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•  Head of the Tevatron Collider 
2001-2006 

•  Invented electron lenses for 
supercolliders (Tevatron, RHIC, LHC)

•  Director of Accelerator Physics 
Center 2007-2018 , g y,2 TeV c.m.e. proton-antiproton 

6.3 km 
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HISTORY OF RUSSIAN SCIENCE 
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SAINT-PETERSBURG  ACADEMY 
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•  IMPERIAL ACADEMY OF SCIENCES  1747 

•  RUSSIAN ACADEMY OF SCIENCES  1917 

•  USSR ACADEMY OF SCIENCES   1925 

•  RUSSIAN ACADEMY OF SCIENCES  1991 



ACCADEMIA DELLE SCIENZE  
DELL’ISTITUTO DI BOLOGNA (1690) 

Vladimir Shiltsev | Lomonosov, Mendeleev and Bologna Academy, Nov 2019 6 , g y,onosov, Mendeleev and Bologna Academy, Nov 2019 
Accademia degli Inquiete - Eustachio Manfredi  

Mens Agitat 
Previous Bologna Academies: 
1511 Il Viridario 
1588 Gelati 



COMPETITION  
FOR BERNOULLI 
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Daniel Bernoulli  
(1700-1782) 
Elected Bologna Academy – 
1724  
Elected St.Petersburg 
Academy - 1724  

ovv v vvvvvvvvvvv 202020202020220200191919191919191999 

-chose to go to St.Petersburg,  
worked there till 1733, then 
Basel  
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LOMONOSOV 
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MIKHAIL LOMONOSOV 
1711 – 1765 

TRUE POLYMATH: 
•  PHYSICIST AND CHEMIST 

•  POET AND ARTIST 

•  ENGINEER AND ENTREPRENEUR 

•  COURTIER AND ADMINISTRATOR 

•  PHILOLOGIST AND ASTRONOMER  

•  GEOLOGIST AND MINERALOGIST 

•  ETC ETC 

“Father of Russian Science” 



NAMED AFTER LOMONOSOV 
•  MOSCOW STATE UNIVERSITY – RUSSIAN “NUMBER ONE” 

•  TOWN (NEAR ST. PETERSBURG), HOME VILLAGE IN THE NORTH 

•  RANGE IN ARCTIC OCEAN, OCEAN STREAM, PENINSULA, MOON 
CRATER, MINERAL, CRAYFISH SPECIES 

•  THREE OTHER UNIVERSITIES 

•  ONE THEATER 

•  RUSSIAN STATE PORCELAIN FACTORY 

•  8 SCHOOLS 

•  54 STREETS AND SQUARES 

•  RUSSIAN STATE-WIDE TERCENTENNIAL CELEBRATION IN 2011  
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Moscow State University 
Named after M.V.Lomonosov  
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ROOTS & EARLY LIFE 



LOMONOSOV COMPLETE WORKS 1950-83 
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LOMONOSOV AND BOLOGNA ACADEMY 
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COUNT MIKHAIL VORONTSOV 

STATE CHANCELLOR OF RUSSIAN EMPIRE (1758-1765) 

(knew Italian) 

LOMONOSOV TOMB, ST.PETERSBURG 

Francesco MEDICO (1767) 
Carrera marble 



VORONTSOV’S 1764 TRIP TO ITALY 
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1)  arranged article on mosaics in “Novelle Letterarie Firenze” via Francesco ALGAROTTI 
2)  Recommended LOMONOSOV to Bologna Academy 
3)  Passed LOMONOSOV’s convolute “Opera Academica” to Bologna (ZANOTTI) 

LOMONOSOV’S MOSAICS “BATTLE OF POLTAVA” (1764) 



LOMONOSOV GOT ELECTED  
FOREIGN MEMBER OF BOLOGNA ACADEMY APRIL 6, 1764 

COMMUNICATIONS WITH FRANCESCO MARIA ZANOTTI, ACADEMY 
SECRETARY (APRIL – MAY 1764) 
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Thanks to: M.Caroli, L.Nanetti, L.Cifarelli, A.Oleandri, S.Romaschenko 

(Reproduced with kind permission of Biblioteca Universitaria di 
Bologna) 



OPERA ACADEMICA CONVOLUTE (9 PAPERS) 
I. PANEGYRICUS ELISABETAE AUGUSTAE (1751, 
LATIN) 

