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Paboyass mnporpamMMa JUCLMIIMHBI pa3paboTaHa B COOTBETCTBUHM C CaMOCTOATEJbHO
ycTaHoBJeHHbIM MIY o6pa3oBaresnbHbiM cTaHgapToM (OC MIY) pansa peannsyeMbix
OCHOBHBIX NpPOodecCuOHaNbHBIX 00pa3oBaTe/JbHbIX NPOrpaMM BbICLIETO 06pa30BaHUs IO
HalpaBJIEeHUI0 MOATOTOBKU «XUMHfA, (U3UMKA WU MexaHWKa MaTepuajoB» (IPOrpaMMbI
OakasaBpHaTa, MarucTparyphl, peannsyeMblx 1ocJieloBaTeJbHO 1o cxeme

MHTErpUpPOBaHHOM NOJATOTOBKH ) B pelakLMu npukasa MI'Y ot 20__T.



1. Mecto pucuuninHbl B cTrpyktype OIIOIl BO: BapuaTuBHas d4acTb, npodeccruoHalbHas
NOArOTOBKA, CHELKYPC MO BbIOGOPY CTYJEHTOB, Kypc NMpeaHa3HA4YeH Uil CTYIECHTOB MarucTpaTypsl
¢dakynprera Hayk o Mmarepuanax l-ro roga obyudenusi (1l-ii cemecTp), TUCTAaHIMOHHBIM Kypc Ha
AHTJIMICKOM SI3BIKE, KypC ABISIETCS 0043aTeIbHBIM

2. BxogHble Tpe60BaHUA JJ1s1 0OCBOEHUS AU CLUILVIMHBI, Ipe/iBapUTe/IbHbIE YCI0BUS (€CIHU eCThb):
JMCIUIIMHBI ¥ MOAYJIU NIPOdeCcCHMOHAIbHOM NOATOTOBKU OakasaBpuara

3. Pe3yabTaThl 00y4eHUs MO AUCHUIIJINHE:

3Hamb: OCHOBHBIE BUJBI KPUCTAJUIMYECKUX CTPYKTYP; MPOIECCHl Ae(heKTo0Opa30BaHus B TBEPIOM TEIIE;
3aKOHOMEPHOCTH 00pa30BaHusl U pocTa HOBOM (ha3bl; OCHOBHBIE BU/BI (ha30BX MPEBPALIEHUH B TBEPBIX
Tenax, UX TepPMOJAMHAMUKY U KHHETHKY; TEOPUIO U IIPAKTUKY CUHTE3a TBEP/bIX BEUIECTB U MaTEPHUAJIO
Ymemu: ucnonws3zoBaTh (QyHIaMEHTAIbHbIE (PU3UKO-XUMHUYECKHE MPEJICTABICHUS] B paMKax MapaJurMsl
COCTaB — CTPYKTYpa — CBOMCTBA i1 0OOCHOBAHHOTO BbIOOPA METOJa OJyYEHHUSI HEOOXOIMMOTO YPOBHS
CBOMCTB TBepAO(DA3HBIX MaTepUaJoB U OOBICHATH BIUSHUE YCIOBUN MONY4eHHUS U 0O0pabOTKU
MaTepHUaIOB Ha UX XapaKTEPUCTUKHU U BBITEKAIOIIME U3 ATOr0 00JacTH MPUMEHEHUSI MaTepUaloB
Braoemys: mprueMaMu caMOCTOSITENIHO cOOpa JAHHBIX JJIsl TOMCKa HHPOPMAIMN 00 OTAETbHBIX
oTpeJeNIeHUsX, MOHATUIX U TEpMUHAX B 00JaCTH XUMUU TBEPIO(Pa3HBIX MaTepUAIOB; METOIaMU
CTaTUCTUYECKOM 00pabOTKH 1 aHAJIM3a SKCIIEPUMEHTAIBHBIX PE3YJIbTaTOB UCCIIEIOBAHUS CTPYKTYPHI U
MEXaHUYECKUX CBOWCTB, a TAKXKE MOJATOTOBKU 00pa310B, UCIIOJIb3YEMBIX IIPU U3MEPEHUSIX CTPYKTYPHBIX
1 MEXaHWYEeCKUX XapaKTePUCTHK; HEOOXOAMMBIM IS Ja/IbHEHN e npodeccnoHaNbHOMN 1eITeIbHOCTH
YPOBHEM aHTJIMHCKOTO SI3bIKA

4. 06'beM AUCUUIIJIMHBI COCTaBJsAEeT 2 3.e. (72 ak.4.)

