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V. SINIVEE

ENSEMBLE AVERAGES OF MOLECULAR SPHERICAL TENSORS

In various branches of molecular physics one has to deal with the
calculation of quantities defined as ensemble averages of tensors associat-
ed with a representative molecule. The chemical shifts, g-factors of free
radicals, direct nuclear dipol-dipol interaction tensor and hyperfine inter-
action tensors may serve as examples of such quantities well known in
the NMR and EPR of liquids. If the liquid (considered as an ensemble
of molecules) is homogeneous and isotropic, the calculation of averages
of molecular tensors is trivial. This is not the case if the liquid is homo-
geneous but anisotropic. In this case the liquid consists of partially
oriented molecules and thus the knowledge of the distribution function
of molecular orientations [ ! ] is needed in order to calculate average
molecular tensors.

External electric and magnetic fields as well as ultrasonic waves may
be used in order to induce partial orientation of molecules. Liquid
crystals and solid matrixes supply us with species possessing great
anisotropy. In developing theories of physical phenomena taking place
in such media, several authors have introduced methods for calculating
average tensors associated with an axially symmetric distribution of
molecules. The present paper is an extended approach, in which useful
mathematical properties of spherical tensors [ 2 ] and of generic spherical
functions [3 ] are utilized.

We consider the calculation of ensemble averages of spherical (irredu-
cible) tensors rigidly bound with the molecule and rotating together with
the latter. The distribution function is assumed to be an arbitrary con-
tinuous single valued function. Then, symmetrical distributions considered
by Saupe [4 ] and Buckingham and McLauchlan [ l>s ] are easily treated
as special cases (Section 2). Mathematical quantities used in this
paper are briefly reviewed in the Appendix.

1. Genera!

Let e j (/ '= x, y, z) denote the unite vectors of a Cartesian reference
system (the e-system) rigidly bound with the molecule. Let aj denote
unite vectors of a similar system (the а-system) bound with measuring
device. A second laboratory reference system b ; (the 6-system) relative
to which the distribution function has a simple form will be introduced in
order to describe symmetrical distributions.

The choice of a reference system allows one to establish a corres-
pondence between mathematical quantities like the vectors and the
physical ones. In order to expand this correspondence to ordinary tensors
one associates with each reference system an orthonormalized basis
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defined in the tensorial space. This basis is composed of direct products
of unite vectors of the reference system like axay . Now the tensor may be
described in terms of its components. We consider the tensor as an in-
variant quantity, whereas its components will depend upon the choice of
the reference system. Especially, if Txy denotes a component of a tensor
T (of second degree) defined relative to the а-system, T'xy will denote
the corresponding component defined relative to the 6-system. A further
diversity of representations of a tensor is introduced by considering
tensors with complex components. In this case one associates with each
reference system several orthonormalized basis sets differing by the
choice of phase factors. We are especially interested in canonical basis
sets (see Appendix). The one associated, say, with the а-system is
composed of unite tensors al

m . Thus, the second degree tensor T may
be described (relative to а-system) by one of the equalities

t=22Tjlj2&jia.j2= JŽJ JŽJ T lmam- (11)
j1 j 2 г=o m

The quantities Tjij2 will be referred to Cartesian components of the tensor,
the Tl

m denote the canonical ones. The 2/-j-l components Tl
rn describe

a spherical tensor T® of the order I. The spherical tensors may be defined
with or without the reference to an ordinary tensor T of the degree <7.
In the former case one speaks about spherical components T® I ~ l\ 2;
...q of the ordinary tensor.

The orientation of the e-system (of the molecule) relative to the
а-system is given by Euler angles if, ft, ф. Similarly, the orientation of
the e-system relative to the 6-system is denoted by if', Ф', ф' and that of
the ö-system relative to the а-system by if°, #°, ф°. In some cases we use
ft, a in order to denote the spherical coordinates of the vector er relative
to the a-system.

The relative orientation of two reference systems may also be described
by the rotation needed to bring one system in coincidence with the other.
Thus, we define

Sa j= ej, Й'Ь,= е 7, й°а,-=Ь,-, (1.2)
with the relation

Q =6'Q°. (1.3)
A A A

The entities Q, Q', Q° are linear operators defined in the vector space.
We often use symbols like Q to denote the set of Euler angles IJ3, О, ф.

The rotation Q of the vector space induces a corresponding unitary
transformation Z)(Q) in the tensor space. One is led to the tensor re-
presentation of the rotational group [ 2- 3 ]. The representation associates
an operator relation

b{Q)=b{Q')D{Q°) (1.4)
with each equation of the kind (1.3). There are, of course, many equi-
valent ways to define the representation in a unitary space. The tensor
representation is given by

A

Z)(fi)ajiaj2= S QhiHQh2i2&kj&h2, (1-5)
ftl ft 2

A

where the matrix elements of Q are given by scalar products

Qjh={Qaft ,a,-). (1-6)
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As in the case of equations (1.1), (1.6), we often select the case of a
second degree tensor and of the а-system in order to clarify a general
convention or relation.

Equation (1.5) may also be expressed in relation to the canonical
basis. In this case one obtains the equation

£>(Й)а4= _SoL(fi)al, (1.7)
n

with m, n= 0; ±1; ... dzl- The functions D l
mn(Q) =Dl

mn (ty, h, <p) are known
as generic spherical functions [3 ] or Wigner transformation matrix
elements (see Appendix). A useful relation between the generic
spherical functions defined relative to different reference systems is
given by

D‘mn ( Q) = (Q»)D,!„ (O'). (1.8)
ft

Equation (1.8) represents the operator equation (1.4) in the matrix form.
Physical quantities like the electric dipole moment of the molecule or

the dipole-dipole interaction tensor of two nuclei of the molecule may be
described by tensors rigidly bound with the molecule. If the molecule
rotates, such quantities become functions of the orientation of the molecule.
The analytical form of such functions depend uporl the choice of the
reference system. If L(Q) describes L relative to the а-system and
L'(Q') relative to the Ь-system the equation

L(Q)=Z/(Q')=L(Q'Q 0 ) (1.9)
. 0

establishes the relation between both functions. The quantity L itself
may be a scalar, vector, tensor, operator, etc.

The dependence of spherical tensors bound with the molecule upon
the orientation may be derived as follows. Let originally the e-system
coincide with, say, the а-system. Rotate, now, the e-system to its actual
place. Then, the transformation of the tensor is given by

t<o(ö)=s(q)t, (i.io)
where T corresponds to zero Euler angles. If the Eq. (1.10) is expressed
in terms of canonical components, one obtains

Тш{а) = SdL(o)tL (i.ii)
n

Note that in this case Th equals to canonical components defined relative
to the e-system. The equations (1.10), (1.11) are related to the a-systerm
With reference to the Ь-system one obtains similarly the equation

T%(£2') = J£dL(Q')t‘, (1.12)
n

Iwhere Tn has the value mentioned above. The relation between both
functions of orientation is easily derived on the basis of equations (1.8)*
(1.11), (1.12). One obtains

7'm(Q) = JSöL(Q°)7'? (Q'). (1.13)
П

The distribution of orientations of molecules of the ensemble is given
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by the singlet orientation distribution function f l ] P (Q). The normali-
zation of the latter is given by

(P,P) = /|P(Q)| 2 dQ=l, (1.14)
where

dQ=(l/8n2 )-sin‘&dödipdq). (1.15)
The distribution function P'(Q') defined relative to the 6-system is given
by the general relation (E9).