II. ORATIO DE UTILITATE CHEMIAE (1752, LATIN) 

III. ORATIO DE METEORIS VI ELECTRICA ORTIS.  

(1753, LATIN) 

IV. PANÉGIRIQUE DE PIERRE LE GRAND (1755, 

FRENCH) 

V. ORATIO DE ORIGINE LUCIS SISTENS NOVAM 

THEORIAM COLORUM (1756, LATIN) 

VI. ORATIO DE GENERATIONE METALLORUM A 

TERRAE MOTU (1757, LATIN) 

VII. MEDITATIONES DE VIA NAVIS IN MARI (1759, 

LATIN) 
VIII. MEDITATIONES DE SOLIDO ET FLUIDO (1760, 

LATIN) 

IX. ERSCHEINUNG DER VENUS… (VENUS 

ATMOSPHERE - 1761, GERMAN) 
Vladimir Shiltsev | Lomonosov, Mendeleev and Bologna Academy, Nov 2019 17 



THEORY OF ATMOSPHERIC ELECTRICITY 
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Air density increase due to lower temperature in upper atmosphere  
is ~2.5 times stronger than density decrease due to high elevation 
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death of Georg Richter 
 

Richmann electrometer 
 

07/26/1753 
 

Ri h l t t
LOMONOSOV’S ELECTRICITY  EXPERIMENTS 

Death of Prof.Georg Richmann 
 



Leonardo’s “airscrew” 
1493 

1754 LOMONOSOV’S  
“AERODYNAMIC MACHINE” 

Chinese top 
4th cent. A.D. 

* counter-rotating blades 
**for atmospheric research 
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9 grams of thrust ! 
 



DISCOVERY OF VENUS’S ATMOSPHERE 
•  IN 1761, MIKHAIL LOMONOSOV  

OBSERVING THE TRANSIT OF 
VENUS NOTED APPEARANCE 
OF LUMINOUS ARC OVER THE 
PART OF THE PLANET OFF THE 
SUN’S DISC AT EGRESS:   

« FROM THESE OBSERVATIONS, MR. 
COUNCILOR LOMONOSOV 
CONCLUDES THAT THE PLANET 
VENUS IS SURROUNDED BY A 
SIGNIFICANT AIR ATMOSPHERE 
SIMILAR TO (IF NOT EVEN GREATER 
THAN) THAT WHICH SURROUNDS 
OUR TERRESTRIAL GLOBE…» 

 21 



SUN, VENUS AND EARTH 
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Earth 

Venus 

22 
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TRANSITS OF VENUS OVER SUN’S DISC 

1761: JUNE 6  
1769: JUNE 3-4   
 
1874: DEC 8-9  
1882: DECEMBER 6 
 
2004: JUNE 8  
2012: JUNE 5-6 
 
2117: DEC 11  
2125: DECEMBER 8 

lasts about 6 hours 

23 
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WHY SO RARELY? TILTED ORBITS 
Venus orbit tilted  
3.40 w.r.t. ecliptic 

24 



VENUS ATMOSPHERE  LOMONOSOV’S ARC  
1761 AND NOW 
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TRANSIT          JUNE 5-6, 2012  
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Igor Nesterenko 

Alfiya Nesterenko 

Aleks Koukarine Vladimir Shiltsev 

Yuri Petrunin 

Randall Rosenfeld 

SIMULTANEOUS OBSERVATIONS WITH ANTIQUE TELESCOPES 

26 



2 ft - Dollond 
end 18th c 

4 ½ ft - Dollond 
2nd half 18th c 

2 ft - C.West 
ca 1820 3 ft - Dollond 

ca 1800 
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RESULTS OF 2012 REPLICATION 
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1761 2012 2012 

2012 2012 2012 



MORE IN THE ARTICLES BY 
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2017 Profs. Robert CREASE  
and Vladimir SHILTSEV 

 
1982 Prof. Piero CAZZOLA 



MENDELEEV 
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DMITRII MENDELEEV (1834-1907)  
 

•  PERIODIC LAW (1869) 

•  FINALIZED EQUATION FOR IDEAL 
GAS (1874), CLAPEYRON 

 

•  TEMPERATURE OF ABSOLUTE 
BOILING – CRITICAL T (1860) 
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SUPERCRITICAL FLUIDS (1860)  

Decaffeinate coffee beans by S.Crit. CO2 
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Also - cocoa butter from cocoa beans, soybean oil from soybeans, essential oils from spices 
Vladimir Shiltsev | Lomonosov, Mendeleev and Bologna Academy, Nov 2019 32 



