKHUHa» A CKpisb miijibHa B X

«1pocTipy» X KOMIIAaKTHUIA B CJIa0Kii
TOIIOJIOTT

y Bunaky (ii)

y upocropi (rpyui, ...)

A neperunae B 1o momuHi

Bi/10OparkeHHsT BiJIHOCHO ILJIOIIMHI

MOJIATU Y BUTJISIII

nudepeHIioBanis (IHTErpyBaHHsl)
3at

Aute TyT kpame ckasaru differentiation with respect to t.

domain in R™
take z in place of y

the multiplier in the second term

obnactp y R™
BI3bMEMO T 3aMiCThb ¥
MHOXKHHK JIPYTOrO YJIEHY

Ocb KOHCTPYKIIil, B IKUX iN BUKOPUCTOBYETHCS PA30M i3 IHIMMH TPUIIMEH-

HUKaMM:
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polynomial of degree n in x,y ITOJIIHOM CTYIIEHIO 1. OT T, Y

in transverse position with TPAHCBEPCATHLHO BiJIHOCHO
respect to M «MHOTOBHUITY> M
in the sense of distributions y ceHci y3aranbHeHuX (pyHKIIIH
5. On

Mauto He 3aBXK/U MEePEKJIATAEThCs IPUIMEHHUKOM Ha, 1HOJI npo, 3, no, 6id.

points on the curve TOYKHU Ha KPUBIit
points on the boundary TOYKHU Ha T'PAHUIL
depends on 3aJIeKUTH BiJ
projection on ITPOEKITisd B

3BepHITH yBary, 1o «B», a He «Ha»; M0 OyJI0 «Hay, Tpeda He «on» a «ontos!

the identity on TOTOXKHICTb Ha,

function on the domain dyukiisa Ha obsacti

metric (topology, structure, MeTpuKa (TOIOJIOris, CTPYKTYpa, -..)
...) on HA

theorem on implicit functions TeopeMa PO HeABHY (DYHKIIIIO

Yacrime rosopsrs implicit function theorem, a 3arajioMm <«Teopema IIPO»,
3a3BUYail, MEPEKJIAIAIOTH K theorem about.

graph on n vertices rpad i3 n BepIIHHAMEI
terms on the diagonal YJIEHN, K1 CTOSTH 110 JiaroHaJIi
6. For

MaJto He 3aBXKI¥ IEePEKIATAETHC TPUAMEHHUKOM 044, 1HOZI POZOBUM
BiAMIHKOM, NpUAMEHHUKAMU NPU, 610HOCHO, 00.

boundedness condition for yMOBa 00MeXKeHOCTI Iy DYHKIIT
the function

a basis for the space 6a3nc IpoCTOPy

solved for y PO3B’si3aHe BIJIHOCHO ¥

the inverse for f obepuene 1o f

Yacrime rosopsite the inverse of f.
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the problem for H 3asada st H
X,, is compact for all n X,, KOMIIAKTHO JIJIsT BCiX N
substitute z for y in (2.1) saminumo y Ha = B (2.1)

Ile mozkna ckazaru it Tak: replace y by « in (2.1); 3BepHiTh yBary Ha HOpsiIoK

girep x i y!

7. Over

[Tepekiiagaerbest TpuiiMEeHHUKAMU Had, N0, Ha, 3HAXITHUM BiIMIHKOM.

f ranges over Im f f upobirae Im f

n runs over all even integers n mpobirae BCi mapHi umcia

integrating over M inTerpyioun mo M

vector space over R BEKTOpHUIT TTpocTip Hax R

summing over all n IJICYMOBYIOYH 3a BCiMa 7

cone over R KoHyc Hajg X

affine scheme over F adinna cxema Ha F

fibration (bundle) over B posmapysanasa Hag B

module over the ring Z MOJIYJIb HaJI, KLIbIEM Z

linearly independent over C siniitHo HezastexkHi Has C

continuous over all of X HellepepBHa HA BCbOMY X
8. Under

3a3BuYail, IePeKIATAETHCS IPUIMEHHUKAME Npu, 3a, nid, no.

under the actions of G mig giero G

under the condition 3a YMOBH

group under multiplication rpyIia mo MHOXKEHHIO

under the map (morphism) upu BijoGparkensi (Mopdizmi)

invariant under shifts iHBapiaHTHO MPU 3CyBax

the point P lies under the Touka P jexxut mij mwionumHono 11
plane IT

Under 3ycTpidaeTrbed it pa3oM 3 iHITUMEU TPUIAMEHHIKAMU:

X projects on P under p X mpoekTyeTbcsa Ha P npu
«BiOOparkeHHi» P
a maps to b under f a BimobpazkaeTbcsa B b mpu

«BigoOpazkeHHi» f
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the image of X under f obpa3z «mpocTopy» X Tipu
«Bimobpazkenui» f

9. From

[TepexitagaeThest TpUITMEHHUKAME 3, 610.

follows from BUILJIUBAE 3

subtracting from BigHiMaro9n Bix

moving away from the point pyXarodu Bijl TOYKH

bounded from above 0OMEeKEeHO 3ropu

results from the paper [3] pesyabraru 3i crarTi [3]
determined from initial data BU3HAUYEHE 3 [IOYATKOBUX JAHUIX
functions from the space pyHKIIT 3 TpocTopy.

A ocp from 3 iHmMUME TPUIMEHHAKAME:

at the distance of h from X Ha Bimcrami h Big X
integrate from a to b inTerpyemo Bix a 10 b
10. With

Ilepeknagaerbed OpyIHUM BiIMIHKOM, & TaKOXK TPUUMEHHUKAMU 3, HA.

equipped with a metric HaJIiIeHe MEeTPUKOIO

supplied with a norm HaJIiJleHe HOPMOIO

coincides with 36iraeThcs 3

identified with OTOTOXKHEHU 3

put into correspondence with IIOCTABUTH Y BIAMOBIIHICTD i3 TPYTIOIO
the group

angle of 60° with the plane KyT 60° i3 mIonuHOIO

take the product with X B3ATH JTOOYTOK i3 X

intersection of M with NV nepetun M iz N

arcs with small diameters JYTH MaJIUX JiaMeTpiB

subspaces with finitely many MiAITPOCTOPH 31 CKIHYEHHUM YIUCJIOM
components KOMIIOHEHT

fibration with fiber F' and posmapyBaHnHs i3 mapom F' i 6azoo B
base B
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11. As

[TepekitamaeTbest cioBamMu npu, sk, BUCJIOBAMUA Y 6U2AAdL, 8 AKOCMNI.

as n — 00 pu n — 00
regarded as a function sIK& POBIVISIAETHCA B SKOCTI (DYHKITIT
considered as a function [0 PO3IVISIIAETHCS K (DYHKITisT
viewed as a function KA PO3IVISIAETHCS TK (DYHKILisA
expressed as BUPayKeHa y BUIJISII
as any other function gK 1 Oyap-ska inma QyHKIisa

12. At

[IepexitagaeTnest TpUIMEHHIKAMUA 8, HA.