If the distribution function is known relative to a laboratory reference
system, the ensemble average (L) of a function of orientation L{Q)
defined relative to the same reference system is given by

(L)=JL{Q)P{Q)dQ. (1.16)
The distribution function' is expected to be continuous and single-

valued. The manifold of all such functions of orientation (including those
with complex values) forms a unitary Hilbert space. In this space the
generic spherical functions with /= 0; 1; 2; .. . form a complete set of
orthogonal (but not normalized) basis functions. Thus, one can expand
the distribution functions in series

P№)=22H (2/+i (1.17)
£ m n

P'(Q')=2,SS,{2l+\)ŠLDl
mn (Q'), (1.18)

I m n
where

S„„=(Bmn(Q)>, (1.19)
sL=(oL(0')>. (1.20)

Applying the definition of averages (1.16) to a component (1.11) of
spherical tensor one obtains the equation

(TL) = ŽSLtL (1.21)
n

For components defined relative to the 6-system, the similar equation is
given by

, (Tl') = ŽS 1' V
. (1.22)

\ m ’ mn n 4 '

n

The following transformation law of the quantities S l
mn given by

== £Dl . (1.23)
inn mh ' ’ hn 4 '

k

may be verified with help of equations (1.17), (1.8), (1.18). Insertion of
Eq. (1.23) into the Eq. (1.21) yields the transformation law

(T‘J=SD‘mn m{P’n ). (1.24)
n

Comparing Eq. (1.24) with Eq. (1.13) one concludes: the average
of a spherical tensor is itself a spherical tensor of the same order. If the
distribution of molecular orientations is symmetric, one chooses such a

that P'{£!') has a simple analytical form. With the help of Eq.
(1.22) one calculates at first (T l '

n ) and then transforms the results to the
n-system making use of Eq. (1.24).
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Equation (1.21) is the basic result of this paper. It clarifies the
.•sensitivity of averages of spherical tensors of different order to the

form of the distribution function P (Q). average of a
rspherkral tensor of the order / “feels” only that part of the distribution
function which is the projection of P(Q) into the (2/ -j- I) 2 dimensional
subspace of the Hilbert space associated with the value I. The average

cof an '.ordinary tensor of the degree q “feels” a much broader subspace
■spanned over a set of previously mentioned subspaces with /'=o; 1; ... q.
Since ordinary tensors up to the degree two are most commonly observed,
.much information about the distribution function is lost. Thus, the
imeasurement of higher order tensors like the nonlinear polarizabilities is
important.

If the components of the spherical tensor T'n defined relative to the
г-system are known, the calculation of the average tensor requires the
■knowledge of the quantities Sl

mn only. The latter form a (2/-J-1) 2 matrix
called ordnungsmatrix. This matrix is indeed a generalization of the
ordnungsmatrix introduced by Saupe [ 4 ] and of 5-coefficients of Buck-
ingham f 1

’ s ]. Since P(Q) is real, the equation

ŠL = (-D”*+"S'_m _n (1.25)
holds. The change of the laboratory reference system induces independent
transformation of elements of the ordnungsmatrix belonging to different
columns. As shown by Eq. (1.23), the transformation law of the column
is that of a spherical tensor of the order I. The normalization equation

1.14) establishes an upper limit to the absolute value of 5г
тп ., Since

JŽU l2=l, (1.26)
l m n

one concludes
|sLl<l/y2/+l. (1.27)

Therefore, experimental determination of low order ordnungsmatrixes
enables to appreciate the importance or unimportance of higher order
parts of the distribution function.

2. Symmetrical Distributions

The distribution function P (Q) is called symmetric if there exists
a nonunite transformation establishing a correspondence between orienta-
tions with equal probability. The symmetry transformation is expected
to preserve the continuity of P (Q) and the value of dQ. The symmetry of
the distribution function can be due to symmetry properties of inter-
molecular forces. More commonly the origin of symmetrical distributions
lies in the symmetry of macroscopic environment. Distribution functions
■belonging to a group of symmetry transformations will be spanned over
Invariant subspaces of the Hilbert space. As a consequence, the ordnungs-
matrixes are greatly reduced, and the properties of the average spherical
tensors are correspondingly affected.

The isõtropic distribution is described by
P{Q) = 1. (2.1)

Only sro does not vanish. There is only one nonvanishing component
of average spherical tensors given by
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(тl)=То. (2.2)
The distribution is called axially symmetric if the symmetry group

consists of rotations around a fixed axis. Let the direction of this axis
coincide with b z . Then

Р'(o')=Р'(гГ, Ф'). (2.3)
The nonzero elements of the ordnungsmatrix are now Sl'

n .
From the

point of view of the Ь-system each average spherical tensor has only one
nonvanishing component given by

(T‘') =2S‘;n T‘n . (2.4)
n

The components of the average tensor defined relative to the a-system
depend upon the direction of b z as given by

Ю=o,
т.(o°)«'>. (2-5)

Especially, the angular dependence of a first order spherical tensor
is given by

P 1
00 =cos ft0

,

D l
+i о =.± (l/y2)sin ■ö o exp( =Fta°), (2.6)

where o°, a 0 = + (Зя/2) denote the spherical coordinates of the
vector b z. The corresponding transformation functions of a second order
average spherical tensor are

D%=~y{3cos^-l).

D 2
±i 0= ±У sin ft0 cos i}° exp (н=ш°) , (2.7)

D2
±2 o=j/ sin 2 0° exp (=Fi2d°).

Thus, the axially symmetric distribution is described by the direction Ь г
and by ordnungsmatrixes 5z

0
'

n, each of which contains only /+1 inde-
pendent complex quantities. Since the definition of the canonical basis
includes an arbitrary phase factor for each irreducible subspace, the
number of independent real numbers reduces to 2/-f 1.

Another kind of distribution functions which can actually be expanded
on the basis of spherical harmonics is given by

Р{й)=Р(ЪЛ).. (2.8)
The distribution given by Eq. (2.8) is invariant relative to rotations of
the molecule around an axis bound with the molecule. This axis has
been chosen as the ez vector of the molecular reference system. Now
only the matrix elements S lm 0 do not vanish. The average of a spherical
tensor is given by

(Tl )=Sl Ti (2.9)\ 77i ' mO 0 4 '

An axially symmetric distribution which also possesses invariance
with respect to rotations around the e 2 axis is described by
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P'(Q')=P'(tf'). (2.10)
Each ordnungsmatrix of the distribution function (2.10) has only one
nonvanishing element S l'

0 the degree of orientation (Ordnungsgrad)-
Equation (1.18) gives now an expansion on the basis of Legendre poly-
nomials. Nonvanishing components of average tensors are given by

■ (2.11)
Since the equation (2.5) remains valid, a measurement of angular
dependence of average spherical tensors does not detect a difference be-
tween this distribution and the more general one given by Eq. (2.3).
However, the knowledge of several spherical tensors defined relative to
the e-system allows one to solve this problem. For this purpose Eq. (1.27)
can be helpful.

Appendix

In this paper a Cartesian tensor of the degree q is considered as
an element of a S'* dimensional unitary space (of the tensor space). In
this space the scalar product of two tensors T, Q is defined by

(Т.а)=2ЗД (A.l)
j

where barred symbols denote complex conjugate quantities. Tj and
Qj (/ — 1; ... 3q) are components of the tensors defined relative to an
orthonormalized basis.

The tensor space is the direct product of q vector spaces, each of
which is expanded by introducing complex numbers. A Cartesian
component of the tensor T is now described by q labels

/ 1; /г", ... jq== X; y\ 2. (A.2)
v The formation of direct product is an operation specific for the tensor
algebra. Another property, considered as an essential part of the defini-
tion of the tensor, is the tensor representation of the rotational group
given by Eq. (1.5). Especially, the rotation around a unite vector n
by an infinitesimal angle dft is characterized by the Hermitean operator

И^-L
defined in the tensor space. In particular Ix, Iy, Iz are associated with
infinitesimal rotations around ax, ay and a z , respectively. Further,

P=P +/2 +/ 2
, L=fx ±ily . (A.4)

X у z

The canonical basis of the tensor space is now defined by

/Ч=/(г+l)а ‘

m .