HEIDELBERG MENTORS: 
BUNSEN & ERLENMEYER 
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Erlenmeyer flask 

Bunsen burner 



RUSSIAN STUDENTS IN HEIDELBERG 
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ALEXANDER BORODIN 1859-1861 

 DIM 

“PRINCE IGOR” OPERA 
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Mendeleev, Borodin 
October 1860 
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“…How proud such country should be.. which can  
produce people like Garibaldi !” (D.Mendeleev) 



MENDELEEV FOR BOLOGNA ACADEMY 
(26 FEBRUARY 1901) 
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Academy Correspondence Book 
Courtesy Prof. Luisa CIFARELLI “Chiarmi Signore, …. [diploma 964 sent to] Mendeleev  

[Firmati Presidente + Segretair] 
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LETTER AND DIPLOMA 
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Coutesy Prof. I.Dmitriev, Director Mendeleev Museum and Archives, St.Petersburg State University 

Soci Corripondenti 



WHO WAS IN THE PACK WITH MENDELEEV 
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EMIL FISCHER  

BERLIN, CHEMISTRY 

1902 NOBEL PRIZE 

SUGARS 

EDWARD SUESS 
WIEN, GEOLOGY 

GONDWANA 
SUPERCONTINENT 

ALBERT DE LAPPARENT 

PARIS, GEOLOGY 

CHANNEL TUNNEL PROPOSAL 

 



WHY NO NOBEL PRIZE 
FOR MENDELEEV? 
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NOMINATED IN 1905, 1906, 1907 

DIED 1907 

 

 

 

“…In 1906, Mendeleev was selected by the 
prize committee to win the honor, but the Royal 
Swedish Academy of Sciences stepped in and 
overturned the decision. Why? The intervention 
was spearheaded by Swedish chemist Svante 
Arrhenius,  who had himself won the 

prize in 1903 for his theory 
of electrolytic dissociation. 
Mendeleev had been an 
outspoken critic of the 
theory, and Arrhenius seized 
the opportunity as the 
perfect chance to squeeze a 
few sour grapes…” 

 MENDELEEV HAD COLD RELATIONS WITH NOBEL BROTHERS DUE TO BAKU OIL TARIFFS 



MENDELEEV’S FAME  
• THE PERIODIC TABLE OF ELEMENTS 

• NON-ELECTION TO THE RUSSIAN ACADEMY 
OF SCIENCES IN 1880 

Vladimir Shiltsev | Lomonosov, Mendeleev and Bologna Academy, Nov 2019 41 

In mantle of honorary doctor of 
Edinburgh University 

• MEMBER OF 150 ACADEMIES 
AND SOCIETIES: FOR.MEM.R.S., 
PARIS, BOLOGNA, ACCADEMIA 
DEI LINCEI, ROME, ETC 

•  BROAD SPECTRUM OF 
INTERESTS AND PUBLICATIONS 
(25 VOLUMES) 

• MYTHS 



“MENDELEEV’S 
DREAM” 

(INVENTION OF PERIODIC TABLE) 

Opening “Mendeleev’s Dream” monument in St.Petersburg (2017)  

•  In memoirs of Prof. 
A.Inostrantsev 
(1843-1919), geologist, 
friend 

•  Widely spread by media 
•  Very popular among 

students (no study – go to 
bed!) 

•  DIM himself never 
confirmed or denied…  

•  commented that it took 
him 20 yrs of thinkingVladimir Shiltsev | Lomonosov, Mendeleev and Bologna Academy, Nov 2019 42 



“FATHER OF RUSSIAN 
VODKA” 

  Interpretation of his 1865 PhD thesis  
  DIM was on the State Commission on 
Tariffs in 1890-1900’s (incl. alcohol 
standards and monopoly) 

o  Initiated by Tzar Alexander III  
o  Implem’d by S.Witte 1895-1904 
o  Out of concerns of health and $$ 

o  25-30% of budget income (!) 
Vladimir Shiltsev | Lomonosov, Mendeleev and Bologna Academy, Nov 2019 43 

rpppppppppppppppppppretation of his 1865 PhD thesis  
wwwwwwwwwwwwwwwwwwas on the State Commission on 

ffffffffffffffssss in 1890-1900’s (incl. alcohol 
ddddddddddddaaaards and monopoly) 
IIIInitiated by Tzar Alexander III  
IIIImplem’d by S.Witte 1895-1904
OOOOOOOOOOut of concerns of health and $$$

o 25-30% of budget income (!) 