at time ¢ Y MOMEHT 4acy ¢t
at infinity Y HECKiHYEeHHOCTi, Ha HECKIHYEeHHOCT1
at the point y TOHII
has at most two solutions Mag€ He OibIle TBOX PO3B’SI3KiB
13. Into

HepeKﬂaﬂaGTbCH HpI/IfII\leHHI/IKa,I\/II/I 6, Ha.

decomposition into the PO3KIATAHHS B JOOYTOK
product
divided into two classes po30UTO Ha JIBa KJIACH
partitioned into po30uTo Ha
f maps X into Y f Bimobpaxkae X B Y
14. Onto

BxkuBaernest, Kotu Tpeba ImiIKPeCTInTH, 0 PO3ITISIAETHCS CIOP €KTUBHE
BiT0OpaXkeHHsI, 1 TOJI MEePEKJIATAETHCT TPUAMEHHUKOM Hd.

the homeomorphism of (0,1) romeomopdizm inrepsasy (0,1) na R
onto R

projection (z,y) — (x,0) of npoekmnis (z,y) — (x,0) mromuan R?
R? onto the z-axis Ha Bichb abcruc

3BepHITH yBary, 1o BUpa3 projection on, 3a3BUYail, BAKOPUCTOBYETHCS, KO-
JIW TIPOEKIIisi MOYXKe OyTH He CIOpP €KTUBHOIO.
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15. Along

[Tepekiiaaerbest ciioBaMu 68300604C, Y HANPAMEKY, 3PiIKa OPYIHUM Bijl-
MIHKOM.

x moves along the curve T PYXaA€ThCsI B3IOBK KPUBOI

is directed along ... CITPSIMOBAHUI B3I0BX ...

derivation along IIOXi/THA 10 HAIIPSAMKY

pullback along the projection BioOparkeHHsI, iHyKOBaHe MIPOEKITIE0

16. Ilepekitan y 3BopoTHUIl Oik

JJtst 3py9IHOCTI TIOITYKY YaCTUHA MOIEPEIHBOIO CITUCKY TeIep IPeICTaB-
JIeHa B 3BOPOTHUII OiK, 3 yKpalHCHKOI aHIJIICHKO0. uTaueBi BApTO MaTH HA
yBa3i, 0 CUCTeMATUYHe BUBYECHHS L€l APYrol 9acTUHU € MKijgjmBuM (BO-
HO PO3BUBAE <«HEAHTJIOMOBHE MUCJIEHHSI» IO BiIHOINEHHIO /10 AHTJIIHCHKUX
IPUAMEHHHUKIB), 1[I0 YACTHHY BAPTO BUKOPUCTOBYBATH JIMIIIE $K JIOBIIKOBHIL
MaTepiaJl.

ITounemo 3 BiJIMiHKIB — BOHU MEPEKJIAJIAIOTHCS 33 JIOMMOMOTOIO0 TTPUITMEH-
HUKIB.

(1) PogoBuil BIIMIHOK (<«KOro-40ros )
3a3Buyail nmepeksaaeThesa npuiiMeHauKoM of, pisre to.

KJ1aC PYHKILH class of functions
dyukisg 3minnol x a function of z
OKIJI TOYKH & a neighborhood of z

Tami npukiaau ¢ of que. posmin 1 Buiie.

{ notnuna 10 S [ is tangent to .S
BiJIHOCHO MeTpUKU with respect to the metric
JYTH MaJIAX JliaMeTpiB arcs with small diameters

abo arcs of small diameter

(2) JTIABAJIbHUI BIAMIHOK (<«KOMY-10MY> )
3a3Buyail mepeKaa aceThes MIPUAMEHHIKOM to.

T HAJIEXKUTb X x belongs to X
Y BiIOBiZa€ T y corresponds to x

(3) OPYIHUIT BIJIMIHOK (<«KHM-THM>» )
3a3BuyYail MepeKIIaIaEThCs IPUHMEHHIKOM by, pigmie with.
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H*(X) Buznavyaerbcs
pocTopomM X
{a;} obmexeHo unciom M
HaJllJIeHe METPUKOIO
MIPOIOBKEHHsT f TOTOKHICTIO
mo3a X
roMmoMopdizM,
ingykoBauuit f

H*(X) is determined by the
space X
{a;} is bounded by M
equipped with a metric
extention of f by the identity
outside X
the homomorphism
induced by f
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(4) TIPUIMEHHUK &
Sa3zBuuail mepeKIaIaeThCs MPUIMEHHUKOM in, a Takox into, to, by, on.

T MicTuTbest B X x is contained in X
f Bimobpaxkae X BY f maps X into Y

f Bimobpaxkae T B ¥y f takes x to y

y Bunaky 11 in case 11
NPEJCTABATH Y BUTJISLI represent in the form

(5) IIPUIMEHHUK Ha
3a3Buyail mepekIaJacThC TPUIIMEHHNKOM 0N, a TakoX to, pijme onto,
into, by.

TOYKU Ha KPUBIil points on the curve
METPUKa Ha IIPOCTOPI metric on the space
3aMiHUTHU HA replace by

TIOBOPOT HA KYT Qv rotation by the angle «
BimoOparkeHHs Ha Bce Y map onto Y
MIPOJTIOBKEHHST Ha X extension to X
obmexkennst f Ha A restriction of f to A
po36uTH Ha JIBa KJIAch partition into two classes.

(6) TIPUIMEHHUK Oaa
3a3Budyail nmepekJIaIaeThes npuiiMeHHIKOM for.

3aja9a, 71 KOTOMOJIOTi it the problem for cohomology
G, — abejieBa U BCIX N G, is Abelian for all n.

(7) IIPUIMEHHUK Had
Sa3zBuuail MepeKIaIa€ThCs IPUIMEHHIKOM OVEr.

KoHyc Hag X cone over X
posmapyBaHHs HaIT B fiber bundle over B
MOJIY/Tb HAJT KiJIbITeM module over the ring

(8) IIPUMIMEHHUK npu
[Tepexitamaerbest myxe mo-pisaomy: at, under, for.

0bpa3 mpu BigoOparKeHHi image under the map
f Buznadene B x > 0 f is defined for x > 0
KoedirienT mpu x3 the coefficient at x3
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(9) IIPUMIMEHHUK 3/i3
[Tepexitagaerbest mpuitmenankoM from, of, with, to, on.

BijlobpaxkeHnHsi 3 X B Y map from X to Y

CKJIAJIAETHCS 3 TOYOK consists of (the) points

OIHA 3 MHOXKHUH one of the sets

KyT i3 MpsMOTO angle with the line

30iraerncs 3 coincides with

B3aEMHO TIPOCTE 3 relatively prime to abo coprime to
rpad i3 n BeprIuHAMUI graph on n vertices

(10) TIPUMIMEHHUK 3a TIE€PEKJIAIAEThCs TpUiiMeHHIKOM under.
3a YMOBH under the condition
(11) TIPURMEHHUK 670 IepeKIa acThesd IpuiiMeHHIKOM from.