C am" ma
m’

<A '5)

/
± а'„=У(гтт)(г±т+l) a'm±l

.
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The canonical components of the tensor T are denoted by Tl
m

. The
development of a Cartesian tensor into . its spherical components
corresponds to the reduction of the tensor space into irreducible sub-
spaces. In each subspace Eq. (A. 5) defines the canonical basis up to
an arbitrary phase factor. If q > 2, the reduction of the tensorial space
is ambiguous. In this case the equation (1.1) should be replaced by

Т=222Ра': (A.6)
I m v

where v=l; 2;
... gi. Each asatisfies Eq. (A. 5), Each transforms

according to Eq. (1.11), Thus, the ordnungsmatrix does not depend
upon v. Eq. (1.21) should be replaced by

(T*)=y]Sl (A.7)v- m 1 mn n v '

n

Therefore, an additional convention is needed in order to choose a
canonical basis.

For tensors of the degree one, the relation between Cartesian and
canonical components is given by

7"=Гг ’

_

(A.B)
7’± li=-F- (1/У2) (Tx+iTy).

For tensors of the degree two, one has the following relations

rS=.(l/y3)(r„+7 -yy+Ta). (A9)
T\=(Hi2)(Txy -Tyx ).

T±i~у [ ( TzxTxz ) -hi(T-y ],

(A. 10)
Гs=(l/У6) (2Тгг -Т„-Туу),

T±i=-i—у [ (Tzx-{-TKZ ) -i-i{T!v-\-Tyz) ],

. j (AH)
T±2—[(T xx Tyy) -+-i{T Xy-\-Tyx) ].

Spherical harmonics used in this paper are given by
У™(o, a)= (I/2.Tr)P7l (cos'ö')exp(imcp), (A. 12)

where p==cosd' denote m 1 ed adjungated Legendre poly-
nomials. ihe normalization is defined by

/ |P-(p)№=l. (A. 13)

C ons are given by
dl, «.«. ф) =e~,m'tp,

mn (t*) <A - 14)

, . P l
r _ (p) are defined in [3 ], The Euler angles correspond
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lo the rotation of a right-hand screw. The scalar product of generic
spherical functions is given by

D‘m„) = f\D‘mn (Q)|4Q=-—:r . (A. 15)

The following special cases of generic spherical functions are used in
this paper

D‘m0(4>. #) = (-1 YTm №“) •
(A - : 16)

(A. 17)
where -0, a denote spherical coordinates of az . The ordinary (un-
normalized) Lagrange polynomials are denoted by Pi(n).
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V. SINIVEE
MOLEKULAARSETE SFÄÄRILISTE TENSORITE KESKVÄÄRTUSED

Sfäärilisi tensoreid, mis on seotud molekuliga ja roteeruvad koos viimasega, nime-
tatakse molekulaarseteks. Käsitletakse sääraste tensorite keskväärtuste arvutamist juhul,
kui molekulide orientatsioonide jaotus on meelevaldne ühetähenduslik funktsioon.