 
$ 
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Nullius in verba ! 
PHYSICS TODAY, 22 Aug 2019 



OUTLOOK 
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OTHER RUSSIAN MEMBERS OF 
BOLOGNA ACADEMY 

CHEBYSHEV 
1873 

MATHEMATICS 

Vladimir Shiltsev | Lomonosov, Mendeleev and Bologna Academy, Nov 2019 46 

KARPINSKY  

1901 

GEOLOGY 

PAVLOV  

1911 

PHYSIOLOGY 

LOBODANOV  

2016 

LINGUISTICS 



47 Vladimir Shiltsev | Lomonosov, Mendeleev and Bologna Academy, Nov 2019 

USSR, 
 PPP 

OECD RESEARCH & DEVELOPMENT  DATA 



“RADIO-ASTRON” (SPEKTR-R) 2011-2019 
10 M, Λ=1.2-92CM LEBEDEV PHYSICS INSTITUTE  

20 EARTH DIAM’S BASE  7 MICROARC SEC (RECORD) 
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COLLIDING BEAMS 1-6 GEV CME 
BUDKER INSTITUTE OF NUCLEAR PHYSICS (NOVOSIBIRSK) 

•  “ROUND BEAMS” FOR RECORD HIGH BEAM-BEAM TUNE SHIFT =0.25 

•  “RESONANT DEPOLARIZATION” RECORD ENERGY PRECISION E/E~1E-7 

Vladimir Shiltsev | Lomonosov, Mendeleev and Bologna Academy, Nov 2019 49 

Russia: 2 out of 7 
Colliders�

–  VEPP-2000�

–  VEPP-4M�
–  DAFNE (Italy)�

–  BEPC (China)�

–  Super-B (Japan)�
–  RHIC (USA)�

–  LHC (Europe)�

•  (NICA – constr’n)�



RECORD HIGH MAGNETIC FIELD 2400 T 
VNIITEF (SAROV) 

Vladimir Shiltsev | Lomonosov, Mendeleev and Bologna Academy, Nov 2019 50 ddiiimmir Shiltsev | Lomonosov, Mendeleev and Bologna Academy, Nov 2019mir Shiltsev | Lomonosov, Mendeleev and Bologna Academy, Nov 2019

Explosively pumped flux compression generator  



NEW ELEMENTS 113-118 
JOINT INSTITUTE FOR NUCLEAR RESEARCH (DUBNA)  

Vladimir Shiltsev | Lomonosov, Mendeleev and Bologna Academy, Nov 2019 51 

IUPAP:  
December 30, 2015  
#113 RIKEN 
#115 JINR,LLNR,ORNL 
#117 JINR,LLNR,ORNL 
#118 JINR, LLNL 
 

#114 Flerovium  
     (JINR, 2012) 
#116 Livermorium 
(JINR, LLNL, 2012) 



WORLD'S LONGEST LASER 270 KM 
NOVOSIBIRSK IAE & ASTON (UK) 

 
RAMAN  

FIBER  
LASER 
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RUSSIA SUPPORTS INT’L MEGASCIENCE 

EUROPEAN  

XFEL (HAMBURG) 

25% 

FAIR�
(Darmstadt)�

17%�

Grenoble, 11%�
Vladimir Shiltsev | Lomonosov, Mendeleev and Bologna Academy, Nov 2019 53 



RUSSIA-CERN:  

Vladimir Shiltsev | Lomonosov, 
Mendeleev and Bologna Academy, 

Nov 2019 
54 

•  In-kind contribution   ~ 
150 M$ to LHC construction 
(beamlines) 
•  Support of many groups in 4 

major experiments 
•  Considering joining CERN as 

Associate Member  

TOTAL LHC 
USERS 

~12500 

USA (non-member) 1730 
ITALY 1500 
GERMANY 1200 
RUSSIA (non-member) 920 
UK 900 



RUSSIA-ITER: 9% (2B$) 
(EU & RU, US, CH, RK, IN, JP) 

Vladimir Shiltsev | Lomonosov, Mendeleev and Bologna Academy, Nov 2019 55 

29 m dia x 29 m 
2020… -2022? 