5. CoziepkaHue JUCHUIIMHBI, CTPYKTYPUPOBAHHOE 10 TeMaM (pa3jesiaM) c yKa3aHUeM
OTBEJIeHHOI'0 Ha HUX KOJIMYeCTBa aKaJleMUYeCKUX YacOB U BU/1bl yUeOHbIX 3aHATHM:

5.1. CTpyKTypa AUCLHUIIMHEI 110 TeMaM (pas3zesiaM) C yKa3aHUeM OTBEeJeHHOTO Ha HUX KOJIMYecTBa
aKaJleMHU4YeCKUX YacoB U BU/bl yUeOHBIX 3aHATHUH (B CTPOrOM COOTBETCTBHUU C y4eOHBIM IJIAHOM )

Cemectp
Buna paéorsl Bcero
1
Oo0mas TpyroémMKocThb, akaa. Yacos 72 72
AyautopHas pabora:
Jlekuuu, akazg. Yacos
CemuHapsbl, akan. Yacos
JlaGopaTopHbie pabOThI, aKaa. YaCOB
CamocTosiTesqibHast padora, akaa. Yacos 72 72
Bua uToroBoro KOHTpoJIs (3a4€T, IK3aMEH) 3au.

5.2. CopeprkaHue pasziesioB (TeM) AUCIUAIIUHBI

Course Overview

Introduction to Solid State Chemistry is a one-semester college course on the principles of chemistry.
This unique and popular course satisfies MIT's general chemistry degree requirement, with an emphasis
on solid-state materials and their application to engineering systems. You'll begin with an exploration of
the fundamental relationship between electronic structure, chemical bonding, and atomic order, then
proceed to the chemical properties of "aggregates of molecules,” including crystals, metals, glasses,
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semiconductors, solutions and acid-base equilibria, polymers, and biomaterials. Real-world examples are

drawn from industrial practice (e.g. semiconductor manufacturing), energy generation and storage (e.g.

automobile engines, lithium batteries), emerging technologies (e.g. photonic and biomedical devices), and

the environmental impact of chemical processing (e.g. recycling glass, metal, and plastic).

. 3.091SC is not "just a chemistry class" - it's a chemistry-centered class that integrates examples
from the world around us, in the arts and humanities, the human stories behind the science, and
applications to engineering and emerging technologies.

. If you've taken chemistry classes before (for instance, high school AP Chemistry or another
college-level chemistry overview), 3.091SC offers a fresh look at some familiar topics, and includes
other topics that fall outside the "standard™ chemistry curriculum.

. While it satisfies MIT's graduation requirement for general chemistry — and thus may be the
last chemistry class you take — 3.091SC is also a solid basis for many more years of study in
chemistry-intensive subjects.

Learning Objectives

Upon successful completion of 3.091SC, students will have accomplished the following general and

specific learning objectives.

General

. Predict the properties and interactions of chemical substances by understanding their
composition at the atomic level, making connections to structure, bonding, and thermodynamics
as necessary.

. Determine and apply principles of materials science (specifically microstructure design and
selection) to the selection of materials for specific engineering applications.

. Assess the quality of text and graphics in textbooks and other published sources, and understand
the advantages and limitations of different models proposed to explain each concept.

. Understand and identify the similarities and differences among important classes of materials
including glasses, metals, polymers, biomaterials, and semiconductors.

Specific

. Utilize models of the atom to predict bonding and behavior of atoms.

. Apply trends in the periodic table to predict behavior and properties of the elements.

. Predict the behavior of specific elements in chemical reactions.

. Understand how the primary and secondary bonding of atoms influences materials properties
and behavior.

. Apply basic rules of electron orbitals to predict molecular structure and properties.

. Sketch the seven crystal systems and fourteen Bravais lattices.

. Specify atomic planes, directions, and families of planes and directions within a given crystal
structure using Miller indices.

. Correlate X-ray diffraction information with crystal structure.

. Compare and contrast the scattering of X-rays, neutrons and electrons within a crystal, and
understand when one should use each of these to obtain structural information about a material.

. Utilize band theory to describe the operation of modern semiconductor devices.

. Use thermodynamics to explain the presence of point defects in crystalline solids.

