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Mathematical model, that allows to define the state of human organism according to cytochemical
data, is offered. So taken into account the concept of organism as a quantum system, the measure-
ment of each index is connected with linear operator in multidimensional states space. The statistical
approach to the definition of diagonal representation of these operators is found. The changes of
organism state on different stages of Microwave Resonance Therapy (MRT) treatment are observed
by means of the offered model on example of patient's group with immunodeficiency. One can repre-
sent the states changes as the trajectory in the introduced space of variables. These trajectories are
associated with peculiarity ("cathastrophe") of pleat type. In cases of improvement of patients' clinical
condition, the trajectories move states into lower dimensions subspace.

(Received June 30, 1993)

In this paper an approach to the definition and representation of clinically observed
states of organism is considered. These states are found out by the observations on the set of
indexes measured in clinical conditions dynamics.

1. The initial point of suggested approach is the idea developed by physics of the alive
about organism's integrity as a quantum-physical system. Under this approach the system of
measured indexes is considered as a system of observables in the meaning of quantum phys-
ics and organism states are expressed via corresponding state-vectors of this system. The
clinical observations done on different stages of use of MRT-technology of treatment serve
the empirical background of performed rescarches. The revealed holistic character of
MRT-methods' action on organism allowed to pose a problem of this integrity representa-
tion.

A matrix approach to quantum systems' investigation and its interpretation in terms of
statistical means of experimental data analysis, cspecially the methods of factor analysis
makes up the formal logic of organism's states-vectors definition according to measurable
indexes. Within limits of these interpretations the organism state is determined by limited
sets of two or three latent (not observed directly) parameters (LP).

In coordinates of induced space LP organism's state is found out within the area of some
point which location is calculated according to measured set of indexes (in our example it is
the set of organism's immune state indexes). By accompanying the treatment with definite
consequence of such measurements we can observe in LP coordinates the organism transi-
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tions from statc BEFORE to state AFTER action that are displayed as possible transition
states for organism.

2. The model of indexes system's measurement. In initial approach to the organism's
state is specified in experimental table OBJECTSXPARAMETERS type. This (N X M) ma-
trix A is considered at different stages of analysis either N rows (AM-dimension vectors repre-
senting N objects) or M columns (N-dimension vectors representing M parameters).

For example, the influence of MRT on cytochemical indexes' set found its representation
in the tables of 11 indexes' set of 43 patients immune status - BEFORE and AFTER action.

3. The computing scheme of representation of organism state according to experimen-
tal table (inatrix A) is built on the background of Koryne-Loev decomposition of appropri-
ate corrclative matrix R. From statistical point of view these are the methods of factor
analysis in the main components model [1] but we must stress the algebraical more than sta-
tistical nature of used representation.

Matrix A4 [N, M]is normalized so that

"4lXA '—'-R[N.AI],

R, ,|<1 where i%j; R, =1 where i=j 3.1

where R; ; are correlation coefficients between 7 and j indexes; X is matrix multiplication; 4’

is transponated matrix 4.
The matrix R |M, M] is decomposed on its self vectors according to its self values.

R= LIV 1xV1)+ L2(V2xV2)+. +LK(VK xVK') =
= FIxF1'+F2xF2'+. . FKxFK, K< M; (3.2)

where L1, L2, ... are self numbers of positively defined operator R, i.c., positive and ordered
so that L1 > L2 > ... is specter of decomposition; 1’1, V2, ... are corresponding self vectors

normalized so that the square of their lines is equal to 1; Fl= ls/ L1V, F2= ’\/ L2)V2, ... are
vectors defining the new coordinate system — the factor structure.
F(M,K)=[F1,F2,... FK]; 3.3)

The coordinates of matrix 4 rows are to be calculated in built basis F, i.e., the objects' coor-
dinates in new basis.

Z(N,K)=AxF', 3.4
4. The considered L, F, Z representations of experimental data matrix 4 have many
useful characteristics:
4.1. L allows to estimate the space dimension, containing the points (objects) and vectors

(indexes) — the enclosed dimension. In the analysis of dynamic systems it means the enclosed
attractor dimension [2]. In terms of statistics the dimension is a total dispersion contrlbution
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D(s)= L1+ L2..+LS)/trac(R).

which the first S components describe, trac is a matrix trac that in our casc is cqual to M -
the dimension of observations' space.

4.2, If the observation's table is connected with dynamic process then F1 is the order pa-
rameter and L1 is a significance level (contribution) of order parameter [3].

4.3. The objects . vectors' projections on subspace /< reflect the best mutual arrangement
of points toward all the possible subspaces of K dimension (from point of view of MNK-
estimations), i.c., the points located close from each other remain comparatively close from
cach other on their projections, and, respectively, the points located far from each other re-
main comparatively far from each other in their projections. (They are close or far according
to Euklid metrix) [4].

