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Forecasting of Passenger Conveyances
In Latvian Regions Applying
Semiparametric Regression Models

Diana SantaloveRiga Technical University

Abstract. In this paper the regression models used for

data about an object for a definite period of timecalled

description and forecasting the rail passenger comyances of the Observation We talk about théndividual modelif one object

regions of Latvia are considered. Two estimation apmraches
were compared: parametric and semi-parametric (sinig index
model). Various tests for hypothesis of explanatoryariables
insignificance and model correctness have been leadnd the
cross-validation has been carried out as well. The btained
results have shown obvious preference of the singledex model.

corresponds to another object for various obsermati and
about thegroup modelif one corresponds to various objects.
In other words we are able to forecast rail passeng
conveyances for all considered regions of Latvimgione
and the same model.

With respect to used mathematical model we consider

Keywords: single index model, regression model, I:,assengermuItipIe linear regression modelsand semiparametric

conveyances, forecasting, Mahalanobis distance

. INTRODUCTION

The considered problem is forecasting of rail pagse
conveyances from the regions of Latvia on the bakidata
taken from statistical books [3], [8]. For that theultiple
linear regression model [7] and the single indexdetdSIM)

[4] are used. Theobject of consideration is inland ralil

regression models
General regression model can be described as
Y =mlx;)+é (1)
whereY; is a dependent variable in théh observationm(e)
is an unknown regression functior, is a d -dimensional

vector of independent variables andis a random term.
It is supposed that the random term has zero exf@at

passenger conveyances expressed in hundreds. Wescal( E(g):O) and the Variancyar(g):gzw(x) wheres? is an

observationa data about object for concrete year from 200Qnknown constant angr

till 2003. For the experiments 91 observations wetesen.

Conveyances for some regions, such as Riga, Jurerala

Ogre, exceed conveyances for other regions in tohesders.
The task of research is to construct the modelsjsately

describing both large and small conveyances. We thee

following criteria for comparing the elaborated retsd the

coefficient of multiple determination&’, Fisher and Student

criteria and the residual sum of squarBSS [1], [7].
Improvement of models by removal of outliers fromatal set
according to Mahalanobis distance has been donscribed
below cross-validation approach is used for evalgainodels
in case of forecasting. Especially for the singldex model
the series of experiment is carried out with aindétermine
the optimal value of bandwidth

The paper is organized as follow. First of all theed
regression models are considered from theoretioait pof
view, then the used experimental data are describftelr that

we consider the suggested group models for coneegan

forecasting. Results of carried out estimations ibwstrated
and comparative analysis of models is shown as well

Il. STRUCTURE OF USED MODELS

In this research all investigated models are growgels
[1], [2]. The main object of consideration is nan@tobject.
It is a passenger conveyance from some region tvd.alrhe

(x) is a known weighted function.
Furthermore we have a sequence of independentwatiess
(Y, %), X =(X1,% 2,2X ), i=12..,n. On that base
we need to estimate the unknown functidm).

In the simplest caghe linear regression modad used:

M(%i) = Bo + B1Xi1 + BaXi o+t BaXid = B X% ,(2)

Bq) is vector of unknown

T
where ' =(8y fy
coefficients, xi:(l Xi1 xi,d)T is a
independent variables irth observation.

As it is known the forecasts obtained using limegression
models are not very precise (as usual). So, fot rai

conveyances forecasting we use Hiegle index regression
model[4] as well:

vector of

m(x) = 9(ﬂo+ﬂ1xi1+---+ﬂdxi,d)= g(ﬁTXi), 3)

where g(O) is anunknown link functiorof one dimensional
variable andr; =BT X; is called anindex Here we assume
only that unknown functiorm(x) is a smooth function.

As g() function thekernel functionusually is considered
[4]. Therefore we need to estimate the unknown faents

141



Scientific Journal of Riga Technical University
Transport and Engineering. Intelligent Transpost8ms

2010
Volume 34
vectorf and the link functiorg. For the latter, th&adaraya- 1 n - 2
Watsonkernel estimator can be applied: RSS —d Z(Y| - g(Xi )) ) (10)
—Ui=1
~ 1 n
g(X):— > Kh(Ti )YI wheren is the number of observationd,is the number of
n - , (4) : e : %) i
K. (z: )=t estimated coefficientsy; is observed value anog(xi) is
2 Kn (T' ) estimated value
i=1 '

I1l. MODELS SUGGESTED FOR CONVEYANCES FORECASTING

All the needed data have been obtained from thésgtal
Yearbook of Latvia 2003 and Annual Report of Stabént-
Stock Company “Latvijas dzelzE for 2003. First of all, the