. Describe point, line, planar, and bulk imperfections in crystalline solids, and explain how these
imperfections interact.

. Identify the atomic-scale similarities and differences between amorphous and crystalline solids.

. Discuss the structural and physical property differences between inorganic glasses (oxides,
metallic) and organic glasses (polymers).

. Apply reaction kinetics to determine the rate of chemical reactions; understand the factors that
influence rates of reaction.

. Utilize basic biochemistry to understand the formation of amino acids, peptides and proteins,
lipids and nucleic acids.

. Apply Fick’s laws to predict the diffusion time and depth for systems with various initial and

boundary conditions.



. Utilize binary phase diagrams to identify weight and/or atomic percentages of components, and
relative amounts of stable phases in binary and unary solutions.

MOAYJIH Course Topics

3.091SC combines teaching about foundational chemistry concepts with applications to particular
material forms. To guide you through the course, individual class sessions are related to the following
foundation and application modules.
. Foundations
o Structure of the Atom - The periodic table, elements and compounds, chemical formulas.
Evolution of atomic theory: Thomson & Rutherford, Bohr model of hydrogen, Bohr-Sommerfeld
model and multi-electron atoms, atomic spectra, Schrodinger equation. Electron orbitals: Aufbau
principle, Pauli exclusion principle, and Hund's rules.
. Sessions 1, 2, 3,4,5, 6,7
o Bonding and Molecules - Primary bonding: ionic, covalent, metallic. Secondary bonding:
dipole-dipole, induced dipole-induced dipole, London dispersion/van der Waals, hydrogen.
Shapes of molecules: hybridization, LCAO-MO, VSEPR theory.

. Sessions 8, 9, 10, 11, 12

o Reactions and Kinetics - Reaction kinetics: rate laws, thermal activation, and the Arrhenius
equation. Diffusion: Fick's first and second laws.
. Sessions 22 (second part), 23, 24

. Applications

o Electronic Materials - Band theory: metals, insulators, and semiconductors. Band gaps,
doping, and devices.
. Sessions 13, 14, 15 (first part)

o Crystalline Materials - Crystal structure: 7 crystal systems, 14 Bravais lattices, Miller
indices. Properties of cubic crystals. X-ray diffraction. Defects: point, line, surface, bulk.
. Sessions 15 (second part), 16, 17, 18, 19, 20

o Amorphous Materials - Inorganic glasses: silicates, other oxides, metallics.
. Sessions 21, 22 (first part)

o Aqueous Solutions - Liquids and solutions: solubility rules, acids, bases, pH.
. Sessions 25, 26

o Organic Materials - Organic compounds: nomenclature, alkanes, alkenes, alkynes,

aromatics, functional groups. Polymers: structure, composition, synthesis and applications.
Biochemistry: amino acids, peptides and proteins, lipids, nucleic acids, protein biosynthesis.

. Sessions 27, 28, 29, 30, 31, 32
o Solid Solutions - Phase stability: unary and binary phase diagrams.
. Sessions 33, 34, 35

Course Structure

Take a moment to familiarize yourself with the organization of this course. 3.091SC consists of nine
modules, followed by final exam. Each module contains a sequence of several session pages, and ends
with a self-assessment page.

Order of Topics

3.091SC combines teaching about foundational chemistry concepts with applications to particular
material forms. This website has been organized for a linear progression through the topics, reflecting the
order of lectures as taught at MIT. The initial Structure of the Atom and Bonding and Molecules modules
are an essential foundation for the latter portion of the course, and should be studied first. As an
independent learner, you could then work through the latter application-oriented modules in the order in
which they are presented, or choose a different order which suits your particular interests. For instance,
you could study Aqueous Solutions or Organic Materials before the modules on Electronic, Crystalline,
and Amorphous Materials. Check the prerequisites listed on each session page to see what prior
knowledge is needed, and if needed follow the links to other sessions or modules.

Session Pages

This class consists of 35 individual sessions. Each session page has the following content:
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../3-091sc-fall-2010/contents/structure-of-the-atom/index.htm
../3-091sc-fall-2010/contents/bonding-and-molecules/index.htm
../3-091sc-fall-2010/contents/reactions-and-kinetics/index.htm
../3-091sc-fall-2010/contents/electronic-materials/index.htm
../3-091sc-fall-2010/contents/crystalline-materials/index.htm
../3-091sc-fall-2010/contents/amorphous-materials/index.htm
../3-091sc-fall-2010/contents/aqueous-solutions/index.htm
../3-091sc-fall-2010/contents/organic-materials/index.htm
../3-091sc-fall-2010/contents/solid-solutions/index.htm

Session Overview: A quick glance at what's in this session and how it fits into the course —
keywords, prerequisites, and learning objectives.