В. СИНИВЕЭ
СРЕДНИЕ МОЛЕКУЛЯРНЫЕ СФЕРИЧЕСКИЕ ТЕНЗОРЫ

Молекулярными названы сферические тензоры, которые связаны с молекулой и
вращаются вместе с ней. Рассматривается расчет средних значений таких тензоров
при допущении произвольного, непрерывного, однозначного статического распределе-
ния ориентаций молекул.
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	Рис. 7. Изменение относительного расхода обратного течения вдоль трубы. Пунктирной линией показаны результаты расчета по формуле (14). Рис. 6. Профили аксиальных скоростей в трубе при FBX/F = 0,096.�〰ㄸㄢ⁈偏匽∵㌴∠噐体㴢㈰㠢⁗䥄呈㴢㌰∯㸍ਉउउ़却物湧⁉䐽≐ㄱ㑟協〰㈳㐢⁈偏匽∵㘴∠噐体㴢ㄸㄢ⁗䥄呈㴢㠰∠䡅䥇䡔㴢㈷∠䍏乔䕎吽≎卖∠坃㴢〮㤸∠䍃㴢㐰〢⼾ഊउउउ㱓倠䥄㴢倱ㄴ当倰〱㠲∠䡐体㴢㘴㐢⁖偏匽∲〸∠坉䑔䠽∲㜢⼾ഊउउउ㱓瑲楮朠䥄㴢倱ㄴ当吰〲㌵∠䡐体㴢㘷ㄢ⁖偏匽∱㠰∠坉䑔䠽∲ㄴ∠䡅䥇䡔㴢㈷∠䍏乔䕎吽≔䕁䑕協䔢⁗䌽∱⸰〢⁃䌽∰㐰〰〳〢⼾ഊउउउ㱓倠䥄㴢倱ㄴ当倰〱㠳∠䡐体㴢㠸㔢⁖偏匽∲〸∠坉䑔䠽∳〢⼾ഊउउउ㱓瑲楮朠䥄㴢倱ㄴ当吰〲㌶∠䡐体㴢㤱㔢⁖偏匽∱㜸∠坉䑔䠽∲㐶∠䡅䥇䡔㴢㈸∠䍏乔䕎吽≁䭁䑅䕍䥁∠坃㴢〮㤹∠䍃㴢〰㈳㐴㈵ㄢ⼾ഊउउउ㱓倠䥄㴢倱ㄴ当倰〱㠴∠䡐体㴢ㄱ㘱∠噐体㴢㈰㠢⁗䥄呈㴢㈸∯㸍ਉउउ़却物湧⁉䐽≐ㄱ㑟協〰㈳㜢⁈偏匽∱ㄸ㤢⁖偏匽∱㜸∠坉䑔䠽∲㘸∠䡅䥇䡔㴢㈷∠䍏乔䕎吽≔佉䵅呉卅䐮∠坃㴢ㄮ〰∠䍃㴢〵〰㌰㈰〢⼾ഊउउउ㱓倠䥄㴢倱ㄴ当倰〱㠵∠䡐体㴢ㄴ㔷∠噐体㴢㈰㠢⁗䥄呈㴢㌰∯㸍ਉउउ़却物湧⁉䐽≐ㄱ㑟協〰㈳㠢⁈偏匽∱㐸㜢⁖偏匽∱㜸∠坉䑔䠽∴㌢⁈䕉䝈吽∲㜢⁃低呅乔㴢㈲⸢⁗䌽∰⸸㠢⁃䌽∰〳∯㸍ਉउउ़卐⁉䐽≐ㄱ㑟卐〰ㄸ㘢⁈偏匽∱㔲㤢⁖偏匽∲〸∠坉䑔䠽∳ㄢ⼾ഊउउउ㱓瑲楮朠䥄㴢倱ㄴ当吰〲㌹∠䡐体㴢ㄵ㘱∠噐体㴢ㄷ㘢⁗䥄呈㴢ㄲ㘢⁈䕉䝈吽∳〢⁃低呅乔㴢䯖䥄䔢⁗䌽∰⸹㠢⁃䌽∹㘰〰∯㸍ਉउउ㰯呥硴䱩湥㸍ਉउउ㱔數瑌楮攠䥄㴢倱ㄴ彔䰰〰㌵∠䡐体㴢㘳㠢⁖偏匽∲㈵∠坉䑔䠽∸㈸∠䡅䥇䡔㴢㌲∾ഊउउउ㱓瑲楮朠䥄㴢倱ㄴ当吰〲㐰∠䡐体㴢㘳㠢⁖偏匽∲㈵∠坉䑔䠽∱㠱∠䡅䥇䡔㴢㌱∠䍏乔䕎吽≆�卉䭁∠坃㴢〮㤹∠䍃㴢〰〰㘰㌢⼾ഊउउउ㱓倠䥄㴢倱ㄴ当倰〱㠷∠䡐体㴢㠱㤢⁖偏匽∲㔷∠坉䑔䠽∳㌢⼾ഊउउउ㱓瑲楮朠䥄㴢倱ㄴ当吰〲㐱∠䡐体㴢㠵㈢⁖偏匽∲㈵∠坉䑔䠽∱㌢⁈䕉䝈吽∱㘢⁃低呅乔㴢⨢⁗䌽∰⸵㜢⁃䌽∴∯㸍ਉउउ़卐⁉䐽≐ㄱ㑟卐〰ㄸ㠢⁈偏匽∸㘵∠噐体㴢㈵㜢⁗䥄呈㴢㌳∯㸍ਉउउ़却物湧⁉䐽≐ㄱ㑟協〰㈴㈢⁈偏匽∸㤸∠噐体㴢㈲㔢⁗䥄呈㴢㌱㈢⁈䕉䝈吽∳〢⁃低呅乔㴢䵁呅䵁䅔䥋䄮∠坃㴢ㄮ〰∠䍃㴢〰〱〳〰㐶〳∯㸍ਉउउ़卐⁉䐽≐ㄱ㑟卐〰ㄸ㤢⁈偏匽∱㈰㤢⁖偏匽∲㔷∠坉䑔䠽∳㘢⼾ഊउउउ㱓瑲楮朠䥄㴢倱ㄴ当吰〲㐳∠䡐体㴢ㄲ㐶∠噐体㴢㈲㔢⁗䥄呈㴢㜶∠䡅䥇䡔㴢㌰∠䍏乔䕎吽∱㤷㌬∠坃㴢〮㤹∠䍃㴢〰〰〢⼾ഊउउउ㱓倠䥄㴢倱ㄴ当倰〱㤰∠䡐体㴢ㄳ㈱∠噐体㴢㈵㜢⁗䥄呈㴢㌵∯㸍ਉउउ़却物湧⁉䐽≐ㄱ㑟協〰㈴㐢⁈偏匽∱㌵㘢⁖偏
	Untitled����儍ੱഊ䉔ഊ㜮㜸‰⸰〠〮〰‸⸵〠ㄷ㘮㜲‶㌵⸷〠呭ഊ㌠呲ഊ㰰〰戰〱㐰〰显⁔樍
	PÖÖRISTATUD VOOLUSE PÖÖRISE KUSTUMINE VOOLAMISEL ÜMMARGUSES TORUS�〴ㄵ〴ㅤ〴㈶〴ㄸ〴〴ㅢ〴ㅥ〴ㄲ〰㈰〴ㅣ〴ㄵ〴㈲〴ㅥ〴ㄴ〴ㅥ〴ㅣ〰㈰〴㈴〴ㅥ〴㈲〴ㅥ〴ㄸ〴ㅥ〴ㅤ〴ㄸ〴ㄷ〴〴㈶〴ㄸ〴ㄸ〰㈰〴ㅦ〴㈰〴ㄸ〰㈰〴ㅦ〴ㅥ〴ㄲ〴㉢〴㈸〴ㄵ〴ㅤ〴ㅤ〴㉢〴㈵〰㈰〴㈲〴ㄵ〴ㅣ〴ㅦ〴ㄵ〴㈰〴〴㈲〴㈳〴㈰〴〴㈵〰〰㔸〰㔹〰㕡〰㕢〰㕣〰㕤〰㕥〰㕦〰㘰〰㘱〰㘲〰㘳〰㘴〰㘵〰㘶〰㘷〰㘸〰㘹〰㙡〰㙢〰㙣〰㙤〰㙥〰㙦〰㜰〰㜱〰㜲〰㜳〰㜴〰㜵〰㜶〰㜷〰㜸〰㜹〰㝡〰㝢〰㝣〰㝤〰㝥〰㝦〰慣㈰㠱〰ㅡ㈰㠳〰ㅥ㈰㈶㈰㈰㈰㈱㈰㠸〰㌰㈰㡡〰㌹㈰㡣〰愸〰挷〲戸〰㤰〰ㄸ㈰ㄹ㈰ㅣ㈰ㅤ㈰㈲㈰ㄳ㈰ㄴ㈰㤸〰㈲㈱㥡〰㍡㈰㥣〰慦〰摢〲㥦〰愰〰晣昸愲〰愳〰愴〰晤昸愶〰愷〰搸〰愹〰㔶〱慢〰慣〰慤〰慥〰挶〰戰〰戱〰戲〰戳〰戴〰戵〰戶〰户〰昸〰戹〰㔷〱扢〰扣〰扤〰扥〰
	DECAY OF THE SWIRL IN THE SWIRLING FLOW IN A ROUND TUBE�㘲㤮〰⁔洍ਲ਼⁔爍਼〲摣〲搹〲攳〲搶〲攱〲搱〲攳〲攴〲攱〲搱㸠呪ഊ䕔ഊ儍ੱഊ䉔ഊ㘮ㄲ‰⸰〠〮〰‸⸵〠㘰⸱㌠㘱㐮〰⁔洍ਲ਼⁔爍਼〰ㄴ〰ㄱ㸠呪ഊ䕔ഊ儍ੱഊ䉔ഊㄱ⸵㌠〮〰‰⸰〠㜮㌷‷〮㜲‶ㄴ⸲㠠呭ഊ㌠呲ഊ㰰㉥㉦㉦㈰㉦㤰㉦攰㉦昰㉦㌰㉦㤰㌰㠾⁔樍名ੑഊ焍ੂ名ਸ⸵㘠〮〰‰⸰〠㠮㈲‱㌸⸰〠㘱㐮㈸⁔洍ਲ਼⁔爍਼〰ㄶ〰ㄱ㸠呪ഊ䕔ഊ儍ੱഊ䉔ഊ㜮㤴‰⸰〠〮〰‹⸰㜠ㄵ㈮㔷‶ㄳ⸴㈠呭ഊ㌠呲ഊ㰰㉤挰〱〰显⁔樍名ੑഊ焍ੂ名⸷㤠〮〰‰⸰〠㠮㈲‱㘹⸷㈠㘱㐮〰⁔洍ਲ਼⁔爍਼〲搳㸠呪ഊ䕔ഊ儍㐶⸷㈠㔹ㄮ㈸⁔洍ਲ਼⁔爍਼〰㌱〰㌶〰㌹㸠呪ഊ䕔ഊ儍䘇ࠉ��������렁䀈���

	СРАВНЕНИЕ МЕТОДОВ ПЛАНИРОВАНИЯ ЭКСПЕРИМЕНТОВ ДЛЯ ОПРЕДЕЛЕНИЯ ЭНЕРГОЭКОНОМИЧЕСКОЙ ХАРАКТЕРИСТИКИ ТОПЛИВНО-ЭНЕРГЕТИЧЕСКОГО БАЛАНСА РАЙОНА�㍤屵〴㐱屵〴㌰屵〰㈰屵〴㐳屵〴㌳屵〴㍢屵〴㌰屵〰㈰屵〴㌴屵〴㌸屵〴㑤屵〴㍢屵〴㌵屵〴㍡屵〴㐲屵〴㐰屵〴㌸屵〴㐷屵〴㌵屵〴㐱屵〴㍡屵〴㌸屵〴㐵屵〰㈰屵〴㍦屵〴㍥屵〴㐲屵〴㌵屵〴㐰屵〴㑣屵〰㈰屵〴㐱屵〴㐳屵〴㐵屵〴㌸屵〴㐵屵〰㈰屵〴㌸屵〰㈰屵〴㌲屵〴㍢屵〴㌰屵〴㌶屵〴㍤屵〴㑢屵〴㐵屵〰㈰屵〴㐱屵〴㍢屵〴㌰屵〴㍤屵〴㐶屵〴㌵屵〴㌲屵〰㈰屵〴㌸屵〰㈰屵〴㌸屵〴㌷屵〴㌲屵〴㌵屵〴㐱屵〴㐲屵〴㍤屵〴㑦屵〴㍡屵〴㍥屵〴㌲屵〰㍢屵〰㈰屵〴ㅢ屵〰㈰屵〴㐱屵〴㐳屵〴㐵屵〴㍥屵〴㌹屵〰㈰屵〴㐱屵〴㍢屵〴㌰屵〴㍤屵〴㌵屵〴㐶屵〰㍢屵〰㈰屵〰㌲屵〰㈰屵〴㐱屵〴㐳屵〴㐵屵〴㍥屵〴㌹屵〰㈰屵〴㌸屵〴㌷屵〴㌲屵〴㌵屵〴㐱屵〴㐲屵〴㍤屵〴㑦屵〴㍡屵〰㍢屵〰㈰屵〰㌳屵〰㈰屵〴㍤屵〴㌰屵〴㐱屵〴㑢屵〴㐹屵〴㌵屵〴㍤屵〴㍤屵〴㑢屵〴㌹屵〰㈰屵〴㌲屵〴㍢屵〴㌰屵〴㌳屵〴㍥屵〴㌹屵〰㈰屵〴㌸屵〴㌷屵〴㌲屵〴㌵屵〴㐱屵〴㐲屵〴㍤屵〴㑦屵〴㍡屵〰㈰屵〰㈸屵〰㌳屵〰㉣屵〰㌸屵〰㈵屵〰㈹屵〰㍢屵〰㈰屵〰㌴屵〰㈰屵〴㍤屵〴㌰屵〴㐱屵〴㑢屵〴㐹屵〴㌵屵〴㍤屵〴㍤屵〴㑢屵〴㌹屵〰㈰屵〴㌲屵〴㍢屵〴㌰屵〴㌳屵〴㍥屵〴㌹屵〰㈰屵〴㐱屵〴㍢屵〴㌰屵〴㍤屵〴㌵屵〴㐶屵〰㈰屵〰㈸屵〰㌱屵〰㌱屵〰㉣屵〰㌵屵〰㈵屵〰㈹屵〰㍢屵〰㈰屵〴㌱屵〰㈰屵〴㑤屵〴㍢屵〴㌵屵〴㍡屵〴㐲屵〴㐰屵〴㍥屵〴㍦屵〴㐰屵〴㍥屵〴㌲屵〴㍥屵〴㌴屵〴㍤屵〴㍥屵〴㐱屵〴㐲屵〴㌸屵〰㈰屵〴㐲屵〴㌵屵〴㐵屵〰㈰屵〴㌶屵〴㌵屵〰㈰屵〴㐱屵〴㍢屵〴㌰屵〴㍤屵〴㐶屵〴㌵屵〴㌲屵〰㈰屵〴㌸屵〰㈰屵〴㌸屵〴㌷屵〴㌲屵〴㌵屵〴㐱屵〴㐲屵〴㍤屵
	Untitled����儍ੱഊ䉔ഊ㜮㜸‰⸰〠〮〰‸⸵〠ㄷ㘮㜲‶㌵⸷〠呭ഊ㌠呲ഊ㰰〰戰〱㐰〰显⁔樍
	Untitled�㘴㌮〰⁔洍ਲ਼⁔爍਼〰㌳〰ㄱ〰〲摢〰ㄱ㸠呪ഊ䕔ഊ儍ੱഊ䉔ഊ⸸㜠〮〰‰⸰〠㠮㈲
	RAJOONI KÜTUSE- JA ENERGIABILANSI ENERGOÖKONOOMILISE KARAKTERISTIKU MÄÄRAMISKATSETE PLANEERIMISE MEETODITE VÕRDLUS�搀圀匀栀愀爀攀尀䌀漀渀昀椀最尀吀䰀唀ⴀ搀漀挀圀漀爀欀猀ⴀ䜀䰀䈀䰀⸀椀渀椀䰀漀挀愀氀倀愀琀栀㨀䌀㨀尀倀爀漀最爀愀洀 䘀椀氀攀猀 ⠀砀㠀㘀⤀尀搀漀挀圀伀刀䬀匀尀戀椀渀尀搀眀匀爀瘀尀䐀圀匀爀瘀㌀⸀攀砀攀刀攀瀀漀爀琀攀搀匀琀愀琀攀㨀匀琀愀琀甀猀㨀倀爀漀挀攀猀猀椀渀最刀甀渀渀椀渀最䄀瀀瀀猀㨀䨀漀戀㨀䔀砀瀀漀爀琀堀䴀䰀䐀漀挀䤀䐀㨀㈀　㤀㔀㠀䘀椀氀琀攀爀㨀䴀漀渀漀最爀愀瀀栀䘀椀氀琀攀爀㈀㨀吀䰀唀ⴀ䴀漀渀漀最爀愀瀀栀ⴀ匀䌀䄀一尀戀㈀㘀㐀㌀　ⴀ㤀㜀㌀ⴀ䘀椀氀琀攀爀㌀㨀吀䰀唀ⴀ䴀漀渀漀最爀愀瀀栀䄀挀琀椀漀渀㨀倀爀漀挀攀猀猀椀渀最䄀挀琀椀漀渀㈀㨀匀愀瘀椀渀最 倀䐀䘀 ⸀⸀⸀䌀爀琀倀爀漀最爀攀猀猀㨀　䴀愀砀倀爀漀最爀攀猀猀㨀䰀愀猀琀匀琀愀琀甀猀䴀漀搀椀昀椀挀愀琀椀漀渀吀椀洀攀唀吀䌀㨀㐀㔀㔀㘀㌀㘀　㌀㌀刀攀瀀漀爀琀攀搀吀椀洀攀㨀㐀㔀㔀㘀㌀㘀㘀㠀㤀伀䌀刀䔀渀最椀渀攀匀琀愀琀甀猀㨀䘀椀渀攀刀攀愀搀攀爀 ⸀　簀 刀甀渀渀椀渀最 漀渀 氀漀挀愀氀 洀愀挀栀椀渀攀 簀 甀渀氀椀洀椀琀攀搀 挀栀愀爀愀挀琀攀爀猀 氀攀昀琀⸀簀 伀䌀刀 戀椀渀愀爀椀攀猀 瘀攀爀猀椀漀渀㨀 㘀⸀㤀⸀⸀㌀匀琀愀爀琀吀椀洀攀㨀㐀㔀㔀㘀㌀㘀　㌀㌀✀ 圀䠀䔀刀䔀 匀攀爀瘀椀挀攀一愀洀攀 㴀 ✀开倀刀伀䐀㐀开䐀圀匀爀瘀㌀开匀
	A COMPARISON OF PLANNING OF EXPERIMENTS TO DETERMINE THE POWER AND ECONOMIC CHARACTERISTICS OF THE FUEL AND POWER BALANCE OF THE DISTRICT�　　　　　㈀　㌀㈀　㔀㐀㘀㘀　搀　愀㜀　搀　愀㐀㈀㔀㐀　搀　愀㌀㠀㈀攀㌀㤀㌀　㈀　㌀　㈀攀㌀　㌀　㈀　㌀　㈀攀㌀　㌀　㈀　㌀㤀㈀攀㌀　㌀㜀㈀　㌀㔀㌀㐀㈀攀㌀　㌀　㈀　㌀㘀㌀㌀㠀㈀攀㌀㈀㌀㠀㈀　㔀㐀㘀搀　搀　愀㌀㌀㈀　㔀㐀㜀㈀　搀　愀㌀挀㌀　㌀㈀㘀㘀㘀㔀㌀　㌀㈀㘀㘀㌀㤀㌀　㌀㈀㘀㘀㌀㘀㌀攀㈀　㔀㐀㘀愀　搀　愀㐀㔀㔀㐀　搀　愀㔀　搀　愀㜀　搀　愀㐀㈀㔀㐀　搀　愀㌀㤀㈀攀㌀㤀㌀㜀㈀　㌀　㈀攀㌀　㌀　㈀　㌀　㈀攀㌀　㌀　㈀　㌀㤀㈀攀㌀㌀㌀㔀㈀　㌀㜀㌀㜀㈀攀㌀　㌀　㈀　㌀㘀㌀㌀㜀㈀攀㌀㤀㌀㠀㈀　㔀㐀㘀搀　搀　愀㌀㌀㈀　㔀㐀㜀㈀　搀　愀㌀挀㌀　㌀㌀㌀　㌀　㌀　㌀㌀㌀　㌀㌀　㌀㈀㘀㘀㘀㘀㌀　㌀㈀㘀㘀㌀㌀㌀　㌀㈀㘀㘀㘀㘀㌀　㌀㈀㘀㘀㌀㔀㌀　㌀㈀㘀㘀㌀㤀㌀　㌀㈀㘀㘀㘀㌀㌀　㌀㈀㘀㘀㘀㘀㌀　㌀㌀㌀　㌀㈀㌀　㌀㌀㌀　㘀㐀㌀攀㈀　㔀㐀㘀愀　搀　愀㐀㔀㔀㐀　搀　愀㔀　搀　愀㜀　搀　愀㐀㈀㔀㐀　搀　愀㌀㠀㈀攀㌀㠀㌀㈀㈀　㌀　㈀攀㌀　㌀　㈀　㌀　㈀攀㌀　㌀　㈀　㌀㤀㈀攀㌀　㌀㜀㈀　㌀㌀㐀㌀㌀㈀攀㌀　㌀　㈀　㌀㘀㌀㌀㠀㈀攀㌀㈀㌀㠀㈀　㔀㐀㘀搀　搀　愀㌀㌀㈀　㔀㐀㜀㈀　搀　愀㌀挀㌀　㌀㈀㘀㘀㘀㔀㌀　㌀㈀㘀㘀㌀㌀攀㈀　㔀㐀㘀愀　搀　愀㐀㔀㔀㐀　搀　愀㔀　搀　愀　　　搀　愀㐀㔀㔀㐀　搀　愀㔀　搀　愀　　㘀㐀㔀挀㜀㔀㌀　㌀㐀㌀㈀㘀㘀㔀挀㜀㔀㌀　㌀㐀㌀㘀㔀挀㜀㔀㌀　㌀㐀㌀㘀㔀㔀挀㜀㔀㌀　㌀㐀㌀㌀㈀㈀　㔀挀㜀㔀㌀　㌀㐀㌀㈀㘀㐀㔀挀㜀㔀㌀　㌀㐀㌀㈀㌀㔀挀㜀㔀㌀　㌀㐀㌀㈀㌀㈀㔀挀㜀㔀㌀　㌀㐀㌀㘀㔀㔀挀㜀㔀㌀　㌀㐀㌀㘀㐀㔀挀㜀㔀㌀　㌀㐀㌀㌀㠀㔀挀��

	LÜHIUURIMUSI * КРАТКИЕ СООБIЦЕНИЯ�㘀㐀　　　　　　　　　　　　　　　　㔀　搀　愀㜀　搀　愀㐀㈀㔀㐀　搀　愀㌀㜀㈀攀㌀㜀㌀㠀㈀　㌀　㈀攀㌀　㌀　㈀　㌀　㈀攀㌀　㌀　㈀　㌀㠀㈀攀㌀㔀㌀　㈀　㌀㌀㜀㌀㘀㈀攀㌀㜀㌀㈀㈀　㌀㘀㌀㌀㌀㔀㈀攀㌀㜀㌀　㈀　㔀㐀㘀搀　搀　愀㌀㌀㈀　㔀㐀㜀㈀　搀　愀㌀挀㌀　㌀　㌀　㘀㈀㌀　㌀　㌀㌀㐀㌀　㌀　㌀　㘀㘀㌀攀㈀　㔀㐀㘀愀　搀��
	О ФОТОПРОВОДИМОСТИ НЕКОТОРЫХ АМИНОКИСЛОТ, ПОЛИПЕПТИДОВ И БЕЛКОВ��쀂ؒ碰鐈ؒ墯鐈ؒ�ခؒ颰鐈ؒ뢯鐈⠁ؒ颮鐈ࠃؒ㢯鐈倃ؒ鐈堁ؒ㢭鐈瀁ؒ뢬鐈蠁ؒ�퀁ؒ鐈젆ؒ墭鐈퀄ؒ碭鐈뀆ؒ碯鐈䀄ؒ鐈䠅ؒ鐈ؒ颯鐈耆ؒ颭鐈ؒ��ؒ鐈蠄ؒ㢮鐈逅ؒ墰鐈ؒ뢭鐈 ؒ碮鐈ꠅؒ墮鐈᠅ؒ뢮鐈ꀄؒᢰ鐈堄ؒ㢰鐈砅ؒ�々ؒ鐈怅ؒ鐈ؒ碲鐈ငؒ뢱鐈㠆ؒ㢴鐈栆ؒ鐈⠄ؒᢳ鐈쀅ؒ�瀄ؒ㢱鐈�㢳鐈ࠆؒ墴鐈倆ؒ鐈렄ؒ碴鐈順ؒᢴ鐈쀈ؒ颴鐈�ؒ㢲鐈ꀇؒ墱鐈砈ؒ墳鐈䀇ؒ�堇ؒ颱鐈ࠉؒ颲鐈젉ؒ뢲鐈ꠈؒ뢰鐈�碱鐈逈ؒ�瀇ؒ�ؒᢱ鐈 ؒ鐈㠉ؒ碳鐈倉ؒ颳鐈ؒ뢳鐈䠈ؒ鐈ؒᢲ鐈栉ؒ墲鐈耉ؒ碸鐈᠈ؒᢸ鐈頉ؒ�뀉ؒ颶鐈렇ؒ㢶鐈怈ؒ�ဇؒ颸鐈⠇ؒ뢴鐈蠇ؒ碶鐈퀇ؒ㢷鐈ؒ�〈ؒ墵鐈䠋ؒ墷鐈⠊ؒ��
	Рис. 1. Вольт-амперные характеристики аминокислот. 1 глицин; 2 аланин; 3 тирозин; 4 фенилаланин.�㉦〰㈰〴ㅥ〴ㅦ〴㈰〴ㄵ〴ㄴ〴ㄵ〴ㅢ〴ㄵ〴ㅤ〴ㄸ〴㉦〰㈰〴㉤〴ㅤ〴ㄵ〴㈰〴ㄳ〴ㅥ〴㉤〴ㅡ〴ㅥ〴ㅤ〴ㅥ〴ㅣ〴ㄸ〴㈷〴ㄵ〴㈱〴ㅡ〴ㅥ〴ㄹ〰㈰〴㈵〴〴㈰〴〴ㅡ〴㈲〴ㄵ〴㈰〴ㄸ〴㈱〴㈲〴ㄸ〴ㅡ〴ㄸ〰㈰〴㈲〴ㅥ〴ㅦ〴ㅢ〴ㄸ〴ㄲ〴ㅤ〴ㅥ〰㉤〴㉤〴ㅤ〴ㄵ〴㈰〴ㄳ〴ㄵ〴㈲〴ㄸ〴㈷〴ㄵ〴㈱〴ㅡ〴ㅥ〴ㄳ〴ㅥ〰㈰〴ㄱ〴〴ㅢ〴〴ㅤ〴㈱〴〰㈰〴㈰〴〴ㄹ〴ㅥ〴ㅤ〴〰〰㌳㘴㕣㜵㌰㌴㌴㌱㕣㜵㌰㌴㌳㌰㕣㜵㌰㌰㌲㌰㕣㜵㌰㌴㌴㌳㕣㜵㌰㌴㌳㌳㕣㜵㌰㌴㌳㘲㕣㜵㌰㌴㌳㌰㕣㜵㌰㌰㌲㌰㕣㜵㌰㌴㌳㌴㕣㜵㌰㌴㌳㌸㕣㜵㌰㌴㌴㘴㕣㜵㌰㌴㌳㘲㕣㜵㌰㌴㌳㌵㕣㜵㌰㌴㌳㘱㕣㜵㌰㌴㌴㌲㕣㜵㌰㌴㌴㌰㕣㜵㌰㌴㌳㌸㕣㜵㌰㌴㌴㌷㕣㜵㌰㌴㌳㌵㕣㜵㌰㌴㌴㌱㕣㜵㌰㌴㌳㘱㕣㜵㌰㌴㌳㌸㕣㜵㌰㌴㌴㌵㕣㜵㌰㌰㌲㌰㕣㜵㌰㌴㌳㘶㕣㜵㌰㌴㌳㘵㕣㜵㌰㌴㌴㌲㕣㜵㌰㌴㌳㌵㕣㜵㌰㌴㌴㌰㕣㜵㌰㌴㌴㘳㕣㜵㌰㌰㌲㌰㕣㜵㌰㌴㌴㌱㕣㜵㌰㌴㌴㌳㕣㜵㌰㌴㌴㌵㕣㜵㌰㌴㌳㌸㕣㜵㌰㌴㌴㌵㕣㜵㌰㌰㌲㌰㕣㜵㌰㌴㌳㌸㕣㜵㌰㌰㌲㌰㕣㜵㌰㌴㌳㌲㕣㜵㌰㌴㌳㘲㕣㜵㌰㌴㌳㌰㕣㜵㌰㌴㌳㌶㕣㜵㌰㌴㌳㘴㕣㜵㌰㌴㌴㘲㕣㜵㌰㌴㌴㌵㕣㜵㌰㌰㌲㌰㕣㜵㌰㌴㌴㌱㕣㜵㌰㌴㌳㘲㕣㜵㌰㌴㌳㌰
	Рис. 2. Временная зависимость фототока аминокислот.�‷㘮㜲‶ㄲ⸲㠠呭ഊ㌠呲ഊ㰰㉤㘰㌰㈰㉦挰㉦㤾⁔樍名ੑഊ焍ੂ名ਹ⸶㌠〮〰‰⸰〠㤮㌵‱〴⸰〠㘱㈮㤸⁔洍ਲ਼⁔爍਼〲昵〲晦〳〰〳〴〳〲〳〳〲昹〳〳〳つ〰て㸠呪ഊ䕔ഊ儍ੱഊ䉔ഊ㠮㜲‰⸰〠〮〰‹⸰㜠ㄵ㠮㈸‶ㄳ⸲㠠呭ഊ㌠呲ഊ㰰㌰㠰㌰㌰㉦显⁔樍名ੑഊ焍ੂ名ਹ⸳㔠〮〰‰⸰〠㤮㌵‱㜷⸷㈠㘱㈮㤸⁔洍ਲ਼⁔爍਼〲昴〳〱㸠呪ഊ䕔ഊ儍ੱഊ䉔ഊ㤮㔲‰⸰〠〮〰‹⸳㔠ㄹㄮ〰‶ㄳ⸹㠠呭ഊ㌠呲ഊ㰰㌰〰㌰㉦㤾⁔樍名ੑഊ焍ੂ名ਹ⸸㤠〮〰‰⸰〠⸴㤠㈱㈮㜲‶ㄳ⸲㜠呭ഊ㌠呲ഊ㰰㉦㌰㉦㌰㌰搰㉦㤰㌰㉦昰㉦㌰㉦㉦攰㉦㤰㉦㤾⁔樍名ੑഊ3㡜田㐳
