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If T am not mistaken, in 1990, at a meeting at a scientific conference in the United States,

I handed over a recently published article using diagram methods for analyzing electronic
transport systems in polypeptides to the head of the department of theoretical biology at one of
the leading American universities.

Looking at the abstract, the leader of the theoretical biology of America anxiously asked: -
And there do you have formulas?

"Well, there is. And what? — Then take the article back.

“Why not?"- "Because I don't trust formulas."

"You? Don't trust formulas?” - I asked the head of (I repeat) the department of theoretical
biology at one of the Ivy League universities.

"I don't trust."- "Any formulas? Regardless of whether they are correct or not?! "

- I do not trust them. I don't trust any formulas.

— What do you trust? - The number.

At the time, this conversation seemed to me a sign of the madness of a major scientist and
science organizer. . But now, looking back from twenty years of removal, I realize that this was
not a symptom of an individual disease. A collective one that has spread throughout the scientific
world. The disease is so serious and so fundamentally affecting not only all areas of science and
technology, but also civilization as a whole, that it's time to make an anamnesis of the disease.
For, in my deep conviction, the confrontation between computer modeling and theory based on
mathematical methods - is the Disease of the Century.

A new computing world

An era roughly ranging from Maxwell to the generation of Gell-Mann and the disciples

Landau, can be considered the era of the triumph of theory in knowledge. A theory based,
of course, on mathematics. A thorough knowledge and everyday use of mathematical methods
was as necessary for a theorist as the possession of a cape and a muleta was for a bullfighter.

A theorist working in any scientific field knows that not all problems can be solved
analytically: for the vast majority of problems, get accurate and even accurate results,
approximate solutions fail. Therefore, the appearance of the device (not mathematical —
computational!), which allows, due to the colossal speed of calculations, to obtain solutions that
theorists could not even dream of, opened not just new horizons — a new world! The possibility
of visualizing the results that followed transformed scientific knowledge even more.

However, the computer simulation process did not stop there. It went further, spreading to
more and more new areas. At the same time, non-trivial mathematics it has ceased to be the basis
of most computer programs. Increasingly, they contain parameters or sets of parameters that
bring the behavior of the model system closer to the required one. Such an approach is in itself
pragmatic and has the right to exist. The problem is different: little by little, the selection of
parameters in the model became an end in itself, replacing the search for an adequate theory in
the background.

Modeling specialists and theorists are different human types. The vast majority of
programmers simply do not have a clue about mathematics, which should be behind the models



they build. Deep study of mathematics in general has ceased to be necessary for programmers.
Mathematical theories have taken a back seat to parameter variations, design, and graphics.

In applications to scientific problems it is a real trouble.

I will give an example from a field close to me. When simulating the functioning of
enzymes, sets of coefficients and potentials are inserted into the model, selected in such a way
that the result is close to what was observed in the experiments. Selection coefficients in models
and playing with them (not only in molecular biology — in any field of knowledge and industry)
it has become an independent field, funded much better than theory as such.

But let's think, looking at ourselves in the mirror, or on a flying butterfly, or rose: surely
any reasonable person can believe that the whole life not based on the fundamental laws, and the
selection in each case, any coefficients and potentials in decimal degrees (which can be
measured dozens)? Of course, there must be fundamental principles behind the functioning of
the living . In words, approximately such words are pronounced when modeling fundamental
processes. However, in practice, the search for fundamental foundations is being addressed less
and less often.

Modeling and theory are becoming more and more disconnected from each other every
year. The professor, who 20 years ago did not want to read an article that contains formulas,
turned out to be not a routine worker, but a petrel. Unfortunately.

Theory-and-Modeling

However, I dare say that theory and modeling are complementary to each other a friend.
This means, in particular, the following:

1. The simulation makes it possible to test a variety of system modes and perform a very
perfect visualization. However, computer modeling — at least in its modern form - does not
provide the possibility of obtaining general regularities, such as the derivation of the Schrodinger
or Maxwell equation.

2. The theory allows us to obtain analytical results that have a commonality. However, for
the analysis of a variety of applications - whether it is acrodynamics or enzymatic catalysis -
modeling with specific numbers and variations of the system modes is necessary.

3. Combining the capabilities of theory and modeling is a special profession that requires a
combination of skills and talents necessary for theorists of the last century and specialists in
computer modeling of today. A T&M specialist will differ from both a theorist and a
programmer in the same way that a decathlete in athletics differs from a runner, thrower, and
jumper.

An example of a T&M project that has been brilliantly translated into business is Google
(one of the founders of which, and the one who developed the technology directly, has Russian
roots). Without the mathematical analysis of "sparse" matrices, that is, those in which the vast
majority of elements are zero, the creation of an effective Internet search engine would be
impossible.

And there are many similar problems in which a new promising technology is created on
the basis of a non-trivial combination of theory and modeling.

With the help of modeling based on already known laws, you can make specific predictions
where necessary. For example, you can predict the weather for tomorrow or calculate the optimal
trajectory of the satellite's descent with a landing at a given point.

But with the help of modeling, it is impossible to deduce any new law.

The existing and increasing fragmentation of knowledge, including natural science, is
largely due to the dominance of modeling over theory.

"Looking from computer modeling", nature is perceived as a set of particulars. Meanwhile,
fundamental ambiguities, for example, in the fast progressive biology, at the junctions between
the natural sciences and at the nanoscale (intermediate between the size of atoms and the
continuous medium), and their number is increasing.

In a world in which know how multiplies, at the same rate it should, it would seem, there is
also a need for know why? The imbalance between theory and modeling, between "how" and "



why " is one of the reasons for the crisis of modern civilization. And this balance must be
restored.

Learning in the Russian style

The Russian style of cognition and creation has a recognizable handwriting and a colossal
perspective. "Give a Russian high school student a map of the starry sky, he will bring it
corrected tomorrow," Dostoevsky joked sadly. When applied to modeling and theory building,
however, audacity is a fine quality! Errors that may inevitably occur will be corrected along the
way — a happy property of computers, in which what is written with a pen is cut down not with
an axe, but with a light touch keyboard keys.

In addition to the training of T&M specialists of a wide profile, it is advisable to highlight
the main directions in the new specialty. First of all, this applies to nanotechnologies, for which
huge sums have been allocated in Russia. At the same time, what exactly should be the
combination of theoretical approaches and modeling should be the subject of not only
professional, but also state reflection — just as it undoubtedly happened when making decisions
about the creation of “sharashkas”, theoretical departments in research institutes and theoretical
departments in universities.

Russian spirit, the propensity to solve common problems and the existence of traditions of
theory building gives a chance to make the Russian school of Theory-and-Modeling one of the
leading schools in the world in the shortest possible time.

