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Xaoc, 60n1bLION aApOHHbIA KONNaunaep
M MuuMraHckue «Tacpdpw>

OBapguatb natoro anpens B [leTpOBCKOM 3ajse MNPoWsIO Bpy4YeHUE AunJoMa
MouétHoro pokTopa npodeccopy YHuBepcutera wrtata Muuuran (CLUA) Maptuny
Bepuy 3a BblgalOWMACA BkIaA B pelleHuMe aKTyasibHbIX npo6nemM npuknagHou
MaTeMaTUKU U B pasBUTME POCCUIICKO-aMEepPUKAHCKOro COTpyAHM4YecTBa B obnactu
TOYHbIX HaYK.

Mocne TOPKECTBEHHOTO BPyYEHWs AUMOMa M obnayeHuss B MaHTUIO [lOYeTHbIM AoKTOp 0bpaTuics K
MPUCYTCTBYIOLLMM C peybto (MyBAMKyeTcsl C He3HaUMTENbHbIMK COKPALLEHUSMU — NPUM.pes.):

«[oporas [Mpe3vgeHT Bep6uukas, poporon pekaH [leTpocsiH,
poporo  koHcyn  Kprorep, poporue npodeccopa  CaHKT-
MeTepbyprckoro rocyAapcTBEHHOrO YHMBEpPCUTETa, U OCOGEHHO
Aoporon npocgpeccop  [.A OBCAHHUKOB, Aoporon LOLIeHT
A.[1.OBCAHHUKOB, Aoporue cTyaeHTbl!

[na MeHs 6onblias yYecTb 6biTb B CaHkT-MeTepbypre, ropoae lNetpa,
BESIMKOrO BO MHOMMX CMbICNax. MOYeTHO roBOPUTL CEroAHs C BaMu B 3TOM
KpacMBOM 3ane, Ha3BaHHOM B YeCTb 3TOr0 MMnepaTopa, U BUAETb B
aAyaAMTOPUM NOLEN, C KOTOPLIMM MPUXOANIOCE paboTaTb HaZ pasfIMYHbIMU
Hay4HbIMM MPOEKTaMW, KOTOpblE 3aHMManMCb OpraHu3auMen OpHoW 13
nepBbIX BCTPEY B 3TOM 3ase, Ha KOTOPOM S MPUCYTCTBOBAS, U C KOTOPbIMU
Mbl ObMeHMBarmMcb M OGyaeM O6MeHMBaTbCst CTyAEHTaMU W yYeHbIMU
MHOrne rofbl.

[Hoporoit dakynbteT (MM-MNY — npuMm. ped.), Aoporne CTyaeHTbl! B
3TOM YHMBepcuTeTE Aenann HayKy MHOrMe BeMKMe MaTeMaTuku,

Mpe3naeHT YHUBEPCUTETA  huanki, XUMUKM M MHXKEHepbl. JIMYHO ANisl MeHsl OrpoMHasl YecTb BbiTh

J1.A.BepbuLikasi 1 fiekaH PakynbTeTa znech, ewe u notoMy, 4To CaHkT-Tetepbypr — ropoa [OCTOEBCKOro,

nM-ny ﬂ.A.HETDOCT\i/IH ”°3ﬂpa§””’°T nucaTens, poMaHaMu KOTOPOro i Hacnaxaancs, 6yaydn CTyAeHToM. IToT

ApPTUHA BEPLA.  5h0p Tatoke M ropos MylkvHa, BeMMUAilLEro U3 pycckux mucateneii,

KOTOpbIX MOl MaTb Jtobuna Tak, YTO XOTena BblyYuTb PYCCKUW $3blK TOMbKO Asi TOrO, YTOBbl uMTaTb WX
Npon3BeAeHNs B OpUrnHane.

OnHUM 13 611aropoAHbIX HauMHaHWIM, UMeBLLIMX MecTo B CaHkT-leTepbypre, 6bifl MOMCK OTBETA Ha BOMPOC, Kak
YCTPOEH Hall MWP, B YAaCTHOCTW, €r0 CaMble MasieHbKMe KUPMUYMKW, KOTOPbIMU JOSITOe BPeEMS CYMTanMCh aTOMaMu.
OMUTpUin  MBaHOBMY MeHaeneeB MOMbITANCS YNOpSAOYMTb M3BECTHbIE XMMUYECKME 3SNEMEHTHI, M M3 Xaoca
obpa3oBanack lNeproanyeckas Tabnmua v ee 3akoHbI.

