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Preface t o th e Englis h Editio n 

The interesting theory, where one first experiences the beauty in learning algebraic 
geometry, i s perhaps the theory o f algebraic curves and surfaces . Th e theory o f alge-
braic surface s i s particularly importan t whe n on e furthe r studie s higher-dimensiona l 
algebraic varieties . 

In orde r t o approac h thi s theor y throug h moder n algebrai c methods , on e i s 
required t o hav e a  basi c knowledge o f loca l rings , sheaves , cohomologies , projectiv e 
varieties, linear systems of divisors, etc . Thi s basic knowledge may include al l result s 
given i n introductory textbook s devote d t o thes e subjects , an d i t takes som e tim e t o 
get familia r wit h them . 

This book gre w out fro m th e author' s attempt s t o find a  shortcu t an d thus , lea d 
students effectivel y t o a n understandin g o f algebrai c surfaces . Thi s book , originall y 
written i n Japanese , i s designe d s o tha t reader s wit h onl y knowledg e o f algebr a a t 
an undergraduat e leve l ca n star t learnin g algebrai c geometr y b y themselves . Th e 
description is . therefore , self-containe d a s muc h a s possible . 

The book consists of three parts. Th e first part gives background i n commutative 
algebras, shea f theory , an d relate d cohomolog y theory . Th e secon d par t introduce s 
schemes an d algebrai c varieties , wher e on e can lear n th e basic language o f algebrai c 
geometry. Th e las t par t i s devoted t o guidin g the reader s t o th e gat e from whic h th e 
classification o f algebrai c surface s starts . I t i s mos t desirabl e tha t reader s continu e 
to furthe r thei r learnin g throug h othe r book s o n algebrai c surfaces . 

While preparin g th e Englis h translation , th e autho r i s indebte d t o Drs . Koj i 
Yokogawa an d Hiroyuk i It o fo r technica l assistanc e i n typesettin g th e manuscrip t 
using LaTeX . 

M. Miyanish i 
June 199 3 
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Preface 

Students ofte n sa y they get  interested i n algebrai c geometry an d star t learnin g i t 
by themselves, only to find that there are too many prerequisites; they get lost in pre-
liminary results . Th e knowledg e o f algebr a an d geometr y tha t i s taught i n colleg e i s 
not sufficient fo r reading through most of the serious textbooks in algebraic geometry. 
One needs knowledge of ring theory, field theory, local rings, and transcendental field 
extensions, eve n shea f theor y an d cohomologie s wit h coefficient s i n sheaves , whic h 
are certainl y beyon d th e leve l o f colleg e mathematics . Bu t i f on e wait s t o begi n th e 
study o f algebrai c geometr y unti l afte r absorbin g al l th e necessar y knowledge , the n 
one ma y hav e los t interest . 

So i t i s mos t desirabl e i f suc h basi c result s appea r i n a  textboo k i n algebrai c 
geometry whe n the y ar e needed . I n writin g thi s book , th e autho r trie d t o prov e o r 
recall result s whe n needed . 

This book , mean t fo r senio r undergraduat e student s an d fo r graduat e students , 
will guide student s fro m th e beginning s o f algebrai c geometr y t o a n introductio n o f 
algebraic surfaces , viz. , to the gate from whic h the classification o f algebraic surface s 
starts. Th e reader s ar e advise d t o rea d highe r textbook s o r researc h paper s afte r 
completing thi s book . 

In orde r t o kee p th e boo k t o a  reasonabl e size , som e result s wer e no t included , 
and eve n th e include d result s ar e no t state d i n ful l generality . 

The boo k consist s o f thre e parts . Th e first  par t provide s th e necessar y basi c 
results. Th e secon d par t i s on scheme s an d algebrai c varieties . Th e thir d par t i s o n 
algebraic surfaces . Whe n we refer t o result s stated i n the same part, w e refer t o the m 
in a  for m suc h a s Theore m 3.1 , and whe n w e refe r t o result s i n differen t parts , w e 
include th e par t a s i n Theore m II.3.1 . 