The strategic necessity of the Theory&Modeling program, similar to the one that in the
50s and 60s of the last century allowed Soviet science to enter the market in the shortest possible
time leading positions in the world, undoubtedly. It is especially relevant during the crisis,
since (A) it saves capital investment compared to other branches of technology, (B) it
does not require expensive equipment, (C) it has a huge technological and financial perspective,
(E) it is based on the Soviet mathematical and theoretical basis, so as (E) the tendency of the
Russian Spirit to turn to the fundamental principles of the interdisciplinary problems.

k sk ok

Rereading the article I have already written, I noticed that the name of the proposed
specialty (and the eponymous direction in science and technology) — T&M, in English sounds
like T-and-Em, that is, tandem, in Russian — tandem ("TandEm").

This fully corresponds to the letter and spirit of combining two professions: a theorist and
a modeling specialist. An amazing and, I would say, fateful coincidence!

New York
Comment
of the site’s author about the modern Optimization Theory (OT)
of noiseproof coding.

How it is exactly!!!

Indeed, it would be extremely strange if the greatest scientific and technical achievements
and still unsolved problems could be described by just one or two formulas. And the main
formula of the twentieth century, E=mc:, undoubtedly also corresponds to this extremely strict
rule: it is not the only one in the description of the relativity theory.

Moreover, when solving the absolute majority of problems, it is usually impossible to
obtain even approximate estimates for the main target parameters. And here the author of the
article also hit the bull's-eye.

And what about our coding theory? Yes, and here everything is exactly like that! The
simplest Hamming and Golay codes allow us to evaluate their capabilities, which is a good seed,
stimulating interest in coding theory (CT). But that's all! And to hope for analytical results about
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long codes, and even with a large noise level — is the peak of super-naivety and a complete lack
of their own internal philosophy of science for people who seem to be engaged in the problems
of CT as ascience.

And more than that! Often in the CT, we have to solve problems without any understanding
of the possible result. This understanding sometimes comes only after a long, deep analysis of it.
And this is also normal for many modeling tasks, when there is not possible to formulate the goal
analytically.

We cannot fail to note the fact that our results, which we and our colleagues evaluate as
Nobel achievements in three points of our researches, were also made possible by using the
sparse matrices of a special type mentioned by the author of the article. This, may be, for the
hundredth time again emphasizes that our scientific school of Optimization Theory (OT) is
always at the forefront of scientific progress.

Recall that our very first patent on software with priority from 1972, describing a
multithreshold decoder (MTD), was declared by us already in full confidence that all the main
results for decoding algorithms will be obtained exactly (and mostly!) in the experiment. And in
fact, the OT and the theory of error propagation (EP) of majority decoders created by us clearly
showed that CT is not a mathematical problem at all.

Recall also that after the important for the initial start of the theory, but extremely weak
BCH and Reed-Solomon (RS) codes, discovered in the "golden" for algebraic CT in the 1960s,
during the next 60 years, according to the main complex criterion of NVCO"noiseproofness-
veracity-complexity", millions of researchers of the former CT did not receive any significant
analytical results at all. Thus, the "analytical throughput" of the previous CT turned out to be
zero! And at the same time, it is precisely in the case of qualitative modeling, i.e. in a correct
experiment, all the parameters of the NVC criterion for all algorithms developed within the
framework of OT are always determined almost "instantly".

But the development of the experimental base, as the author of the article again sharply
emphasizes, is a completely different world. And then how can this be implemented for CT, i.e.,
more precisely, for decoding algorithms in OT? The computer simulation! Of course, you can
and should still work for this with FPGA. But this is already at the final stages before digital
technology usage, when it is clear that this or that new directions has already taken shape and are
ready to be replicated in real systems. And in the presence of already created software, computer
models are always built and tested 100 — 10000 times faster than hardware models.

But what is most surprising to us, the supporters of the scientific school of OT? Yes, the
fact that practically none of the contenders for the highest titles in the CT (oh, what a "great
mathematicians" they are all!) , as it seems to us, did not even try to engage in full-fledged
accurate modeling.

Of course, we are well aware that this is just a hell of a job! And the slogan of the end of
that century: "Programming — the second literacy!" - has long been irrelevant and simply
forgotten. Sorry. This led to a very strange and completely unnatural selection of personnel
in our branch of science. We do not understand why there are no good programmers with
a developed scientific philosophy in the CT. And we even admit that we write this simply
because many of these computer scientists we simply did not see and did not appreciate.

However, the fact remains that none of the probably millions of articles on error correcting
algorithms contain any reasonable data at all about the complexity of the implementation
of the decoders proposed there, as well as about their final veracity. And this automatically
means that there are simply no results there! TC is precisely a computational problem already
solved ~ in 1985, i.e., a complete technology for global optimization of functionals has been
created, as we insist in our unique monographs published in this millennium during 20 years
(see: https://decoders-zolotarev.ru/nashi-knigi/ ,
https://decoders-zolotarev.ru/en/books/ ). And it continues to develop successfully in
a completely new quality. For the next 35 years, as we are now, we have developed more and
more complex search methods based on ever-faster computing technology (again, like Professor
Magarshak!) thousands of parameters of MTD decoders, which at the same time remained
extremely simple. But it was with global search optimization that we almost reached the



Shannon boundary. Let us not forget also that this boundary is absolutely elastic, like the speed
of light for material bodies, and therefore completely unattainable.

So we congratulate you and us with the complete solution of Shannon's problem. The old
coding theory has ended. And all tasks in the field of CT are now solved by OT technologies
with the involvement of several dozens of our patents, which, by the way, include our very
useful results on Viterbi block algorithms (BVA). They have no equal among other optimal
algorithms for block codes, advertised to this day by a crowd of" theorists", which are infinitely
complex.

But there are no formulas for the total error probabilities, as well as for the number of the
simplest decoder operations, i.e. its complexity, and there will never be for a large noise level..
So our school has found such good codes and excellent decoding algorithms for them. And we
check them and develop them on the basis of the theory further, quickly analyzing them on
software models, not forgetting about the FPGA.

Well, one last thing. Why do we think that our algorithms are the best? Yes, everything is
clear here: all MTD decoders are the simplest threshold elements that sum several small integers
and compare the result with a certain threshold. For a C++ program, this is only 7 + 10 of the
fastest simple commands. And THAT’S ALL!

But at the same time, the MTD decision is the optimal one, equivalent to the best possible
decision at all, the number of operations is linear relatively the length of the code, i.e., the
minimum possible, and the distance to Shannon’s bound is the smallest in comparison with all
other classes of decoders. According to the NVC criterion, the MTD has the ideal theoretically
best values, which are extremely difficult to improve. Let's say in confidence that we still do it
a little bit too.

