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PAPERS

SOVIET STUDIES ON LOW-THRUST ORBITAL PROPELLANT-
SCOOPING SYSTEMS

by Aleksander Dolgich

SU•APRY: A review is presented of the principal
calculation methods used in orbital propellant-
scooping system studies applicable to the devel-
opment of low-thrust space vehicles, based on
the Soviet open literature. Special attention
is devoted to calculating the optimaZ Vparametere
of electric low-thrust engines equipped with
propellant-scooping devices. The calculation
methods discussed make it possible to determine
the optimal parameters of a: low-thrust orbital
propellant-scooping engine system which is uni-
versal for a certain assigned class of space-
craft maneuvers. A spacecraft equipped with an
orbital propel~ant-scooping system is capable
of carrying a paylOad up to about 2.5 times
greater than that of a spacecraft without such
a system.

Introduction

The' general principles of low-thrust space engines, in-
cluding electric propulsion engines and the solar sail (Fig. 1),
are said to have been formulated around 1900 [1]. The scien-
tific and engineering approaches to low-thrust space-flight
mechanics, however, have been discussed in the Soviet litera-
ture only since about 1946. About 60 papers by 28 authors have
discussed the applicable aspects of the theory of low-thrust
mechanics. Ten of these [1-10], published during the period
1963-69, cover the state of the art in the development of low-
thrust-vehicles with and without orbital propellant- scooping
systems (sources covering the latter provide basic back-
ground information on the development of the former).
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Fig. 1. Space engine systems [21

Hlj'h-thrust engines (1-5): 1 - Cnemicicl combustion cham-
ber; 2 - heating in nuclear solia fuel reactor; 3 -, heat-
ing in nuclear liquid fuel reactor; 4 - heating In nuclear
liquid fuel reactor in coL~bination with chemical combustion
chamber; 5 - heaiing in nuclear gaseous fuel reactor.

Low-thrust engines (6-12), 6 - Engine with solar heater;
7 - engine with isotopic heater; 8 - electric-arc engtne;
9 - electrodynamiz engine; 10 - electrostatic engine;
11 - isotcpic sail; 1.2 - solar sa-I1.

V - Gas discharge velocity; a - thrust ncceleration;
g - gravitatione acceleration at sea level.
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The most comprehensive analysis of low-thrust flights
without propellant-scooping engines [1] was published in 1963.
This review, based on an analysis of more than 200 Soviet and
foreign studies, discusses in detail both the solar-sail vehicle
and spacecraft equipped with low-thrust electric engines.

The concept of low-thrust propellant-scooping orbital
engines was first discussed in U. S. and British papers pub-
lished during the period 1959-63*. Reference [3] indicates
that the first Soviet paper on this subject appeared in 1965 [4]
(this paper also discussed a method for calculating low-thrust
propellant-scooping engines and maneuvering trajectories). In
discussions of low-thrust propellant- scooping space engines,
Soviet writers have emphasized that it is possible to accumu-
late gas in the upper atmosphere and to use it as a propellant
in low-thrust engines. The technological approach to the de-
velopment of a propellant-scooping system has been discussed
in several sources, including a 1966 monograph [2] and a 1968
paper [3] which describe in detail the methods for calculating
different maneuvering flights with propellants accumulated in
orbit. At the present time, special attention is being paid to
the development of a universal calculation method for maneuver-
ing vehicles with and without orbital propellant-scooping systems
[3].

It should be noted that the sources used for this article
discuss propellant-scooping orbits located in the upper atmos-
phere without indicating the optimal scooping altitudes for differ-
ent flight purposes. In addition, the Soviet authors never use
the word "air" in discussions of scooping engines; the general
terms "gas" or "propellant" are used instead ("atmospheric
gas", "gas-scooping", "propellant accumulation", etc.).

a. Demetriades, S. T. A novel system for space flight using a
propulsive accumulator. IN: British Interplanetary Society.
Journal, v. 17, no. 5, 1959.

b. Berner, F., and M. Camac. Airscooping vehicle. Air Force
Ballistic Missile Div. TR 59-17, Aug 1959.

c. Reichel, R. H., T. L. Smith, and D. R. Hanford. Potentialities
of airscooping electrical space propulsion systems. Progr. in
Astronaut. and Aeronaut. Electrical Prop. Devel, v. 9, New York,
1963.
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Low-Thrust Orbital Propellant-Scooping Engine Characteristics

Low-thrust space flight mechanics includes studies in
the determination of optimal weight parameters, optimal engine
control systems, and optimal flight trajectories. In discussions
of orbital propellant-scooping systems, three types of electric
propulsion engines are considered: electrothermal (electric-arc);
electrostatic; and electromagnetic [1]. A typical space engine
system with a propellant-scooping device is shown in Fig. ?' [2].

1i

2

9i

Fig. 2. Space engine system assembly [2]

1-Energy source; 2 - energy trRnsducer; 3 - energy ac-
cumulator; 4 - propellant scoop; 5 - propellant accumulator;
6 - propellant container; 7 - propellant supply; 8 - jet
engine; 9 - energy removal; v - spacecraft velocity, V - gas
discharge velocity.
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A low-thrust engine is characterized by four main param-
eters: propellant mass consumption per unit of time (q); gas dis-
charge velocity (V); thurst (P); and gas-discharge flow power (N),
two of these parameters are considered to be independent control
functions. A theoretical low-thrust engine is described by the
formulas

P - qV, 1/lqV = N, O N < N.z

The weight formula for a power plant with a propellant-scooping
system consists of four components

Go --= Gx + G. + Go + Gp

where G0 is the initial weight of the power plant in a scooping
orbit, GW is the payload, Gx is the weight of a power plant with
a propellant-scooping device, GV is the weight of the gas lique-
faction device, and G110 is the initial propellant weight.

During the scooping phase of the flight, power is con-
,,umed for production of thrust, compensation for aerodynamic
drag, and liquefaction of the scooped gas. The power plant
weight (GX ) and the liquefaction device weight are expressed
by the formula jC. = /z('h• + k,gq,)

and
C, = Ogq*

where q , is the intake gas mass at the propellant scoop, v is
the specific weight of the liquefaction device, kv is the specific
power consumption for the liquefaction process, and a is the
specific weight of the nower plant.

For the maneuvering phase in the atmosphere the pro-
pellant consumption (G p ) and thrust acceleration (a) are deter-
mined from the formulas G• = -- gq and a G V/G.
where ; is the current weight.
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-,he low-thrust, engine characteristics discussed above

make it possible to dlerive a differential equation for the change

in weight, the integral of which from the beginning of the extra-

terrestr'ial maneuver to tl-: final time gives the following:

=.- (15 aD2di)

where G 1 1 is the weight of the propellant accumul2ted for the

,:rme TCV. For a circular s;cooping orbit, the propellant weight,
liq7.efacticn device weight, and payload are determined by

Go= xGq

and In + X~caGxTt - xoGx - G

-i + ODG,- 1 (I + x.ýGji) V + xL

where vo is the circular velocity in the scooping orbit, ex~ is

tric aerodynamic drag coefficient, and

x,= 2gtr,'-vio~c. 2, xo = 4g(ýIa~v'oc,2, vh= 4gke /Uo~cx, 2

T is the charloteristic time fcr low-thrust flight, e.g. aof

power plant service lifeO;

$i

=T- To' x(&Cx

where ý V is the relative velocity increase and I' is the M:i~neuver'

completion time.

Using the enaine cha iracte ci s;ics d i!cussvd ,ibovo, the

calculation method makes it possible to determine the octin:g-

parameters for various engine-type numbers (gin (or energetic

levels) %ni maneuver numbers (S), Ftig. 3 [31 shows a typical
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optimal relation between payload and maneuvering parameter
(€) determined for various flight conditions.

Fig. 3

As can be seen from the above maneuvering parame-
ter ID is expressed by different functions, including flight velocity,
aerodynamic drag coefficient, characteristic time for low-thrust
flight, and specific weight of power plant; therefore, this func-
tio nal is used as the basic value for the analysis of low-thrust
flight characteristics. In reference 3, the functional tD is used
as an abscissa in 13 graphs demonstrating the advantages of a
low-thrust scooping power plant over a plant without an orbital
propellant -scooping system. A comparison of the parameters
obtained by the calculation methods discussed shows (Figs. 4
and 5; [3]) that a maneuvering spacecraft equipped with a low-
thrust propellant- scooping engine will carry a payload about 2. 5
times gfreater than that of a spacecraft without such a system.

Fig. 4 g ---- _ _"

Fig.
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Figs. 4 and 5 show the relative increases in payload of engine
systems with orbital propellant- scooping in comparison with
low-thrust engine systems without propellant-scooping for
engine-system level number Q = 1 (Fig. 4), • 2 '" ig. 5),
and Q - S (dotted lines in Figs. 4 and 5).
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DEBATE ON APPROACHES USED IN SOVIET STUDIES OF CRACK

PROPAGATION

by Victor' Klein

SUAMARY: The fundamentals of the theory of crack

propagation in brittle-elastic solids were estab-
lished by A. A. Griffith in the early 1920's. Hiis
concepts were expanded for quasi-brittle tf'ract ire
by G. R. Irwin and E. 0. Orovan in the late forties
and in the fifties. At approximately that time a
rapid development in the study of the crack propa-
gation mechanism and of its kinetics also took
place in the USSR, utilizing various assumptions
concerning the stress and strain distributions
around a crack, and thus provoking scientific de-
bates. The essentials of one such debate be-ween
two prominent Soviet scientists, which arose at the
end of 1968 and which has been conducted in the
publication Inzhenernyy zhurnal. Mekhanika tverdogo
tela [1, 2, 3, 4], are presented below.

The approach to the problem of crack-propagation in

solids used by L. I. Sedov in his new (1968) four-volume text-

book, Mechanics of Continua, was criticized in [1] by G. I.

Barenblatt, who quoted the following sentence from the fore-

wcrd to this textbook which concerns the chapter on the plane

elasticity theory and the theory of cracks: "A presentation of

modern crack theory suitable for a textbook has become a

most urgent necessity, since a great lack of comprehension

of the essence of the matter, confusion, and many erroneous

and treacherous statements are prevalent in the voluminous

literature in the Russian and English languages devoted to this

theory. "

Barenblatt states further that Sedov's interpretations

of certain basic concepts of the crack theory in his textbook

(mainly his assertion that within the scope of the linear elasticity

theory the stresses are infinite at the crack's point in the pres-

ence of cohesion forces) contradict the known results of a number
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of theoretical investigations which showed that the possibility has
always existed (and was never questioned until now) of selecting
such cohesion forces (or the length of thEý crack in a case where
the cohesion forces are given) that the crack-point stresses v.ill
be of finite value,

Sedov's representation of the crack theory in his text-
book is critically reviewed from the mechanical and energy view-
points, His statement that "the existence of high, and even in-
finite, stresses which appear as the result of stress ar.alysis by
means of the elasticity theory does not involve an inevitable total
or local failure of a solid" is opposed by Barenblatt, and the in-
compatibility of the presence (f infinite stresses at the end of a
crack with the finite strcngth of actual crack-weakened solids is
oiscussed at length, and is accompanied by a sample analysis (of
an intrinsically non-contradictory model of a crack with physically
admissible cohesion forces acting along small distances d at its
ends) showing the absence of infinite stresses.