At th e en d o f eac h chapter ; som e result s ar e give n a s problems ; brie f solution s 
are give n a t th e en d o f th e book . 

The autho r wa s encourage d t o writ e thi s boo k b y Professo r S . Murakam i o f 
Osaka Universit y an d give n frequen t an d war m encouragemen t fro m Mr . S . Hosok i 
of Shokabo Publ . Co . Th e author woul d like to express his sincere gratitude t o bot h 
of them . 

M. Miyanish i 
June 199 0 
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A-B 

(I -a) 

B-s-Rp 
K- dim R. dim B 

& >  &' 

ht(p) 
tr.deg^A: 

Gal(K/k) 

lim A,-. lim A,-

H o m ^ ( J . ^ ) 

Kerc/p.Coker^. 
Imcp 

Hu{X.^) 

///7(lt.^~) 
Hn{X.^) 

Rnf*f 
Spec(7?) 

give th e se t B  th e nam e A:  defin e A  b y th e conditio n B. 

A\(A n  B)  i f A  an d B  ar e subset s o f a  se t S ; differenc e o f A 
and / ? i f the y ar e element s o f a n abelia n group . 

ideal quotient ; (I  :  a)  =  {x  e  R:  ax: £  1}  i f /  i s a n idea l o f 
a rin g R. 

radical o f a n idea l / . 
quotient ring , localization . 
Krull dimensio n o f R. 
a loca l rin g (^.m ) dominate s a  loca l rin g (^' .m') . i.e. . &  D 
@'.mn@' =  m' . 

height o f a  prim e idea l p . 
transcendence degre e o f a n extensio n field  K/k. 
Galois grou p o f a  norma l algebrai c extension . 
direct produc t o f sets . etc . 
direct su m o f sets . etc . 
inductive limit , projectiv e limit . 

direct su m o f sheave s o f modules . 
direct sum of | / | copie s (o r n copies) o f a sheaf of commutative 
rings. 

tensor produc t o f j/-Modules . 
group o f homomorphism s o f ^/-Modules . 
^/-Module o f homomorphism s o f j/-Modules . 
dual j/-Module . / o m ^ f j . i ) . 
kernel, cokernel . an d imag e o f a n j/-homomorphis m 
cp : &  - > <§ of ^/-Modules . 
direct image , invers e imag e o f a  modul e o f sheaves . 
module o f section s o f a  shea f o f modules ^  ove r a n ope n se t 
U. 
cohomology group defined b y an injective resolution o f a sheaf 
of module s &. 
Cech cohomolog y grou p o f ^  define d b y an ope n coverin g It. 
Cech cohomolog y grou p o f fF\  b y th e definition , i t i s 
lim //"(It . 5^). 
higher direc t imag e o f &. 
spectrum o f a  commutativ e rin g R. 
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V(I).D{I).JD(al 

R.M 
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k(x) 
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dimX 
codim^Z 
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X{k) 
k(X) 

I I * 
XxsY 

/ : X^  Y 
Hom5(X. Y) 

Xy 
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T/ 
x^x' 

A+ 

Proĵ 4 
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D+(a) 

n 

¥\c{X) 
D{ ~  D 2 

D{ ^D 2 

D\ =D 2 

C\(X) 
D > 0 

SuppZ) 