So we sincerely thank Professor Yu. Magarshak for an exceptionally bright and well-
reasoned article and invite all our colleagues to the world of His Majesty the Experiment.
Anyone who is ready to develop in a deep theory and experiments unity in the field of increasing
the veracity of the "digit" even at extremely high noise levels, we are always ready to help and
really help in the creation of new OT methods and technologies. We are confident that this will
lead to major new advances in the storage, transmission, control and recovery of the discrete
data of our information civilization.

Professor, Doctor of Technical Sciences, V.V. Zolotarev
Space Research Institute of the RAS,

Winner of the Russian Government Prize for Science and Technology

and the EU Gold Medal “For Exceptional Achievements”



OpuruHanbHast pycckasi Bepcusi.
09.09.2009 - He3aBucumast razeta. Mocksa.

Iocae amoii cmamvu 8bl MONCEME NPOUECHIb KOMMEHMAPUIL K Hell
om asmopa smoz0 cauma u meopuu OT .

Yucjo, Bo3BeAeHHOE B A0COJIIOT
Opuii Mazapwax

06 aBrtope: I0puit Marapiuak - npogeccop, UCTIOJTHUTEbHbIA BULIS-TPE3UCHT
Mex1yHapoIHOTrO KOMUTETAa UHTEJUIEKTYaJIbHOTO COTPY/IHUYECTBA.

I'ony, ecsiim He onmbarock, B 1990-M npu BcTpeye Ha HEKOeH Hay4HOW KOH(EpPEHIY B
CIIA s nepepnan HE3a10/Ir0 10 TOrO OMyOJMKOBAHHYIO CTATHIO C UCTIOIB30BAHUEM IMArPAMMHbBIX
METOIOB JIJIsl aHAJIM3a CUCTEM 3JIEKTPOHHOI'O TPAHCMOPTA B MOJUNENTUAAX PYKOBOAUTENIO OT/Ea
TEOPETUYECKOI OMOJIOrUM OIHOTO U3 BEYLMX aMEPUKAHCKUX YHUBEPCUTETOB.

B3rusiHyB Ha aGCTpakT, Iujiep TEOpeTUYeCcKoil 6UONOruu AMEpPUKYU TPEBOXKHO CIPOCHUI:

— A tam ecTb opMyJibI?

— Hy, ectb. A yto?- Torga 6epute cTaTbio Ha3al.

— [Touemy?7— I[ToTomy 4TO 5 He ToBEpsItO hOpMYyJIaMm.

— Br1? He oBepsiere popmysiaM? — nepecnpocudl st pyKOBOAUTENS (MIOBTOPSIIO) OT/Ea

TEeOpeTUYecKoil 6uosnoruu ofHoro u3 yuusepcuteton Jluru [Tnroma.

— He nosepsito.— JIro66m hopmysiam? He3zaBrucumo OT TOro, NpaBUJIbHbIE OHU UK HET?!

— He nosepsito. JTtoObM hopmyiiam He TOBEPSIIO.

— A uyeMy e Bbl fioBepsieTe?— Hucay.

Torga aTOT pa3roBop Nnokaszajucs MHe NPU3HAKOM Oe3yMUsi KPYITHOTO YYEHOro U
opranu3aropa Hayku. OfHaKo Tenepb, OrJsibIBAsACh U3 IBAILUATUICTHETO yalleHUsl, S TOHUMALO,
YTO 3TO ObLIO CUMITOMOM OTHIO/Ib HE MHMBUIYaJIbHOI 60JI€3HU. A KOJJIEKTUBHOM,
pacnpocTpaHMBLIEICS IO HAYYHOMY MUPY. Bose3Hu HacToNbKO cephe3Hoi U Tak
(pyHIaMEeHTaNBLHO BIMSIOLIEHN HE TOBLKO HAa BCE 00IACTU HAYKU U TEXHOJIOTHIA, HO U Ha
UMBUIM3ALMIO B LIEJIOM, UTO TPUILIJIO BpeMsl clieslaTh aHamHe3 Hefyra. 6o, mo MmoeMy riy6oKomMy
yOeKIeHUIO, MPOTUBOCTOSIHIE KOMIBIOTEPHOTO MOJIEJIMPOBAHUS U TEOPUU, OCHOBAHHON Ha
MaTeMaTUYeCKNX MeTofax, — bose3ns Beka.

HoBbl1i1 BBIYUCIANTETBHBIA MUP

Dnoxy, npuoIM3UTENIbHO HaurHasi oT MakcBeda o nokosienus ['esn-MaHHa U yYeHUKOB
Jlannay, MOXKHO CUMTATh 3PO¥ TOP>KECTBA TEOPUH B O3HaHMU. Teopun, OCHOBaHHOM, caMO COO0M
pasymeeTcsi, Ha MaTemaTuke. [ JTy6oKoe 3HaHue 1 MOBCETHEBHOE MCTIOIb30BaHNE
MaTeMaTUYECKMX METOJIOB /I TEOPETHKA ObLIO TaK »Ke HeOOXOIMMO, KakK JIJIsi Topeafopa
BJIQJIEHUE TIJIAIOM W MYJIETOM.

TeopeTuk, paboTarolyii B 000K HAy4YHOM 00JIaCTH, 3HAET, YTO AAJIEKO HE BCE 3aj1aun
MOXKHO PEIINTh AHAJTTMTUYECKU: JIJIs TIOfIABJISTFOILETO OOJIBIIMHCTBA MPOGJIEM MOy YUTh TOUYHBIE 1
naxke nMpuoJMKeHHbIe peleHust He yuaercs. [Toaromy nosiBjeHue anmaparta (He MaTeMaThyiec-
KOT'0 — BBIYMCIIUTELHOTO! ), TIO3BOJISIIOIIETO BBUTY KOJIOCCAIBHON CKOPOCTH BHIYMCIICHUI
MOJIyYaTh PELIeHNs], O KOTOPbIX TEOPETUKM HE MOTJIN JlaXkKe MeUTaTh, OTKPHLIO HE MMPOCTO HOBbBIS
ropu30HTHI — HOBbIN Mup! [TosiBUBIIAsICSl 3aTeéM BO3MOKHOCTD BU3YaJIM3allMM MTOJTY YeHHBIX
Pe3yabTaToOB MpeoOpa3uiia HayvyHoe 3HaHue elle Oosee.