BaL enblatt then points to a crack model which he pro-
posed in [51, where it was assumed that the crack had the shape
of a slit M~hose edges join smoothly (cusp-like) together, form-
ing the crack's points with cohesion forces acting there, and
with the finite-stress condition (formulated by S. A. Kristiano-
vich in 1955) satisfied. The concept of the cohesion modulus K
(which is a solid's constant characterizing the Pffect of cohesion
forces) was introduced in [51, and a new formulation was given
for the problems (which can arise only in the case of stable
cracks) of determining the size of a crack in a solid under a
given load, and of the crack development affected by the load
variation.

Barenblatt adds that he used this approach with good
results in a study [6] of the brittle fracture of a solid as a
whole. Thus, a consecutive force-based approach was wo:rked
out in the theory of cr-acks, treating the problem of equilibrium
of a crack-weakened solid as a nonlinear problem of the elas-
tic-ity theory. 13arenhlatt dlso sltes that somewhat later, but
independently of him, a model of a crack based on the concept
of cohesion forces and the finite-stress condition was discussed
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[7, 8]. The utilization of the energy-based (A. A. Griffith) and
force-based (G. 1. Barenblatt) approaches in establishing the
failure criteria is mentioned, and the dependence, which was
derived in [51, of the cohesion modulus K on the surface energy
and elasticity characteristics of a solid is given.

A thorough investigation of the association between both
approaches by J. R. Willis in [9], and the advantage of the force-
based approach expressed in [10], indicates that the latter will
apparently be preferable in analyzing the kinetics of crack de-
velopment. At the end of the article Barenblatt rebuts the criti-
cism in [11] and [12] concerning his equilibrium-crack model and
the approach he used in studying the mechanism of crack develop-
ment in solids.

Sedov's rebuttal [2] of Barenblatt's criticism is written
in sharp words describing Barenblatt's statements as "tangled
excuses and groundless critical reproofs" and accusing him of
having inexperienced readers in mind when making a certain as-
sumption. Sedov does not concentrate his objections on Baren-
blatt's denial of the presence of infinite stresses at the crack's
points, and primarily disputes the basic assumptions and their
consequences.

After saying that "nobody will insist that a model with
d * 0 and finite stresses in the presence of suitable cohesion
forces is theoretically inadmissible, " Sedov states that "any
criticism of my text, by introducing other models in which d + 0,
is inadmissible and absurd, since I discuss, as Irwin did, a non-
contradictory model with d = 0, which is the fundamental charac-
teristic and definition of the brittle-body concept from the view-
point of the elasticity theory and the accumulated practical appli-
cations. It is evident that the introduction and study of other
models taking the details at the crack's end into consideration
makes sense.

Sedov apparently means a perfectly brittle solid, whereas

Barenblatt has in mind a more general case: a quasi-brittle
fracture with a plastic region around the length d.

-12-



Sedov states that in his Mechanics of Continua and in [3]
one can find the answers to Barenblatt's "unfounded criticism. "*
The rebuttal ends with a statement that "in connection with Baren-
blatt's works, a detailed, time-consuming analysis has been
carried out and is partly reflected in the press and in (3]. There
is no sense in disrussing Barenblatt's self-confidently compiled
article in more detail; the above-noted specific features are
quite enough to characterize its contents. " Sedov's conclusion
reads:

"In the article there is not a single note, not a single

new idea which could be recognized as scientifically interesting
with regard to the essence of the problem or concerning the gist
of the works criticized in this article. It may seem strange that
Barenblatt, knowing the irrefutable criticism of his works and of
the article under discussion, defends his full infallibility and has
published this article. In order to understand his action it must
be considered that, on the one hand, the theory of cracks is as-

sociated with unusual refinements, and, on the other hard, there
are a number of persons who do not go deeply into the pith of the
theory, but who have committed themselves definitely by (having
made] positive statements about Barenblatt's works. "

Article [3], unlike [2], is written in an almost conven-

tional manner, although Sedov participated in its writing, edited
it, and recommended it for publication in Mekhanika tverdcgo tela,
as stated in the editorial footnote.

Articles [131 and [14] are critically analyzed, with
emphasis placed on the fact that in [131** the contents of [7)
and [8] are repeated, starting with the initial assumptions on
the region of cohesion forces, finiteness of stresses, and smooth-

ness of joining the crack's edges, and ending with the derivation

of the Griffith formula for the case where d << I ( is the half-

length of a crack). The B'-renblatt-Khristianovich model is

* It is interesting to note that Sedov also complains of the "de-
layed [purposely, by the editor?] publication of his article [3],"
which was submitted to the journal a day after his rebuttal [2].

** Not to mention Barenblatt's fundamental article (5).
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criticized from the energy viewpoint, as is their interpretation
of the cohesion modulus K and the finiteness and magnitude of
the length d. A statement at the end of article [3] reads "the
model of failure within the [theory of] an elastic-plastic solid
has been analyzed by many authors in great detail, including
the establishment of all asymptotic laws. In comparison with
these works, article [13] does not contain any new elements.
The interpretation of Barenblatt's erroneous and formal con-
cepts has taken a place in our literature which does not corre-
spond to their actual significance.

In [4]* the effects of the initial assumptions used in the
mathematical formulations of two models (both based on the
classical elasticity theory) which descrtbe t.e process of crack
development in solids on the results obtained in analyzing the
propagation of a rectilinear crack under conditions of plane de-

formation are compared, One of these is referred to as the GI
(Griffith-Irwin) model, and the other, a2- the KhB (Khristiarovich-
Barenblatt) model. The author does not discuss how preci:e!y
these models describe the actual crack-propagation mechanism,
leaves aside the question of priority in their formulation (as well
as in determining certain process parameters), and expresses
the hope that in spite of its simplicity the article "will help to
remove certain misunderstandings which have arisen in a part
of the literature on the theory of cracks.

The development of a straight slit in an elastic plane
acted upon by symmetrically located unifcrm loads along a part
of its length, as shown in the figure, is examined as an example,

Y I P

* A. Yu. Ishlinskiy is the chief editor of the journal Mekhan'ita
vtwog.- t4a.
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using N. I. Muskhelishvili's [15] formulas for displacements and
stress-tensor components, and the Ciapeyron theorem for dete.,-
mining the potential strain energy. The rupture cracks appearing
at both ends of the slit under a certain magnitude of applied load
are assumed in both the GI and KhB models to be symmetrical
and in line with the direction of the initial slit, whose length,
with the lengths of the rupture cracks added, is designated as
the length 2 L of the developing crack.

The GI model, in which an energy-baLec' approach is
used, is discussed first, and expressions are derived for deter-
mining the constant Y (which is characteristic for the material
of a solid under given conditions of its deformation and repre-
sents the specific work required for its rupture), ard the critical
magnitude of Y at which the rupture cracks appear. It is proven
that the developed equilibrium crack is stable. The behavior of
the force-based KhB model ie exanined, assuming that the co-
hesion forces of magnitude q are distributed uniformly along
the length d. Formulas for the displacements of the slit edges
and for stresses 6y along the x-axis beyond the length d are
given, and expressions are derived for determining the critical
stress at which the rupture cracks appear and the slit becomes
a developing crack, as well as for establishing the length of an
equilibrium crack and associated stresses Sy = q, which fact
leads to a smooth joining of the crack's edges at its ends. The
stability c.f the equilibrium crack is stated, and it is proven that
the crack remains in equilibrium even if it propagates for a cer-
tain distance 6 Z tt each end beyond length d without introducing
any cohesion forces along 6 1.

The energy relationships in the KhB model are also ex-
amined, and an expression is derived for determining Y , which
is analogous to that derived for the GI model, but here Y depends
on certain parameters and on Z , the half-length of the equilibrium
crack. It is proven that if the length d is tending to zero, the
equations for determining thc length of a crack 29Z from the ex-
pressions for Y are identical in both the GI and KhB models.
Thus, in the example discussed, the GI model is the limit case
of thc KhB model. It is shown that this relation remains in
cases of much more complex formulations of the crack-propa-
gation problems (such as those in 151 and 1151), e. g., when on
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a certain portion of the slit shown in the figure variable arbitrary-
intensity loads p (x are applied instead of uniform loads p. The
answer to the natural question of which model should be used in
solving a certain problem "must be sought by [examining] the de-
gree of suitability of the GI and KChB, as well as of other intrin-
sically non- contradictory models, to phenomenologic al inves ti-
gations of crack development under complex conditions, for in-
stance in imperfectly elastic solids."

Conclusion

The persons who took part in the above*-described debate
are: Grigoriy Isaakovich Barenblatt, Professor at the Institute of
Prob.Lemns in Mechanics, Academy of Sciences USSR; Aleksandr
Yul'yevich Ishlinskiy, Academician, Academy of Sciences UkrSSR
and Academy of Sciences USSR; Ye., M. Morozov and V. Z. Par-
ton, who are unknown to the writer; Leonid Ivanovich Sedov,
Academician, Academy of Sciences USSR.

The most astonishing fea~ures of this debate are the
rough, even crude manner used 'by L. I. Sedov in his critical
article (5], and the fact that all of the papers [1 to 4] were pub-
lished in the same issue of lvlkhanika tverdogo tela. (of the
authors involved in the article,' only A. Yu. Ishlinskiy is on
the editorial staff of the journal).

Sedov undoubtedly knew of the good reputation enjoyed
by Barenblatt inside and outside of the USSR, due to his partici-
pation in writing an additional chapter on the theory of cracks
in [15], the attention paid to his work by J1. R. Willis [9, 10],
K. B. Broberg 1161, and others, and the fact that his work [14]
was published in the United States. Sedov's language is inap-
propriate in a scientific debate and one can only wonder how
this article could have been published in a journal of such high
scientific caliber. The analysis nreý ented in [41 makes it clear
that the Khristiano-:ich-Barenblatt model is broader than the
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Griffith-Irwin model used by Sedev. In other words, the KhB
model represents a step forward in thf theory of cracks, a fact
which should be a source of satisfaction for G. I. Barenblatt.
There are no articles on this subject in the next two issues of
M•kha.nika tverdogo tela (no. 1, and no. 2, .969). Neither

could the analyst find any articles associated with this debate

in other Soviet scientific journals available to him.
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BONDING OF POILYEJTItY,ENE TO METALS

by Boris Ofrossimow

SUMMARY: The high chemical svabiZity of poly-
ethylene (PE) makes it a promising material for
tnc protection cf metals against corrosion. How-
ever, since the adhesion strength of PE to metals
is not very high, the {•rcrease of this strength
is of great importance. This is a brief review
of some recent Soviet studies on methods to in-
crease the adiesiot' of PE to metals.