( / ) 
( / ) 0 . ( / ) o o 

\D\ 
M(L) 

oL 

M>l-E" 
BsL 

= 1 rntPj 

closed set . ope n set s i n th e Zarisk i topolog y 

quasicoherent sheave s associated wit h 7? and an /^-module M. 
prime idea l o f R  correspondin g t o a  poin t x  o f Spec(i^) . 
residue field  o f a  poin t x. 
n -dimensional affin e spac e ove r k. 
Krull dimensio n o f a  schem e X. 
dodimension o f a  close d se t Z  i n X. 
reduced for m o f X. 
set o f ^-rationa l point s o f a  /c-schem e X. 
rational functio n field  o f a  /^-schem e X. 
direct su m o f schemes . 
fiber product . 
a morphis m o f schemes . 
set o f S-morphism s fro m a n S-schem e X  t o a n 5-schem e Y. 
fiber o f /  :  X  — • Y ove r a  poin t y  o f Y. 
a rationa l mappin g o f schemes . 
graph o f a  morphis m (o r a  rationa l mapping ) / . 
specialization o f point s x  t o i ; o n a  scheme . 
irrelevant idea l o f a  grade d rin g A 
homogeneous spectru m o f A. 
colsed set , ope n set s o f Proj A 

l^n >0^«" 

X -H{a) 

A{1)~. 

n-dimensional projectiv e spac e ove r k. 
symmetric algebr a o f a  locall y fre e Module . 
projective bundl e associate d wit h ^ . 
Picard grou p o f X. 
linear equivalenc e o f divisors . 
algebraic equivalenc e o f divisors . 
numerical equivalenc e o f divisors . 
divisor clas s grou p o f X. 
an effectiv e divisor . 
support o f a  divisor . 
divisor o f a  rationa l functio n / . 
zero part , pola r par t o f / . 
a complet e linea r system . 
k-module associate d wit h a  linea r syste m L. 
rational mappin g attache d t o a  linea r syste m L. 
rational mappin g define d b y H°{X.&)  fo r a n invertibl e shea f 
& o n X. 
set o f bas e point s o f a  linea r syste m o f L. 
linear subsyste m o f \D\  consisting o f divisor s o n a n algebrai c 
surface V  whic h pas s throug h th e point s P, • (1 < /  <  n)  wit h 
multiplicity m,- . 
pullback o f a  hyperplan e H(o)  b y <f) L. 
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R completio n o f R with respec t to a linear topology . 
R^x\ x /7J forma l powe r serie s rin g in n variables ove r R. 

QA/B- &x/Y  modul e o f differential forms , shea f of differential forms . 
DerB(A. M)  ^-modul e o f i?-derivations o f A. 

SingX se t of singular point s of an algebrai c variet y X. 
^x/k tangen t shea f o f X. 
JVy/x norma l shea f o f a closed subvariet y F  of J. 
wx/k canonica l shea f of X. 

Kx canonica l diviso r of X. 
WiX.Sr) dim kH

i(X,9'). 
x{X. &) Euler-Poincar e characteristi c o f 5r . 

g(C) (geometric)genu s o f an algebrai c curv e C. 
p{C) arithmeti c (virtual ) genu s of C. 

(Jz?i-J?2)- (Dx'Di) intersectio n numbe r o f invertible sheave s (o r divisors) o n a n 
algebraic surfac e V. 

(J?2), (D2) self-intersectio n number . 
i(D\,Di\P) loca l intersectio n multiplicit y a t a point P. 

ju(C; P) multiplicit y o f an algebrai c curv e C  on V at a point P. 
pa(D) arithmeti c genu s of a divisor D. 

Pn.Pn(V) n -genus o f an algebrai c surfac e V. 
Pg.Pg(V) geometri c genu s of V. 

q{V) irregularit y o f V. 
p{V) Picar d numbe r o f V. 

NS(K) Neron-Sever i group . 
Fn Hirzebruc h surfac e o f degree n. 

elrnp elementar y transformatio n wit h cente r a t a point P. 



This page intentionally left blank



Bibliography 

1. R . Godement . Theorie  de  faisceaux. Hermann , Paris . 
2. A . Grothendieck . Sur  quelques  points d'cdgebre  homologiques. Tohok u Math . J . 9  (1957) . 119-221 . 
3. A . Grothendiec k e t J . Dieudonne . Elements  de  geometrie  algebrique  (EGA).  Publicatio n de  lTnst . 