OHHaKO mpouecc MOACIMPOBAHUS Ha KOMITBIOTEPE HA 9TOM HE OCTAHOBUJICA. OH nomien
AAJIBLIC, paClIpOCTPaHASsICh HA BCE HOBbLIC K HOBLIC o0JacTu. HpI/I 9TOM HCTPUBHAJIbHAA
MaTEMaTHuKa rnepecrajia OBbITH OCHOBOW OOJILIIMHCTBA KOMIILIOTCPHLIX IMTPOI'paMM. Bce yalic B
HUX 3aKJIaIbIBAIOTCS IMapaMeTpPbI NI Ha60pI)I nmapaMeTpoB, KOTOPHLIC HpI/I6HI/I)KaIOT MMOBEICHUC
MOHCJIBHOfl CUCTEMBI K Tpe6yeMOMy. HOHO6HI)II>1 noaxojn camM 110 cebe mparMaTu4icH U UMCCT
MpaBO Ha CYHICCTBOBAHUC. Eena B IpyroM: MaJio-noMainy HOH60p nmapaMeTpoOB B MOJICJIN CTAJl
CaMoOUCJIbIO, BBITCCHUB Ha BTOpOI71 IJIaH IMOUCK aHeKBaTHOﬁ TCOpUU.

CHeHI/IaJII/ICTI)I 10 MOACIMPOBAHUIO U TCOPETHUKU — PA3HBLIC YCJIOBCUYCCKUC TUITAXKMU.



[Topasansiroliee GOJBLUIMHCTBO MPOrPAMMUCTOB MOMPOCTY HE UMEET MOHSITUSI O MaTEMATHKeE,
KOTOpas IOJKHA CTOSITh 32 MOJIEJISIMU, UMU CTpositumucs . ['my6okoe n3yuyenue MaTeMaTUKU
BOOOI1IE epecTaso ObITh HEOOXOAUMBIM JIJIsl TPOrPaMMKICTOB. MaTteMaTuiyeckue Teopun
OTOLIM Ha BTOPOI MJIaH 1O CPABHEHUIO C BapUaLMSIMU TAPAMETPOB, IU3AIHOM U rpaUKOii.
Yto B NpUIIOKEHUSIX K HAYYHbIM 33ajjauaM — HacTosas 6efa.

[Tpuseny npumep u3 6;m3Koit MHe o6sacTu. [Tpu MoenpoBanuu (pyHKIMOHUPOBAHUS
(bepMeHTOB B MOJIeJTb BCTABIISIIOTCS] HAOOPbI KO3 (PULMEHTOB U MOTEHLMAIOB, MOJOOPaHHBIX
TakuM 00pa3oM, YTOObI pe3yJibTaT ObLT 0JM30K HabmoaeMoMy B akcnepuMenTax. [Togoop
K03(h(PULMEHTOB B MOJIEJISIX U UTPA C HUMU (HE TOJIBKO B MOJIEKYJISIPHON OMOJIOTUY — B JIFOOOM
06J1acTH 3HAaHUI U MHAYCTPUHM) CTaJla CAMOCTOSITENbHOI 00J1aCTbIO, (PUHAHCUPYEMOI HAMHOT'O
Jyyllle, YeM TeOopus Kak TaKoBasl.

Ho nagaiiTe 3aiymaeMcsi, TOCMOTpPEB Ha ce0sl B 3epKajio, UM Ha JIeTSILyt0 0a00UKY, U1 Ha
LBETOK PO3bl: HEYXKTO KaKON-JIMOO pa3yMHbII YETOBEK MOXKET MOBEPUTH, UTO BCS XKU3Hb
OCHOBaHa He Ha (PyHAAMEHTAJIbHbIX 3aKOHAX, a Ha TOfI00pe B KaXK/JOM Clly4yae KaKux-TO
K03(p(PULMEHTOB U MOTEHLMAIOB C APOOHBIMU CTENEHSIMU (YUCIIO KOTOPBIX MOKET U3MEPSITHCS
necsitkamu)? Pazymeercs, 3a pyHKIMOHUPOBAHUEM YKUBOTO JIOJIKHBI CTOSITH (pyHIaMEHTaIbHbIE
npuHUmMnbl. Ha cnoBax npuGaM3UTeNbHO TakKe CI0Ba NMPU MOJENIMPOBaHUU (DyH/IaMEHTaIbHbIX
npoueccoB U npou3HocsATcs. OHAKO Ha MPAKTUKE K MOUCKY (PyHIaMEHTAIIbHBIX OCHOB
00palllaloTCsl BCE PeKe U peske.

MopenupoBaHue 1 TeOpusl C Ka>K/IbIM FOJIOM CTAHOBSITCS Bce 6oJiee OTOPBaHbI YT OT
npyra. [Ipogeccop, koTopslii 20 JeT Ha3aj HE XOTeJl YATATh CTAThIO, B KOTOPOH €CTb (hOPMYJIbI,
0Ka3aJiCsl He PyTUHEpPOM, a OypeBecTHUKOM. K BsillieMy coxkaleHuIo.

Theory-and-Modeling

Tem He MCHEC, 51 CMCIO YTBEPKIATDL, YTO TCOPUA U MOJCIUPOBAHNEC KOMIVICMCHTAPHbI APy
Aapyry. 2T0 O3HA4acT, B 4YaCTHOCTU, CJIICAYIOLICC:

1. MopenupoBaHue aeT BO3MOXKHOCTb POBEPKU MHOKECTBA PEXKMMOB CUCTEMbI U
OCYILIECTBUTH BECbMa COBEPILIEHHYIO BU3yanu3aiuto. OfHaKo KOMILIOTEPHOE MOJIEIMPOBAHUE —
10 KpaiiHell Mepe, B COBPEMEHHOI (hopMe — He [1aeT BO3MOXKHOCTH MOJTy4YEHUs 001X
3aKOHOMEPHOCTEN, TaKMX KakK BbIBOJ| ypaBHeHus Ulpenunrepa unu Makcsesnna.

2. TCOpI/IH MO3BOJIACT NOJYYNUTH aHAJIUTUYICCKUC PE3YJILTATHI, 06J1a11a}oume O6HIHOCTI:I-O.
OHHaKO JJIs aHaJIn3a MHO>KECTBaA HpI/IJIO)KeHI/Iﬁ - 6yHI> TO adpOoJHaMMrKa UJIn (bepMeHTaTHBHBIﬁ
KaTajinu3 — H€O6XO,T_II/IMO MOJICJIMPOBAHUEC C KOHKPETHBIMA YUCJIaMU U BapUalisiIMU pE€2KMMOB
CUCTEMBI.