BIHIMAIOYN Bif, subtracting from
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Honarox 111

CemaHTHKa aHIJIIHCHKUX apTHKJIIB

dAx i GLIBIICTE TPUPOIHUX HOCITB AHIVIICHKOI MOBH, s TPUBAJIAN YacC
BBaXKaB, IO [IPABUJIbHE BXKUBAHHS APTUKJIB B aHIVINACHKUX TEKCTax abo
B YCHOMY MOBJIEHHI € HACJIIIKOM MOBHOI IHTYIIll, sTKa He M/ IaeThesa hop-
Mastizarii. Ils nommupena Touka 30py 3MiHMJIACS i) 9ac MOET poOOTH Hal
MAITAHHEIM TEPEKIAI0M MATEMATUIHUX TEKCTIiB; K BUABUJIOCH, MOXKHA Ha-
JaTh JIOCUTH MPOCTUi 1 JiTKWit HAOIp MpaBwWil, sIKUU 03BOJIsi€ (PaxiBIEM
MPaBUJIBHO PO3CTABUTU APTHUKJI B MOHOrpadisx i HAYKOBUX CTATTIX 3 Ma-
remaTuky (qus. [Sos-91], [Sos-92]). Hamaraouucs 3po3ymiTu, 9oMy aHaIorn
it y3araJbHEHHS ITUX TPABUJI HE MOYKHA TEPEHECTU Ha ITUPIINil KOPIYC aH-
IAChKUX TeKCTIB (HAIPUKJIAJ, Ha BCl «HAYKOBI»), s, Ha BJACHUIL I10UB,
BUSIBUB, 10 €KOHOMHIIIE 3BeieHHs NpaBui (HizK Te, gke hOPMYIIOBAIOCS B
[Sos-91, § 10]), ycuimuo kepye BUGOPOM apTUKJIB 6 YCiT Mmekcmar, sk i pos-
2aa0a6, HaBITh I'YMaHUTAPHUX 1 JiTeparypHuX. ['0JI0BHA MeTa i€l crarTi —
chopMyITIOBATH T1i TIPABUJIA I TIOKA3aTH HA MPUKJIAIAX, IK BOHHU MPAIIOIOTD.

IMizkpecanmo, 1o onucani HuzK4e (B §4) npaBuia € CEeMAHTUIHUMHA Ta
MOXKYTb YCIIIIHO 3aCTOCOBYBATHUCS AUWE NPYU J0CMAMHbO 2AUOOKOMY DO-
BYMIHHIL CMUCAY mexcmy, axuli podeaasdaemuvea. lpu nmpoMy mpasBuiaa He
3aBXK /U OJHO3HATHO TOBOPATH, SIKUH apTUKJIb MOTPIOEH B JAHOMY MicCIi —
JLJIST IHOT'O 3HAIOOUTHCST 3HAHHS MUPOKOIO KOHTEKCTY (He TLIBKHM TeKCTOBO-
ro, aJie if, SKIO TaK MOXKHA BUCJIOBUTHCS, MOYXKE 3HAIOOUTHUCS 1 «I103ATEKC-
TOBHiT» KOHTEKCT). 30KpeMa, sKIIO B JOOPOMY aHIJIIHCHKOMY HAPATHUBI 3a-
OpaTy apTUKJI i IOITPOCHTH HOCIS MOBH 1X 3HOBY PO3CTABUTH, TO PE3YJIHTAT
CKOpIlIIle 3a BCe BiJIPI3HATUMETHCS BiJl OPUTIHAJY — apPTHUKJII HECYTh CEMAaHTH-
qHY iHMOPMAIIio, sTKa 30BCIM He 3aBXK U ITOHOBJIIOETHCS i3 KOHTEKCTY. B Ha-
YKOBHX TeKcTax (0coGJIMBO MaTeMaTHIHUX) KBasidikoBaHuil aHMIIOMOBHHUIL
daxiBerp MaJIO He BCIOJIM «IIPABUJIbHOY IIOHOBUTH aPTUKJIL, XO4a HaIleBHE Oy-
OyTh 1 Taki Micis, me pisHi daxiBmi BiIa yTh IepeBary pisHUM apTUKJISM.
[Ipore B rymaHiTapHUX TEKCTaX TakKa HEOTHOZHATHICTH 3yCTPIiIATHMETHCS
nabararo gacrinie (KiJbKa sCKpaBUX IPUKJIAJIB HABOJUTHCS HUXKYE B § 3).

Jauuit 1o1aTOK € mepeipyKoOM MO€I CTaTTi, HAIIKCAHOI 28 POKIB TOMY Ha3aJl, ajile Tak
i He omy6uikoBanol. B Hiil BukiazieHO IpaBuIa BXKUBAHHS apPTUKJIIB B aHIVIIACHKIH MOBI,
IIPUTOMY HE TIJIBKH B MATEMATHIHUX TEKCTaX, aje i B ycix Tekcrax B3arasi. /lymaro, 1o
sl CTATTs, OCOOIUBO POo36ip HaBenEHUX B Hill IPUKIIAAIB, Oyge KOPUCHUM duTadaM Iiel
KHHTH.
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OcHOBOO TiAX0/Ly, SIKUIl IIPOIIOHYETHCS, € IPOCTA KOHTEKCTHO-CEMaHTHU-
9Ha Kaacu@ikalig iIMEHHUKIB, 9Kl 3'IBIAIOTHCA B AHTVHHCHKUX TEKCTaX —
BoHa omucana B §2. Meni 6 xorijocs cromiBarucs, 1o I Kiaacudikaris
Ma€ # JeaKuit caMOoCTifiHmit JHTBiCTHYIHME iHTEpec, TUM OibIle, MO BOHA
IEPEeHOCUThCA 0e3 mpobiieM i Ha (PPAHIY3bKY MOBY, i HABITH — SAKOIOCH Mi-
poIo — Ha «6e3apPTUKIIEBY» YKPaIHCHKY'.

CrarTio opranizoBano mactynuuM nnoM. B §§ 1-2 micrarbes jeski mo-
mepesiHi 3ayBarw i OCHOBHI Bu3HavueHHsS. B § 3, sgkuil MOXKHA HTPOIyCTUTH
[IpU TIEPIIOMY YUTaHHI, 0OroBOpIOE Jiesiki cemanTudni Hioancu. Cami mpa-
Bujia onmcaHi B §4, a § 5 CK/IaJaeThCs 3 NMPUKJIAIIB, sIKi ITOKA3YIOTh, K 1X
3aCTOCOBYBATH.

§ 1. Aprukdi the, ai [

Hawm 3py4no posrisimaTu, 10 B aHTVIIHCHKIiT MOBI € He 1Ba, a TP apTUKJIL
omaunn — the, a i «mopoxHiit aptukaby [J. Ilepmr HiXK MOsICHUTH, 1O TaKe
U], — 1Ba 3ayBaKeHHS.

[To-miepirre, CJI0BO «apTUKJIIB» CAMO I10 COO1 O3HAYAE TYT APTUKJIL OJIHUHH;
B TUX BUIAJKAX, KOJU OyIeMO PO3IVISAATA apPTUKJII MHOXKWHY, BUKOPUCTO-
BYBATHMEMO TEPMIH MHOHNCUHHUT APMUKAD.