B TO BpeMsi kaKk Mbl CErogHs 3gecb cobpanucb, — B LIEPHe, B LUBelilapuu, camblii 60MbLION Hay4yHbIM
MHCTPYMEHT M3 KOrAa-M60 MOCTPOEHHbIX FOTOBUTCS K WCMbITQHUSM. DTOM MalUMHOW, 60MbLWMM  aApOHHbIM
KonnaviaepomM, ropauncs 6bl cam MeHaenees, NOTOMY YTO ee 3aJaya — €LLe pa3 NonbITaTbCsl BHECTU MOPSAOK B XaoC
YyacTuu, KoTopble 0B6pasyloT CTPYKTypy atoma. OfHWMM M3 HefoCTaloLMX 3/1EMEHTOB B CybaTOMMYECKON Bepcum
Mepuoanyeckoit Tabnuubl SBASIETCS YacTULa XWUrrca, ee MOXHO HasBaTb NpUYMHON Becnopsiika — MOTOMY ee
M3y4yeHue B MOMbITKE HaliTU OTBET Ha OCHOBHOM BOMPOC, 6e3YCNI0BHO, 3HAUYMMO.

B 3TOI MaluMHe MPOTOHbI ABMFAKOTCS MOYTM CO CKOPOCTbIO CBETA, COXPaHss CBOe MecTo 6rarogapsi Thicsyam
0YeHb CUJIbHbIX MAarHUTOB. OHM ABUIAOTCA MO KPyry MUIZIMOHBI pas3, Moka He CTOJIKHYTCS, U CBOEM CMepTbIO AatoT
poxzaeHve 60/bLLIOMY KONMYECTBY HOBbIX YacTuL,. MOHMMaHWe 3TOro ABMXKEHUS — OYeHb CIOXKHas 3ajadya, KOTOpOoK
3aHMMaeTcs Kadedpa TEOpUM CUCTEM YMpaBneHus [N 3NeKTPoU3MYECKUX WCCNEAOBaHWUM, pykoBoaMMast
npodeccopoMm OBCAHHUKOBBIM.
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MapTuH bepu TaK U3roTaBIMBaOT MUUMIraHckue «Tadpdum».

CaMbIM 60/bLIMM MPENSTCTBUMEM K MOCTPOMKE MOLOBHON MaLLMHbI SBASETCS Xaoc. KOHTPO/b Haz HUM — BaXkHas
yacTb NpoekTa. MexaHW3Mbl M MeToAbl peanu3auuu 3TOoi 3agaun 6biiv pa3paboTaHbl CaHKT-MeTepoyprckum
MaTeMaTukoM AnekcaHapoMm JIsinyHOBbIM. Mbl UCMO/b3yeM nokasatenu JisinyHoBa Kak Mepy Xaoca, W, OCHOBbIBasiCb
Ha ero uaesx, CTPOMM OLIEHOYHYI (YHKUMIO, KOTOpasi rapaHTMpyeT YCTOMYMBOCTb Ha GOMbLUIOM MPOMEXYTKe
BpEMEHMU.

BCé 3T0 CTano BO3MOXHbIM 6r1arofapst NOCNEAHUM [OCTUXEHUSM B TEOPUM CTPOTMX BbIUMUCIIEHUIA, B YACTHOCTM
MCMO/Mb30BAHMIO CaMOYTOUHSIIOLUMXCS METOAOB BbLICOKOrO MOPsiAKa, @ UMEHHO Mogeneit Teiiniopa. Mbl MOXeM He
TOMbKO TOYHO WMHTErpUpoBaTh TPAEKTOPUM CEMEIMCTB YacTWL, HO M yKa3aTb TOYHYKO MPaHuLYy OWWEKU, HE TOMbKO
MOCTPOUTL annpoKcUMmupytowme dyHKuMM JIanyHoBa, HO M OMpPEeAeMTb TOYHbIE MPaHULbl UX KAauyecTBa U TakuM
06pa3oM — YCTOMUMBOCTb YacTuLl.

[oporue yHMBepcaHTbI!

S npuexan crofa m3 wrata MuunraH... Kak n CaHkr-lNeTtepbypr, OH HaxoaMTCS Ha CceBepe, Yepe3 Hero npoTekaeT
peka, TaM MHOro MocToB. CaMblii rfaBHbIM U3 MOCTOB — MakuHak Bpumx, anvHoi Gonee 2,5 kM 1 co cBO60AHO
BUCSLLMM NponeToM 6onee 1 KM — OAMH U3 CaMblX A/IMHHbBIX U MPOYHbIX B MUpE.