3. KoMOuHupoBaHKe BO3MOKHOCTEH TEOPUX U MOJIEJIMPOBAHUS — 0cobast mpodeccusi,
Tpedytouiasi CoueTaHus! HABLIKOB U TAJIAHTOB, HEOOXOIMMbIX TEOPETUKAM MPOILJIOro BeKa U
CMeLUaIMCTaM N0 KOMILIOTEPHOMY MOJIEMPOBaHUIO coBpeMeHHOoCcTU. Crnieqpanuct T&M Oynet
OTIIMYATBCS U OT TEOPETUKA, U OT MPOrPAMMUCTA TaK K€, KaK JiecsITUOOpel B JIETKOW aTIeTHUKe
OTIIMYaeTcs OT OeryHa, MeTaTeJIs U NpbIryHa.

[Tpumepom T&M-npoekTa, GecTsIe BOIUIOMIEHHOTO B OU3HEC, SIBJSIETCS! KOMITAHUS
Google (omuH U3 OCHOBaTesell KOTOPOI, NPUYeM UMEHHO TOT, KOTOPbIA pa3BUil
HEMOCPEJICTBEHHO TEXHOJIOTHIO, UMEET pycckue KopHH). be3 MaTemaTrueckoro aHanmsa
«pa3psiKEHHBIX» MATPHULL, TO ECTh TAKUX, B KOTOPbIX MOJABJISIIOLIEE OOJBIIMHCTBO 3JIEMEHTOB
PaBHO HYIIIO, co3/laHKe 3(P(PEeKTUBHOTO UHTEPHET-MOUCKOBUKA ObLIO Obl HEBO3MOKHO.

n HOHO6HBIX 3aJa4d, B KOTOPbIX Ha OCHOBC HCTPUBHUAJILHOI'O COYCTAHUS TCOPUN U
MOJICJIMPOBAHUA CO3MACTCA HOBAsA NEPCIICKTUBHAA TEXHOJIOTUs , TPEBCIIMKOC MHO2KECTBO. C
MOMOIIBIO MOJCJIMPOBAHUS HAa OCHOBE Y2K€ U3BCCTHBIX 3aKOHOB MO>KHO I€JIaATh KOHKPCTHLIC
npeacka3anus TaM, rac 9To HGOGXO,T_II/IMO. Haan/IMep, npeacKa3aTh Norojy Ha 3aBTpa Uin
BbIYHCJIATh ONNTUMAJIBHYIO TPACKTOPUIO CITYCKaA CITYTHUKA C TPU3EMJICHUEM B 3aI[aHHOfI TOYKE.

Hoc MMOMOIIbIO MOJICJIMPOBAHUA HEBO3MO2KHO BbIBECTHU HU OJHOT'O HOBOI'O 3dKOHA.



CyuiecTByronjasi 1 Bce Bo3pacraroujasi pparMEHTapHOCTb 3HAHUI, B TOM YHCJIE
€CTeCTBeHHOLIHAYYHBIX, B 3HAYUTEJILHOM Mepe 00YyCIIOBJIEHA IOMUHAPOBAHUEM MOJICJIMPOBAHUS
HaJ| TEOPHUEN.

«['11s17151 M3 KOMITBIOTEPHOT'O MOJISJTMPOBAHNST» , IPUPOJIa BOCTIPUHUMAETCST KaK COBOKYITHOCTh
yacTHOCTe. Mexly TeM (pyHIaMeHTANbHbIX HESICHOCTEN, HAallpUMep, B ObICTPO
nporpeccupyolleil OMoJOoruu, Ha CThIKaX MEXKJ1y €CTECTBEHHbIMU HayKaMK U B HaHOMacIlTabax
(TpOMEXKYTOUYHBIX MEXK]ly pa3MepaMy aTOMOB U CIUIOLIHONM CPEJloil) MHOXKECTBO, U UX YUCIIO
BO3pacTaer.

B mupe, B koTopom know how npeymHOXkaeTcs1, C TOH e CKOPOCTbIO JOJIXKHA, Ka3aJI0Ch
Obl, BO3HMKATh NOTPeOHOCTHL U B know why? Hapymenue 6ananca Mexjy Teopueit u
MOJICJTUPOBAHNEM, MEK]TY «KaK» U «IOYEMY>» — OJIHA M3 MPHUNH KPU3MCca COBPEMEHHOMN
yuBuaM3amu. M aToT 6anaHc 10J13KeH ObITh BOCCTAHOBJIEH.

ITo3HaHue B pycCKOM cTHIIE

Pycckuii ctunb no3HaHusi M CO3UJaHKSI UMEET Y3HABAeMblil MOUYEPK U KOJIOCCATTLHYIO
nepcnekTuBy. «Jlail pyccKkoMy TMMHA3KUCTy KapTy 3BE3/IHOro HebGa, OH Ha3aBTpa MPUHECET ee
UCTPABJIEHHON» , — FPYCTHO nolyTua JoctoeBkuil. B mpuMeHeHur K MOJEIMPOBAHUIO U
MOCTPOEHUIO TEOPHIi, OIHAKO, IEP3HOBEHHOCTH — MpeKpacHoe KauecTBo! OmmoKu, KOTOpble
HEU30€>KHO MOT'YT BO3HUKHYTh, OyAyT UCIPaBJIEHbI MO JOPOre — CYACTIMBOE CBOMCTBO
KOMIIBIOTEPOB, B KOTOPBIX YTO HAMMCAHO MEPOM BbIpYOaeTCsl HE TOMOPOM, a JIETKUM KaCaHUEM
KJIaBULI KJIaBUATYPHI.

[Tomumo noaroroBku cneupanucToB T&M mmpokoro npoduiis, HeJeco00pa3HO BbIIEIUTD
OCHOBHbIE HaMpaBJIeHus! B HOBOW criequaibHOCTU. [Ipeskie Bcero, aTo OTHOCUTCS K
HAHOTEXHOJIOTUSIM, Ha KOTOpble B Poccuu BbijienieHbl KosoccalbHbie cyMMbl. [1pu aToM, Kakoii
MMEHHO JI0JI>KHA ObITh KOMOMHALMSI TEOPETUUYECKUX MOAXOI0B U MOJICJIMPOBAHUS, IOJIXKHO CTaTh
NpPeIMETOM HE TOJIbKO MPO(ECCUOHATBHOTO, HO U FOCY/IAPCTBEHHOTI'O Pa3MbILLIEHHS — TOJOOHO
TOMY, KaK 3T0, 6€3 COMHEHMSI, IPOMCXOAUIIO TIPY MPUHSITUU PELICHUIA O CO3/IaHUH 1lIapalliex,
Teopetndeckux otaesoB B HUM u teopkadenp B By3ax.