. Reading: The suggested readings from the course notes and textbooks should be completed
before watching the video (see note below on Textbooks).

. Lecture Video: Each session has one lecture video, approximately 1 hour long. A PDF file of the
slides is provided for reference.

. Homework: These problems with solutions are for your benefit, to develop your practical
understanding of the material.

. For Further Study: These optional resources may include supplemental reading lists, additional

content on historical or cultural aspects mentioned in this session, and related or next-step online
content.
Self-Assessment Pages
After you've done all the readings, watched all the lecture videos, and completed the homework in a
module, use the self-assessment page to confirm that you understand the material. Each self-assessment
page provides several types of problems with solutions, plus helpful videos.

. Weekly Quizzes: These short quizzes are representative of the homework in this module, and an
indication of the knowledge you should have in preparing for the module exam.

. Exam Problems: These problems from the Fall 2009 tests verify that you've developed the
appropriate depth of understanding, before you move on to the next module.

. Help Session Videos: In these informal videos, three teaching assistants from the Fall 2009 class

work through their approach to solving the exam problems.
» Meet the TAs

. Supplemental Exam Problems: These additional exam problems from prior year classes are
provided for optional further study.
Final Exam

After completing all nine modules, you'll be prepared for the final exam. Work these problems and check
the solutions for an overall assessment of your mastery of the course content.

Content from Various Years

This OCW Scholar course consolidates materials from several years of 3.091. The core contents (lecture
videos, lecture slides, and module self-assessments) are from the Fall 2009 teaching term. The "archived
lecture notes” used for many session readings were originally written by Prof. August Witt, who taught
this course at MIT until 1999. Supplemental exam problems are drawn from the 2007 and 2008 classes,
and the final exam is from the Fall 2010 class.

Textbooks and Reference Materials

Suggested Textbooks

The readings and homework portions of each session combine original content provided on this website
and references in commercial textbooks. While the materials on this website are sufficient to complete the
course, Professor Sadoway believes that students must also learn how to use textbooks effectively, laying
a foundation for future academic work and lifelong scientific literacy.

Successful progress in this course will be helped greatly by having access to these books or their
equivalents. See the link below for details.

Reference Materials

A detailed periodic table of the elements and a table of fundamental physical constants are essential
references used throughout the course. These are provided at the following link.

» Reference materials and a list of suggested textbooks

Technical Requirements

This course includes functionality that does not display correctly in Internet Explorer. For best results, we
recommend viewing this course with Firefox, Safari or Chrome.
Join a Study Group

MIT OpenCourseWare has teamed up with OpenStudy so you can quickly and easily connect with others
working on this course. Through this site, you can find other students interested in Introduction to Solid
State Chemistry: work together on assignments, ask each other questions about the exams, or just discuss
the topics of the course.


../3-091sc-fall-2010/contents/syllabus/meet-the-tas/index.htm
../3-091sc-fall-2010/contents/syllabus/suggested-textbooks/index.htm
http://www.mozilla.com/en-US/firefox/
http://www.apple.com/safari/
http://www.google.com/chrome

» Sign up now

6. ®onp oueHouHbIX cpefcTB (POC, olleHOUHbIE U METOJUYECKHE MaTepHuasbl) AJis OLleHUBaHUS
pe3ybTaToB 00y4eHUs N0 AUCLUIIMHE (MOAYJIIO).

6.1. TunnoBblie KOHTPOJIbHbI€ 3ajlaHUA HWJIKW HWHbI€e MaTepUa/bl [Jid MNOPOBeAEHHUA TEKYyIero

KOHTPOJISl YCIIeBAaeMOCTH, KPUTEPHUU W WIKaJbl OLEHUBAHUSA (B OTCYTCTBUE YyTBEPXKJEHHBIX
COOTBETCTBYIOLUX JIOKaJIbHbIX HOPMATHUBHbIX aKTOB Ha paKy/JIbTeTe)

IIpumep: onucanue moay.ast «CTpoeHue aToma»