Ilo-apyre, Mu Haa i yHUKATUMEMO THUX CUTYAIliil, B IKUX BiIOyBa€THCSI
CeMaHTUYHA 3aMiHa APTUKJISI IHIIIMME CJIOBAMHU, SIK, HAIIPUKJIAJI, B PEUEHHIX

(1) This dog is brown.
(2) George’s mother died.
(3) T chose some color.

(Tyr cnosa this i George’s 3aminsiors qBa aprukii the, a cioBo some 3ami-
HSIE€ apPTUKJIb a.)

Tenep npo aprukiab . Ilopoxuiii aprukib — HeBUAUMENA CUMBOJ (B
YCHOMY MOBJICHHI — HEUyTHU 3BYK ), KUl BUKOHYE [I€BHY CeMaHTHYIHY (dyH-
KITIO 1 AKUil «3HAXOUTHCA» TaM, Je Mir Ou crosaTH iHmmit apTukib. OpHate,
[TOPOXKHINl APTUKJIb HE BAPTO IJIyTaTU 3 BI/ICYTHICTIO apTUKJISL: apTUKJIb MO-
Ke OyTHh BiICYyTHIM B pe3ysibTari 3aMilieHHs, a TAKOXK KOJIU 3HAJI0OUTHCS
HEBU3HAYEHUN APTUKJIb B MHOXKUHI.

Crpasa B TOMy, IO apTHKJIb & B MHOXKHHI TaKOXK BHPAYKAETHCS IIOPO-
JKHIM CHMBOJIOM, aJie Hece 30BCIM iHIe ceMaHTUIHe HaBaHTaykeHHs. Hanpu-
KJI&T:

(4) This is a book. These are books.

ILIepe3 IBa/IISATH IT'ITh POKIB IiCJIsl HAIIMCAHHS II€T CTATTI 51 JOBimaBCs, 0 JIIHrBicTaM
nozi6ua kiracudikanis Bxke Bimoma (auB., Hanpukiazs, [Heim-89]).
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3posymisio, TyT mepes; books «3HAXONUTHCsS» HE MOPOXKHIM apTUKJIb, a
MHOXKUHHUN HEBU3HAYEHUN apTUKJIb, TAK CAMO <«BUPAXKEHUI» TOPOKHIM
CHMBOJIOM.

Mu noku He J1aJ1 TOYHOTO BU3HAYEHH [IOPOXKHBOI'O APTHUKIIIO, 60 He BKa-
3aJIi, Ky CaMe «CEMAaHTUYHY (DYHKINIO» BiH BUKOHYy€E. TouHiIIE BUSHAYEHHS
3IBUTBCSI ITI3HIINE, & TOKU OOMEXKUMOCS ITPUKJIAIAMHU.

(5) O John Keats is a great poet.
(6) O Jogging is good for your health.
(7) My field of O expertise is O topology.

§ 2. Tpu cemanTu4Hi KaTeropii

Tyt fiTuMeThCs He TTPO PO3OUTTS HA KATETOpil OKPEMO B3STHIX IMEHHUKIB,
a 1upo po3buTTH 6roddcent IMeHHUKIB (TOOTO IMEHHUKIB, MOCTABJICHUX B
IeBHe Miciie KOHKpeTHOI (ppas3u) Ha Tpu ceManTu4Hi Kareropil. [Ipu mpomy
UTUMeTbCs He TiTbKU PO IMEHHUKH, K1 CKJIaIalOThCS 3 OJIHOTO CJIOBA, a i
PO CKJIaJIeH] iMEeHHUKY, TOOTO MPO IMEHHUKH Pa30M 3 iXHIM Oe3mocepeHiM
oroveHHsIM (IO AHMVIIHICHKOIO HA3MBAETHCS noun phrase).

Aprukii a, the i [J BusHauatoThCs CEMaHTHYHOIO KATEMOPIE0 TOTO IMEH-
HUKa (YU CKJIAJEHOrO IMEHHUKA), JI0 SIKOrO BOHM npucrasiei. Hasusaru-
MeMO IIi KaTeropil KaTeropisiMu MpeJICTaBHUKIB, 1HIUBIIYYMIB i yHIKyMiB
BIIIOBITHO.

ITpedcmashuk — e BXO/KeHHsI iMeH] (Ha3Bu) abo omnmcy meHoTaTa iMeH-
Huka (mpo sKuil Hjaerbest B paHiit $pasi) B cuTyardl, KOJM JEHOTAT IHOTO
iMeHi pawirnre 3adikcoBaHo He Oys0. 30KpeMa, KO B JesKiit ¢ppasi creep-
JKYETHCsT HAJIEZKHICTh OYIb-9Oro 0 MEBHOIO KJIACY, TO BiAMOBiAHUI iMeH-
HUK BiTHOCUTBCS 0 KaTeropil mpeacraBaukis. Hampukimam:

(8) This dog is a fox terrier.
(9) Extramarital sex is a sin.
(10) Is Marxism a serious philosophy?

He BapTo mymaru, mo apTukib a Bifmosimae ksantopy V (st Beix), i
OT2Ke — TIe 3aBXK/U HeBU3HAUECHUil, He KOHKpeTHU 00’ekT. B pedenni

(11) A rain drop fell on my neck

Kpalljsl JIONLy, PO Ky MOBA, IIJIKOM KOHKpeTHa (Ta cama Kpaluls, II0 B
JaHUH MOMEHT BIIaJia Ha 1Hio onosifada). Oqaade imennuk drop (Todsinie,
CKJIaJIeHUH IMEHHUK Tain drop) — lie IpeJCcTaBHUK, 60 foro me He 3adikco-
BaHO. Apke icrunHa cemanTuka 1€l dpasu taka: Odna kpanas dowyy ena-
A0 MEHT HaA W0, b0, BUCJIOBIIOIOYNCH (POPMaIbHO MareMaTndno, Odha 3
MHOHCUHY KPANEND QOULY SNAAG MEHT HA WU,
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dAko x ckazaTn
(12) The rain drop fell on my neck,

TO HOCIl aHrIichKOI MOBH 3axo4e cruTaru What rain drop?, matoun 1mimo-
3Py, IO IIPO II0 KPAILIIO IOCh MAJIO OYTH CKAa3aHO paHiIIe.

Inoueid — e Bxomkenns iMeni (Ha3Bm) a6o onucy (biKCOBAHOIO JIEHO-
rara iMenHuka (abo ckiagenoro imennuka). DikcoBanuMm BiH MoOxKe OyTH,
o-Tiepire, TOMY, 10 #oro Oy/o 3rajano pawnimre. Hampukia:

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

IuuBin MoxKe TakoK OyTH 3aiKCOBaHMIT KOHTEKCTOM, TOOTO OyTH OJIHO-
3HAYHO BU3HAYEHWM JAHUM oMy B 1iil ke dpasi onucom. Hampukiia:

(15) This dog is the fox terrier that we can saw yesterday.
(14) Extramarital sex is the most common of all sins.

(15) Is Marxism the philosophy of your party?

(16) The rain drop that fell on my neck was cold.

(Yuradesl MU pa MO MOPIBHATH i TOTUPU PEYEHHSI 31 CXOXKUMU Pede-
uasivu (8)—(11) Bue.)