Filling of Polyethylene \\ ith Inert and Active Fillers

Proposed methods to increase the adhesion strength of
PE to metals include filling of PE with inert and active fillers,
chemical treatment of the metal surface, depositing of fatty
acids on the metal surface, and graft-copolymerization of PE.

"-T-he conventional method of modifying the properties of

thermoplastics involves filling with inorganic fillers. Fillers
not only improve certain properties of the polyme's but also
,'educe the cost of the material. 'I he effect of various inert

inorganic fillers on the adhesion of PE to steel was studied
for lox,-pressure PE or nonstabilized high-pressure PE and
S1' steel. The fillers we'e ground talc, kaolin, graphite,
quartz, or asbestos. PE-steel joints were made under slight
pressure from filled PE filmns azid cleaned steel substrates at
140'(` for 5 minutes. The adhesion strength \X as measured in

pvelifl teliS

It Wka.s 51o\xfn th:it the PlE-to-nietal adhei..,ion strength
inraseI to up to 8 kg/cm with an incroiase in the filler con-
tent to 8-i (V', wheretu(n ihe ('nha:actr of the' f:illu,'e chanTes

troflm aCIhe"-i'e to mixed and to cohesive. l h,, Idhesion Strength

drop \, ith a further inrreitse in the( t'iller cornt .it.



The adhesion strength of both the neat and filled PE
increases with an increase in the purity and specific surface
of the steel substrate, and with an increase in the boundary
temperature from 130 to 2800 C and bonding time from 6 to
300 minutes. The adhesion strength is always lower for neat
PE than for, filled PE. In the case of filled PE, adhesion strength

increased in the sequence: graphite, talc, asbestos, kaolin,
quartz.

The increase in a'ihesion strength with an increase in
the degree of filling is assumed to bf. caused by processes as-
sociated with thermal and thermal oxidative reactions on the
adhesive-substrate boundary. These processes are possibly
activated by the surface of the filler and substrate particles.
The above reactions can increase the polarity of the PE macro-
molecules via the formation of carbonyl, carboxyl, peroxide, or
hydroxide groups. These groups enhance the adsorbtion inter-
action between the polymers and the metal surface (the latter is
always covered with a polar oxide film). The oxygen involved in
thermal oxidative reactions is present in the pores and craters
on the metal surface and in the surface pores of filler particles
which are incompletely wetted with the polymer [1].

The effect of active fillers (as compared to that of inert
fillers) on PE-to-metal adhesion strength was studied for non-
stabilized low-pressure PE filled with talc, iron powder, as
copper powder with a particle size of 30-50ti . The substrates
were electrochemically degreased 08KP steel or copper foils
(70p thick), or aluminum foil (60p thick).

The polymer and substrate were joined at 200 0 C and
20 kg/cm 2 for 5 minutes. The adhesion strength was measured
in stripping tests. The results of the tests conducted with indi-
vidual fillers (see Fig. 1) indicated that the adhesion strength
of PE filled with metal powders is several times that of PE fill-
ed with talc because of the more active adhesive interaction of
PE with metal particles than with particles of inert talc [2].
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a, kg/mm
I

10 20 V, vol. %

Fig. 1. Adhesion strength (determined
in stripping tests) of filled PE vs.
volume content of filler;

1 - Iron powder; 2 - copper powder;
3 - talc.

Chemical Treatment of the Metal Surface

A study of the adhesion of filled and unfilled PE to elec-
trochemically degreased steel indicated that further chemical
treatment of the steel surface has a considerable effect on the
adhesion strength. The results of the study are given in Table 1.

The highest adhesion strength was exhibited by speci-
mens treated with sulfuric acid and sodium dichromate; failure
of the joints was cohesive. Enhanced adhesion strength was
ascribed to an increase in the specific reactivity of the steel
surface in the course of etching [2].
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Table 1. Effect of the nature of steel surface treatment

on the adhesion strength (measured in stripping tests) of
filled and unfilled PE to steel

Adhesion strength, kg/cm, and

Type of surface character of the failure*
treatment Unfilled PE PE filled with

15 vol. % talc

Untreated surface 0.22A 2.30M

Passivation -- 2.14M
Treatment with H2S04+

Na2Cr2O7 '2H20 0.50A 2.38C
Phosphatizing 0.31A 2.06M

Oxidation for 3 hr:
at 250 0C -- .70M
at 330 0C 0.03A 0,33A
at 4000C 0.05A 0.87A

lA - Adhesive, - mixed, C - cohesive

Depositing of Fatty Acids on the Metal Surface

PE to metal adhesion strength can be increased by
depositing a monomolecular fatty acid layer on the metal sur-

face. Layers of stearic, oleic, or other acids can be deposited

on Khl8N9T stainless cteel and D16ATV Duralu 0inum by im-

mersion of metal specimens in 1% fatty acid solutions in white

spirit at 60mC, or by polishing the metal surfaces with a paste

containing an abrasive, white spirit, and the fatty acid. Both
methods yield polymolecular acid layers. Molecules in contact
with the mecal can be chemnisorbed by the metal surface and
form salt-like compounds. The remaining molecules are only
adsorbed.

To enhance the modification of the metal surface, the
specimens were heated for 20 minutes at 200hC. The absorbed

acid was reworked by extraction with benzene for 1 hour at 70'C.

This treatment left an oriented monomolecular layer of chemi-
sorbed fatty acid on the metal surface. Metal specimens with
these modified surfaces were bonded together with high-pressure
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PE films 100w thick at 155*C for 1 hour under a pressure of
2.3 kg/cm 2 . No adhesive was used because, above its soften-
ing or melting points, PE acquires the properties of an adhesive.

Stearic or oleic acid films increased the PE-to-steel
bonding strength by 10-15% and 37-54%, respectively. The
failure of the joints was cohesive. Modification of metal sur-
faces with fatty acids was shown to enhance the resistance of
joints to water; the best results were obtained with oleic and
other unsaturated acids.

The effect of fatty acids was explained as follows: the
acids form salt-like compounds on metal surfaces which are
strongly bonded to the metal, while the fatty acid hydrocarbon
radicals penetrate into molten PE and, after solidification of
the latter, form bonds between the metal and the polymer. In
the case of oleic acid, under the bonding conditions selected
(155 °C, 1 hour), oxrgen-containing functional groups are form-
ed via oleic acid double bonds and similar groups on the sur-
face-layer molecules Df PE, which always contains a small
number of double bonds. The reaction of these functional
groups increases the PE-to-metal bond strength, which re-
sults in strong intermolecular interactions, formation of
chemicaýl bonds via the oxygen-containing groups, or copoly-
merization along the double bonds [3].

Graft-Copolymerization of Polyethylene

PE-to-metal adhesion strength can be increased by
modification of the polymer surface layers by radiation-in-
duced graft-copolyrnerization. Graft copolymers of PE with
sich monomers as isoprene, vinyl acetate, v~nylidene chlo-
ride, 2-vinylpyridine. acrylonitrile, methyl methacrylate,
acrylic acid, methacrylic acid, or 2, 3-epoxypropyl methacry-
late were prepared hy various radia'.on-induced graft-copoly-
rn('rization methods. 'I he copolymer specimens were in the
form of films 3 to 5 mm thick. The percentage grafting for
individual films varied from 0. 5 to 100v.
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The films were bonded to mechanically treated and
pickled aluminum plates with a composition of ED-5 epoxy
resin and polyethylene-polyamine (curing agent). The speci-
mens were bonded by holding under a slight pressure for 2
days at room temperature. The adhesion strength was meas-
ured in peeling tests at a rate of 18. 5 cm/min.

The adhesion strength of all graft-copolymer films to
aluminum specimens, with the exception of PE-poly(2, 3-epoxy-
propyl methacrylate) (PEPM) copolymers, was below 0. 1-0. 2
kg/cm. The adhesion strength of some PE-PEPM copolymer
films was higher than the cohesion strength of the copolymer.
The high PE-PEPM adhesion strength was attributed to the
formation -f chemical bonds between the grafted layer and the
epoxy resin. The curing agent (polyethylene-polyamine) re-
acts simultaneously with the epoxy groups and the grafted PEPM
molecular chains.

Adhesion of PE-PEPM graft-copolymers was shown to
depend on the conditions of radiation-induced graft-copolymeri-
zation. These conditions determine the structure and the topog-
raphy of the grafted surface layer. High adhesion (up to 1. 7
kg/cm) was exhibited by copolymers prepared by direct irradi-
ation of PE films in PEPM solutions in poor solvents, such as
methyl alcohol or dimethylformamide, in which graft-copoly-
mers with rough surfaces are formed.

The presence of epoxy groups made it possible to in-
troduce into the 2opolymers such functional groups as - N03,
-SH1, or - H 2PO4 to improve protection of the metal against
corrosion. Grafted PE-PEPM films treated wich monoetha-
nolamine were shown to adqorb various azo dyes.

Similar results were obtained on bonding PE-PEPM
graft copolymers to steel, titanium, and copper. The strong-
est bonds were obtained for copolymer films with a grafting
percentage of 30 to 40% and a thickness of the grafted layer of
0. 36 mm and over. The thickness of the grafted layer was
controlled by the dose rate, which should not exceed 1. 0 to
1. 5 rad/sec. [4, 5].
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Analyst's Comment

These methods make it possible not only to enhance
the PE-to-metal adhesion strength bu' also, in the case of
PE-PEPM, to introduce functiunal groups into grafted PE
which will improve the protection of the metals against
corrosion,
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SURVEYS

INSTRUMENT DEVELOPMENTS AND RESTEARCH TRENDS IN
RADIO ASTRONOMY

by Daniel W. Michaels

SUMMARY: Inventoyrj is made of existing and planned
radioteescopes in the Soviet-bloc states. First
investigations 2onducted with the UTR-I, the RT-22,
and the Pulkovo instruwient are described. Compari-
sons with regard to resolution are made of world-
wide instrurments. A proposal for an international
radiotelescope is examined.

During the past few years, several new radioastronomi-
cal telescopes have been put into operation in the USSR to sopple-
ment and expand research initiated at the older radio astronomi-
cal centers in the Main Astronomical Observatory -- Pulkovo
(GAO), the Scientific Research Institute of Radiophysics at
Gor'kiy State University (NIRFI), and the Lebedev Physics In-
stitute (FIAN'. The technical specifications of some of these
instruments, viz., the DKR-1000 at Serpukhov and the RT-15
at Zimenki, have already been described*; those of the older
instruments, described in Table I, are now common knowledge.
Little information, however, has been provided on the UTR-1
and the UTR-2, which were put into operation in 1966 and 1968
by the Institute of Radiophysics and Electronics (IRE) of the
Ukrainian Academy of Sciences, or, of the new 22-m (RT-22),
which went into operation in the Crimean Astrophysical Cbser-
vatory in 1966.