Hautes Etude s Sci . Publ . Math. . 4 , 8 , 11 , 17, 20, 24 , 28, 32. 
4. R . Hartshorne . Algebraic  geometry.  Springer-Verlag . Berlin-Heidelberg-Ne w York . 
5. H . Matsumura . Commutative  algebra,  Benjamin. Ne w York . 1970 . 
6. Commutative  ring  theory.  Cambridg e Univ . Press . London . 
7. M . Nagata. Theory  of commutative fields.  Translations o f Mathematical Monographs , vol . 125 . Amer. 

Math. Soc . Providence , R.I. . 1993 . 
8. Local  rings.  Interscience Tract s i n Pur e an d Applie d Mathematics . Joh n Wile y &  Sons. Ne w 

York. 1962 . 

241 



This page intentionally left blank



Index 

(-1) curve . 19 9 

Abelian presheaf . 2 7 
Abelian sheaf . 2 9 
Absolutely minima l model . 20 8 
Absolutely norma l ring , 18 4 
Affine algebrai c scheme . 7 4 
Affine algebrai c set . 7 3 
Affine algebrai c variety . 7 4 
Affine morphism , 9 6 
Affine ope n set . 8 1 
Affine scheme . 6 1 
Affine space , 7 3 
Algebraic curve . 10 3 
Algebraic scheme . 8 9 
Algebraic subvariety . 8 9 
Algebraic surface . 15 2 
Algebraic variety . 8 9 
Algebraically equivalent . 18 7 
Algebraically independent . 3 
Altitude theore m o f Krull . 24 . 13 9 
Ample. 12 7 
Arithmetic genus . 160 . 19 2 
Arithmetic genu s formula . 19 2 
Ascending chai n condition . 9 
Associated k -module. 12 4 

Base change . 8 7 
Base point . 12 5 
Birational invariant . 197 . 208 
Birational mapping . 10 0 
Blowing-up. 16 9 

Cx -field. 21 5 
Canonical divisor . 15 1 
Canonical sheaf . 150 . 15 1 
Cartier divisor . 12 3 
Cauchy sequence . 13 3 
Cech cochain . 4 4 
Cech cohomology . 4 6 
Cech /7-coboundaries . 4 5 
Cech ^-cocycles . 4 5 
Cech resolution . 4 6 
Closed embedding . 8 1 
Closed fiber.  18 4 
Closed immersion . 8 1 

Closed morphism . 9 3 
Closed subscheme . 8 1 
Codimension. 6 4 
Cofinal. 13 3 
Coherent. 3 3 
Cohomology. 4 1 
Cohomology functor . 4 3 
Cohomology theory . 4 3 
Cokernel. 2 9 
Compatible. 2 6 
Complete algebrai c variety . 9 2 
Complete linea r system . 12 4 
Completion. 13 5 
Composed o f a  pencil . 18 0 
Conormal sheaf . 15 0 
Contraction o f th e (  — 1) curve. 20 1 
Converge. 13 4 
Coordinate neighborhood . 15 2 
Coordinate ring . 61 . 73 
Coordinates. 7 3 
Cross normally . 16 8 
Cross section . 188 . 212 
Cup product . 15 4 

Defining ideal . 7 3 
Degree. 111 . 159 
Degree n  homomorphism . 11 3 
del Pezz o surface . 21 0 
Derivation. 14 3 
Diagonal morphism . 8 8 
Differential module . 14 4 
Differential sheaf . 15 0 
Dimension. 1 1 
Dimension o f linea r system . 12 4 
Direct image . 30 . 32 . 206 
Direct sum . 8 3 
Discrete valuation . 1 6 
Discrete valuatio n ring . 1 6 
Divisor. 12 1 
Divisor clas s group . 12 2 
Domain o f definition . 9 9 
Dominant. 9 3 
Dominant rationa l mapping . 10 0 
Double complex . 5 0 
Dual projectiv e space . 11 2 
Dual sheaf . 3 2 