CONSTRUCTION AT CADARACHE, FRANCE, SITE OF THE ITER NUCLEAR-FUSION EXPERIMENT  

the idea of tokamak 
(1951 - Lavrentiev, 
Sak-harov, Tamm) 
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OTHER MEGASCIENCE PROJECTS (APPROVED): RESEARCH REACTOR PIK 
(ST.PETERSBURG – UNDER CONSTR.), THREE MODERN LIGHT SOURCES 1, 3 
AND 6 GEV AND PULSED NEUTRON SOURCE (PUTIN, 2019)  

1.2-9 GeV c.m.e. 

5 МeV/u 

600 MeV/u) 

0.6-4.5 GeV/u 

quark-gluon plasma studies 

RUSSIA’S MEGASCIENCE: ION-ION COLLIDER NICA 

8 countries contribute to construction;  
450 collaborators from 30 countries  

2020  
Dubna 

JINR 



ALL THAT MAKES US HOPE THAT 

CONNECTIONS BTW RUSSIAN SCIENCE 

AND BOLOGNA ACADEMY –  

STARTED WITH SUCH GENIUSES AS 

LOMONOSOV AND MENDELEEV –  

WILL CONTINUE TO STRENGTHEN 

Vladimir Shiltsev | Lomonosov, Mendeleev and Bologna Academy, Nov 2019 57 



MENDELEEV AND ITALY 
1860, 1864, 1879, 1881, 1904 
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MMMeeeeeeeeeeeeeennnnnnnnneeeeeneeeeeeeneeendeleev and Bologgggna Academyyyy, ,,, Nov 2019 58 

Rome, Genoa,  
Bologna, Venice,  
Palermo, Catania,  
Naples, Aosta,  
Chiavenna,  
Menaggio,  
Porlezza, Ivrea,  
Arona, Como,  
Bellagio, Torino,  
Novara, Bergamo,  
Padova, Brescia,  
Verona, Milano,  
Pisa, Firenze ,  
Civitavecchia,  
Albano, Anacapri,  
Castellammare,  
Sorrento, Messina, 
Canicatti,  
Caltanissetta,  
Agrigento,  
Bolzano 
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INDEXYEAR=#[WORD]YEAR/ #[ALL WORDS]YEAR  

Vladimir Shiltsev | Lomonosov, Mendeleev and Bologna Academy, Nov 2019 60 

https://books.google.com/ngrams 

Poets: Pushkin and Blok 
 
Scientists: 
Lomonosov 
Mendeleev   



LOMONOSOV: ACADEMY & BEYOND 
•  ODES TO EMPRESSES, POETRY REFORM     1739-1763 

•  ADJUNCT PROFESSOR OF PHYSICS  ST.PETERSBURG ACADEMY   1742 

•  ACADEMICIAN (PROFESSOR) OF ST.PETERSBURG ACADEMY   1745 

•  ESTABLISHED FIRST RUSSIAN CHEMICAL LAB    1748 

•  PROOF OF LAW OF CONSERVATION OF MATTER AND MOVEMENTS  1748-1756   

•  MOSAIC FACTORY       1752-1765 

•  FORMULATED MODERN RUSSIAN GRAMMAR    1754 

•  THEORY OF ELECTRICITY - FIRST HELICOPTER    1753-54 

•  FOUNDED MOSCOW UNIVERSITY      1755 

•  ORIGINS OF EARTHQUAKES AND MINERALS    1757 

•  ACADEMY TOP SCIENTIST/MANAGER     1757-65 

•  DISCOVERED ATMOSPHERE OF VENUS      1761 

•  ARRANGED ARCTIC PATH EXPEDITION     1763-65   

•  COMPREHENSIVE RUSSIAN HISTORY      1765  
Vladimir Shiltsev | Lomonosov, Mendeleev and Bologna Academy, Nov 2019 
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MENDELEEV IN BOLOGNA ACADEMY 
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63 “The solution is Jesiutic” 

“Un-Real History” (TNT channel)  
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Lyuba Mendeleeva & Alexander Blok, m.1903. 

Vl di i Shilt | L M d l d B l A d N 2019
«Poesie su una bella signora»  - 129 (!) [1901-1902] 

646464

…     
, 

  
. 