4.4, The increase of 1.1 means the decrease of stability (in terms of R matrix caution) for
occasionally chosen vector between all possible directions and the increase of stability to-
ward the dircction F1.

5. The observation for the organism states BEFORE and AFTER action on different
patients groups {of different nosologics) for different sets (systems) 9 of indexes allows us to
make a principally significant conclusion of the total effect of treatment.

The enclosed dimension of states space reduces after treatment, but that is the same, the
first components' contributions in obscrved total dispersion of possible states increase.

Table 1. Specter of enclosed dimensions of I.-dccomposition for subspaces of parameters'
space by 11 cytochemical indexes

Before treatment After treatment
L1 12 L3 Ll L2 L3
Group 1 (Inf)
3.58 2.84 1.73 L 5.15 2.63 1.44
326 25.8 15.72 % 46.8 239 13.1
D(1)=58.4% D(2)=70.7%
Group 2 (MRT)
3.99 3.00 2.39 L 6.23 2.03 1.24
36.3 27.6 21.8 % 56.7 18.5 11.3
D(1)=53.9% D(2)=75.2%
Group 3 (MR T+inf)
5.02 1.99 1.55 L 5.51 3.25 0.99
45.6 18.1 14.1 %o 50.0 29.5 9.0
D(1)=63.3% D(2)=79.5%

In Table 1 the typical display of this etfect on serics of obscrvations for cytochemical in-
dexes on children's groups following strenghtening immune system trcatment is shown. It is
typical that in comparative series of cxperiments this effect is expressed more distinctly dur-
ing the MRT-action. (Compare D(1) and D(2) of groups 1 and 2 that initial states are simi-
lar).
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The discovered effect has synergetic interpretation. Under this interpretation the organ-
ism state according to some observables system may be characterized with the enclosed sub-
space il" occupies in introduced representation.

The diffcrent states may have varied dimension but besides there is convicting evidence of
the fact that "the more healthy" organism state is characterized by reduce of dimension. We
can observe the increase of order parameters' contribution L1 (see [3]) in total dispersion
(fluctuation), i.e., the increase of organization and synchronization in system dynamics. The
decrease of dimension means also potential possibility of the introduction of simpler states
description in terms of necessary equations numbers. So the larger sets of observed indexes
(measurements) representing the organism states may be described with small number of
parameters. Revealed effect gives an argument in favor of significant physical status of in-
troduced coordinates system, not only the convenient way of data representation. It allows
to come to definition of organism state as a vector of quantum-physical state and to repre-
sent the measurable parameters as observable matrix elements defined toward two different
states [5], i.e., connected with transition state.

6. Transition from one state to another is described with the help pi‘ the same comput-
ing scheme represented in point 3. By joining in different way the matrixes of initial observa-
tions .4 and B we can build (calculate) the less possible vector space for dimension in which
the different sides of transition from one state to another are reflected in the most statisti-

cally informative way.
4
a-[;] 6

B

- the rows' joining of matrixes .4 and B. In this matrix each object (row) is represented twice
- before action (row i) and after action (row i+N). By using the above mentioned scheme 3
to this matrix we can calculate the phase space F; Join the projections of points i and i+N on
this space segment with straight line; This segment we can interpret as a linear replacement
of the trajectory transitions' part of object 7 from state A4 to state B.

C2=[4,B] (6.2)
— the columns joining of matrixes .4 and B. In this table we can differ the columns j and j+M

— the indexes before and after action. In projection on F owing to the angle between the pro-
jections of vectors j and j+Af we can judge about its influence on some parameter.

c3=| 4B 6.3
B4l ©.3)

The matrix is constructed so that it allows to reflect the symmetry and its disturbances dur-
ing the transitions from .4 to B and from B to 4:
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Fig. 1 Factor meanings of transitions
© - state before treatment
- state after MR T-action
7. There are enough experimental data to conclude that for monotonous (in terms of
self variation characteristics) sets of indexes according to scheme (6.1) we can introduce the
transition of F-rcpresentation in which the effect of decrease of enclosed space dimension
retains (is observed). Thus, for example, for a group of 11 cytochemical indexes according to
observations tor the course of strenghtening the children's immune system by interferon,
MRT, MRT+interferon action the F-representation interpreted as matrix representation of
observed system was calculated (Table 2).