243 



24 4 

DVR. 1 6 

Effective divisor . 12 1 
Elementary transformation . 21 9 
Elliptic curve . 16 3 
Embedded prim e divisor . 1 4 
Etale morphism . 15 3 
Euler-Poincare characteristic . 15 9 
Exact sequenc e o f /-inductive systems . 26 
Exact sequenc e o f presheaves . 28 
Exact sequenc e o f sheaves . 29 
Exceptional curve . 205 
Exceptional curv e o f the firs t kind . 16 9 
Exceptional set . 205 
Extension. 3 8 

Factorization theore m of birational morphisms . 
Family o f transitio n functions . 120 . 121 
Fiber. 8 7 
Fiber product . 8 4 
Fibration. 18 4 
Finite covering . 96 
Finite coverin g space . 96 
Finite morphism . 9 6 
Finitely generated . 3 3 
Finitely generate d Y  -scheme. 89 
Finitely generate d extension . 3 
Finitely generate d morphism . 8 9 
First theore m o f Bertini . 18 2 
Fixed component . 12 5 
Fixed part . 12 5 
Flasque sheaf . 47 
Flat. 71 . 88 
Formula o f Riemann-Hurwitz . 16 2 
Free basis . 33 
Function field.  9 0 

Generalization. 8 1 
Generic fiber.  184 . 185 
Generic point . 6 3 
Genus. 16 0 
Geometric genus . 160 . 196 
Geometric loca l ring . 18 4 
Going-up theorem . 1 2 
Graded module . 10 5 
Graded ring . 10 5 
Graph. 10 0 
Ground field.  15 9 

Height. 1 7 
Higher direc t image . 42 
Hirzebruch surface . 21 8 
Homogeneous. 10 5 
Homogeneous coordinates . 11 0 
Homogeneous ideal . 10 5 
Homogeneous part . 10 6 
Homogeneous spectrum . 10 6 
Homomorphism o f degree 0 . 112 
Homomorphism o f presheaves . 27 

INDEX 

Homotopic. 3 8 
Hyperplane. 11 1 
Hypersurface. I l l 

Z-adic topology . 13 6 
Ideal quotient . 1 4 
Ideal sheaf . 3 3 
Idealization. 7 9 
Image. 18 0 
Index. 12 2 
Inductive limit . 25 
Inductive system . 2 5 
Infinitely nea r point . 19 4 
Infinitely nea r poin t o f the first  order . 19 4 
Injective Module . 37 
Injective resolution . 3 8 

04 Injectiv e system . 37 
Integral, 7 
Integral closure . 9 
Integral extension . 7 
Integrally closed . 9 
Integrally close d integra l domain . 9 
Intersection matrix , 18 8 
Intersection number . 165 . 167 
Inverse image . 31 . 32 
Invertible sheaf . 115 . 120 
Irrational penci l o f curves . 17 5 
Irrational rule d surface . 21 6 
Irreducbility theorem . 18 2 
Irreducible. 6 2 
Irreducible component . 6 3 
Irreducible decomposition . 6 4 
Irreducible divisor . 12 1 
Irreducible ideal . 1 3 
Irreducible pencil . 17 5 
Irregularity. 19 7 
Irrelevant ideal . 10 5 

Jacobian criterio n o f nonsingularity . 14 2 

^-module. 12 4 
Kernel. 29 
Kodaira dimension . 20 8 
Krull dimension . 11.  6 2 

Liiroth's theorem . 2 0 
Lemma o f Artin-Rees . 1 7 
Length. 4 . 62 
Leray spectra l sequences . 5 4 
Lifting. 14 7 
Lilnear subsystem . 12 4 
Linear pencil . 182 . 186 
Linear system . 12 4 
Linear topology . 13 3 
Llinearly equivalent . 12 2 
Local homomorphism . 2 4 
Local intersectio n multiplicity . 16 7 
Local ring . 1 1 
Local ringe d space . 31 . 32 