   



HTTPS://WWW.IYPT2019.ORG/ 
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IYPT’2019 MAP IIIIIIIIIIIIYYYYYYYYYYYYYPPPPPPPPPPPTTTTTTTTTTT’’’’’’’2222222222200000000000111111111119999999999999 MMMMMMMMMMAA

UNESCO INT’L YEAR OF PERIODIC TABLE 
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FERMILAB (CHICAGO) – MAY 2019 
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TYUMEN (DIM BIRTHPLACE) – SEP 2019 
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CERN – OCTOBER 2019 
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… IN REALITY 
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) Volume I. Ph.D. and Master thesis (3 articles). 
Volume II. Periodic law (7). 
Volume III. The study of aqueous solutions by specific gravity (11). 
Volume IV. Solutions (13). 
Volume V. Fluids (16). 
Volume VI. Gases (17). 
Volume VII. Geophysics and hydrodynamics (25). 
Volume VIII. Works in the field of organic chemistry (29). 
Volume IX. Gunpowder (34). 
Volume X. Oil (36). 
Volume XI. Fuel (40). 
Volume XII. Works in the field of metallurgy (42). 
Volume XIII. “Principles of Chemistry". Part One (50). 
Volume XIV. “Principles of Chemistry". Part Two (55). 
Volume XV. “Knowledge is theoretical”, small notes (62). 
Volume XVI. Agriculture and processing of agricultural products (68).
Volume XVII. Technology (70). 
Volume XVIII. Economic work. Volume I (74). 
Volume XIX. Economic work. Volume II (78). 
Volume XX. Economic work. Volume III (82). 
Volume XXI. Economic work. Volume IV (84). 
Volume XXII. Metrological work (86). 
Volume XXIII. Public education and higher education (93). 
Volume XXIV. Articles and materials on general issues (96). 
Volume XXV. Supplementary Materials (98). Vladimir Shiltsev | Lomonosov, Mendeleev and Bologna Academy, Nov 2019 72 



MENDELEEV INTERESTS 
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Periodic law,  
 pedagogy 

 II Organic chemistry 

 Solutions 
 

Gases,   
liquids  

 Metrology 

 Solid state, glass, metallurgy 

 Bio-med,  
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A.Sakharov 

1993 1994 

“Pauper Professors  
– Russia’s Shame!” 

1987-91 1989 



MENDELEEV’S STORIES 
 •  VODKA (PHYSICS AND CHEMISTRY OF SOLUTIONS) 

•  PERIODIC LAW AND TABLE 

•  SUPERCRITICAL LIQUID 

•  RARIFIED GASES – SEARCH FOR ETHER 

•  CLAPEYRON-MENDELEEV EQUATION OF IDEAL GASES  

•  AERONAUTIC AND METEOROLOGY, SMOKELESS POWDER 

•  CHAMBER OF WEIGHTS AND MEASURES 

•  PERSONAL LIFE 

•  CRITICISM OF SPIRITISM AND TESTS/EXPOSURES OF MEDIUMS 

•  OIL IN BAKU – NOBEL BROTHERS, DONETSK COAL, ECONOMICS & TARIFFS 

•  JUDGMENTS ON LITERATURE AND POETRY 

•  MENDELEEV AND LOMONOSOV 

•  “WHAT KIND OF ACADEMY WE NEED” – (NON-ELECTION AND FAME) 
Vladimir Shiltsev | Lomonosov, Mendeleev and Bologna Academy, Nov 2019 
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POPULAR MYTHS ABOUT VODKA 
•  “INVENTED BY DMITRII MENDELEEV” 

•  “IDEAL RECIPE ESTABLISHED BY MENDELEEV DUE 
MANY  UNIQUE PROPERTIES OF 40 % ALCOHOL”:  

•  BURSTS INTO FLAME 

•  DOES NOT FREEZE 

•  ULTRA PURE PRODUCT 

•  FAT DROWNS IN VODKA 

•  EVAPORATES BUT AS FAST AS WATER 

•  FROM GRAIN ONLY  

•  MINIMAL HANGOVER 
… AND MANY OTHER FASCINATING FEATURES ATTRIBUTED 
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  Seminal scientific  study of solutions of  
alcohol C2H5OH in water:  

  Temperature control dT~ 0.02oC, new 
method to get record pure 99.99% ethyl 
alcohol, took into account air weight and 
air pressure, precise calibration of P and 
T, glass expansion, etc etc... 
  VERY thorough error analysis 
  Record accuracy <0.01 % 
  Chi-squared and Chebyshev methods 
  Cont’d analysis in 1887 

  Concluded presence of “associations” 
  What we now know as hydrogen bonds 

1:1 

4:2 

PHD THESIS  (1865) 
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On Compounds of Alcohol with Water 
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Experimental data 

Straight line –  
Under assumption that alcohol  
and water do not interact 
If mixed up 



Modern Vodka Standart  
(40% by volume = 34% by weight) 
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Maximum contraction 
(53% by vol. = 46% by weight) 



WHY PEAK AT 46% ALCOHOL? 