As K (s) we use the Gaussian function: forecasted parameter is the inland rail passengerayances,

expressed in hundreds of passengers. Let us diéhgté.
1 1 2 The considered explanatory factors, or predictams;
Kh(T)Z exg — _(Ej o<z <o (5) t,— population density (PD);
h\/Z 2\ h ' t,— number of enterprises per a unit of territory (D
ts — number of enterprises per 1000 residents (ED2);
whereh is abandwidth

t, — density of the unemployed population (UD);
. . ts — number of schools per a unit of territory (SD);

The unknown parameter vectgt is estimated by use of
the least squares criterion:

where z; =(x—x; )T g is the value of index for thé -th
observation)y; is the value of dependent variable for tkh
observation and(h(O) is so calleckernel function

ts — number of buses per a unit of territory (BD1);
t; — number of buses per 1000 residents (BD2);
N ts — number of railway stations (SN).
=~ 2 ; In the brackets the short names of explanatoryofacare
R(B)=>(Y; — g(x min P w
(ﬂ) El( ' g( ')) - B (6) noted, that afterwards will be used for descriptoddrmodels
estimation results.

For that we use the gradient method. The correspgnd Now we describe the investigated regression models.
gradient is the following: First model is the simple linear regression mo@}l The

dependent variableY @ =ty is inland rail passenger
conveyances. Independent variables are all eightligiors
X K (7 ) ) g gadie

-2 .
n i= n mentioned above. So, we haxg=t;, X, =ty , X3=t3,
VR(B) =23 Y, - E——— || ZKp(ri)| p=ty, X =tz , X3 =13
P n i X4 :t4, )(5:‘:5, )(6:t6’ X7 :t7 andx8:t8'

i= i=1
> Kplzi
= h( ') In the single index model (3) dependent variap@ =tq
is inland rail passenger conveyances as well. Téte sf
1n 0 - independent variables coincide with the set from linear
E3Y K- ¥ ) x| ) model | |
hiz 0 i So, we have two regression models and our taslois t

estimate the unknown coefficienfs for both models, to
compare the suggested models and to prove therpnet of
where semiparametric model. All the calculations are $pesing
Statistica 6.0 and MathCAD 12 packages.
~ n
Kl v
! j=1 AR (®) IV. RESULTS OF MODEL ESTIMATION
Let us describe the obtained results. We have uked
and Forward Stepwise mode of Statistica 6.0 packageictwh
allows sequentially including step by step mosigniicant
d - 1(z 2 predictors into the considered linear model.
( |) ! [ ! J (9) The estimates of the coefficients and calculateldes of
the Student criterion for_the linear model are pnéed in
Table 1. Here and furthef, is an estimate of; , t(82) is the
is the derivative of the Gaussian kernel. calculated value of Student criteria for 82 degrefegeedom,

We will compare single index models by the residsiah p-level is the error of second kind (or level ofigrgficance of

of squaresRSSonly. We calculate the residual sum of squareé@riable). The theoretical value of Student créerifor 82
following: degrees of freedom and level of significance (ooreof first
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kind) o = 5% is equal to 1.99. Taking into account the fhat

the hypothesis ofnsignificance of explanatory variable is
tested, we can see that calculated value of Studkdetion

exceeds its theoretical value for all variableslede UD, i.e.

all these variables cannot be recognized as irfgignt. Data

in the table are arranged in order of decreasingaoifables

significance. The signs for significant variablesrespond to
physical sense of the predictors. It testifies tivious and

steady enough influence of the chosen factors tandhrail

conveyances on regions of Latvia.

RSSfor this model is 801 111, coefficieR® is equal to
0.96 and the calculated value of Fisher criteri®or2%8. The
theoretical value of Fisher criterion for 8 and &2grees of
freedom and level of significanee= 5% is 2.05. Comparing
the theoretical and calculated values of Fishe¢eidon we can
conclude that the estimated model cannot be rezednas
insignificant. So, this model is adequate.