	Untitled�RSETE SFÄÄRILISTE TENSORITE KESKVÄÄRTUS
	Рис. 4. Вольт-амперная характеристика белков. 1 глобулин; 2 трипсин; 3 гимотрипсин; 4 альбумин. Рис. 3. Вольт-амперная характеристика. / полилейцин; 2 полифенилаланин.�ㄱ㸠呪ഊ䕔ഊ儍ੱഊ䉔ഊ㠮㈰‰⸰〠〮〰‷⸹㐠㠶⸴㌠㔳〮㈸⁔洍ਲ਼⁔爍਼〰㈹〰㔸〰㔱〰㐷〰㐴〰㔰〰㐸〰㔱〰㔷〰㐴〰㐴〰㑦〰㔶〰㐸㸠呪ഊ䕔ഊ儍ੱഊ䉔ഊ㠮㈳‰⸰〠〮〰‷⸹㐠ㄵ㔮〰‵㌰⸲㠠呭ഊ㌠呲ഊ㰰〴挰〴㜰〴㠰〴㐰〴㐰〴昰〴挾⁔樍名ੑഊ焍ੂ名ਸ⸰㜠〮〰‰⸰〠㠮㔰‱㠵⸰〠㔳〮㈸⁔洍ਲ਼⁔爍਼〰㐴〰㔶〰㔷〰㔰〰㐸〰㔷〰㐸〰㔶〰㔷〰ㄱ㸠呪ഊ䕔ഊ儍ੱഊ䉔ഊ㜮㜵‰⸰〠〮〰‹⸳㔠㈲㜮㜲‵㈹⸲㠠呭ഊ㌠呲ഊ㰰〳㔰〴㠰〵㘰ぢ攰〵〰〴㠰〴㠾⁔樍名ੑഊ焍ੂ名⸱㤠〮〰‰⸰〠㠮㈲″㔹⸰〠㔳〮㈸⁔洍ਲ਼⁔爍਼〰ㄵ〰ㄳ㸠呪ഊ䕔ഊ儍ੱഊ䉔ഊ㜮㘱‰⸰〠〮〰‸⸲㈠⸰〠㔲ㄮ〰⁔洍ਲ਼⁔爍਼〰㈴〰ㄱ㸠呪ഊ䕔ഊ儍ੱഊ䉔ഊㄱ⸹㈠〮〰‰⸰〠㜮㘵′㠮〰‵㈱⸲㠠呭ഊ㌠呲ഊ㰰〳㘰〴挰〴挰〵〾⁔樍名ੑഊ焍ੂ名ਵ⸵㜠〮〰‰⸰〠㜮〹‵㐮〰‵㈱⸲㠠呭ഊ㌠呲ഊ㰰㉦显⁔樍名ੑഊ焍ੂ名⸳㜠〮〰‰⸰〠㜮㌷‵㤮㜲‵㈱⸰〠呭ഊ㌠呲ഊ㰰〵〱ㄾ⁔樍名ੑഊ焍ੂ名⸷㤠〮〰‰⸰〠㘮㔲‷㜮〰‵㈱⸲㠠呭ഊ㌠呲ഊ㰰〹攰〴攰〵㘾⁔樍名ੑഊ焍ੂ名ਸ⸶〠〮〰‰⸰〠㠮㔰‹㤮〰‵㈰⸹㠠呭ഊ㌠呲ഊ㰰〵〰〴挰〴攰〵㔰〵㈰〵㌰〵㔰〵㈰〴愰〵㔰〴㐰〵〰〵〰〴挰〴㜰〴㠰〵㘰〵㜾⁔樍名ੑഊ焍ੂ名ਸ⸵〠〮〰‰⸰〠㠮㔰‱㠶⸰〠㔲〮㤸⁔洍ਲ਼⁔爍਼〰㔹〰㐸〰㑥〰㔷〰㔲〰㔵〰㐴〰㑤〰㐴㸠呪ഊ䕔ഊ儍ੱഊ䉔ഊ㠮㔸‰⸰〠〮〰‷⸹㐠㈲㤮〰‵㈱⸲㠠呭ഊ㌠呲ഊ㰰ぢ攰〵〰〴㔰〴㠰〵㔰〴昰ぢ攰〴昰〴挰〵〰〴挰〵㘰〴㠾⁔樍名ੑഊ焍ੂ名ਸ⸷㜠〮〰‰⸰〠㤮㌵′㤰⸷㈠㔲〮㈸⁔洍ਲ਼⁔爍਼〰㐹〰㔸〰㔱〰㑥〰㔷〰㔶〰㑣〰㔲〰㔲〰㔱〰㑣〰㐷〰㐸㸠呪ഊ䕔ഊ儍ੱഊ䉔ഊ㠮㈴‰⸰〠〮〰‷⸹㐠㐴⸰〠㔱㌮㈸⁔洍ਲ਼⁔爍਼〰㔰〰㔲〰㔲〰㐷〰㔸〰㔶〰㔷〰㐴〰㔰〰㑣〰㔶〰㐸㸠呪ഊ䕔ഊ儍ੱഊ䉔ഊ㜮㜷‰⸰〠〮〰‷⸹㐠㔮〰‵ㄳ⸲㠠呭ഊ㌠呲ഊ㰰〵〰〴㠰〴㠰〵㜰〵㈰〴㜰〴㠰〴挰〴㜰〱ㄾ⁔樍名ੑഊ焍ੂ名⸷㔠〮〰‰⸰〠㤮㌵‱㔱⸷㈠㔱㈮㈸⁔洍ਲ਼⁔爍਼〰㌵〰㐸〰㔶〰扥〰㔰〰㐸〰㐸㸠呪ഊ䕔ഊ儍㤷㌭ㅟ〰㤲楦Iꄐ
	Рис. 5. Временная зависимость фототока белков.�〮〰‱〮㐹‵㌮㈸‶ㄸ⸲㠠呭ഊ㌠呲ഊ㰰㉦㠰㉦昰㉦攰㉦㘾⁔樍名ੑഊ焍ੂ名ਹ⸵㈠〮〰‰⸰〠㤮〷‷㤮㈸‶ㄹ⸲㠠呭ഊ㌠呲ഊ㰰㌰㠰㉦㌰㈰㌰㌰㉦昰㌰㌾⁔樍名ੑഊ焍ੂ名ਸ⸸㈠〮〰‰⸰〠㤮〷‱ㄵ⸰〠㘱㤮㈸⁔洍ਲ਼⁔爍਼〳〰〲晦㸠呪ഊ䕔ഊ儍ੱഊ䉔ഊ㤮㜱‰⸰〠〮〰‹⸰㜠ㄳㄮ〰‶ㄹ⸲㠠呭ഊ㌠呲ഊ㰰㉦㌰㉦㘰㉦挰㉦㤰㌰㠰㉦㤰㉦攰㉦㘾⁔樍名ੑഊ焍ੂ名⸰㘠〮〰‰⸰〠㤮〷‱㠰⸲㠠㘱㤮㈸⁔洍ਲ਼⁔爍਼〲昶㸠呪ഊ䕔ഊ儍ੱഊ䉔ഊ㤮㜹‰⸰〠〮〰‹⸰㜠ㄹ〮〰‶ㄹ⸲㠠呭ഊ㌠呲ഊ㰰㉦搰㉦昰㉦㜰㉦