Table 2. F-representation of set of cytochemical indexes

Cytochemical indexes F1 F2 F3

1. T-lymphocytes 0.219 0.382 0.042
2. | B-lymphocytes -0.170 0.264 0.002
3. O-lymphocytes -0.035 -0.516 -0.037
4. SDG of T-lymphocytes 0.236 0.230 0.551
5. DNA 0.177 0.357 -0.476
6. B-activated cells -0.415 0.175 0.079
7. SDG of T-helpers ‘ 0.190 0.318 0.474
8. SDG of B-activated cells -0.421 0.153 0.047
9. Acid phosphatase of B-activated cells -0.449 0.185 0.018
10. | T-helpers DNA 0.187 0.345 -0.483
11. | B-activated cells DNA -0.461 0.173 -0.011

3.869 2.238 1.745

°

35.18 20.35 15.87
D(2)=55.5

<
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The components of F-representation are the correlation coefficients between the observ-
ables and factor projections of state-vector (the proper numbers of operators of observed

value are in basic and factor states).

The fact of existence of global coordinates for the organismn states' representation as the
quantum system giving the transition in which local changes of enclosed dimensions are safe
isn't trivial at all. The introduced coordinates allow to describe (observe) the dynamics of

states changes formally.

On Fig. 1 the transition trajectories from state BEFORE to state AFTER the straighten-
ing of immune system (health improvement) by MRT+interferon methods are shown. It is
typical that the initial "scattered" on surface state is converting in line. In addition if the ini-
tial state is placed on this "attracting” line then the movement occurs similarly along this line
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Fig. 2 Scheme of areas corresponding to different
types of potential functions' «irangement on

/1 and f2 planes

one minimum +
left degenerating minimum

and minimum - +
right degenerating minimum

and minimum + -
two minimums + +

(two cases on Fig. 1). The cases of alter-
nate movement happen very seldom if the
state with attractive line is breaking into
the area of initially "bad" state (one case
on Fig. 1). -

8. We have settled earlier that there
are theoretical presuppositions and ex-
perimental support of the fact that in in-
troduced according to (6.1) scheme the
phase plane of transition trajectory from
state BEFORE to state AFTER treat-
ment is connected with display on the
plane of one of two-dimensional variety.
projections' peculiarities (in catastrophe
theory these are the catastrophes of pleat
type) in three-dimensional space (f1,/2,X)
and set by dissolving of equality and tum
angle is determined in regard of statistics

F=X34f1X+f2=0;
where f1 and /2 are the orthogonally con-
verted F1 and F2. ‘
In catastrophe theory F is considered

as a gradient of function family depend-
ing on two manager parameters (f1, £2).

The present statistical data allow to suppose that the movement trajectories belong to
this variety (are lying in this variety). If this assuming is true the segments of trajectories may
be considercd as linear function of pléat type catastrophe on planes F1 and F2 [6].

On Fig. 2 the corresponding to pleat scheme of areas' arrangement on /1 or f2 planes is
represented by different types of minimums and maximums of potential functions.
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The following situations are substantial for us:
(besides the point of trefoil degeneracy and (0,0) and separatisse line)

one minimum M +
left degenerating minimum and minimum - +
right degenerating minimum and minimum + -
two minimums + +

These cases divide the area of possible organism states into areas of different character of
this states' stability.

On Fig. 3 the scheme of mutual correspondence of planes F1xF2 and pleat catastrophe is
shown.

.

Y Sp—

A

Fig. 3 Scheme of mutual arrangement of pleat and space rep-
resenting the transitions
The effects discovered in such a way allow us to interpret the healthy state of organism as
some pure quantum state and the violated state as some mixed quantum state.

O % o%
0 040 00

The introduced system of latent variables allows to come to investigation of organism as
quantum-physical system and is able at least qualitatively to define the connection of repre-
sentation of clinical measurements as observed and organism state as a state-vector with
other facts of organism quantum-physical nature displaying.

The transition from scalar measured values to operator in linear space of states was ear-
lier offered by Heisenberg following his creation of matrix formalism of quantum mechanics.
The statistical approach suggested here is essentially a numerical method of operators di-
agonal representation discovery, measured organism's indexes and allow to use practically
the Heisenberg's matrix formalism just before the discovery and research of evident equa-
tions of movement.
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To summarize we want to estimate the medical favor of built latent variables' system.
This system:

— s statistically steadily displayed in variety of researches on patients of different noso-
logies. This allows to introduce an idea about not only the value intervals (for norm
and pathology) of measured indexes but also of their combinations;

— finds out the areas for norm and possible trajectories for norm achievement, if this
norm is violated. This allows to prescript from some moment the possible effects on
organism of fixed technics of treatment;

— determines the structure of areas for states. In terms of introduced LP the areas char-
acteristic for organism states are connected with norm disturbance and the areas
characteristic for different stages of organism treatment are determinated. The en-
closed dimension occurred to be the essential feature of these areas that decrease dur-
ing the transition toward the areas connected with norm (from dimension 2-3 to di-
mension close to 1), i.e., in terms of introduced representation the normal state differs
the higher coordination of dynamic processes;

— determines the trajectories' structure for transitions from one state to another. These
trajectories or more exactly their linear approximations are associated with the sur-
face determined in catastrophe theory as pleat catastrophe. So the direction of the
transition may be interpreted as the transition from methastable states to the area of
stable states.