The IIT-22 radiotelescope, which is an improved and
modified ver-sion of the 22-m instrument in operation at ,IAN
since 1959, has:• a foca 1 len-rthi of 9525 mm and an angula r : per-
ture of 2 4 120 . The a guidance system, especially designed
for, the "IT-22 1, I. T1. l. lnrozhev, N. M. Yakimenko, Yu. N.
Semenov, N. N. Voronin, 1. G. Moiseyev. V. A. Vvedenskiy,
and V. N. Brodovskiv, provides: 1) automatic and semiauto-
matic setting or the radiotelescope on given coordinates; 2) hourly

' FSB, v. 1, no. 8, 1965, 1-8; v. 2, no. 5, 1966, 20-22.
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settings; 5) automatic tracking of the Moon, planets, and artifi-
cial earth satellites; 4) the introduction of corrections: 5) auto-
matic switching off of drives in finite positions of the reflector;
6) recording of all coordinates and sidereal time; 7) automatic
scanning of sectors of the sky; and 8) rapid resetting. Obser-
vations of Jupiter and the Sun at 8 mm, conducted since 1966,
have ccnfirmed the high quality of the reflector surf.ce and the
reliability of the guidance control [6].

The Khar'kov Radloastronomical Observatory, under
'he direction of A. V. Men' and L. G. Sodin of the IRE of the
EUraiman Academy of Scienr.cs, consists of two large T-form
Mills Cross radiotelescopes made up of rows of 8-rn-wide
broad-band dipoles in staggered array, and is an excellent ex-
ample of an advanced high-sensitivity and resolution instrument
fo- investigations in the decameter wavelengths, i. e., below
30 mc. 'Ihe first steerable beam instrument (UTR-1, 1966),
having a N--S arm 600 m long consisting of 80 dipoles and an
E--W arm of equal length consisting of 128 dipoles, provided
experience for the construction of a second, larger inst:-ument
in 1968. The latter instrument is made up of three antenna
fields each of which is 900 m x 60 m ir size. The E--W arm
is made of one such field, while the N-.-S arm consists of two
successive fields 1300 m in length. Both instruments are in-
tended to i eceive emission ;n the 10--25-nic range and for the
observation of galactic and extragalactic radio sources [?, 10].

During 1968--1968, I. V. Men', I, N. Zhuk, B. P.
3'yabov, 0. M. Leedev, and S. Ya. Braude used the ITTR-1
to measure the spectra of 55 radio sources in the 12--25-mc
range in an attempt to correlate spectra with discrete radio
sources in the decameter waveiengths. Measurements were
made simultaneously at five frequencies: 12. 6, 14. 7, 16. 7,
20, and 25 mc. No less than 5--10 reliable measurements
were made ct each frequency for 38 sources. Four different
spectiaJ types were iPentified, though more than half of the
sources yielded linear spectra in a broad frequency range from
i2. 5 to 1400 mc, indicating the same synchrotron emission
generation mechanism [1, 2).
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WVith regard to investigations of the radio lines of ex**.
cited h-drogen, P. L. Sorochenko emphasizes the desirability
of building larger radioteles copes. Investigations at longer
wavelengths and observations of the hi(ghler members of line
series would make it possible to determine the maximium numn-
ber of levels discernible in the hydrogen atom. Short-wave
measurements will ai-i in correlating the results of radio ob-
servations with m-asurements in the optical range and in clari-
fying the law's establishing the population of energetic levels.
Spectroscopic investigations in the radio range with high reso-
lution are also necessary, as are observations of the recombi-
nation ,adio lines of other elements anJ! the determination of
the chemical composition of galactic formations [111.

The main task of future radioastronomical irvestigations
conducted above the atmusphere (balloon, s;atellite, rocket), ac-
co-. ding to Getmantsev, Salomonovich, and Slysh, is to observe
the various types of solar radio emission bursts with the required
degree of localization. To do this, antenna systems with suffi-
cienit angular resolution are needed. In addition, the frequency
spectrum must be broadened in tile direction of the louer fre-
quencies so thnat the lower boundary frequencies of the bursts
maiy be determined. Submillimeter investigations muist be un-
dertaker. to succr'ssfully study background relict radiation, the
interstellar and intera-iactic media, infra red st:ir';, quasa rs,
and the Sun. According to these investigators, orbital satellites
and rockets are more suitable for these studies than !he use of
balloons. In addition, high-precision submillimeter- range
mirror antennas with the necessary tracKing mechanismn must
be built and the receiving equipment must be cooled to the tem-
perature of liquid helium under space conditions. Experiments are
currently heirig conducted in FlAN under the direction of L. V.
Kurnosova and A. B. Fradkova oin the maintenance o.' helium
temperature (belox% 1O* K) o.n spacee raft. The experiments are
considered promising [5].

In a discuss,-ion -)f investigatiom:5 of solar rid~o emission
and solar local sources. Cl. 11. Cel' frevkh hais cornp: redi hie re -
sonlvinEg p~ower of existing and planned rad iotel escoocs throughout
the world (so'' Fig. I). A resolution of 1 - 3 aniEtul:Imnu
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Fig. 1. Resolving power of radio telescopes in minutes
of arc 9' as a function of wavelength.

Black circle - Circular reflector; heavy dot with mark -

unidimensional reflector; small circle - ring antenna;
cross - cross interferometer; heavy dot without mark -
unidimensional grid. Broken line refers to planned in-
struments, viz., the BPR (large Pulkovo radiotelescope),
the RATAN-600, the RT-22 [now operative], and the SSRT
(Siberian solar radiotelescope). Calif. - California;
Nag. - Nagoya; Tok. - Tokyo; NRAO - National Radioastro-
nomical Observatory of the USA; Austr. - Australia;
Ott. - Ottawa; Wash. - Washington; Nan. - Nancay;
Born. - Bombay; Stan - Stanley.

is required to isolate an active solar region and obtain some idea
of its structure. While there are many instruments with a reso-
lution of this order in the centimeter range, only the BPR (la rge
Pulkovo radiotelescope), a reflector, can make spectral observa-
tions of local sources in a broad range of wavelengths. Therc
has been a tendency in recent years to increase instrument -'.ý3o-
lution: that of the BPR at 8 mm has reached 15 sec/arc; th,
solar interferometers in Japan and Canada are 0. 5 angular min-
utes at 6 and 10 cm. Planned telescopes in the USSR, viz., the
RATAN-600 of the Academy of Sciences USSR and the SSRT, the
Siberian Solar Radio Telescope, will be able to conduct invest;-
gations in the centimeter range with a resolution up to 10--20'
and even greater in the millimeter range. The RATAN-600 wili
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be able to make spectral observations, while the SSRT will con-
tain two-dimensional radio images and track rapid changes in
individual local sources. Such investigations will be useful in
predicting solar activity [4].

Radioastronomical investigations require even greater
telescope sensitivity and resolving power which, to date, have
been achieved 'iy increasing instrument size and refining autenna
systems. To lessen the costs involved in such projects, several
proposals have been advanced by Soviet investigators. G. M.
Tovmasyan, for instance, has proposed a simple and inexpen-
sive radiotelescope, essentially a two-mirror aerial system,
called an annular or ring radiotelescope. The primary mirror
is a stationary, horizontally mounted spherical ring several
kilometers in diameter with a height of about 100 meters. The
smaller secondary mirror - several meters in height - is
located on the ground and can be moved on a circular railroad
track along the focal line of the primary mirror. By mounting
several (up to 20) such secondary mirrors on the track, it is
possible to carry out quite independent and simultaneous obser-
vations in different directions. Another advantage of this instru-
ment is that, unlike other radiotelescopes, the construction of
an annular radiotelescope may proceed by sections with no in-
terruption of obseivational activities. As soon as a portion of
the reflecting surface of the ring has been built, it is possible,
regardiess of continuing construction work, to conduct obser-
vatiorns in a specific range of declinations, with the range grad-
ually expanded as new sections become available [12].

A grcoup of leading Soviet radioastronomers, including
Khaykin, Kayuanovskiy, Yesenkina, Korollkov, Pariyskiy,
Stotskiy, Shakhbazyan, and Shivris, have enthusiastically sup-
ported the idea of an international telescope, first advanced at
the General Ais -mbly of the International Radio Communications
Union in Tokyo in 1963 and later discussed at the XII General
Assembly of the Astronomical International Union in Hamburg
in 1964. These investigators, after consideration of the factors
involved in such an undertaking, conclude that: 1) thio optimum
wavelength range of such an instrument is from 3--7 cm to
1--2 m with continuous scanning of the whole range; 2ý the
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resolving power of the radiotelescope should be of the same
order as that of optical instruments; and 3) the construction
of a radiotelescope with an effective area not exceeding 107 sq
meters is feasible. The telescope, further, should be a reflec-
tor in order to provide broad bands and aperture synthesis.
The authors maintain that an instruument of the Pulkovo type
would be more satisfactory than either a Kraus type* or a
Nancay type;-"-:. A varying profile Intenna with the following
parameters is suggested for the international instrument: maxi-
mum geometric area, 4.4- 106 sq m; radius of basic circle,
10 kin; height of elements, 100 m; width of elements, 30 m:
minimum wavelength, 10 cm; maximum wavelength, 2 m;
maximum reso!ving power, 1 sec of arc; overall weight,
3. 106 tons. It is possible that the optimum wavelength range
be shifted to higher frequencies up to the short centimeter wave-
length for polarization measurements, radio lines, and experi-
ments in communications with other civilizations [7, 9].

Fig. 2 illustrates the basic principles of the 100-x
21-m radiotelescope in Ohio, designed by Kraus, as well as
the 300-x 35-m Nancay radiotelescope in France. Fig. 3 de-
picts the operating principles of a Pulkovo-type instrument with

Fig. 2. Krauss and Nancay radiotelescopes

I - Periscope, 2 - main mirror, 3 - radiator

* Nature, 184, 1959, 669.
** Nucleus, no. 2, 1960, 93.
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Fig. 3. Pulkovo-type radiotelescope

variable profile. I he ret'lecting surface of this instrument,
which consists of several separate almost flat-reflecting ele-
ments. touches part of the surface of the rotation paraboloid
expressed by two horizontal planes symmetrically situated
relative to the foc-us, of the paraboloid.