Jlep3HOBEHHOCTb PYCCKOIO JIyXa, CKIIOHHOCTb K PELIEHNUI0 OOLMX MpooseM 1
CYLLIECTBOBAHUE TPAJULIMI MOCTPOESHUSI TEOPUIL IAET 1IaHC CeNaTh pyccKyto 1Kkoay Theory-and-
Modeling ogHO# 13 BeylIMX B MUPE B KpaTJyamilie CPOKH.

Crparernyeckast Heo6xoaquMOCThb nporpammbl Theory&Modeling, aHanornyHoit TOM,
kotopasi B 50-e 1 60-e rojbl NpoILJIOro BeKa M03BOJIIa COBETCKOI HAyKe B KpaTyaiiliie CpOKu
BBIITH Ha JIUMPYIOLLME B MUPE NO3ULUK, HeCOMHEHHA. OCOOEHHO aKTyajlbHa OHA BO BpEMsI
KPU3HCA, TaK KakK (A) 3KOHOMUT KaNUTAJIOBIIOXKEHUS TI0 CPABHEHUIO C IPYTUMU OTPACIISIMU
TexHosorui, (B) He TpebyeT foporocTosiero o6opynosanus, (C) UMeeT KOJIOCCATBbHYIO
TEXHOJIOTMYECKYIO 1 (PMHAHCOBYIO NEPCNEeKTUBY, (1) onupaeTcs Ha COBETCKYIO MaTEMATUUYECKYIO
1 TeoppU3NYECKYI0 TpaIMLuIo, paBHO Kak 1 Ha (E) ckioHHocTh Pycckoro [lyxa oGpamarbes K
(pyHIaMEHTATBLHBIM MEXKAUCUUIITTMHAPHBIM MPOOGIeMaM.

k sk ok

[TepeunThiBast y>kKe HAMUCAHHYIO CTATbIO, 1 0OpaTUIl BHUMAHKE HA TO, YTO HA3BaHUE
npefyaraeMon CnequaibHOCTHU (M OJJTHOMMEHHOTO C Hell HANpaBJIeH!UsI B HAYKE U TEXHOJIOTUSIX) —
T&M, no-anrauiicku 3ByuuT Kak T-and-Em, To ecTb tandem, no-pyccku — TanjieM («TaHgOm»).

3TO MONHOCTHIO OTBEUaeT OyKBE U AyXY OObEIMHEHUs IBYX MPO(EeCCHii: TeOpeTUKa 1
crienuanucTa rno MoaenupoBanuto. [lopasurensHoe U, g 6b1 cKa3an, CyIbOOHOCHOE COoBMajieHue !

Hoto-Vopk.

KommenTapum



K 9TOM CTaThe
aBTopa caiita decoders-zolotarev.ru
o coBpeMeHHoi OnTumuzanuoHHoi Teopuu (OT)
NOMEXO0YCTONYUBOrO KOJIMPOBAHUS.

Kak ke 3T0 TOUHO!!!

JleficTBUTENHLHO, ObITO ObI YPE3BBIUANHO CTPAHHO, €CJI Obl KPYIHEHIINe HayYHO-
TeXHUYECKUE JOCTIKEHUS U eI HEPEIIEHHbIE OKa MPOOIeMbl MOTJIA OMUCHIBATHCS BCETO JIMIIb
ofHoI-IBYMs hopmyiamu. M rnaBHast popmyna XX Beka E=mc , HECOMHEHHO, TOXKe
COOTBETCTBYET 3TOMY KpaKHe >KECTKOMY MPaBWIy: OHA JaJieKO He eIMHCTBEHHAS B ONMCAHNN
TEOPUM OTHOCUTEIILHOCTH.

Bounee Toro, npu peuieHnr abCOMOTHOrO OOJBIIMHCTBA MPOOJEM OOBIYHO HEJb3SI
MOJIYYNTh JjaxkKe MPUOIMKEHHBIX OLIEHOK /111 OCHOBHBIX 1IeJIeBbIX mapameTpoB. U 3peck aBTOp
CTATBU TOXKE MOMAN B CAMOE «SI0JI0YKO» .

A 4TO 3Ke Haia Teopus kogupoBaHus? [1a u TyT Bc€ umeHHo Tak! I[Ipocreiiime Koabl
Xemmunra u ['onest mMo3BOJISIIOT OLEHUTH UX BO3MOXKHOCTHU, UTO SIBJISIETCS] XOPOILIEHN 3aTPaBKOIA,
CTUMYJIMPOBaHKeM uHTepeca K Teopun KogupoBanus (TK). Ho ato u Bcé! A HazesTbcs Ha
AHAJIUTUYECKUE Pe3YJIbTAThI U151 JTIMHHBIX KOJIOB, /1a €IlE MpH OOJILIIOM YPOBHE IIyMa — 3TO,
KOHEYHO K€, BEPX CBEPXHAUBHOCTHU U MOJHOTO OTCYTCTBUSI COOCTBEHHOI BHYTPEHHEN
dustococpum Hayku y Jrofieit, Bpojie Obl 3aHsAThIX pobieMamu TK kak HayKoil.

N kpome Toro! B TK oyeHb yacTo NpuXoAUTCsl pelaTh 3a/iaun 6€3 Kakoro-jando
MOHUMAaHUSI BO3MOYHOT'O pe3yJibTaTa. IDTO OYeHb HEOOXOAUMOE TMOHUMAaHKUE MPUXOAUT UHOTAA
TOJILKO MOCJIE VIUTEIBHOrO ITy00KOro ero ananusa. M aTo Toxke HoOpMalIbHO JIJIsl MHOTHX 3ajiay
MO MOJIETIMPOBAHUIO, KOTJIa C(POPMYJIMPOBATh LiEJb AHATUTUYECKU BOOOIIE HE MPECTABIISETCS
BO3MOXKHBIM.

MbI He MOXKEM HE OTMETUTh U TOTO BayKHEWIIEro 0OCTOSITEILCTBA, YTO HAILIM Pe3yJIbTaThl,
KOTOPbIE MbI M HAIlIM KOJIJIETY OLEHMUBAEM IO TPEM MyHKTaM CBOUX UCCJIEOBAHUI KaK
HOOEJIEBCKME, CTaM BO3MOXKHBIMU TOXKE TP UCHOIb30BAaHUM UMEHHO Pa3peXKEHHBIX MaTpuI|
CMELUUAILHOIO TUMA, yTIOMUHAEMbIX aBTOPOM CTaTbU. IJTO, M.0, B COThI pa3 CHOBa
NOTUYEPKUBAET TO, YTO Hallla Hay4Has wmkosa OntumuzauuonHoin  Teopuu (OT) Bcerpa
HAXOJUTCS HA OCTPUE HAYYHOT'O Mporpecca.