Session Overview

Modules Structure of the Atom
Concents origins of modern chemistry, taxonomy of chemical species, introduction to the
P periodic table, evolution of atomic theory
matter, element, compound, mixture, solution, metal, semimetal, nonmetal,
mole, symbol, molecular mass, substance, homogeneous mixture, heterogeneous
Keywords

mixture, periodic table of elements, Democritus, Aristotle, John Dalton, triads,
octaves, Johann Dobereiner, John Newlands, Dmitri Mendeleev, Julius Meyer

Chemical Substances | none

Applications energy generation and storage (e.g. batteries)

Prerequisites
Before starting this session, you should be familiar with:

. Basic principles of high school chemistry
. Fundamental concepts of the structure of the atom
Looking Ahead

Prof. Sadoway discusses the periodic table in more detail (Session 2). He explores the relationship
between electronic structure, chemical bonding, and crystal structure (Session 4).

Learning Objectives

After completing this session, you should be able to:

. Classify a substance as an element or a compound.

. Understand the developmental history of the periodic table of elements.
. Identify the symbols and number of electrons for an element.

. Classify an element as a metal, semimetal or a nonmetal.

. Explain which sets of elements are in the same period.

. Calculate the molecular mass of a compound.

. Calculate the number of moles in a substance.

. Define a homogenous mixture and a heterogeneous mixture.

Reading

BOOK CHAPTERS TOPICS

Chemistry in the modern world; the scientific method; a description of matter;
a brief history of chemistry; the atom; introduction to the periodic table;
essential elements

[A&E] 1, "Introduction
to Chemistry."

Lecture Video

Flash and JavaScript are required for this feature.


http://openstudy.com/groups/ocw%20scholar%20-%20introduction%20to%20solid%20state%20chemistry?version=feed:join-study-group&referrer=ocw%20scholar%20-%20introduction%20to%20solid%20state%20chemistry&domain=ocw.mit.edu
../3-091sc-fall-2010/contents/structure-of-the-atom/2-periodic-table/index.htm
../3-091sc-fall-2010/contents/structure-of-the-atom/4-matter-energy-interactions/index.htm
../3-091sc-fall-2010/contents/syllabus/suggested-textbooks#a_e

[€IDownload this video:
» iTunes U (MP4 - 205MB)
» Internet Archive (MP4 - 205MB)

Resources

Lecture Slides (PDF - 3.2MB)

Periodic Table and Table of Constants

Transcript (PDF)

Lecture Summary

This lecture is an introduction to the class.

Professor Sadoway begins with important information about the course objectives, organization, and
expectations, and proceeds to introduce the subject of solid state chemistry. 3.091 integrates thorough
coverage of the principles of chemistry with various applications to engineering systems. The thesis of
3.091 is that electronic structure holds the key to understanding the world around us.

The lecture continues with a survey of the historical foundations of chemistry:

. The origins of chemistry in ancient Egypt and Greece

. The development of increasingly refined classification schemes (taxonomy and nomenclature)
throughout the 18™ and 19™ centuries

. The evolution of atomic theory

. The origins and development of the periodic table of elements

Homework

Problems (PDF)
Solutions (PDF)
Textbook Problems

' [A&E] SECTIONS CONCEPTUAL | NUMERICAL
[A&E] 1.3, "A Description of Matter." 6,7,9 10 none
[A&E] 1.4, "A Brief History of Chemistry." 6 none
[A&E] 1.5, "The Atom." none 1
[A&E] 1.6, "Isotopes and Atomic Masses." 1 none
[A&E] 1.7, "Introduction to the Periodic Table." 1,4,6,10, 11 none
[A&E] 3.1, "The Mole and Molar Masses." none 3,8, 16,17
For Further Study

Textbook Study Materials

See the [A&E] companion website from Pearson for PowerPoint outlines of each chapter, plus online
quizzes, interactive graphs and 3D molecular animations:

. Chapter 1

Supplemental Readings

@EwatAmazon)Davies, D. A. Waves, Atoms and Solids. Harlow Essex, UK: Longman Group United
Kingdom, 1978. ISBN: 9780582441743.

@EwatAmazon)Brown, T. L., H. E. Lemay, and B. E. Bursten. Chemistry: The Central Science. Upper
Saddle River, NJ: Prentice Hall, 1999. ISBN: 97801301031009.