Hapenrri, inausinom moxke OyTu y3arajbHeHuil (He KOHKpPETHUIA, & HIOU-
TO TUIIOBHUIA) €JIEMEHT JEesKOro KJacy.

(17) Among the larger cats, the tiger is the most ferocious.
(18) This is typical of the man in the street.

Ynikym O — e Bxompkenns iveni (Ha3su) abo onucy JleHoTaTy iIMEHHUKA,
AKWH iCHy€ TiIBbKU B €IMHOMY TpuMipHuKy. Hanpukia

(19) 'm crazy about O Marilyn Monroe.
(20) O V. L Lenin, living in O Geneva, criticized O logical positivism.

He BapTo mymaru, HiOH O6ymb-siKe BIacHe i'Ms gBJIs€ o000 YHIKYM. Uu-
TadeBl MPONOHYETHCS MOMIPKYBATH HaJ, HACTYIHUMI IIPUKJIATAMU:

(21) O Hamlet was superbly played by O Olivier.
(22) The Hamlet played by O Barrault was nervous and extraverted.
(23) O Scofield played a noble and introverted Hamlet.

ABropam i peslakTopaM HAyKOBHX cTaTeil KOPUCHO 3HATH, 0 JOABAHHS
HOMEpa JI0 Ha3BU IIEPETBOPIOE 110 Ha3By B yHikyMm. Hamnpukiaz, B pedenti

(24) This proves Theorem 2.1
Theorem 2.1 siBnsie cobOIO YHIKYM, TOZI K B HO/iOHIN dpa3i
(25) This proves the theorem

CcJI0BO theorem € iHuBiIIOM.
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Tumuit nomupenuii B HAYKOBUX TEKCTaX PI3HOBUJ YHIKYMIB — 1€ amMpu-
b6ymu, TOOTO pUTAMAHHI JeIKNM IMEHHAKAM CIHeIMivHi XapaKTePUCTUKH,
Taki K paJilyc KoJia, KOHIIEHTPAIlid CYMilli, MBUJIKICTb PYyXY:

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

§ 3. Tonka cemaHTHKA apTHKJIiB

B npomy maparpadi mMu BHBYAEMO 3MIiHU CMUCIB JIEIKUX TEKCTIB K
pe3yabTaT 3aMiHM OJTHOTO apTHUKJIIO iHITUM. B mpukiamax, ski Ma TyT po3-
IJISIJTAEMO, HJIeThCs HE TPO MPABWILHICTD BXKUBAHHS apTUKJIB, a MPO Ce-
MAaHTUKY, [TOB’si3aHy 3 IXHBOIO MPUCYTHICTIO. TaKUM YMHOM, MU 3BEPTAEMO
yBary Ha ceMaHTU4HI BiaMinnocTi (iHO/I Ly2Ke TOHKI) MizK IIpe/ICTaBHUKAMU,
IHUBITaMA 1 YHIKyMaMHu.

Posrnsanemo HacTynHi pedeHHs:

(27) Soon the Concorde reached supersonic speed.

CrouaTKy 3BepHEMO yBary Ha IMOPOXKHIN apTuKJb [, SKuil «CTOITH» I1e-
PeJl CJIOBOCIIONTY YeHHSAM supersonic speed. Aprukips [J HaMm moBimomiisie, mo
supersonic speed— 11e yHIKYM, TOOTO HAETHCS PO YHIKAIbHE sIBUIE — HAJ-
3BYKOBY IIBUJIKICTH K TaKy. SIKINO 2Ke MU 3aMiCThb MOPOYKHBOTO apTUKJIS
IIOCTABUMO TYT apTUKJIb a, TO (dpasa Oyie 03HAYATH, IO JITAK JOCIT OTHIET
3 MOXKJIMBUX HAJI3BYKOBUX IMBUAKOCTe. HaperTi, Ko Mu CKaXXeMo TyT
the supersonic speed, To 1ie Oy/ie O3HAYATH, IO — MOMPHU 3aKOHU (DIZUKNT — €
TIZIBKU OJ(HAa KOHKPETHA HAJ3BYKOBA IIBUJIKICTH (MOXKJIMBO, 3raJaHa paHi-
mre).

[Tepeitmemo Temep o0 aprukito the B nbomy peuensi. [leit aprukis mo-
BiZToMJIsIe HAM, IO HIeThes He Mpo gkuiich KoHKOp, a Mpo MijTKOM KOHKpe-
THuii Jitak Konkop, came npo Toii, B SKOMY JIETUTb aBTOD (IIpO 11€il JiiTaK,
MOXKJIMBO, finiocs pasime). SIkino x Mu 3amiaumo the Ha a, To dpasa Haby-
BAa€ CMHUCJTy JIUIIE B HACTYITHOMY JIOCUTH JIMBHOMY KOHTEKCTI: JIETIJIO KiJTbKa
Koukopais, i oqua 3 HUX jgocsar HaI3BYKOBOI mBuakocTu. I[lpu 3amini the
ua [, MaeMo IHITy CEeMAHTHKY, KA TAKOXK CIIAHTEJINYIy€E — 3BUIANHUN JiTaK
MiIBUIMYETHCS 0 PAHTY YHIKyMa, aBTOp HiOM pOOUTH IO MAIMWHY >KUBOIO,
BBazkaoun, Hi6n iM’ss Concorde onucye jitak, KAl iCHY€ B €UHOMY IIPU-
MipHuKy. Ao namry dpasy 3 aptukiaem [ abo a 3amicts the BumMoBUTH
JIIOTMHA, $IKA TIOTAHO BOJIOJIIE AHTJIIHCHKOIO, TO HOTO AaHTJIOMOBHUI CIIBPO-
3MOBHUK BUPIIIUTH, IO y BUOOPI apTUKJIIIO BiIOY/IaCs TOMUJIKA.

Posrisaemo Temep moBmuit TekeT, mob MPOCTEXKUTH, JI0 SKUX CMUACTOBUX
3MiH npusBe/e 3aMina aprukiis. (s 3pydHocTi HOCUIAHD HiC/Is KOKHOIO
ApTUKIIIO B KBAJIPATHAX J[y?KKAX BKA3yE€ThCsl HOTO HOMED.)
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[1] Mel used the [2] private elevator, which operated by OJ [3] passkey
only, to descend from the [4] tower to the [5] administrative mezzani-
ne. Though his own office suite was silent, with [6] stenographers’
desks cleared and [7] typewriters covered, the [8] lights had been left
on. He entered his own interior office. From a [9] closet, near the [10]
wide mahogany desk he used in O [11] daytime, he took out a [12]
heavy topcoat and fur-lined boots. [A. Hailey, “Airport”.]