Hanomuum, uyto Haw camelil nepsbiii nateHt no OT ¢ mpuopureTom ot 1972r.,
OMNUCHIBAIOLLMI MHOrOnoporosblii iekosep (MII]1), 3asBasiicst HaMu yKe B MOJIHOW YBEPEHHOCTH,
YTO BCE TJIaBHbIE Pe3yJIbTaThl JIJIsl AITOPUTMOB [AEKOAUPOBAHUS OYAyT MOTYUYeHbl UMEHHO (U B
0CHOBHOM!) B akcnepumeHTe. M B camoM Jiesie, co3ganuble Hamu OT u Teopust pa3MHOKEHUs
oummook (PO) B MaxkopuTapHbIX ieKofepax 4€Tko nokaszanu, uro TK — 310 BoBce He
MaTeMaTH4ecKas 3aiada. BcnoMHuM, 4To mocne BasKHbIX i nepBoHavyanbHoro crapta TK,
HO KpaiiHe caabbix kogoB BUYX u Puga-Conomona (PC), OTKpPBITBIX B «30JI0TbIE» 1711
anrebpanueckoit TK 1960-e rogpi, 3a 60 mnocaeayrolux JeT Mo rIaBHOMY KOMIUIEKCHOMY
kpurepuro [1[TCO«nomexoyCTOHYMBOCTb-JOCTOBEPHOCTL-CIIOKHOCTb» ~ MUJJIMOHBI
uccnepoBateneit npexHein TK He nmomyuynan BooO1Ie HUKAKUX 3HAYMMBbIX aHATUTUYECKUX
pe3ynbTaroB. Takum 006pa3oM, «aHaIUTUYEeCKasl MPOU3BOAUTELHOCTL» npexkHel TK okazanach
HYJIeBOM!

Ho npu 3TOM MMEHHO B cilyyae KaueCTBEHHOTO MOJICJIMPOBAHUS, T. €. TIPU MPABUIILHOM
akcnepumenTe Bce napametpbl kpurtepus [I[1C nms Bcex anroputMmoB, pa3pabaTbiBaeéMbIX B
pamkax OT, Bcerjja onpefessitoTcsl NPaKTUYECKU «MTHOBEHHO .

Ho pa3Butue s3xcnepumeHTanbHOR 6a3bl, Kak ONMSTh OCTPO MOJYEPKUBAET aBTOP CTAThHU, -
COBEpILIEHHO PYroil Mup. A Torga Kak 3To MOXHO peanusoBathb st TK, T.e., TouHee, aisi
anroputMoB JiekogupoBanust B OT? MopeaupoBanuem Ha KomnbloTepe! KoHeyHO, MOXKHO 1
HY>HO ell¢ orpadarbiBaTh Takue MeTobl U Ha [IJIMC. Ho 310 - yke Ha 3aK/IF0YMTETbHBIX
aTanax nepej BHE[PEHUEM B LIM(POBYIO TEXHUKY, KOTJIA SICHO, YTO TO WJIM MHOE HOBOE
HarfpasyieHue yxe 0(pOpMUIIOCH U TOTOBO K TUPA’KMPOBAHUIO B PealIbHbIX cUCTeMax. A Npu
Hanuuuu yxke cozfiaHHoro cogra (I10) nporpaMMHbie MofienI  BCerjia CTPOSITCS U MPOBEPSIIOTCS
B 100 — 10000 pa3 ObicTpee, yeM anmnapaTHbIE.
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Ho uTo 6osiee Bcero yauBisieT Hac, CTOPOHHMKOB Hay4yHOU K06l OT? [la To, 4To
peaslbHO NPAaKTUYECKU HUKTO U3 MPETEHJEHTOB Ha Bbicoyaiime TuTyJbl B TK (0ii, Kakue ke
OHU BCE «BEJIMKKME MaTEMATUKU»!) , KaK HaM KaKeTcsl, laxke 1 BOOOIIE He MbITAJICS 3aHSThCS
MOJIHOLEHHBIM aKKYPaTHbIM MOJIEJIMPOBAHUEM.

KoneuyHo, Mbl PeKpacHO MOHMMAEM, YTO 3TO MPOCTO AJACKUI TPy/! A JO3yHI KOHLA TOTO
cronetusi: «[IporpaMmmupoBanue — BTOpasi TPaMOTHOCTB!» - JaBHO HEAKTyaJieH U TIPOCTO
3a0bIT. 2Lab! ITO ¥ MPUBENIO K OYEHb CTPAHHOMY M aOCOJIFOTHO HEECTECTBEHHOMY OTOOPY
Ka/JpOB B Halllell OTpaciy HayKu. Mbl He noHuMaeM, nouyemy B TK HeT XOpoumx nporpaMmicTOB
C pa3BUTON HayuHOU huniocodueii. Y Mbl laxke JOMycKaem, YTO Mbl MULIEM 3TO MPOCTO
MOTOMY, YTO MHOTMX U3 TaKUX KOMITLIOTEPILIMKOB Mbl IIPOCTO HE YBUEIHU U HE OLIEHWIIN.

OpHako (hakTOM OCTAETCS TO, YTO HUKAKKME U3 MUIJIMOHOB, HABEPHOE, CTATEN 110
aJropuTMaM KOPpPeKUMU OLIMOO0K He cofiepykaT BOOOIE HUKAKMX Pa3yMHbIX JaHHbIX O
CJIO3KHOCTHU Peaju3alyy MpejiaraéMbIX TaMm IeKOIEPOB, KaK, BIPOYEM, BECbMa YacTo, U O UX
UTOTOBOW IOCTOBEPHOCTHU. A 3TO aBTOMAaTUYECKH 3HAYUT, YTO U HUKAKUX PE3yJIbTATOB TaM
npocto HeT! TK — 3T0 mMeHHO yxke aObcomoTHO peliéHHass ~ B 1985r. BbluncanTenbHas 3ajaya,
T.€. CO3/JaHHAasl TMOJIHAsI TEXHOJIOTUSl TJI00ANbHOM ONTUMU3ALMY (PYHKIMOHAJIOB, KaK MbI
HACTaMBAEM B HALIUX HOBBIX YHUKAJIbHbIX MOHOTpaUsiX , U3JaHHBIX HAMU B 3TOM ThICSUYEJIETUN
20 years (cMm.: https://decoders-zolotarev.ru/nashi-knigi/ , https://decoders-
zolotarev.ru/en/books/ ). U ona npopionkaeT ycnemHo pa3BUBaTLCS YK€ B COBEPILIEHHO
HoBOM Kayectse. [Tocnenyroiue 35 neT Mbl, Kak, pa3ymeeTcsl, U cefiyac, pa3BUBaju Ha 6a3e BCE
60J1ee OLICTPOI1 BEIUMCIIUTEHLHON TEXHUKM KOHKPETHbIE BCE 00Jiee CIIOXKHbIE METOJIbl MOUCKA
(cHoBa Kak y npodgeccopa Marapiuaka!) Teicsiu aydmmx napametpos MIIJ nekonepoB, KOTOpbie
camMM TIpU 3TOM OCTaJIMCh KpaiiHe MPOCTHIMU.