In a recent study by these same investigators, it is
noted that the large variable- profile Pulkovo radiotelescope
has a horizontal resolution of about one angular minute at
3 cm,, which exceeds the resolution of all prezsently existing
parabolic radiotelescopes. It has further been established that
the workinig wavelengtlh can he reduced sharply by replacing the
instrument's plane reflecting elements with cylindrical elements
having a curvature radius of about 120 m. Operation of the in-
strumnent in the 8-mm range using only the central part of the
reflectingý surface with a vertical dimension of 2 m and a hori-
zontail dimension of 112 mn was evaluated. I he configuration
of the directional diagrzam and the effective area of the antenna

~eeinvestigated through the use of both a ground source and
the records of Venus, the %loon, And the Sun at 8--9 mm. For



operation with a ground generator, the antenna surface was
given the configuration of an elliptical cylinder. The genera-
tor is located at one of the foci of the central section of the
cylinder and the exciter at the other. The width of the hori-
zontal antenna radiation pattern at 8. 5 mm at half power was
15" + 1" with a level of the side lobes less than 10 db and a
scattered background of less than 23 db. During September
1967 the instrument was used to observe Venus, the Moon,
and the Sun with a resolution of 15". Further improvement of
the adjustment methods, according to the authors, will make
it possible to obtain an accuracy in antenna setting for high-
elevation angles equal to 15". The accuracy of this radiotele-
scope is estimated to be 6--7 times greater than that of the
best paraboloids. Theoretical studies indicate that a top reso-
lution of 1 angular second is attainable. No further increase
in resolution is considered possible, owing to atmospheric
turbulence and the Earth's curvature [8].
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HLETEROCYCLIC ORGANOPHOSPHTORUS COMPOUNDS

by Seraphim Parandjuk

SUMM1AARY: A review is presented of some recent
Soviet chemical. pub Zications (1967-1909) deal-
ing with methods of synthesis, properties, an';
application of heterocyclic orgar~o~ osj 'iirnae
compounds (cjc iic phosp2iwranes, phoopliolc>m'.
phospholenes, and phospho line oxides).

In recent years, the number of articles publishied 1)
Soviet chemists on the synthesis of organophosphorus coni-
pounds has increased to the extent that in 1967 the editors of
Zhurn~al obshchej khimii (Journal of Gener ti Chernistr ' ) 'pub-
lished a special issue, a collection of articles, entitled "TIhe
Chemistry of Organophosphorus Compounds" [1). In the past
few years, more than 700 articles on organophosphorus com-
pounds have been published by chemists of the A. Ye. Arbuzov
School at Kazan State University and at the A. Ye. Arbuzov In-
stitute of Organic and Physical Chemistry, Academy of Sciences
USSR, Kazan [2]. The interest of Soviet chemists in organophos-
phorus compounds is prompted by their importance in defense,
agriculture, and industry. Most important chemical warfare

agents, such as tabun, sarin, soman, .*ý1 , V3 , V4, ~V5, etc.,
are oi-ganophosphorus compounds [3, 4]. Organophosphorus
compounds also include important insecticides, defoliants,
herbicides, fungicides, drugs, plasticizers, ;urfactants, ex-
tracting agents, thermostable polymers, oil additives, ferti-
lizers, etc. [5, 6].

Due to the wide scope of research and to the large numi-
ber of articles dealing with the synthesis, propertiles, ind imph -

cation of organophosphorus; compoundsq, review articles have
usually included literature only on certain groups of organopioos -

phorus compounds. Since 1964, thle Soviet chernical review%
journal &direkh-*i himiý (Advances in Chemistry) has- publishcd
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nine review articles dealin~g with the synthesis, properties, and
application of organophosphorus comrpounds [2, 7, 8, 9. 1 0, 11,
12, 13, 141.

It isc known that organophosphorus c~ompounds with C-P
b)onds are strong choline'sterase inhibitors and ace highly poison-
ous to humans, animals, and plants. However, B. A. Arbuzov
and coworkers arnd A. 0. Vizel and coworkers, who studied the
synthesis and properties of P-containing cyclic phosphorane-
type compounds, found that some C-P cyclic compounds have
low toxicity, do not inhibit cholinesterase, produce a syndrome
of stimulation 0f cholin.-reactive systems, and have specific
physiological activity [15, 16, 17, 18]. The specific physiologi-
cal activit ' of heterocyclic organophoqphorus compounds is
probably responsible for the apnearance of a. large nunincer of
articles in Soviet chemical publications on the synthesis.- and
properties of these compounds.

N. 1. Rizpoloz'henskiLy and F. S. Mukhaynetlov obtained
2-alkoxy-2-oxo-3, 5, 5-trimethyl-1, 2-oxa-3-phospholanolIs in a
two-stage reaction [191:

CH3 C14 Cli, C11,
6.1 1 RONa

(RO)7PH + C-CII,--c,-OH - R)PCCCO

0 c1-13 0 014 tiH,

H- -'-C(CH 5 )i /0 (C it3)

1,R0. lg ROP + ROIl

0OCH3 OH CH, OH

-('11, C2I 7,C~l-, or 0,I

The prominent t earn of or'aanophospho rus chemnists;
hea(,.d e d by B 1. A. AlibuzOV At Kaz~i n St ate !'nive ritv s;Ynt hesi zed
a series of hete rocy'cl ic organophosphorous compouinds :)% hei
reactions of dialkyl phosph re.; with unsaturaited con~polids.
TO ra:d lkoxyal kyl pho s;pto r:i tit e s (1-1 V) v% t' et obt a ined' the
react ion [20. 21]:
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CHv-C=O CHs-C-- 01 11 )e (on1')
R--C-C= CCHC+ P(OR')•- R-C - C-CH/.

l HI [
0 0 I-IV CH,

L. R = R' = CHs, 11, R= --CHs, R' = Hs, M1. R-MsOHs, R'-•CHs,

IV. R = OCH.s, R'= CHs.

which takes place in dry nitrogen at 20--40C. At rocom tempera-
ture in ether, aqueous hydrolysis of the cyclic phosphoranes pro-
ceeds with ring cleavage to form dialkyl alkylphosphonates (V-
VII):

SCH* - C -- 0 Cl.-- C-- OH
I )rP(oWa N.O

R-C--C--CH' RB-C- L.-CH P(OR)m.-.
Sa, ether 3r n 1 q.

6 di.CHO. 0
CH.-C=O

. R-C--1H-CH-P(OW)g +R'OH

H 0
V-VII

V. R -- R" CHO, VI. R, OC4,, R - CHO. VII. R -OCiHs, W,. C4!s.

On distillation in vacuum, the phosphoranes are converted to
cyclic esters with the elimination of alcohol:

CH,.- C - OH CH,-C-0
I -on 11 \P - OR'R-C-C---CH--P(OR')t------ R--C--C--CH/11

SI 11 I 0
0 CHO 0 0 CH,

VIII-x
VIII. R - R'= CUIs. IX. R = 04H1, R'= CHIn. X. R= OCtHs, R'=- C.Hl.

The addit;')n of trialkyl phosphites to acrolein to form cyclic
phosphorane (XI) proceeds in two stages with Arbuzov rear-
rangement [22]:

two& nO RO 0---CH

1) (RO)aP: + CH,=CH-i -. (RO). /-H HC II-
HRO Cr

0 (XI)
2) (I)-- (RO, P-CHr-CHm-CH-OR.
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Another team of organophosphorus chemists, headed by
A. N. Pudovik at the A. Ye. Arbuzov Institute of Organic and
Physical Chemistry, Academy of Sciences USSR, Kazan, studied
the reactions of chlorinated alkyl phosphitf-s, alkyl arylchloro-
phosphites, and arnidophosphites with unsaturated and carbonyl-
containing compounds. TVe reactions of alkyl arylchlorophos-
phites with acrylic and niethacrylic acids to form heterocyclic
organophosphorus compounds, depending on conditions proceed
according to the following two mechanisms [23]:

0t

IR9 Ito I
AO 0h Ar

Cl 0~Ro -ýco=0
""Ar ACH, CIII' Ar

Ar(C C0C I , 0 0
A./ "c~c~e'../ cN.

I ..- CH- H I C1.A,. OI-O4-I' k'~t-- CI,-

The reactions of dialkyl arnidophosphites with methyl and ethyl
esters cf pyruvic acid proceed, depending on conditions, with
the formation of phosphates (XII) and dioxaphospholanes (XIII)
[241:

R .0 CH3 CH3CH3C;-;O ZCGOC-- •-C--COOR'

c OOH3 N(O_ _ R, 0

(XI H) (CtH5)2N-P(O2
)s

(XII1)
Phospholanes were also obtained by the cyclization of ethyl
ethyl(B-chloroformylethyl)phosphinate and chlorides [25]:

0 0CtllsO\4itc , O- +C--O ICCtliiPC\l1CHICOCI ---0 C31P51cH.-CH + C-.CI
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0 Gil 3  0

CG2HbJCH2C~IC0-)C2H5 ---o+ C21150 A,1
\L 1--CH-CH3

5--Methyl-2-phenyL-4-chloro-2-oxr 1I, 2-cxa-4-phospholene

(XIV) was synthesized according to the reaction [261:

C1 0 C1
0U-C-Cila I ,0C-C11 11 1 tCqHJ'ChS + I CIH.PKII 11 CH.P- -0--C=C-CI.-
O=c-C1I ! 0-C-CH5  I I

\HCI ± I (XIV)

A series of 23 articles entitled 'Phosphorus-containing hetero-
cycles" w:: s published during -the last 6 years by a third team of
Soviet organophosphcorls chemists (N. A. Razurnova, A. A.
Petiov, and others3) at the Lensovet Institute of Technology,

Leningraqd. The preparation and properties of sulfur -contain-
ing derivatives of phospholine oxide by the condensation of
rmonoth,,ioethylglycolphiospho rous acid chlo rides with a, 8-un.Stu-
rated ketones i'4 reported [27]. A series of chlorinated P-
containin-t heteri..cycli c compou~nds was synthes ized according
to the follov~ing reaction scheme [281:

HCH-0 Gl

H6 CH*
0-?0 iRCH-_ - 0. -CFI-CH, 'O C- -- H-f 3

(C~t).-O/ I \CUI-CO .(42f).-O', GCill-Co

I CI~tOH

1-2 daysI IC~0HH

/0 CII--CIl 3 (I) 031

di' s\c'I C
(I-?!T)

(1 1r~. 1.(T MC .,"- 11) = 1, t=2 -V4V t2-. 1



The preparation of brominated phospholine oxide derivatives by
the reactions of bromides of glycolphosphorour acid with diene
compounds is reported [30].
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NOTES

THE PROGRAM AND THE INSTRUMENTATION OF THE "KOS-
MOS-149" SATELLITE

On 21 March 1967 the Kosmos-149 satellite was launch-
ed into an orbit with the following parameters: apogee, 297 kin;
perigee, 248 kin; and inclination to the equator, 48. 80. A gen-
eral view of the satellite is shown in Fig. 1. An aerogyroscopic
system, providing a three-axis orientation in space with an error
not exceeding 5 , is used for satellite stabilization.

C

Fig. 1. General view of the "Kosmos-149" satellite show-
ing location of instrumentation

1 - SA radiometer; 2 - TV illuminator; 3 - TF-3A tele-
photometer; 4 - TF-3B telephotometer; 5 - RB and TS trans-
ducers; 6 - antennas; 7 - stabilizer advance mechanism;
8 - aerodynamic stabilizer rods; 9 - aerodynamic stabilizer.

The basic scientific objectives of the satellite were to
measure the spatial, angular, and spectral distribution of solar
radiation reflected by the Earth, and to measure the Earth's
outgoing radiation [1].
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Instrumentation

The measuring equipment consists of TF-3A and TF-3B
telephotorneters for the visible region of the spectrum and an SA
r.adiometer and RB radiation balance meter for the infrared
regions.