B upoMy TeKCTi 0JJHO3HAYHO BU3HAYAETHCH JIUIE apTUKJIb 1], 1, MOXKIIUBO,
[4], [5] (Oymp-sika Ixust 3amMiHa IPU3BOAUTH A0 GE3IUIy370I0 TEKCTY ). 3aiinme-
Mocst iHmuMu. Aprukis the [2] mosigomisie HaM, o TYT € ofHICIHBK U TIPH-
BaTHui T (3amina Ha a Oyue o3HaYATH, 10 TakuX JidTiB KlibKa). dKIIo
nopoxkHii apTukib [J [3] 3amiHuTH Ha &, TO MU HIGHTO KOHKPETH3YEMO YHi-
BepcabHuil K04 (passkey), TO/L K aBTOP HE XOTIB 3BEPTATU HAILY yBary
Ha T[eil KJII0Y 1K Ha IPEIMET, & TiTbKU OIICYBaB NPUHINI DYHKIIOHYBAHHS
JidTa, roBOpAYN PO KJIIOY K PO YHIKAJbHII TPUHIUI (DYHKIIIOHYBAHHT;
JK 1 B IOIIEPEHBOMY BHITQJIKY, PI3HUIS B CMUCII B Pe3y/IbTari Iiel 3aMinn
Hepesinka. Hacrynni nsa aprukii the [4], [5] nosigomisors HaM, o € oaHa
Gamra i oxun mesouin. Ilikasi macrynui nsa aprukii [6], [7]; 3posymino,
e — MHOXKUHHI apTUKJIi, IKUX MU TYT YHUKAEMO; 3aMiHa 1X HA MHOKWHHUHN
apTukJb the mMaso miHse cenc, ymime miaKpPeCTIOE, MO 8¢t CTOMN BiTIUIIEH]
1 6Ct1 MaIIMHKU B YOXJIaX, TOJIl IK aBTOP I'OBOPUB IIPO SIKiCh CTOJIM 1 MAIIIH-
KM, He TapaHTyioun npubpanits ycix. [Ipun Tomy aBTop moBimomiste HaM, 1Mo
BCl slamnu ropinu (MHOXKuHHUMA apTukib the [8]). Hacrynui aprukiai Ham
HOSICHIOIOTH, 10 € Kinbka mad (a [9]) i mo Mesnr KOpUCTYeThCS €MHIM ITH-
comoBuM cTosioM (the [10]). Bubip aprukio O [11] nmos’s3anuit 3 TuM, mo
cJIOBO daytime He Ma€ OCMUCJIEHOI MHOXKWHU; BTiM, TyT apTUKJIbL the Takox
J106pe 3BYIHTB 1 BIaCHe, MaJIo 3MiHIO€ cMuci (hpasu. A ocTaHHIN apTHKIIb (a
[12]) e moxkHa 3aminuTy Ha the, iHakine BUIsiaTuMe, HIGH PO e TAIBTO
HnuIocs paHirme.

Ha zakimgenus mporo maparpady Mu po3depeMo CeMaHTHIHUN BHECOK
ApTUKJIB B KIJBKOX (JIy?Ke 3HAMEHWTHX) PSAKAX AHTIIHCHKOT moesil.

For he’s a jolly good fellow. (R. Burns)

TyT — 3BUvaiine BUKOPUCTAHHS apTHKJIO a; BOHO ITOBIIOMJISIE HAM, IO
repoit 1i€l 3acTijibHOL IicHI — o/uH H6araTboX Beceaux napyokis. Akimo TyT
[IOCTABUTHU apTUKJIb the, To aekBaTHUM Mepek/Ia oM Oy e MOCh Ha, KIITAJIT
Bo 6in — moti camuti wu 6in edunuti makul seceautdi napybok, TOL sIK BiH
BCBHOTO JIUITE OJWH 3 HUX, IPUIOMY Hi PO SKOTO Becesoro mapyoxa moci He
nnocd.

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

78



Tepmmuit the osnauae, mo fmernes He Npo gkech cxusanus (devotion), a
PO CXWJISTHHSI TT€PEJ] INMOCh JlajieKuM; apyre the — anasoriuno. [lopoxwiit
aptukiab [ mepen something Tyt myxxe morpibeH, 60 MIKPECTIOE yHIKAIb-
HICTH 1 TiTHECEHICTh YOTOCh JIAJIEKOT0; MPO3aldHe IOSCHEeHHS — e Bijcy-
THICTH OCMUCJIEHOI MHOXKUHHU CJIOBa, something.

The Assyrian came down like the wolf on the fold (G. G. Byron)

B upomy uymoBomy psiiKy Bci Tpu the BuaiisiioTh moCUTh piakuil pisHOBU/I
inuBia — Tunosoro (nopisHsiiite 3 npukaagoM (17)). Ocobauso ederTHe
nepiire the — Bono, sk i cioBo Assyrian— B onuauHi!

Harrr octammiit mpuKIa  CTOCYETHCS MTOPOKHBOTO aPTHKJIS.

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

Jpyruii opoxkuiit apTuk/iab (1epes ice) NiAKpecIioe, Mo HAeThesd PO KPH-
Iy B3araji, a B [EpIIOMY IOPOXKHbOMY apTuKJ (mepes destruction) 3oce-
pemKeHo Bech madoc KiHIIBKH IIHOTO Ty0BOTO BipIla — 3HUIEHHS B3araJi,
3HUIIEHHS BCHOTO.

§ 4. IIpaBua BUOGOPY apTHUKIIIO

3acTocoByBaTH IIi TIPABUJIA MOXKHA [IPU PEJAryBaHHI [MEPEKJIAIIB Ta iH-
WX TEKCTIB, HAIMCAHUX JIIOJbMU, AKi ITOTaHO BOJIOJIOTH AHTJIHIICHKOIO MO-
BOIO Ta/abo IIPeJIMEeTHOIO 00JIACTIO, a TAKOXK [IPH HAIIMCAHHI BJIACHUX TEKCTIB
aHmIicbKOI0. B Oy/ib-SIKOMY BUMNQJIKY, JJIsI YCIIITHOTO 3aCTOCYBAHHSI ITPa-
BUJI HEOOXIJTHO He JIUIEe PO3YMITH CaMi MpaBWJIa, ajie i po3yMiTH TJIMOWH-
HOIl CMHCJI CEMAaHTUKH CaMoro tekcry. Kpim Toro, Bapro mam’ararn, 1o
i ImpaBuUja — e He aKCIOMHU, BOHH MOXKYTbh JIaBATH CYIIEPEUJIMBI BKa3iBKHU
(onua Haxasye crasuTu the, mpyra a) — B IIBOMY BUNAJKY OOPAHHS ADTUKJIIO
piBHO3HAYHE BiJIJIAHHIO TIEPEBArU OJHOMY IIPABUIIY HAJL iHITUM, a I1e BXKe 3a-
JIEZKUTH BiJI TOTO BiJTIHKY CMUCIY, SIKAU aBTOP TEKCTY IparHe MepeIaTh
qIUTAYIEB].

OcuoBuuii npunimn (MabyTh, 3po3yMinuil TuMm, XT0 npounTas §§ 1-2 miel
CTATTi) HOJISAra€ B HACTYIIHOMY:

(0) Apruxkui a, the Ta O craBisThes 1epes IpejICTABHUKOM, 1HIMBILYyMOM
1 yHIKYMOM BiJIITOBIJTHO.