INDEX 245 

Locally finitely  generate d morphism . £ 
Locally free . 3 3 
Locally fre e sheaf . 12 0 
Locally Noetheria n scheme . 97 
Loop. 215 
Lying-over theorem . 1 2 

m-adic completion . 13 7 
Maximal condition . 9 
Maximal syste m o f transcendenta l 

elements. 4 
Minimal algebrai c surface . 20 7 
Minimal model . 207 
Minimal section . 219 
Module. 32 
Module o f differentia l forms . 14 4 
Monoidal transformation . 16 9 
Morphism o f affin e algebrai c sets . 77 
Morphism o f affin e schemes . 62 
Morphism o f inductive systems , 25 
Morphism o f loca l ringe d space . 32 
Morphism o f schemes . 81 
Morphism o f sheaves . 27 
Multiple fiber.  18 6 
Multiplicative group . 24 
Multiplicity. 169 . 186 

Presheaf. 26 
Presheaf (o r a  sheaf ) o f j/-modules . 27 
Primary ideal . 1 3 
Prime divisor . 1 4 
Prime diviso r decomposition . 1 4 
Prime idea l sequence . 1 1 
Problem o f Liirot h type . 21 
Problem o f Zarisk i type . 21 
Projective algebrai c variety . 11 0 
Projective bundle . 211 
Projective line . 103 
Projective Module . 37 
Projective module . 37 
Projective scheme . 11 0 
Projective space . 11 0 
Projective transformation . 11 2 
Projective transformatio n group . 11 2 
Proper. 9 2 
Proper morphism . 9 3 
Proper transform . 101 , 170. 171 . 20 5 
Pull-back. 12 7 
Purely transcendenta l extension . 3 

Quasicoherent. 3 3 
Quasicompact. 6 2 
Quasicompact morphism . 8 9 

Af-genus. 19 6 
^-section. 18 8 
Neron-Severi group . 19 7 
Nakai's criterio n o f ampleness , 16 9 
Nakayama's lemma . 1 6 
Noether's normalizatio n theorem . 1 0 
Noetherian domai n 

Noetherian. 1 0 
Noetherian space . 62 
Nonsingular. 14 0 
Nonsingular algebrai c variety . 14 1 
Normal algebrai c variety . 9 7 
Normal ring . 1 5 
Normal scheme . 97 
Normal sheaf . 15 0 
Normalization. 9 . 98 
Normalization morphism . 9 8 
Nullstellensatz o f Hilbert . 1 5 
Numerically equivalent . 19 7 
Numerically equivalen t t o zero . 19 7 

Open immersion . 8 1 

P1-bundle. 21 5 
P1-fiber bundle . 215 
pJ-fibration. 21 5 
Pencil. 17 5 
Pencil o f curves. 17 5 
Picard group . 12 0 
Picard number . 19 7 
Polar divisor . 12 2 
Polar part . 12 2 

Ramification index . 15 3 
Rational algebrai c surface . 21 6 
Rational curve . 16 3 
Rational function . 7 4 
Rational functio n field.  3 . 74 
Rational functions . 3 
Rational mapping . 9 9 
Rational mapping associated with linear system. 125 
Rational point . 9 0 
Rational surface . 21 6 
Reduced. 74 . 82 
Reduced divisor . 12 1 
Reduced form . 8 2 
Reducible. 62 
Reducible ideal . 1 3 
Reduction. 8 7 
Refinement. 4 5 
Regular. 7 4 
Regular extension . 6 
Regular loca l ring . 13 9 
Regular syste m o f parameters . 13 9 
Relatively minima l model . 208 
Restriction morphism . 2 6 
Riemann-Roch Theorem . 160 . 195 
Ringed space . 31 
Ruled surface . 21 5 

Scattered sheaf . 47 
Scheme. 81 
Second theore m o f Bertini . 
Section. 28 . 188 . 212 
Semi-local ring . 18 4 