The TF-3A telephotometer (3 0 viewing angle) is mount-
ed in the satellite's nose cone. It scans in a plane perpendAcular
to the direction of flight and measures the intensity of solar radi-
ation reflected from the Earth in narrow regions of the spectrum
centered at 0. 34, 0. 47, and 0. 74 p . The second telephotometer,
the TF-3B (which is identical to the FT-3A), scans along the
flight path and measures the intensity of the reflected solar ra-
diation in the regions of absorption of water vapor (0. 721) and
molecular oxygen (0. 7 6 p) and in a cornparisoi region (0. 74 0).
Fig. 2 is a general view of the TF-type telephotometer. The
telephotometers measure the reflected solar radiation within
0. 5-60 mw/cm 2. sterad. •.

Fig. 2. TF telephotomet.er

An exploded view of the telephotometers is shown in
Fig, 3 [2]. The measured radiation, after passing through a
co-4er made of synthetic qua.rtz, is reflected from a plane mir-
ror, which performs circular scanning by rotating with a peri-
od of 1. 8 sec. The radiation tnen passes through a tubular dia-
phragm, a system of intci-f-r-ence filters, and the aperture of a
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Fig. 3. Exploded view of telephotometer

1 - Protective quartz cover; 2 - scanning mirror;
3 - collimator; 4 - interference light filters;
5 - p~ogrammed disk; 6 - photomultipliers; 7 - pro-
tective blinds; 8 - reversible motor.
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programmed disk, and falls simultaneously on three photomulti-

pliers. The output signals from the load impedances of the
photomultipliers are sent to EMU-9 electrometer amplifiers.
Signals from each of the three amplifiers can in turn be sent

either to a telemetry system or to any of the registering de-
vices. The rotation of the motor is transmitted to a scanning

head and a cam, which controls the motion of the programmed
disk. The electrometer amplifiers are d-c amplifiers with a

parallel negative voltage feedback. They use both vacuum
tubes and transistors. The range of currents which can be
measured is about 4 10-9 to 10- 5 a, and the voltage gain is

about 10 4. The upper limit of the transmission band, which
depends on the time constant of the feedback circuit, is 100 Hz.
The output impedance of the amplifiers is 10 kohm. The rated
power consumption is 40 mw. The total measurement error of
the amplifiers for a year's operation without adjustments at
100 to 40°C was within + 50. The spectral characteristics of

the amplifiers, filters, and telephotometers were determined
by 0. 34-)1 and 0. 47-11 spectrometers with resolutions of 20
and 2 A, respectively.

The Earth's radiation in the 8-121j range is measured

by SA-type radiometers (see Figs. 4 and 5). The radiometers
were designed on the principle of a two-beam circuit which
periodically compares the measured radiation intensity with

the cosmic radiation, which was considered to be the zero level.

The mirror parabolic lens (1) has a focal length of 30 mm,

while the effective bolometer area is 1 x 4 mm. The radiation

flux is interrupted by a modulator in the form of a polarized

relay, on whose curvature a modulator (2) is mounted. The
modulation is placed symmetrically with respect tu both opti-

cal channels and the detecting element. This arrangement

eliminates the effect of the temperature of the modulator on

the measurements. An interference filter (3) is mounted be-

tween the modulator and the detecting element. The self-radi-

ation of the filter is not modulated and, therefore, has no effect

on the variable component of the signal detected by the bolome-

ter. The bolometer is equipped with a thermistor for measur-

ing the temperature of the instrument. To reduce the effect of
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Fig. 4. SA radiometer

Fig. 5. Schema~tic diagram at the SA radiometezr

I - Parabolic lens; 2 -rn~ndulator, 3 -filter.
- buviowter detec -ing plate-, 5 - thermistor,
- blind.



side illumination, blinds with diaphragms (6) are placed in front
of the lens. The amplifier of the radiometers consists of the
following components: an input resonance transformer, an a-c
amplifier, a resetable detector, and an output d-c amplifier.
The sensitivity of the entire amplifier system with an S/N ratio
of I is not less than 2. 10-8 v. The measurement er-ror of the
amplifier, for a year's operation at 100 to 40°C was within + 5%.
The required power consumption is 380 mw. The radiometers
are calibrated to measure radiation intensities of 0. 1 to 1.2
mw. cm-2-sterad- 1 *P- 1 in the 8-121 spectral range, corre-
sponding to temperatures of 200-320°K [3].

A general view of the RB radiation balance meter, de-
signed to measure shortwave (0.3-3 1) and longwave (3-40P)
radiation fluxes, is shown in Fig. 6. The absolute sensitivity
of the radiation detectors was controlled by raeasuring the radi-
ation balance [4]. Basically, a radiation balance meter consists
of two sections, radiation transducers and electronic circuitry.
During measurements, one part of the transducer is directed
toward the nadir and the other toward the zenith. Each set of
transducers contains three radiation detectors for measuring
integral fluxes. A radiation detector (Fig. 7) contains a balloon
filled with xenon up to 400 mm Hg with a semispherical filter.
The detector plates, together with a the:-mopile, are rigidly
attached to a copper base. A disk-shaped detector plate to
which "hot" jun -tions of the thermopile are attached, is placed

Fig. 6. RB radiation balance
meter
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7.

Fig. 7. General view of the radiation
thermoelement

1 - Xenon-filled balloon; 2 - filter;
3 - detecting plates; 4 - thermopile;
5 - copper oase; 6, 7 - resistance thermometers.

in the center. Another ring-shaped detector plate, to which

"Icold" junctions are attached, is placed around the disk. The

detectors, which measure the short-wave solar radiation

(0. 3 - 3 p).. contain filters made of uviol glass, and those which
measure the near-infrared radiation (0. 8-3u,) contain IKS-3
filters. The use of a filter made of the KRS-5 crystal and the
shiny white coatings of the detector plates makes the detectors
virtually insensitive to short-wave solar radiation and trans-

parent to long-wave radiation (3-300). The tota). detecting
area of the thernal-radiation elements is 1.9 cm 2 . Their
average sensitivity is 15-20 mv- cal- - cm- 2 mrin, and the

coeffitient of thermal sensitivity, about 0. 5% per degree. The

electronic circuitry of the measuring devices includes a me-
chanical switch for the sequential interrogation of the detectors,
bridge circuits with resistance thermometers for measuring the
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temperature, and amplifiers. A typical amplifier of the radi-
ation balance meter is a transistorized d-c amplifier, consist-
ing of a transistorized modulator, a blocking generator, an a-c
amplifier, and detectors. The amplifier has the following basic
parameters: input voltage, - 10 mv to + 30 my; output voltage,
Ov to 6v, and voltage gain, 150.

Results

An analysis of the experimentally obtained dati has
shown that the instrumentation aboard the satellite has func-
tioned as planned, and that the measured quantities are with-
in the anticipated limits. Examples of photometric cro:;s
sections obtained with the TF-3A and TF-3B instruments are
shown in Figs. 8 and 9. These data make it possible to con-
struct spectral and angular distributions of the brightness of
the Earth and to determine statistical characteristics of the
spatial structure of the field of reflected solar radiation [5].
Fig. 9 also shows that the intensity of the reflected solar ra-
diation in the water absorption band (0. 721 ) considerably ex-
ceeds that at 0. 74 i (comparison region), which cannot be ex-
plained by the accepted method of computation. This fact
points to the possibility that a daytime glow of the atmosphere,
coz-.parable in intensity to the solar radiation reflected from
the Earth, exists in the H 20 region. The results obtained
with the SA radiometers and the RB radiation balance meters
are shown in Figs. 10 and 11. The high accuracy of the SA
radiometers has made it possible to detect the presence of
an aerosol component in the transformation of the outgoing
radiation of the underlying surface into the atmosphere.

[JR]
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Fig. 8. Spatial distribution of the Earth's bright-
ness in three spectral regions as measured by the
TF-3A telephotomfter

1 - 0.47p; 2 - 0.74p; 3 - 0.3411 (8- angle between, the
optical axis of the telephotometer and local vertical.

Fig. 9. Spatial distribution of the Earth's bright-

nets in three spectral regions as measured by the

TF-3B telephotometer

1 - 0.72p; 2 - 0.74u; 3 - 0. 7 6u.
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Fig. 10. relationship betieen the reflected solar
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Fig. 11. Variation in time of radiation fluxes measured by the
upper radiation balance meter

1 - O.3-- 3 .0u; 2 - 0.8--3.0 u; 3 - calculatad solar radiation
flwuea (0.3--3.0 u); 4, 5 - temperatures of corresponding

receivers.
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CONFERENCES

SEMINAR ON THE PHYSICS AND CHEMISTRY OF PROCESSING
MATERIALS WITH HIGH-ENERGY LASER BEAMS

The 16th Seminar on "The Physics and Chemistry of
Processing Materials With High-Energy Beams, " devoted to
the effect of a laser beam on materials, was held 8-9 Octo-
ber 1968 at the Institute of Metallurgy im. A. A. Baykov,
Academy of Sciences USSR, under the chairmanship of N. N.
Rykalin. The seminar was attended by 113 scientists repre-
senting 42 organizations.

A. G. Solov'yev (Moscow), in a paper entitled "The
effect of ambient media on the interaction between laser ra-
diation and metals, " reviewed a two-dimensional problem on
how such characteristics of the interaction ac evaporation
rate and pressure vary, depending on the counterpressure of
air, of an inert medium or, in a free-running mode, of metal
vapors. Analysis revealed that the counterpressure of evapo-
ration products due to a free-running laser pulse is of the same
order as in the presence of a medium. A system of nine equa-
tions is used to describe the process. Elastic and inelastic in-
teractions of atoms returning to the surface are discussed. The
temperature difference between the two interactions does not
exceed 5%. The magnitude of the pressure pulse in air at a
flux intensity of 1013 erg/cM 2 .sec differs from thit in vacuum
by as much as 30%.

In the paper "Energy characteristics of ruby-laser
radiation" by N. V. Grevtsev, V. G. Karabutov, and Yu. L.
Krasulin (Moscow), experimental data on the structure of the
radiation of a free-running laser were discussed. A diaphragm
with a minimum diameter of 2. 5 mm was placed in front of the
exit mirror, which made it possible tc separate out the simplest
modes. It was found that during the onset of generation, the
simplest modes were set up first, followed by higher-order
modes. The relative energy was evaluated .rom the film
darkening. With increasing energy the number of diffraction
maxima decreased. The average duration of micropulses,
determined from the image contrast, was nearly 0. 2 u sec.
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The divergence of each diffraction spikc, 4-6 x 10' rad, was
less than the total pulse divergence of 2 x 10-3 rad. Analysis
of the experimental data showed that the spatial distribution of
specific flux in a diffraction spike is Gaussian. The values of
the concentration coefficient varied within 1. 2-20 x 10- 3/cm 2

and the average flux density within 5 x 10 5-5 x 106 w/cm 2.

Results of these experiments indicated that the spatial and
temporal microstructure of radiation should be taken into
account in many cases of materials processing.