ITpu upomy iyieTbest TIIBKK PO cuTyarlil, je iMeHHUK (MOXKe OyTH CKJiaie-
HUM) CTOITH B OJ[HUHI, 1 IpU HBOMY He BinOyBaeTbcs 3amiments (cum. §1).
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OcHoBHuil puHIUIl Oy/le KOPUCHUM, TIIbKU SIKIIO MU BMIEMO BU3HAYA-

TH, JIO AKOI CeMaHTUIHOI KaTeropil (IpecTaBHuK, IHAUBI, YHIKYM) BigHOCH-
ThCs BigmoBimamit imenHnK. TuM dnTadam, KM CKJIAIHO imeHTndiKyBaTH
i KaTeropil iIMEHHUKIB, ITPOMIOHYETHC 3a0yTH PO OCHOBHUI TPUHITAT 1 KO-
PUCTYBATHCH HACTYIHUMU TPHOMA IIPABUJIAMHI.

(1)

(1)

(111)

Aprukib a mepes iIMEHHUKOM O3HAYAE <«OJUH 3» ab0 «JIeSIKHii», TOOTO
et apTUK/IbL TOBOPUTH HAM, IO iIMEHHWK 3a HUM He Oys10 pamime 3adi-
KCOBaHO.

Aprukib the nepes jaHuM IMEHHIKOM O3HAYAE «TOH camuil» abo «€ju-
HUI TaKuii», TOOTO 1€l apTUKJIbL "TOBOPUTH HAM, 1[0 IMEHHUK OyJI0 paHiiie
3adikcoBaHO ab60 OJHO3HAYHO BU3HATAETHCA KOHTEKCTOM.

IlopoxkHiit aprukib L] nepej; iMEHHIKOM O3HAYaE, IO Ieil IMEHHUK €J11-
HUl y CBOEMY pOIi, HAIPUKJIAL — BJacHe iM’ss abo CJI0BO, AKE HE Mae
MHOYKUHU.

o mux mpaBmi A0aMo Ie OJHe MPABUJIO0, STKE CTOCYETHCS ApTUKIIIB

MHO>KWHH.

(1v)

Aprukin the mepes iMeHHUKOM O3HAYa€ «BCi» ab0 «BECh CITMCOK>».

3acTocoByBaTH IIi MpaBMJIa HA TPAKTHUIN MIPOCTIIIe, HiXK po3ymiTh TxHi

3arajbHi abcTpakTHI (POPMYJIIOBaHHS (CIIOMIBAIOCS, 10 YMTAY [IEPEKOHAE-
TbCs B I[bOMY, IPOYMTABIIN HACTYHIHHI naparpad). Biabmre toro, ni Tpu
MIPABUJIA MOXKHA 3aMiHUTHU IIPOCTUM PENENTOM, 3/1€01bIIOro JOCTaATHIM JIJIs
MIPaBUJILHOTO BUOOPY apPTHUKIIIB:

Ko B yKpalHCHKOMY II€peKjiaji BCTaBHI CJIOBa <«AKHUHCH» (4n
«sIKaCh», YU «IKECb» ) He 3MIHIOE cMuciy Gpasu, TO B aHIIHCHKOMY
TEKCTi Ha MicIle, SKe BiJIIIOBiJJa€ BCTABHUM CJIOBaM, MOYXKHA MTOCTaBU-
T apTUKJb a; IHaKIIe MOXKHA mocraButu the (cMuci skoro — «Toif
camuii» ), xiGa MO BiAUOBiAHWN IMEHHWK He Ma€ MHOXKHUHH, 1 TOi
Kpalle «IIOCTaBUTU» MOPOXKHi#l apTuk/b L.

§ 5. Ilpukiasy

PosruisinemMo TekeT HIzKYe, KUl € HOYaTKOM ONOBiaHHs (Jy1s 3pyIHOCT]

[IOCHJIAHB MICIIsl JIJIs BCTABJISIHHST apTUKJIB IPOHYMEPOBaHi).

I came out of [1] front door of my house at 7 am. Locking [2] door,
I wondered when I would see [3] house again. Outside, [4] cold wind
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was blowing and I raised [5] fur collar of my coat. [6] blue 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.

TyT BCi apTUKII OJHO3HAYHO TOHOBJIIOIOTHCA 3 TEKCTY Ta 3 iH(OopMAaIil
PO Te, IO el TEKCT — HOYATOK OIIOBIIaHHsI (& OTKe, HUIIO PaHiIe 3ralaHo
ue 6yso0). A came:

[1] the xBepi omHOZHAYHO BU3HAYEHI KOHTEKCTOM (B JIOMI aBTOpa MOXKe
6yru nure exuni front door) (11)

[2] the wioiino 3ranani asepi (11)

[3] the mim Tex Gyso sramamno (I1)

[4] a  xonmommmx BiTpiB GyBae GaraTo, a 1eit panime He 3ramysascs (1)

[5] the y mamsbra aBropa Moxke GyTH Jiuine ofuH KoMip (I1)

[6] A GuakuTHEX dopais Gararo, a el paximie He 3rajyBascs (1)

[7] the Bynung nepen gomom, HameBHe, TLIbKK oxHa (I1)

[8] the Bogiit KoHKpeTHOT ManHE — oAuH (II)

9]0  Nancy—im’st KoHKpeTHOI momuHu (I11)

[10] O Nancy— im’st KouKperHOI Jroguan (I11)

[11] O London— ua3sa micra (I11)

[12] a  Heunci, oueBuznmo, 6ya B oqHill 3 6araTbox CIy?K60BIX
Biapszkens (paninie He 3rajanux) (1)

[13] O something — cioBo 6e3 Muoxunu (111)

Termep MU TPONIOHYEMO YHUTAYUEBI 3aCTOCYBATU PEIENTYPHE MPABUIIO 10
IBOTO 2K TEKCTY 1 IEPEKOHATHCS B TOMY, IO OTO PE3Y/IbTaT 30iraTuMeThCs
3 HamuM. [licjst 1bOro J10/IaTKOBOIO IIEPEBIPKOIO 3aCBOEHHS IIPABUJI MOXKE
HOCAYyKATH neperyisy npukiams (1)—(29) 3 Touku 3opy npasuia (I)—(II1) i
pelenTypHOro IpaBuIa.
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Honarok IV
Po306ip 3aBganb

EXERCISE 1.1 (c. 10). Po36ip 106pe BUKOHAHOIO BapiaHTy HBOIO 3aB-
JIaHHS TPOPOOJIEHO Ha, TIOYATKY JPYroro po3fiay. 3po3yMijJio, HEMA€E CEHCY
MTOPIBHIOBATH TEKCT BAIIOI0 BapiaHTy 3aBJaHHs 3 TEKCTOM, PO3iOpaHuM B
KHU31, ajie BU MOXKeTe [IePEBIPUTH CBiil BjacHUil TekcT caMmocTiitno. Jljis nbo-
ro JIOCUTD TIKPECTUTH cTaly dacTuny (To0ro Bei dhikcoBami CI0Ba KOXKHO-
I'0 BUKOPUCTAHOTO 1IabJIOHY) 1 IepeBipuTH, 10 MiXK IUMU CJIOBAME CIIPABII
cToaTh 3MiHHi csoBa (abo cjl0BOCHOIYYeHHs) NOTPiOHOrO THUily (TO6TO Ua-
CTVHW MOBH, fIKl BIANOBIiZAi0Th MOTpiOHNM mabmoHaM). SIKImo Bam Texer
BUTPUMAE TAKy IEPEBIPKY, MOXKeTe oDl MOCTABUTH I ATIPKY.