Figure 1 demonstrates how the investigated lineadeh
smooths conveyances. Here and below the obsersatiom
arranged in order to region-year: each point cpords to
conveyances of some region during analysing pefioth
2000 till 2003. Moreover, regions are sorted inhalpetical
order. Horizontal axis reflects to the number obefvation,
arranged in mentioned above order. Vertical axfiects to
the corresponding conveyances, expressed in thdsis#nis
obvious that considered linear model shows enougbdg

smoothing, but somewhere produces negatives estimat

(about in 30% of observations).
At last, equation for the linear model can be writin the
following way:

E(Y(l)(x))z —20%; + 436x, +163%3 + 64418s —
734)(6 — 398(7 + 147)(8

TABLE 1
RESULTS OF LINEAR MODEL ESTIMATION

Variable /é t(82) p-level
SN 146.8 9.8454 0.0000
ED1 435.9 7.2432 0.0000
PD -20.1 -4.6139 0.0000
SD 64417.9 3.8097 0.0003
ED2 162.6 3.5982 0.0005
BD2 -397.6 -2.9033 0.0047
BD1 -733.6 -2.8749 0.0051

Intercept -923.9 -1.6149 0.1102
ubD 36.9 1.2843 0.2026

Now we discuss results of estimation of investigagagle
index model. Estimation of coefficieni8, i.e. the values of
coefficients g optimizing the object function (6), for the
single index model has carried out with differeantwidths.
Note that in the single index model only the madghigicant
predictors are included, i.e. PD, ED1, ED2, SD, Bib& SN.

For SIM estimation we have used our own programtesmr
in MathCad12 package.
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Fig. 1. Smoothing by Linear Model

Table 2 contains th&SSfor this model depending oln
Table 3 contains the estimates of unknown coeffiisie
calculated with different bandwidths. As we can, dke signs
by one and the same predictors are different. Qislothe
residual sum of squares tends to zero with> O, it means,
our regression function tends to the interpolatibrdata. We
obtain more smoothed regression curve with> . We can
conclude, that the best results in sense of minmIRSScan
be obtained witth" = 1.

TABLE 2
VALUES OFRSSORSIM
Bandwidth h
10 5 1
317 251 268 740 165 843
TABLE 3
RESULTS OFSIM ESTIMATION
~ Bandwidth h
ﬂi 10 5 1
PD 24 450 35570 8 959
ED1 477 1412 -386
ED2 1935 9192 7 195
SD 0.0036 0.327 0.1
BD2 4 559 9 267 -3 437
SN 1603 2500 0.1

The best chosen single index model with= 1 can be
written as:

YiKpl(x-x )7 4)

=(/(2) )_ i—1
E(Y (X) " n 1A\ (11)
P Kh((x_ X; ) ﬂ)
i=1
where vector of estimated coefficients

ST =(8959 -386 7195 01 -3437 01).

Figure 2 represents smoothing by the best chossglesi
index model. Obviously, the estimates of conveyaralenost
in all observations are very close to the true egawces.
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TABLE 4
25000
2 OUTLIERS
@ 20000 - .
g N Region Year D Conv.
{ 0 Daugavpils| 2000|  45.98 246.47
g . . . Rezekne | 2000  35.39 37.40
%1 Lo - e Jelgava 2002 33.68 1424.74
ey A A v
° 1 4 710131619222528313437404346495255586164 67707376 7982858891 Rézekne 2003 3336 19250
N of abs. Riga 2003 29.15 23323.05
Riga 2000| 27.78 | 16252.34
Fig- 2. Smoothing by SIM Riga 2002 | 2587 | 22368.90
So, we can conclude the chosen single index moielhw Riga 2001 23.97 19029.73
= 1 more precise smoothes analysed data thannisarimodel Rezekne 2002 23.74 193.77
in sense oRSS
Rézekne 2001 22.53 143.82
V.REMOVAL OF OUTLIERS CORRESPONDING TO MAHALANOBIS Daugavpils | 2001 20.78 246.17
DISTANCE Jirmala | 2000 1021 | 839.86
In [5] the models well describing only small conaeges -
were constructed. The given research is attemptedrstruct Jurmala 2001 10.45 6218.92

the models adequately describing both large andllsma Regression equation containing only most significan
conveyances. For this purpose we are going to reratliers Variables for modified linear model is such:
from the data set on the basis of Mahalanobis miista

Mahalonobis square distance [7] shows the distdeteeen E(YM (l)(x)): 2307X5 + 59x%3 — 393, —
each observation and the mean of the observations: 1207xg — 3617 +128Xg.
D =(x -%) ST -X), a2
ESTIMATION OF MODIFIED LINEAR MODEL
where x;, ..., X, isthe sample ad-dimensional vectors Variable ,3 1(69) p-level
(observations) X is the vector of means of each column of !
matrix X , S is the sample covariance matrix. Mahalanobis SN 128.1 13.5537 0.0000
distance is superior to Euclidean distance, beciuakes the BD2 -361.0 -4.3788 0.0000
distribution of the point’s correlation into accdauTable 4 ED1 2307.4 4.3114 0.0000
demonstrates observations with largest values didiéanobis ) 392.7 41716 0.0001
distance (i.e. outliers). Last column of Table 4ntains BD1 1206.7 3.4162 0.0011

corresponding conveyances.