V. F. Loskutov and P. I. Ulyakov (Moscow) presented
the paper "Application of the similarity and dimensionality
methods in describing the process of metal damage by laser
radiation, " which dealt with some theoretical aspects of the
process. On the basis of the theory of similarity, a .model
function for the recoil pulse was constructed, the possibility 4

of transition to extreme conditions (explosion or evaporation) L

was analyzed, and experimental verification of the relation-
ships between the depth of penetration, the mass of ejected
material, and the pulse power in zinc and molybdenum speci-
mens was presented. It was noted that the thermal diffusivity
of material has no significant effect on the magnitude of the
recoil pulse; the latter changed by 10% when the former in-
creased or decreased by one order.

In the report "On the possibility of iron carburization
by means of a laser beam,." L. I. Mirkin presented experimen-
tal data on the distribution of carbon in the beam-target inter-
action area of graphite-coated iron. Mirkin opined that the
stirring which occurs in a liquid layer formed under the effect
of radiation plays a significant part in the formation of the
carburized case.

The report of V. P. Garashchult, V. B. Zaytseva,
and M. M. Nishchenko (Kiyev) on "The effect of laser-beam
parameters on the depth of penetration in metals" concerned
experiments in achieving deep penetration, a case which does
not conform to the general theory of heat conductivity in solids.
Experiments were performed with aluminum, nickel, copper,
molybdenum, and stainless-steei specimens 10 x 10 x 10 mm
in size using a free-running 15-16 joule ruby laser with a
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well-defined spike structure and a pulse duration of 1. 45 msec.
The depth of penetration was found to be asymmetrical in rela-
tion to the focal point. No significant evaporation of material
was observed. The maximum penetration was achieved with
a specific radiation power of over 10 3 w/cm2M, i.e., approach-
ing the critical value at which specimens began to break down.
Apparently, vapor recoil and convection in molten metal play
a significant part in achieving a "dagger-shaped" penetration.
With pulse duration increased to 3 msec, the shape of the pene-
tration zone was still different from that which would have been
achieved if the process conformed to the theory of heat
conductivity.

The subject of deep penetration was also discussed
by V. I. Trubitsyn (Moscow) in the paper "An experimental
study of metal penetration with a laser beam. " Experiments
on nickel, molybdenum, and stainless-steel specimens 1 mm
thick using a 2-4-joule laser equipped with a plane-mirror
resonator at a pulse duration of 1. 5-4. 5 msec revealed that
the depth of penetration depended primarily on the pulse dura-
tion. Trubitsyn believes that ejection of a portion of the molten
metal from the target area is a basic mechanism promoting
deep penetration, since it facilitates the passage of the beam
thr.ough the metal. He presented interesting data on the pene-
tration of three 0. 2 mm-thick nickel plates located at a distance
of 0, 5 mm from one another by a laser beam focused on the sur-
face of the last plate.

The report of M. L. Voshchinskiy, V. V. Zhukov, and
I. V. Kupriyanov (Moscow) dealt with laser welding of copper
wires 50 U in diameter to copper films deposited on various
glasses and "pr'otositalls" coated with chromium, The welding
was done with SU-1 and UL-2 lasers with a beam spot diameter
of 100 u. The intermediate resistance of )aser-welded contacts
was one order of magnitude lower than that of contacts bonded
by any other method.
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The results of an attempt to determine the recoil pulse
generated by the action of a laser beam on a material were re-
ported in the paper "Piezoeffect as a tool for investigating the
interaction between pulsed lasers and metals, " by B. M.
Zhiryakov, A. K. Fannibo, and N. N. Yuryshev (Moscow).
The authors used a barium titanate crystal as a pickup, with
one end rigidly mounted and the other supporting the target
material (copper, aluminum, tungsten, or titanium). The
laser was used in free-running and Q-switched modes with a
pulse duration of 1. 5 msec. Two maxima were observed on
the curves showing the dependence of the recoil pulse on the
distance between the target and the focasing lens. The first
maximum corresponded to the focal length and the second
occurred at a distance well beyond the focus. The first maxi-
mum of the free-running laser was lower than the second maxi-
mum; for the Q-switched laser, the first maximum was higher
than the second, This effect was observed at low energy den-
sities (0. 5-joule unfocused pulse). The analysis showed that
the effect could not be explained by optical pressure, heating
of air molecules close to the target, or photoeffect (pyroef-
fects were not considered). Therefore, it was assumed that
the recoil pulse is a result of evaporation of the target ma-
terial, which occurs even at flux densities as low as 10-

0 4 w/cm 2. The evaporation in such a case is explained by
the fact that the flux density in an individual spike is very high,
which leads to a severe heating of the target material even in
an unfocused beam.

In the paper "An investigation of the threshold and
specific features of the breakdown of nearly transparent di-
electrics by free-running laser radiation," A. A. Orlov and
R. F. Ponomarenko (Moscow) discussed the effect of laser
radiation on numerous polymers and glasses. Polymers were
found to have the lowest breakdown threshold and glasses, the
highest. No correlation between mechanical and optical strength
was observed. The results of the experiments confirmed the
existence of a relationship between the heterogeneity of the ma-
terial and its optical strength, and also the fact that damage
begins at defects, where the optical beam causes micrcocracks
to form.
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In the paper "Kinetics of metal breakdown by radiation
of a free-running laser," V. M. Kirillov and P. I. Ulylkov
(Moscow) dealt with an experimental study of the kinetics of
crater formation by x-ray techniques. The authors used a
400-500-joule, 2-2. 5-msec neodymium-glass laser focused
on the surface of metal specimens. The rate of crater growth
was found to decrease due to beam defocusing and scattering
in the metal vapors. In the last stage of crater formation, a
significant role was played by "washing out" of molten metal
from the crater walls.

V. I. Smilga, M. I. Kuchinskiy, and G. R. Levinson
(Moscowý presented a paper "Ton some technological. applica-

tions of gas lasers" in which new types of gas lasers and their
possible industrial applications in the processing of metal and
dielectric films were discussed. A laser intended for sizing
resistors which operates on a mixture of carbon dioxide,
helium, and air has been developed.

G. V. Babyakin reported on forming deep channels
(up to 60 mm) in quartz glass by melting. At the initial stage,
a conical crater is formed which changes into a narrow channel
accompanied by a short-lived pulsed plasma. A pilsation of
molten glass was observed in the channel. At the final stage,
the rate of channel formation decreased.

The 17th Seminar will deal with the physics of an
electric arc.

[DV]
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SYMPOSIUM ON ELECTRICAL DISCHARGE MACHINING OF
MATERIALS

A symposium on the theoretical fundamentals of elec-
trical discharge machining of materials was held in Kishinev
from 21 to 24 October 1968. The symposium was sponsored
by the Institute of Applied Physics of the Moldavian Academy
of Sciences, the Institute of Problems of the Science of Materials
of the Ukrainian Academy of Sciences, the Tomsk Polytechnic In-
stitute, Leningrad University, and the Committee on Electrical
Discharge Machining at the Central Office of the Scientific and
Technical Society of the Machine-Building Industry. The Sym-
posium was attended by 170 representatives of academic and
industrial institutes, institutes of higher learning, and indus-
trial plants, who had participated in the development of the
theoretical fundamentals of electrical discharge machining of
materials; several representatives from the German Demo-
cratic Republic were also present.

The Symposium was opened by Ya. S. Grosul, Presi-
dent of the Moldavian Academy of Sciences, who stressed the
ever-increasing attention of scientists to electrical methods for
the machining of metals and their applications. Academician
B. R. Lazarenko (Instiiute of Applied Physics, Moldavian Acad-
emy of Sciences) reported on the development of the electrody-
naniic theory of the electrical erosion of materials, the validity
of which was proved experimentally by direct measurement of
ýhe force produced by an electron bunch hitting a metal surface,
and by the complete corr'-.tion of the dimensions of craters
formed by electrical erosion with those produced on the surface
of solids ny falling meteorites. He also formulated some basic
rhysical problems in the electroprosion of materials wi-ich re-
quire further research.

A. A. Vorob'yev (Tomsk Polytechnic Institute) discuss-
ed tfie destruction of solids by bombardment with high-velocity
eiec~rons and the p!.y.ical resistance of materials to electrical
erosion, lie analyzed several possible mechanisms of the elec-
trospark erosion of metal and stated that ejection of metal from
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the crater is caused by the plasma formed within the metal.
High (over 1. 4 Mbar) pressure developed by the impinging
electron bunches disrupts the electron structui :z of atoms
which lose some of their electrons. The mixture of electrons
and atom residua forms a plasma. The plasma is also formed
as a result of the penetration of fast electrons into the body. In
another report, Voroblyev recommended electrospark machin-
ing of materials as a method of physicochemical analysis of
hard alloys.

G. V. Samsonov (Institute of Problems of the Science
of Materials, Ukrainian Academy of Sciences) opined that
resistance of matevials to breakdown decreases with decreas-
ing statistical weight of atoms possessing stable configurations
of the localized portion of valence electrons, with decreasing
stability of these configurations, and with increasing number
of unlocalized electrons. The resistance also depends substan-
tially on the composition of the interelectrode medium.

G. A. Ostrounov (Leningrad University) discussed
problems associated with the physical fundamentals of the ini-
tiation and development of electric discharges in electrolytes
and pointed out the absence of a satisfactory theory of the liquid
state of a substance. As a consequence, electrical phenomena
in liquids have been studied much less extensively than those in
gases and solids. The author discussed in detail the problem
of the hydrodynamics of an electrical discharge and showed that
the chemical nature of the solute has no significant effect on the
initiation of a discharge in an electrolyte.

G. N. Meshcheryakov (Odessa Polytechnic Institute)
reported on the role of the surface and thermoelectric phenomena
in electrical erosion of metals. Yu. N. Kotov (Tomsk Polytech-
nic Institute) spoke on the volume energy density reached in a
conductor before its explosion. I. G. Nekrashevich (Physico-
technical Institute, Belorussian Academy of Sciences) discuss-
ed the migration theory of electric erosion of materials.

Kh. Melhorn (GDR) reported on the effect of the electrolyte
composition on the amount of electrical erosion.
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The Symposium recommended that the Institute of
Applied Physics of the Moldavian Academy of Sciences initiate
a five-year plan of scientific research on the problems of elec-
trical machining materials and its introduction into the national
economy.