3ABJAHHS 3.2 (c. 25). e BaxKke 3aBIaHHs, NEPEKJIATATH TYKUHA TEKCT
HabAraTo CKJIIHIIIE, Hi2K Bipa3y MuCcaTu CBiil aHIIICHKOIO, & B TAHOMY BU-
MaJKy IITY9HA BIMOTa BUKOPHCTOBYBATH JIUIIE JIECATOK BiIiOpaHux 1mabJio-
HIB JI0/IATKOBO YCKJI IHIOE cripaBy. Huk4e HaBeeH] /1Ba TEKCTH: HMEPIIHI —
Ile BiJIMIHHO BUKOHAHE OJIHMM CTYJIEHTOM 3aBJAHHsI (B HHOMY CTPOTO JOTPH-
MAHO BUMOTY OOMEXKUTHCSA OCHOBHUMHU IHA0I0HAMH), & JAPYIHil — HepeK/iaj,
BUKOHAHUIT 6€3 IIOro 0OMEXKEHHsT BUCOKOKJIACHUM (DaXOBUM IIEPEKJIAIATEM.
Hpyruit TekcT JiTeparypHimmit i OimKYanit 10 OpuriHay, 3aTe MepITui —
CyX0 ¥ JIoriuHO npocrimuil (6JmKYe 10 KaHOHIB (DOPMAJILHOT MATEMATUKH)
BHCJIOBJIIOE€ CMICJI OPUTIHAY.

§1. CONTINUOUS MAPS (nepiuuii BapianT mepekJiary)

1. A map of a topological space X to a topological space Y is called
continuous if the preimage of any open subset of Y is an open subset
of X. Equivalent condition: preimages of closed sets are closed.

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

Useful remark: a map f: X — Y is continuous if the preimages of
all the open sets of a base of Y are open.

2. Obviously, if the maps f: X — Y and g: Y — Z are continuous,
then their composition g o f: X — Z is continuous. For any space
X, the identity map idx: X — X is continuous.

The definition of relative topology implies that if the map f: (X, 4) —
(Y, B) is continuous, then the map ab f: A — B is continuous. In
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particular, if f: X — Y is continuous, then for any subset A C X,
the restriction f|g: A — Y is continuous. For example, the inclusion
of a subspace into a space is continuous.

3. Obviously, if I is a fundamental cover of X, then the continuity
of the restrictions f|4, A € T, implies the continuity of the map
f: X = Y. Equivalent formulation: if I' is a fundamental cover
of the space X and for any A € I' there exists a map fa: A - Y
such that fa(z) = fp(x) for x € AN B (A,B € T'), then the map
f: X->Y,

f(x)=fa(z) forze A(Ael),

is continuous.

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

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

§1. CONTINUOUS MAPS (Qpyruii BapiaHT mepexay)

1. A map of a topological space X to a topological space Y is called
continuous if the preimage of any open subset of Y is an open subset
of X. Equivalent condition: preimages of closed sets are closed.

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

Useful remark: a map f: X — Y is continuous if the preimages of
all the open sets of a base of Y are open.

2. Clearly, the composition go f: X — Z of two continuous maps
f: X — Y and g: Y — Z is continuous and the identity map
idx: X — X of any space X is continuous.

It follows from the definition of relative topology that if the map
f: (X, A) = (Y, B) is continuous, then so is the map ab f: A — B.
In particular, the continuity of f: X — Y implies, for any subset
A C X, that of the restriction f|r: A — Y. For example, the
inclusion of a subspace into a space is continuous.

3. Clearly, if T" is a fundamental cover of X, then the continuity
of the restrictions f|A, A € T, implies that of the map f: X — Y.
Equivalent formulation: if for any A € I', where I is a fundamental
cover of X, there exists a map fa: A — Y such that fa(x) = fp(z)
forallz € AN B (A, B €T), then the map f: X — Y given by

f(z) = fa(z) forze A(Ael),

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

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

[MixaBo, mo B myHKTax 114 «daxosuit» mepekjal 36ira€ThCs JTOCTIBHO 3
MIEPEKJIAI0M, BUKOHAHUM 33 HAIMUMU MIPABUJIAMHU CTYIE€HTOM, KU TOTaHO
BOJIOJIIE€ 3BUYAIHOIO AHTJIICHKOIO MOBOIO.

3ABIAHHA 4.1 (c. 31). B HaBesieHOMyY HUXKUe PO3B’sI3KY, B TUX BUIIAJI-
Kax, KOJIH € JIBl MOYKJIMBOCTI, HABOJATHCA OOMIBA MPUIYCTUMUX BapiaHTH,
PO3/ILIEH] KOCOI0 PUCKOIO «/».

8.1.2. Affine transformations. A ransformation of C onto itself of the
form z +— az + b, 0o — 00, where a,b € C and a # 0, is called affine.
In particular, if @ = 1, then the corresponding affine transformation
is the parallel translation (by the vector OB, where B is the point
of the complex plane corresponding to the complex number b).

8.1.3. THEOREM. Affine transformations take (O* straight lines to
O* straight lines, O* circles to 0% circles, and preserve 0% angles
and % cross ratios.

Proof. Denoting a = re’?, r > 0, we can write
2 €%z r(e2) = (re’z) +b=az+b,

which shows that any affine transformation is the composition of the
rotation (by the angle ), the homothety (with coefficient r), and
the parallel translation (by the vector b). This implies the theorem,
because [0* rotations, (0* homotheties, and (J* translations obviously
possess all four of the properties asserted by the theorem. The least
obvious of these facts is that [0* homotheties preserve the/ [J cross
ratio, but 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. Linear-fractional transformations. The transformation of C
given on C\ {—d/c} by

az+b

—_— h — 2
g “hereac bd #0 (8.2)

that takes the point —d/c to oo and oo to a/c is called linear-
fractional.
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The set of all linear-fractional transformations form a group, called
the /00 Mébius group and denoted by Mob.

Indeed, the fact that the composition of two linear-fractional
transformations is a linear-fractional transformation can be shown
as follows: substitute (a1z + b1)/(c1z + dy) for z in the expression
(az + b)/(cz + d), which yields (after some manipulations)

(aay + ber)z + (aby + bdy)
(cay + dey)z + (c¢by + ddy)’

(8.3)

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

3ABIAHHSA 9.2 (c. 53). Jlumie cam 9uTad MOXKe 3 KOPHCTIO Jils cebe
BUKOHATH 1€ 3aBJIAHHS, a /iU PI3HUX YUTAYiB 100pe BHKOHAHI 3aBIaHHS
OyayTh BULIAIATH 30BCiM mo-pizHOMy. Tox moOpe BuUKOHAaHE 3aBHaHHs 9.2
O3HAYAE, IO BU HE JAPEMHO MPAIIOBAJIN IIE€I0 KHUTOIO.
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