185 



246 INDEX 

Separable extension . 5 
Separated. 88 . 13 4 
Separating. 13 4 
Separating transcendenc e basis . 5 
Serre dualit y theorem , 15 5 
Set o f sections . 4 0 
Sheaf. 2 7 
Sheaf o f differentia l forms . 145 , 15 0 
Sheafification, 2 8 
Sheafifying space . 2 8 
Shortest expressio n b y primar y ideals . 1 4 
Simple norma l crossings , 20 5 
Singular fiber,  18 6 
Singular fibers,  21 5 
Singular locus , 141 , 14 2 
Singular point , 14 0 
Smooth, 14 0 
Smooth morphism , 15 2 
Specialization, 81 , 87, 91 
Spectral sequence , 5 1 
Spectrum, 6 1 
Stalk, 2 7 
Standard scattere d resolution , 5 5 
Stein factorization , 17 8 
Structure morphism . 8 1 
Structure sheaf , 6 6 
Subscheme, 8 8 
Support o f a  divisor . 12 5 
Symmetric & B-Algebra, 21 1 
System o f loca l coordinates . 15 2 
System o f parameters , 24 . 139 . 15 1 

Tangent sheaf . 15 0 
Tautological invertibl e sheaf . 21 1 
The minima l model . 20 8 
Theorem o f Bezout . 16 7 
Theorem o f Tsen . 21 5 
Total transform , 101 , 170 , 17 1 
Transcendence basis . 5 
Transcendence degree . 5 
Transcendental. 3 
Transition matrices , 21 1 
Trivial, 21 9 
Trivialize, 12 0 

Universally close d morphism , 9 3 
Universally norma l ring . 18 4 
Unramified, 15 3 
Unramified morphism , 15 3 
Upper semicontinuous . 10 2 

Valuation ring . 1 5 
Variable part , 12 5 
Very ample . 12 7 
Virtual genus , 16 0 

Weil divisor , 12 1 

Zariski tangen t space , 14 8 
Zariski topology , 10 6 
Zero divisor , 12 2 
Zero part . 12 2 



Recent Title s in This Series 
{Continued from the  front of  this  publication) 