[MS]
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THE SECOND ALL-UNION CONFERENCE ON LOW-TEMPERA-
TIURE PLASMA PHYSICS

The cnnfeeetice, organized jointly by the Department
of Physico-Tecbnical Problems of Power Engineering of the
Academy of Sciences USSR, the Scientific Council on Methods
of Direct Conversion of Thermal Energy into Electricity, and
the Institute of Physics of the Belorussian Academy of Sc.encea,
was held froom 18 to 22 November 1968 in Minsk. M. D. Mil-
lionshchikov, Vice-President of the Academy of Sciences USSR,
presided. There were 800 participants from 160 organizations.
Four hundred papers were read, of which 380 were divided
among 6 sections dealing with: 1) methods of diagnostics;
2) methods of production and properties of low-temperature
plasma; 3) ,nethods of production and properties of beam fluxes;
4) eleinertary procosfes and kinetics; 5- interaction with sur-
faces; and 6M oscillations and waves in plasma.
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The topics discussed at the general sessions included
areview of the results of studies of a self-supporting T-layer
whose formation was explained by the existence of nonlinear
bonds between the electrical and the gas-dynamic quantities
(A. N. Tikhonov, A. A. Samarskiy). Basic problems of non-
equilibrium ionization were treated according to the diffusion
theory developed by L. M. Biberman, V. S. Vorob'yev, and
I. G. Yakubov, and a system of equations was presented de-
scribing the distribution of the energy levels of atoms and
electrons.

General problems on electron energy levels and the
ionization of atoms were treated in a paper by Yu. M. Kagan
et al. Equilibrium problems of various types of low-tempera-

ture plasma were discussed by I. V. Podmoshenskiy et al.
Elementary processes in molecular-beam lasers were analyzed
by N. N. Sobolev and V. V. Sokovnlkov and elementpry processes
in argon-ion lasers, by N. N. Sobolev et al. L. T. Ki.selevskiydealt with the production of a controlled-parameter plasma with-

in the 20, 000-l100, 0000 K temperature range Holographic
methods of diagnostics were the subject of a paper by A. N. Zaydel',
G. V. Ostrovskaya and Yu. I. Ostrovskiy.

Some points in the sectional papers and discussions de--
serve mention here. In the first section, mnch attention was
given to the development and production of special super-high-
frequency devices for plasma diagnostics. The use of lasers
:.. diagnostics was baid co oe hampered by a shortage of equip-
_.ient. The second section dealt wilh iýe necessity to stress
studies of dense nonideal plasmas. In the papers of the third
section, main interest was concentrated on the problern of
MHD power pro'uc~tiun (A. P. Favorskiy, 0. A. Sinkevich,
A. S. Pleshanov L. Ye. Tsvetkova, 'Yc. V. Lazareva et al).
In the fifth section, Ye. S. Trekhov's report on erosion caused
by powerful pulse discharges drew much attention. In connec-
tion wft1' this pr~biezn, the "nadeqr.cy )f exper-.mental data was
blamed for the lag in this important field. In the discussion of

materiels during the sixth section, it was noted that theoretical
work in this field was al!o laggirg.



The conference, in its concluding resolution, recommend-

ed an All-Union Conference on Low-Temperature Plasma every

other year, and formed a preparatory committee for organizing
a Third Conference in late 1970. [FP]
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PREDICTING THE SERVICE PROPERTIES OF POLYMERIC

MATERIALS

Three conferences on methods for predicting the ser-

vice properties of polymeric materials were organized in 1967

and V668 by the Committee for Predicting the Service Proper-

ties of Polymeric Materials under the All-Union Council of

Scientific and Technical Societies. The Committee is headed

by G. M. Bartenev (President), Yu. V. Zelenev (Vice-Presi-

dent), and A. P. Molotkov (Scientific Secretary), and is con-

cerned with the behavior of polymeric materials and plastic

products in service and storage.

Current methods for predicting the service properties

of polymeric materials are based on extrapolation, expert eval-

uation, or modeling. There is no scientific basis ror predicting

qervice properties which would take into account the specific

ftatures of interdependent changes of the structure and proper-

tie-, of polymers in various conditions. At present, the develop-

ment of theoretical (calculatkon) prediction methods i0 behind

tlat of cxpvrimental methods, although calculation methods are

faste- amnd less expensive.
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It is expected that the work of the Committee will re-
sult in ar accumulation of data which will make it possible to
develop a scientific basis of methods for predicting the service
properties of polymer'e materials.

The first of the three conferences was held in Lenin-
grad at the Scientific Research Institute of Polymerization
Plastics. The second and third conferences were held in Mos-
cow at the Problem Laboratory of the Physics of Polymers,
MGPI im. V. I. Lenin.

The first conference dealt with methods for predicting
the service properties of plastics.

V. R. Regel' described methods for predicting the
strength properties of plastics. The effect of various factors
(including UV irradiation) on the service life of plastics was
discussed on the basis of S. N. Zhurkov's concepts concerning
the mechanism of the temperature-and-time dependence of the
strength of plastics.

A paper by Yu. V. Zelenev was devoted to methods for
predicting the deformation properties of plastics in the course of
their physical and chemical aging, considering the temperature
dependence of the activation energy of the respective processes.

S. B. Ratner discussed a method for predicting the
wear-resistance of plastics in various service conditions. The
authors noted that the wear of plastics is a very complex proc-
ess which depends on the structure, physical state, anl defor-
mation properties of polymers. As accelerated methods for
determining the wear-resistance, the author recommends labo-
ratory abrasion tests using abrasive paper or steel grate with
simultaneous measurement of weight losses.

The second conference was devoted to methods for pre-
dicting the service properties of vulcanized rubbers.
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P. V. Melent'yev discussed nondestructive methods for
predicting the mechanical properties of polymeric materials at
low deformations. The author has developed approximate cal-
culation methods for determining changes in the deformation
properties of rubbers. The calculated results were in satisfac-
tory agreement with experimental data obtained with precision
devices designed by the author for measuring stress and
deformations.

Yu. S. Zuyev described methods for determining
changes in the strength properties of rubbers in agressive
media. The author noted the shortcomings of studies on the
estimation of storage and service life of vulcanized rubbers
subjected to the action of agressive (especially aqueous) media,
high temperature, and irradiation, Analysis of experimental
data obtained by the author and his associates indicated the pos-
sibility of predicting the service life of vulcanizates in various
service and storage conditions.

Also at the second conference, N. N. Lezhnev discussed
problems connected with prediction of the deformation and strength
properties of vulcanizates filled with carbon black. As a result of
structural changes, the aging of filled vulcanizates is much more
intense than that of unfilled vulcanizates. This fact manifests it-
self, e. g., in a sharp increase in the modulus of elasticity of
filled rubbers, both on short-time and long-time (up to 100 hr)
aging. These phenomena are connected with the structure of
blacks, whose surface modification can considerably change
the deformation and strength properties of filled vulcanizates.

The third conference dealt with methods for predicting
the service properties of fibers. A paper by N. V. Mikhaylov
was devoted to analysis of the effect of morphologic forms on
the service properties of fibers. These forms, which always
originate on stretching of fibers, undergo modifications in ser-
vice under 'he effect of external forces which affect the mechani-
cal properties of fibers. Prediction of the service properties of
fibers requires knowledge of the laws governing the structural
modifications of polymers.
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V. A. Bertenev discussed special features of the struc-
ture and mechanical properties of cord fibers, and methods for
predicting chang-" ;n nord fibers used in the tire industry.
Quantitative metnous ueveloped by the author and his aýsociates
for predicting the deformation and strength properties of cord
fibers were described. These m,-thods take into account struc-
tural changes occurring in the course of the exploitation of
cord-fiber-containing products.

A paper by A. M. Stalevich was devoted to a compara-
tive review of calculation methods for predicting the deforma-
tion properties of fibers. Thf-se methods are based both on
empirical relationships and on formulas derived on the basis
of linear and nonlinear theories of the vascoelasticity of poly-
mers. Experimental verification of individual calculation
methods showed that a reliable prediction is impossible without
taking into account structural changes occurring in fibers under
actual service conditions.
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CONFERENCE ON ORGANOSILICON COMPOUNDS

The Fourth Conference on the Chemistry and Application
of Organosilicon Compounds was held in Tbilisi, 9--13 Decem-
ber 1968. The conference was sponsored by the Ministry of the
Chemical Industry USSR, the Acaderny of Sciences USSR, the
Georgian Academy of Sciences, the Ministry of Higher and Second-
ary Special Education USSR, and Tbilisi State University.

The conference was divided into five sections: 1) Main
preparative methods for monomers; 2) Synthesis of new organo-
silicon and heteroorganosilicon compounds; 3) Oligomers. Physi-
cochemical study methods of oligomers and polymers. Thermal
stability and thermal degradation; 4) Polymers; and 5) Materials
from organosilicon compounds. About 300 papers were read at
the conference, including the following:

K. A. Andrianov. Some development trends in the chemistry of
o rganosilicon compounds,

Ye. F. Bugerenko, A. S. Petukhova, and Ye. A. Chernysheva.
Synthesis of phosphorus - containing organosilicon compounds
from four-membered silacyclobutane heterocyclic compounds
and phosphorus trichloride. f

A. V. Zimin and B. I. Vaynshteyn. Radiation-induced chemical
synthesis of organochlorosilanes.

K. A. Andrianov and N. N. Makarova. Preparation of organo-
silicon ladder polymers from polycyclic compounds.

V. N. Gruber, A. L. Ilebanskiy and N. V. Kozlova. Synthesis
of organosilicon rubberlike polymers.

G. I. Belik, N. G. Morozova, et al. Synthesis of chlorotri-
methylsilane with the use of metallic zinc as the chlorine
acceptor.
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V. V. Moskovtsev, N. P. Lobusevich, et al. Development and
putting into production of a specific synthesis method for chloro-
ethyl- and chloromethylsilanes.

The proceedings of the conference indicated that the
s .. theoretical level of studies on organosilicon compounds
has risen, and that the use of modern study and material-test
methods has increased. A number of papers dealt with the ki-
netic laws and the synthesis mechanism of organosilicon com-
pounds, and described the results of IR, PMR, NMR spectro-
scopic, thermodynamic and chromatographic studies. The con-
ference noted with concern that Soviet industry does not produce
certain organosilicon monomers and polymers.
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PERSONALITIE

NIKOLAY NIKOLAYEVT:CH MELINIKOV

Professor Nikolay Nikolayevich Mel'nikov, Doctor of
Chemical Sciences and laureate of the State Prize, wa8 born in
Moscow on 28 November 1908. Among Soviet chemists and for-
eign specialists in the field of biologica~ly active compounds,
Melt nikov is best known by his books Xhimiya pestitsidov (Chern-
istry of pesticides), published ii 1&68 [1) and Khimiyc 'erbitoidov
i regulyatorov zvouta rasteniy (Chemistry of herbicides and plant
growth regulators) [2]. He has published more than 480 scien-
tific articles and holds more than 280 patents dealing with the
synthesis, properties, and application of herbicides, pesticides,
plant growth regulators, repellents, attractants, ..hemosterilizers,
and molluscocides.

Research projects initiated and directed by Mel'nikov at
the Scientific Research Institute of Fertilizers and Insectofungi-
cides and at the All-Union Scientific Research Institute of Chemi-
cals for Plant Protection have resulted in the development of a
series of well-known new insecticides, herbicides, and fungicides
(butiphos, granosan, chorophos, mercuran, metaphos, etc. ) [3,
4]. Mel'nikov has published a series of outstanding articles and
monographs on organophosphorus compounds, the mechanism of
action of biologically active compounds, and the directed synthe-
sis of biologically active compounds.
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