Bosne 3Toro Mocta Ha npekpacHOM OcTpoBe MakmHak B OKPeCTHOCTAX ropofa CaHT-WrHac muuvraHubl Jonroe
BpeMs fienany BKYCHble KOH(eTbl «Taddu». OHM o4eHb HEOObIYHbI, MOTOMY YTO MPOLLECC MX U3TOTOBIEHNS OYEHb
XaoTuyeH. MaTtepuasn, M3 KOTOPbIX OHW [eNaloTcs, pacTaArMBaeTcd B IMHY BABOE, a 3aTeM CKIaablBaeTcs
MHOrOKPATHO, ¥ MO3TOMY C KaXblM LIAroM paccTosHue Mexay bnmsnexalMMmy BHayane aToMaMmu yBeMYMBaEeTCs
BABOe. MaTemMaTuKu cka3anm 6bl, YTO 3KCMOHEHTa J1anyHoBa Ans u3rotoeneHns «Taddu» pasHa 2. Jlioam, KoTopble
penatoT «Taddu» B MuunraHe, roBopsiT, YTO TaKkoW MpOLECC YNMyyllaeT BKYC, MOTOMYy YTO BCE WMHIpeAveHTbl
pacnpeaensoTcs paBHOMEPHO.

OpHaKo Ha KaXXOOM 3Tane TOMWMHA Cfost TAHYYKM YMeHbLIAeTCsl B 2 pasa. [Mo3TOMy, C OJHOM CTOPOHbI, Mbl
MMeeM paclmMpeHue, a € Apyron — okatve. MatemaTvku ckasanm 6bl, YTO AMHAMMKa CUCTEMbl runepbonnyHa.
Toay, koTopble genatoT «Taddu», roBopsiT, UTO 06bEM UCXOAHOW CMEeCU He U3MEHSIETCS. TO JIOTMYHO, He MpaBaa
m?

Mocne 30 onepaumii cklagbiBaHUs U pacTarMBaHUs TOMWMHA cnost «Taddu» paBHseTCs NpubnuanTenbHo 1
AHrcTpeMy (pa3mepy oagHoro atoMa rno MeHpeneesy). Mocne npumepHo 45 3Tanos TOMLWMHA C/I0A paBHa pasMepy
®epmun (BenmumnHa sapa atoma). OaHako yMHble n3roToBuTenm «Taddu» Npoaoc/mHKaloT pacTarnBaTb U CKIaablBaTh
fanblie W fanblie, B Xode 3TOro npouecca OHW HaBepHsika AO/MKHbI MOMYYUTb YacTULbl XUrrca, 3HaMEHWUTbIV
MCTOYHUK Xaoca.

BynbTe yBepeHbl, roBopsT Te, KTo AenatoT «Tadpdu» B MuunraHe, — elbTe nobosnblue Halei THYYKU, U Bbl
CMOXKETE OLLYTUTb COTBOPEHME Xaoca NpsaMo BHYTpU Ballero Tena». LREY

Co6.uHd.
@oro UpuHbl AHOpeesoli
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Chaos,
The Large Hadron Collider,
and Michigan Taffy

Address in Connection with
Conferral of an Honorary Doctorate

Saint Petersburg State University
April 25, 2008

Martin Berz
Michigan State University

Dear President Verbitskaya,

Dear Dekan Petrosyan,

Dear Consul Kruger,

Dear Professors of Saint Petersburg State University, and especially:

Dear Professor Ovsyannikov, Dear Professor Ovsyannikov Junior,

And, Dear Students! — After all, for you and your education, this University was built.

It is a great honor to be here in Saint Petersburg, the city of Peter, who was Great in many
ways. It is a delight to speak to you today in this beautiful Hall named after him, and to
see in the audience many people with whom we have worked on a variety of scientific
projects, who organized one of the first meetings | attended in Saint Petersburg here in
this Hall, and with whom we have and will be exchanging students and scientists for
many years.

Dear Faculty, dear Students, since its founding by Peter, there always have been many
noble pursuits in the city of Saint Petersburg. In this University, much important science
was discovered by many great mathematicians, physicists, chemists, and engineers. But
the nobility goes far beyond: for me personally it is a great satisfaction to be here since
this was also home to Dostoyevsky, the writer | enjoyed more than any other when |
myself was a student. And it is home to Pushkin, the greatest of Russian writers who my



mother so loved that she always had the wish to learn Russian just for the purpose of
being able to read them in their own words.