95 Guangchan g Dong , Nonlinea r partia l differentia l equation s o f secon d order . 199 1 

94 Yu . S . Il'yashenko , Finitenes s theorem s fo r limi t cycles . 199 1 

93 A . T . Fomenko an d A. A . Tuzhilin , Element s o f th e geometr y an d topolog y o f minima l surface s i n 

three-dimensional space . 199 1 

92 E . M . Nikishi n an d V. N. Sorokin , Rationa l approximation s an d orthogonality . 199 1 

91 Mamor u Mhnura an d Hirosi Toda , Topology o f Li e groups . I  an d II . 199 1 

90 S . L. Sobolev, Som e application s o f functiona l analysi s i n mathematica l physics , thir d edition . 199 1 

89 Valeri T V. Kozlov an d Dmitri! V. Treshchev, Billiards : A  geneti c introductio n t o th e dynamic s o f 

systems wit h impacts . 199 1 

88 A . G . Khovanskii , Fewnomials . 199 1 

87 Aleksand r Robertovic h Kemer , Ideal s o f identitie s o f associativ e algebras . 199 1 

86 V . M. Kadet s and M. I . Kadets , Rearrangement s o f serie s i n Banac h spaces . 199 1 

85 Mikio  Is e an d Masaru Takeuchi , Li e group s I . II , 199 1 

84 Da o Trdn g Th i an d A. T . Fomenko, Minima l surfaces , stratifie d multivarifolds . an d th e Platea u 

problem, 199 1 

83 N . I . Portenko , Generalize d diffusio n processes . 199 0 

82 Yasutak a Sibuya , Linea r differentia l equation s i n th e comple x domain : Problem s o f analyti c 

continuation, 199 0 

81 I . M. Gelfan d an d S. G . Gindikin , Editors , Mathematica l problem s o f tomography . 199 0 

80 Junjir o Noguch i an d Takushiro Ochiai , Geometri c functio n theor y i n severa l comple x variables . 

1990 

79 N . I . Akhiezer , Element s o f th e theor y o f ellipti c functions . 199 0 

78 A . V. Skorokhod, Asymptoti c method s o f th e theor y o f stochasti c differentia l equations . 198 9 

77 V . M. Filippov , Variationa l principle s fo r nonpotentia l operators . 198 9 

76 Philli p A . Griffiths , Introductio n t o algebrai c curves . 198 9 

75 B . S . Kashin an d A. A . Saakyan , Orthogona l series , 198 9 

74 V . I. Yudovich , The linearizatio n metho d i n hydrodynamica l stabilit y theory . 198 9 

73 Yu . G . Reshetnyak , Spac e mapping s wit h bounde d distortion . 198 9 

72 A . V . Pogorelev, Bending s o f surface s an d stabilit y o f shells . 198 8 

71 A . S . Markus , Introductio n t o th e spectra l theor y o f polynomia l operato r pencils , 198 8 

70 N . I . Akhiezer , Lecture s o n integra l transforms . 198 8 

69 V . N. Salii , Lattice s wit h uniqu e complements . 198 8 

68 A . G . Postnikov , Introductio n t o analyti c numbe r theory . 198 8 

67 A . G . Dragalin , Mathematica l intuitionism : Introductio n t o proo f theory . 198 8 

66 Y e Yan-Qian, Theor y o f limi t cycles . 198 6 

65 V . M. Zolotarev , One-dimensiona l stabl e distributions . 198 6 

64 M . M . Lavrent'ev , V . G. Romanov , an d S . P . Shishatskii , Ill-pose d problem s o f mathematica l 

physics an d analysis . 198 6 

63 Yu . M . BerezanskiT , Selfadjoin t operator s i n space s o f function s o f infinitel y man y variables . 198 6 

62 S . L . Krushka l .  B . N . Apanasov , an d N. A . Gusevskil , Kleinia n group s an d uniformizatio n i n 

examples an d problems . 198 6 

61 B . V . Shabat, Distributio n o f value s o f holomorphi c mappings . 198 5 

60 B . A. Kushner , Lecture s o n constructiv e mathematica l analysis . 198 4 

59 G . P . Egorychev, Integra l representatio n an d th e computatio n o f combinatoria l sums . 198 4 

58 L . A . ATzenber g an d A. P . Yuzhakov, Integra l representation s an d residue s i n multidimensiona l 

complex analysis . 198 3 

57 V . N. Monakhov , Boundary-valu e problem s wit h fre e boundarie s fo r ellipti c system s o f equations . 
1983 

(See th e AM S catalo g fo r earlie r titles ) 



This page intentionally left blank



Copying an d reprinting . Individua l reader s o f thi s publication , an d nonprofi t librarie s actin g 
for them , ar e permitte d t o mak e fai r us e o f th e material , suc h a s t o cop y a  chapte r fo r us e 
in teachin g o r research . Permissio n i s grante d t o quot e brie f passage s fro m thi s publicatio n i n 
reviews, provide d th e customar y acknowledgmen t o f th e sourc e i s given . 

Republication, systemati c copying , o r multipl e reproductio n o f any materia l i n thi s publicatio n 
(including abstracts ) i s permitte d onl y unde r licens e fro m th e America n Mathematica l Society . 
Requests fo r suc h permissio n shoul d b e addresse d t o th e Assistan t t o th e Publisher , America n 
Mathematical Society , P . O. Bo x 6248 , Providence , Rhod e Islan d 02940-6248 . Request s ca n als o 
be mad e b y e-mai l t o reprint-permissionQams . org . 




		2014-11-07T17:11:26+0530
	Preflight Ticket Signature