      C2H5OH AND 3 (H2O) 
12X2 + 5 +16 + 1        3 X (2+16) 

             46          54 

 OUT OF TOTAL OF 100 
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MODERN VIEW ON THE ISSUE 
INT’L SCIENTIFIC SEMINAR, MOSCOW STATE UNIVERSITY , 2010 

“145-TH ANNIVERSARY OF MENDELEEV’S THESIS “ SSIIISSSSSS 5 NN V S O M N V
Dr. V. Grigorieva (Moscow, author of “Vodka: Known and 
Unknown”, M., 2010) 

  It’s incorrect to cite DM as the creator of Russian vodka 
Prof. D. Shaefer (U. Cincinnati) 

  NMR and UV analysis shows just two clustering phenomena: at 1:5 
(~20-25% ) and 1:1 (~46%, as in DM’s work) 
  due to hydrogen bonds, balanced by thermal motion 

Prof. Masashi Hojo (Kochi University, Japan, author “Sake: 
Chemistry and Maturation”, ”Alcohol Consumption and Health”) 

  Hydrogen bond strength depends not only on ethanol concentration 
but also on impurities/foreign substances 
  Consequently, the taste is strongly dependent on them, too 

Dr. A.Kalinina (Moscow, Russian Narcology Center) 
  Comparative analysis of health effects of vodka, gin, beer, whiskey 

Drs. S.Patsaeva and T.Dolenko (Moscow State University) 
  Successfully applied Raman scattering for precise determination of 
the ethanol concertation and detail analysis of impurities 
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    “STRENGTH LOSS IN TIME” 



DOES VODKA CATCH FIRE AND BURN ? 
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VISCOSITY - “DRINK WHEN COLD” 
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VODKA - ANTIFREEZE 



MENDELEEV EXPERIMENTS IN 
HEIDELBERG (1859-1861) 
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DM AND GASES 
TEXTBOOK EQUATIONS 

•  R. BOYLE (1662) AND E. MARIOTTE (1676)   

  
•  J. CHARLES(1787) AND J. GAY-LUSSAC (1802) 

•  AT CONSTANT PRESSURE, T IN KELVIN 

• A. AVOGADRO (1811)  
•  IN MOLES, UNDER SAME P, T  

• B.P.E. CLAPEYRON (1834)                             
•  B DEPENDS ON GAS         

• D. MENDELEEV (1874)  
•  R IS THE UNIVERSAL GAS CONSTANT (R = 8.314 J/MOLE K) 

•  HIS OWN DATA T=273.09+T(OC)… NOW 273.16 
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PV=(M/μ)RT 
Clapeyron-Medeleev equation 
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Landau Mendeleev Kolmogorov Lomonosov 



DM NATURE, 15 (1877), P.499 
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RUSSIAN PHYSICS NOW:  
78 RESEARCH INSTITUTES DOING FUNDAMENTAL (49)  AND 
APPLIED PHYSICS RESEARCH (29) - SOME 35,000 STAFF 
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Moscow (38) 
Kurchatov Institute 

JINR (Dubna) 
Lebedev Institute 

Landau Theor. Physics 
Inst. Cosmic Studies 
Inst. General Physics 

Nihznii Novgorod (2) 
Inst. Applied Physics 

Physics of Microstructures 

Tomsk (5) 
Inst. High Current Electronics 

Inst. Atmosphere Optics 

Novosibirsk (14) 
Budker Inst Nucl Physics 

Inst. Semiconductors 
Inst. Hydrodynamics 
Inst. Laser Physics 
Inst. ThermoPhysics 

St.Petersburg (8) 
Ioffe Phys. Tech. Inst. 

SPb Institute Nucl.Phys. 
Pulkovo Observatory 
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2010 Geim, Novoselov  
Graphene 

1958 Cherenkov,  
Tamm and Frank 

Cherenkov radiation 

1962 Landau 
Superfluid He theory 1964 Basov, Prokhorov 

Laser 
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2003 Abrikosov, Ginzburg 
Theory of superconductors 
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2000 Alferov 
Semiconductor laser 

1978 Kaptsa 
Superfluid He 