How Batteries Work

People

Democritus

Aristotle

John Dalton

Dmitri Mendeleev


http://itunes.apple.com/us/podcast/lecture-1-introduction-to/id414239810?i=90316896
http://www.archive.org/download/MIT3_091SCF10/MIT3_091SCF10lec01_iPOD_512kb.mp4
../3-091sc-fall-2010/contents/structure-of-the-atom/1-introduction-to-solid-state-chemistry/MIT3_091SCF09_lec1.pdf
../3-091sc-fall-2010/contents/syllabus/suggested-textbooks#ref
../3-091sc-fall-2010/contents/structure-of-the-atom/1-introduction-to-solid-state-chemistry/MIT3_091SCF10lec01_iPOD.pdf
../3-091sc-fall-2010/contents/structure-of-the-atom/1-introduction-to-solid-state-chemistry/MIT3_091SCF09_hw1.pdf
../3-091sc-fall-2010/contents/structure-of-the-atom/1-introduction-to-solid-state-chemistry/MIT3_091SCF09_hw1_sol.pdf
../3-091sc-fall-2010/contents/syllabus/suggested-textbooks#a_e
../3-091sc-fall-2010/contents/syllabus/suggested-textbooks#a_e
../3-091sc-fall-2010/contents/syllabus/suggested-textbooks#a_e
../3-091sc-fall-2010/contents/syllabus/suggested-textbooks#a_e
../3-091sc-fall-2010/contents/syllabus/suggested-textbooks#a_e
../3-091sc-fall-2010/contents/syllabus/suggested-textbooks#a_e
http://wps.aw.com/bc_averill_principles_1/47/12214/3126955.cw/index.html
http://www.amazon.com/Waves-Atoms-Solids-Longman-mathematical/dp/0582441749/ref=nosim/mitopencourse-20
http://www.amazon.com/Chemistry-Central-Science-Theodore-Brown/dp/0136006175/ref=nosim/mitopencourse-20
http://physicscentral.org/explore/action/lithium-1.cfm
http://en.wikipedia.org/wiki/Democritus
http://en.wikipedia.org/wiki/Aristotle
http://en.wikipedia.org/wiki/John_Dalton
http://en.wikipedia.org/wiki/Mendeleyev

Johann Dobereiner
John Newlands
Julius Meyer

6.2. TUnOBbIe KOHTPOJIbHBIE 33/laHUS WUJIM UHbIE MaTepHaJbl A1 IPOBELEHUs IPOMEKYTOYHOU
aTTecTalUHy N0 AUCHUIIMHE (MOAYJII0), KPUTEPUH U IIKaJbl OLleHUBaHUS (B OTCyTCTBUE
YTBEP>K/IEHHbIX COOTBETCTBYIOLIMX JIOKAJbHbIX HOPMAaTUBHbIX aKTOB Ha QpaKy/ibTeTe)

3aueT CTaBUTCS 10 pe3yJIbTaTaM YCHEIIHOTO BBIIOIHEHMS 3aJaHUI MOJIyJI€l K1 UTOTOBOTO 3aJaHUS 110
Kypcy. Kypc cHaOxeH TpaHCKpUTIIUSAMHE JIEKIHiA, TOMAITHUX 33IaHUI U TECTOB, 3aJaHUSIMHU K 3a4ETYy.

7. PecypcHoe obecrieueHue:
7.1. TlepeueHb OCHOBHOM U JIOTIOJTHUTEIBHON JTUTEPATYPhI

6.2. IlepevyeHb JIMLIEH3MOHHOTO NPOrpaMMHOr0 oGeclieyeHHs], B TOM 4YHCJIe OTE€YEeCTBEHHOIO
IPOM3BO/JCTBA (OAJIEKUT OOHOBJIEHUIO IPU HEOOXOAUMOCTH )

6.3. OnucaHue MaTepUaJbHO-TEXHUYECKOTO 0becredyeHus.
JlocTym B UHTEpHET (AMCTaHLIMOHHBIN KypC)

8.CooTBeTCTBUE pe3yJbTaTOB 00yyeHusd 1o JaHHoMy 3JjieMeHTy OIIOII pesysibTaTaM 0CBOEHHUS
OIIOII yka3zaHo B O61eit xapakTepuctuke OITOII.

7. PaspaboTyuk (pa3paboTYUKH) MPOTrpaMMBbl.
[Ipod. MIT Donald R. Sadoway


http://en.wikipedia.org/wiki/Dobereiner
http://en.wikipedia.org/wiki/John_newlands
http://en.wikipedia.org/wiki/Lothar_Meyer
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