Among one of the most noble pursuits is our wish to understand how our world works,
and in particular its smallest building blocks, long thought to be the atoms. It was Dmitry
Mendeleyev of Saint Petersburg who tried to bring order into the chaos of the known
chemical elements; and out of the chaos, eventually the periodic table and the laws it
suggests emerged. It could even predict the properties of the radioactive decay of the
atom’s core, and thus helped thrust open the doors to many of the quests of modern
Physics.

Dear Faculty and Students, just as we are gathering here today, at CERN in Switzerland,
the largest scientific instrument ever built is finally getting ready to make experiments,
after many years of construction. This machine, the Large Hadron Collider, would surely
make Mendeleyev proud; because its purpose is once again to try to bring order into the
chaos of the collection of particles which are now known to form the constituents of the
atom. One of the missing pieces in the subatomic version of the periodic table is the
Higgs particle, which is the ultimate reason why things have mass — and thus at the core
of a question of undoubtedly great weight.

In the Collider, protons move with nearly the speed of light, held in place by thousands of
very strong superconducting magnets. They circle many millions of times before
colliding, and in their own death give birth to large numbers of new particles.
Understanding such motion is a very very difficult task, just at the forefront of what the
best theories and mathematicians, like those at the Department of Control Systems
Theory for Electrophysical Facilities led by Professor Ovsyannikov, can achieve.

But there is one big scientific obstacle in building this marvelous machine: Chaos.
Unfortunately, the protons in the ring like to behave very erratically: coordinates that are
initially very close together quickly get farther and farther apart. Such chaos has been
observed from the first days of circular particle accelerators, and popularized for example
by the great Edward Lorenz, who passed away just last week in Cambridge,
Massachusetts. He noted chaoticity of weather: in fact, very small changes in the initial
conditions, for example the air pressure due to the flapping of the wings of a butterfly
happy at the sight of Saint Petersburg’s White Nights can have dramatic consequences
later elsewhere, including perhaps a tornado in the summer thunderstorms of my home
state of Michigan.

The control and avoidance of chaos in the Large Hadron Collider is crucial. Important
techniques for this were developed by the Saint Petersburg Mathematician Alexander
Lyapunov: We are using the “exponent” named after him to measure the amount of chaos,
and borrowing some of his ideas, we can construct a Lyapunov test function that assures
stability over long times.

All this is made possible by recent advances in the theory of rigorous computing, in
particular the use of higher order self-verifying methods called Taylor models. Not only



can we integrate the motion of ranges of particles rigorously, we can also attach rigorous
error bounds to them. And not only can we construct approximate Lyapunov functions,
we can also determine rigorous bounds on their quality and thus the particles’ stability.

Dear Members of this University, | come to you from the State of Michigan. Like the city
of Saint Petersburg, it is located in the north, it is dominated by the influence of water,
and there are many bridges, the most famous of them being the mighty Mackinac Bridge,
with a length of more than 2.5 km and a free span of more than 1 km one of the longest
and strongest in the world. Near this bridge, on the beautiful Mackinac Island and the
nearby city of Saint Ignace, Michigan people have for a very long time made a delicious
candy called Taffy.

Taffy is very special because it is made in a very chaotic process: The raw material is
repeatedly pulled to twice its length, and then folded back over. So, in each step, nearby
atoms become twice as far apart. In fact, Mathematicians would say that the Lyapunov
exponent of one such Taffy making step is log(2). The Taffy-makers in Michigan just say
that it improves taste because it spreads all ingredients very uniformly.

However, in each step, also the thickness of a layer of Taffy decreases by a factor of 2.
So, in one direction we have expansion, in the other direction we have contraction;
Mathematicians would say the dynamics of the system is hyperbolic. The Taffy-makers
in Michigan just say that the volume of Taffy is not changing, so this is just common
sense, right?

After only 30 stretch-and-fold steps, the thickness of a layer of Taffy is near one
Angstrom, the size of one of Mendeleyev’s atoms. Beyond that, the Taffy-makers fathom,
the atoms must apparently be split. After about 45 steps, the thickness of a layer is about
the size of a Fermi, the size of the nucleus. Beyond that, the Taffy-makers fathom, these
nuclei are apparently being split.