KNIHIYHI XAPAKTEPUCTUKU CTAHY OPIAHISMY AK CNOCTEPEXYBAHI B
MATPUYHOMY ®OPMANI3MI TAU3EHBEPTA

N.C. ®IHKENb, C.M. CITbKO

[TpononyeThcst MaTeMaTIYHA MOJIEND, SIKa 1a€ 3MOTY BH3HAYHTH CTaH OpI'aHi3My MIOAHHH 3a HabopoM
LIMTOXIMIUHHX MokasHHKiB. IIpH 1bOoMYy, BHXO/SYH 3 YSIBI€Hb NMPO OPraHi3M, SIK NPO KBAHTOBY
CHCTEMY, BHMIp KOXHOTO 3 MOKAa3HIIKIB MOB'I3yeTbCs 3 JNiHIIIHIM onepatopoM y OaraToMipHOMY
NpocTopi cTaHiB. 3HaiifiecHO cTaTUCTHYHMIT MiAXiA 10 BH3HAYEHHS AiarOHalbHOTO NMPEACTaBIECHHS LIHX
onepaTopir.

Ha npuknani rpyni maifeHTiB 3 iMyHozediMTOM 3acoGaMil 3alpOIIOHOBAHOI MOJENi PO3ISHYT
3MiHHM Yy CTaHi OpraHisMy Ha pi3HHX eranax JikyBaHHs MPT. BusiBieHo, 1110 3MiHYy CTaHiB MOXHa
nokazaTH TpaeKTOpi€lo Yy BBeIeHOMY mpoctopi mnepeMiHHHX. Lli Tpaekropii acowifioBaHi 3
ocobmiBicTio ("kaTacTpodoro") TunMy ckiafaHHs. Y BHUMaAKax MOKpalleHHs KIHIYHOTO CTaHy
MaLi€eHTiB TpaeKTopii epeBOAsTh CTaHH B MiANPOCTIP MEHLIOI PO3MIPHOCTI.

KNWHUYECKUE XAPAKTEPUCTUKU COCTOAHUA OPTAHU3MA KAK
HABNIOOAEMbIE B MATPUYHOM ®OPMAJIUSME MAW3EHBEPTA

N.C. ®UHKENDb, C.M. CUTbKO

Hpezmarae'rcsl MaTeMarTiH4ecKas MOJIeib, MTO3BOJIsAIOLNIas OlIPEACHITh COCTOSIHHE OpraHiu3Ma 4ejloBeKa
no H860py LIHTOXIIMHYECKHX MOKa3aTeJei. lel 3TOM, HCXOOd H3 npencranneunﬁ 06 OpraHliizMe, Kak
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0 KBaHTOBOIi CHCTeMe, U3MepeHHe KaXIoro H3 NokazaTeleli CBSI3bIBAaeTCsl C JIMHEHHbIM ONepaTopoM B
MHOTOMEpHOM MNpOCTpaHCTBe cocrosiHuil. HaiifeH craTHCTHueckHii MOAXOX K ONpENENEHHIO [H-
aroHaJIbHOTO NpEACTaBIEHHS 3THX ONEPAaTOPOB.

Ha mnpuMepe rpynmbl NalHEHTOB € HMMYHOASMHLIMTOM CPEACTBAMH MNpPEUIOKEHHOH MOIEIH
PpaccMaTpHBAIOTCSl H3MEHEHHSI COCTOSIHHSI OpraHH3Ma Ha pa3iMYHbIX 3Tamnax JedeHus merogoM MPT.
OGHapyXeHO, YTO H3MEHEHHE COCTOSIHMIl MOXHO IpPENCTaBHTb TpaeKkTOpHeil BO BBEAECHHOM
MPOCTPAHCTBE NEPEMEHHbIX. DOTH TPAeKTOPHH acCOLMHPOBaHbI ¢ ocobeHHocTbIo ("karacTpodoii”)
THNa cGopkH. B ciryuasx ymydileHHsl KJIHHMYECKOTO COCTOSIHHS MAalHEHTOB TPAEKTOPHH MEPEBOIAT
COCTOSIHHSI B NOANPOCTPAHCTBO MeHbLel pa3MEpHOCTH.

.
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