Ho nmeHHO ¢ moMOLbI0 ONTUMM3ALME MT0O6ALHOTO MOMCKA Mbl TIOUTH IOCTUIIIN
rpanuipl HlenHona. He 3a6yeM Tak:ke, 4To 3Ta rpaHuia abCoOMIOTHO yNpyra, Kak U CKOPOCTh
CBETa /Uil MATEPUANIbHBIX TEJ, & TO3TOMY NPUHUMUIUAILHO HEIOCTHXKUMA.

Tak yTO MbI O3JPaBJsieM HAC U Bac C NOJHbIM peleHreM npoodiaembl lllennona. [Tpeskusis
Teopusl KOMPOBaHusl 3aBepileHa. A Bce 3aj1aun B ccpepe TK Teneph periatoTcst TeXHOIOTUSIMU
OT c npuBneyeHreM HeCKOJbKUX [ECSITKOB HAIlIMX MAaTEeHTOB, KCTATH, BKIIFOYAIOLUX U HAIIA
OYEHb MOJIE3HbIE Pe3yJIbTaThl MO 0JOKOBbLIM asiroputMam Butepou (BAB). MM HeT paBHbIX
Cpefiv MPOYUX ONTUMANIbHBIX AITOPUTMOB JIJ1sl OJIOKOBBIX KOJIOB, PEKJIAMUPYEMbIX W 1O Ceii IeHb
TOJINOI «TE€OPETUKOB» , KOTOPbIE OECKOHEYHO CJIOXKHBI, T. K. Y HUX 9KCIIOHEHTA CJIOXKHOCTH BJBOE
60JIbllIe, YeM Y ONTUMAIILHOTO U a0COJIIOTHO ujieanbHOro AB i1l CBEPTOUYHBIX KOJIOB.

Ho ¢opmy: st UTOroBbIX BEPOSTHOCTEN OLUMOKM, @ TAK>Ke JIJIsl YMCIia MPOCTENIINX
omeparyi IeKofiepa, T.€. ero CIOXHOCTA, HeT M HMKOrAa Jisi OOJBLIOr0 YPOBHS HIyMa
He OyaeT. Tak Bor Hama mkosa OT Halwia Takue XOpolre KObl ¥ IPEKPACHBIE alTOPUTMBbI
IEKOJIMPOBAHUS JIJIs1 HUX. A MpoBepsieM Mbl UX U pa3BuBaeM Ha ocHoBe Teopuu OT panbliie,
ObICTPO AHAJIM3UPYS HA MPOrpaMMHBIX MOJIEJISIX , He 3a0bIBas u npo [TJINC.

Hy, u nocnennee. C yero 3to Mbl BOOOpa3uiu, yTo Ham anroputmbl OT camble nyumme?
Ha Tyt Bcé sicHo: Bce nekopiepbl MIIJL - 370 Bcero nuiib NpocTeiiiine NoporoBbie 3J1eMEHThI,
KOTOPbIE CYMMUPYIOT HECKOJILKO HEOOJIBIINX LEJIbIX YUCEN U CPAaBHUBAIOT PE3YJIbTAT C
HEKOTOpbIM noporoM. s nporpamMmel Ha C++ 210 b 7 + 10 cambIX OBICTPBIX NPOCTBIX
komaHg. W srto Boobme - BCE!

Ho nipu aTom pellieHre — onTuMasbHOE, SKBUBAJIEHTHOE NEPEOOPHOMY HAMITydlIeMY
BapMaHTy, YKUCJIO ONepaluil IMHEHHOE MO JIMHE KOJia, T.€. MUHUMAJILHO JJaXKe TEOPETUUECKU
JIONYCTUMOE, a paccTosiHue 1o rpaHuibl llleHHoHa — camoe MalieHbKOe MO CPaBHEHMIO CO BCEMU
npounmMu Kiaccamu jiekoaepoB. T.e. no kpurepuro [1J1C y MIIJI vaeanbHble Haumydilve
3HAYEHUS!, KOTOPbIE KpaiiHe TPYJHO €lIE KaK-TO yJIydymnuTh. OHAKO CKaXKeM IO CEKPEeTY, UTO
MbI BCE K€ 3TO MOHEMHOXKY TOXKE MPOJOJIXKAEM JIeaTh.

Tak yTo MbI UCKpeHHe OJarofgapum npodeccopa F). Marapiaka 3a HCKIIFOUUTETBLHO
SIPKYIO U IPEKPacHO apryMEHTHPOBAHHYIO CTaThiO, a4 BCEX HAIMX KOJIJIET Mbl NPUIJIAILIAEM B
mup Ero BenmuecTBa Dkcnepumenta. Bcem, KTO roTOB pa3BuBaTh B INTyOOKOM €IMHCTBE
TEOPHIO M 9KCMIEPUMEHTBI B chepe MOBBILLIEHNS JOCTOBEPHOCTH «IU(PhI» aKe MPr




QKCTPEMAJILHO 0OJIBIIIOM YPOBHC 1IyMa, MbI BCErjid roToBbI IOMOYb U P€AJIbHO TIOMOT'aCM B
CO31aHNN HOBbBIX MECTOOB U texnoyoruii OT. Mbl YBEPEHLI, 4TO 3TO HpI/IBeHéT K HOBbBIM
KPYIIHBIM YCII€XaM B IIPOCTOM BbICOKOJOCTOBECPHOM XPAaHCHUU, NICPEAAYC, KOHTPOJIC U
BOCCTAHOBJICHUN NTUCKPETHLIX JaHHBIX Haluen I/IH(bOpMaHI/IOHHOﬁ IWBUIIN3alIUH.

[Ipodeccop, pa.T.H., B .B. 3onoTapés
MUKW PAH,
naypeat npemuu [TpaBurtenncTtBa PO no Hayke u TexHuke
u 3onoron Menamu EC «3a uckmounrtenbhbie foctikenns/For Exceptional Achievements»
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