	МЕТОД ДЕКОМПОЗИЦИИ ДЛЯ РЕШЕНИЯ ЗАДАЧ МАТЕМАТИЧЕСКОГО ПРОГРАММИРОВАНИЯ�ഊ䕔ഊ儍ੱഊ䉔ഊㄲ⸳㜠〮〰‰⸰〠㜮㤴‶㘮㜲‶ㄴ⸲㠠呭ഊ㌠呲ഊ㰰〳㌰〵㈰〵㔰〵㜰〴㠰〵㔾⁔樍名ੑഊ焍ੂ名⸰㤠〮〰‰⸰〠㤮㘴‱〷⸷㈠㘱㌮〰⁔洍ਲ਼⁔爍਼〰㌵〰ㄱ㸠呪ഊ䕔ഊ儍ੱഊ䉔ഊ⸶㘠〮〰‰⸰〠㠮㈲‱㈰⸴㌠㘱㐮ㄳ⁔洍ਲ਼⁔爍਼〲攱〰て㸠呪ഊ䕔ഊ儍ੱഊ䉔ഊㄱ⸰〠〮〰‰⸰〠㜮㘵‱㌵⸰〠㘱㐮㈸⁔洍ਲ਼⁔爍਼〰㌶〰㐶〰㑢〰㕡〰㐴〰㐵㸠呪ഊ䕔ഊ儍ੱഊ䉔ഊ㠮㈲‰⸰〠〮〰‸⸲㈠ㄸ〮㜲‶ㄴ⸰〠呭ഊ㌠呲ഊ㰰〳愰〱ㄾ⁔樍名ੑഊ焍ੂ名ਹ⸰㜠〮〰‰⸰〠㜮㤴‱㤶⸰〠㘱㐮ㄳ⁔洍ਲ਼⁔爍਼〲攲〰て㸠呪ഊ䕔ഊ儍ੱഊ䉔ഊ㘮㐹‰⸰〠〮〰‷⸹㐠㈱ㄮ㔷‶ㄴ⸲㠠呭ഊ㌠呲ഊ㰰〲搰〱ㄾ⁔樍名ੑഊ焍ੂ名⸹㈠〮〰‰⸰〠㠮㈲′㈱⸰〠㘱㌮㜰⁔洍ਲ਼⁔爍਼〰㌲〰㔳〰㔷〰ㄱ㸠呪ഊ䕔ഊ儍〴㉤屵〴㐱屵〴㐲屵〴㍥屵〴㍤屵〴㌸屵〴㌸⸀㴢倳㡟協〰
	ПРИВЕДЕНИЕ УРАВНЕНИЯ ВЕЙНБЕРГА������������������������������������������������������������������������������������������������������������������������������������������������������
	ПРЕОБРАЗОВАНИЕ ФОЛДИ—ВАУТХОЙЗЕНА ДЛЯ УРАВНЕНИЙ ТИПА 17(1, 3)�　㘀攀　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　
	ИССЛЕДОВАНИЕ ЭЛЕКТРИЧЕСКИХ СВОЙСТВ ГОРЮЧИХ СЛАНЦЕВ И ИЗВЕСТНЯКОВ ЭСТОНИИ�S�攰〳㈰〳㔰〲㜾⁔樍名ੑഊ焍ੂ名⸰㤠〮〰‰⸰〠㘮㔲‱〮〰‵㌰⸲㠠呭ഊ㌠呲ഊ㰰〹攰〱ㄾ⁔樍名ੑഊ焍ੂ名㈮㠲‰⸰〠〮〰‸⸵〠㈵⸴㌠㔲㤮㤸⁔洍ਲ਼⁔爍਼〰㉥〰㐴〰㑦〰㑤〰㔸〰㑦〰㐴〰㑣〰㐷〰ㄱ㸠呪ഊ䕔ഊ儍ੱഊ䉔ഊ㠮㈰‰⸰〠〮〰‷⸹㐠㠶⸴㌠㔳〮㈸⁔洍ਲ਼⁔爍਼〰㈹〰㔸〰㔱〰㐷〰㐴〰㔰〰㐸〰㔱〰㔷〰㐴〰㐴〰㑦〰㔶〰㐸㸠呪ഊ䕔ഊ儍ੱഊ䉔ഊ㠮㈳‰⸰〠〮〰‷⸹㐠ㄵ㔮〰‵㌰⸲㠠呭ഊ㌠呲ഊ㰰〴挰〴㜰〴㠰〴㐰〴㐰〴昰〴挾⁔樍名ੑഊ焍ੂ名ਸ⸰㜠〮〰‰⸰〠㠮㔰‱㠵⸰〠㔳〮㈸⁔洍ਲ਼⁔爍਼〰㐴〰㔶〰㔷〰㔰〰㐸〰㔷〰㐸〰㔶〰㔷〰ㄱ㸠呪ഊ䕔ഊ儍ੱഊ䉔ഊ㜮㜵‰⸰〠〮〰‹⸳㔠㈲㜮㜲‵㈹⸲㠠呭ഊ㌠呲ഊ㰰〳㔰〴㠰〵㘰ぢ攰〵〰〴㠰〴㠾⁔樍名ੑഊ焍ੂ名⸱㤠〮〰‰⸰〠㠮㈲″㔹⸰〠㔳〮㈸⁔洍ਲ਼⁔爍਼〰ㄵ〰ㄳ㸠呪ഊ䕔ഊ儍㐮㠵⁔洍ਲ਼⁔爍਼〰つ㸠呪ഊ
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