However, the smart Taffy-makers in Michigan continue the stretch-and-fold many times
longer than that. As they continue their process, they must surely also have come across
the Higgs particle, which is the famous source of mass. Sure, say the Taffy-makers of
Michigan: just eat enough of our Taffy, and you can watch mass being created with your
own eyes, right within yourself.
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foBopumMm: «lpe3naeHT Poccnmn>,
nogpasymeBaeM — BbinyckHuk CMNe6ry

Bpsa nu rpe-HMbyab ewe B Mupe ecTb
yHUBepcUTeT, a TeM 6onee — pakynbTeT, BbIMYCKHUKU
KOTOPOro OAWH 3a ApYyruM BCTynaJM Ha caMbli
rNaBHbI roCyAapcTBeHHbIi noct! A ecnu ewe
yrnyébutbcs B MCTOPUIO M BCNOMHUTL KepeHckoro c
JleHuHbIM... Ha UepeMOHMM MHayrypauum mM36paHHOro
MNpe3sunpenta AiMutpusa AHatonbeBnuya Measeaesa 7 mas
B MockBe NMpUCYTCTBOBAJI0O OKOJIO ABYX C MOJIOBUHOMN
TbiCSIY FOCTEW, B TOM uYMC/Ne W p[enerauusi poaHoro
ropoga HOBOro rnasbl rocygapcrsa. CaHKT-
MeTep6yprckuii yHUBepcuTeT npeacraBnsm
MpesnpeHt JirogpMuna AnekceeBHa Bepbuukas wu
ucnonHawwmii  o6sasaHHoctu Pektopa  Hukonaii
Muxainosuu Kponaues.

Mrogmuna AnekceeBHa Bep6uukas:

370 nsiTasl MHayrypauusi, Ha KOTOpPOM s MPUCYTCTBOBasa, U MOry ckasaTb,

4YTO YXe repBas LIEPEMOHWUS BCTYMNSIEHUS B [AO/DKHOCTb [lpe3unpaeHTa

Bnagumupa Bnagvmuposmua [lyTvHa npoxoausia uWHave, 4Yem [Be

npeabiaywme. NHayrypaums b.H.EnbumMHa nposoannach B 3ane, rae roctu

cnpenn 3apaHee, bopuc Hukonaesuy Bbilen Ha CLEHY, NPOU3HEC KIATBY,

MOMOXWNB PyKy Ha KOHCTUTYLIMIO, U CKa3as HECKONbKO CNoB. A 3[eCb, MHe

HoBbiii Mpe3naeHT Poccun  KaxeTcsi, BaXkHO Kak pa3 BO3POXAEHWE CTapblX TPaauuUMii: BHECEHWe

3HaMeHW, CUMBOJIOB MpPe3VAEHTCKON BacTu. M To, UTo BCe HaxoaMBLUMECS

B TPex 3asax MMeKT BO3MOXHOCTb BUAETb, Kak [pe3naeHT noabes3kaeT, Kak OH MPOXOoAWT No 3anam... B 7ot pas3 B

LIepeMoHMM eLle OAHO HOBLUECTBO MosiBuiocb — Bnagumup Brnagnmuposud TyTUH yXXe xaan Ha cueHe AMuTpus
AHatonbesnya Measenesa.

XOpoWwWM MpU3HAKOM, C MOeW TOYKU 3peHusi, 6bisio TO, YTO AMUTpUii AHATOMbEBUY CWU/bHO BOJIHOBAJICS, 3TO
6bI/I0 MOHATHO MO-YENIOBEYECKU W O4YeHb TporaTeNbHO, MOTOMY YTO OH He OYeHb 3MOLIMOHASbHbLIN YenoBek,
[0CTaTO4HO caiepXaHHbIv. Ho 3aech 6bin0 BUAHO, 1 0OCOBEHHO TEM, KTO XOPOLLO ero 3HaeT, HAaCKObKO OH BOSTHYETCS.
HeobblkHOBEHHOE BO/IHEHUE, MHE KaXXeTCsl, UCMbITbIBaNM U FOCTU LIEPEMOHUM B STOT BEMMKUIA MOMEHT.

Ha 3acegaHwuu MoneunTensckoro coeta Crory.

®oto C.Ywakosa

A Mbl ¢ Hukonaem MuxarinoBuyem KponayeBbiM ropamManck TEM, YTO U HOBbIV Mpe3naeHT Poccum — BbIMYCKHUK

CaHkT-lMeTepbyprckoro  yHuBepcuTeTa. Kak CTanM roBOpuUTb Hawu CTyaeHTbl — [peauaeHTamu  Poccuiickoi
®epepaumn Tenepb 6yayT TONbKO BbINyckHMKY CI6IY, Takyto 3agady oHu noctasuam! LREeY

MpUHATME NpUCATu.

QHapbsi OcuHckasi
@oro npecc-cyx6el lpesngeHTa Poccum
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