So, next our experiment consists of our modelaregion ED2 >94 1.9859 0.0510
without outliers. Table 5 contains results of lineaodel Intercept 9198 15576 0.1239
estimation without outliers. For this model the ccgdited sb -26512.5 -0.8851 0.3792
Fisher criterion is 91R° = 0.91,RSS= 259096. As we can see, PD -1.3 -0.1499 0.8813

RSSis smaller than in previous experiment. In otherdgathe

mistake of smoothing has been decreased after mnafv Figure 3 demonstrates smoothing by the modifie@ain
outliers from data. Please pay attention, removabuiliers model.

has changed the significance of variables.
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Fig. 3. Smoothing by Modified Linear Model Fig. 4. Smoothing by Modified SIM
TABLE 6 . . T
So, removal of outliers according to Mahalanob&atices
VALUES OFRSS-ORSIM . . . .
_ has improved models in sense of reduction of aakéstof
Bandwidth h smoothing (i.eRS$ in time of orders.
10 5 1
474028 74 032 10 053 VI. CROSSVALIDATION ANALYSIS

. ) Now we consider modified in the previous sectiondele
"_‘ th_e similar way we can modify suggested_ SMtrom the other point of view. We use thess-validation (C-
Estimation has been lead after removal of the sam_bers V) approach That means we estimate the unknown
from _the data set (Tablt_a 4) As weI_I as in the [wey coefficients # for the models on the basis of period from
experiment, th_e most significant vangbles by_ BSWE 5000 till 2002. Then using the obtained estimatesfowe
estimation of linear model have been included iMSle. ¢ . i the conveyances for the 2003 year and amrthese
ED1, EDZ'_ uUD, BD1, BD2 a|_1d SN. Table 6 demons_traines forecasted conveyances with true ones, i.e. weuld&ERSS
RS_Sfor this m_o‘?'e' depending Oh'_ Taple 7 conFalns the for both models. The optimum value of bandwititis found
estimated coefficients, calculated with differeahbwidths. for the single index model as well.
The best chosen single index model with= 1 can be Table 8 contains the estimates ¢ for considered

ertte_n_ as T (A1), where  vector ~ of  estimated,,ifieq linear regression model. The signs of neates
coefficientsfy :(56 820 24 4 114 0'1)' coincide with signs for the case of smoothing (Feble 5)
and correspond to physical sense of explanatotgifgc
TABLE 7

TABLE 8
ESTIMATION OF MODIFIED SIM
LINEAR MODEL ESTIMATION FORC-V
- Bandwidth h Variabl - 2 evel
f ariaole f -leve
Bi 10 5 1 Bi P
EDL 292 8 480 56 SN 110 10.8784 0.0000
uD -525 -10.0051 0.0000
ED2 2499 63 980 820 ED1 3863 8.1543 0.0000
ub 305 95 890 24 BD2 -416 -5.6836 0.0000
BD1 87 7 966 4 Intercept 2692 5.5176 0.0000
SD -117 031 -5.1087 0.0000
BD2 -927 1368 114
SN 7 849 44 880 0.1 Regression equation for C-V can be written as:

Visually analyzing how modified SIM smoothes the E(YC_V(l)(X))= 2692+ 3863, —525x,4 —11703%5 —
416X7 + 110X8

conveyances (Figure 4) we can conclude that estBralimost
true conveyances,

coincide with

smoothing of linear model.

in comparison with

Figure 5 demonstrates values of conveyances foresom

regions of Latvia, forecasted by considered linezodel.
Unfortunately, this model gives negative forecafts 9
objects, i.e. in 45% of observations.
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TABLE 10
8000
VALUES OFRSSFORSIM
e : ! Bandwidth h
% 4000 l 10 5 1
§ 2000 720 403 256 774 147 810
% ole, ‘!‘!\‘s B‘A‘!‘.‘Q‘A‘s‘ ‘Z‘z‘ ‘B‘z‘k‘s
P @&V ‘._\9\« FO O O 6\»1 RO 6".0‘4&‘4 [ G TR
P & R FoF OFSE
-%gﬁiﬁry Oc{;f 0 S S S S
-4000 8000
) 1
3
Fig. 5. Forecasting by the Linear Model 2 4000 | 1
g
.. - - - - - 2 2000 4
CoefficientR? is equal to 0.91 and the Fisher criterion is 94 g R 1,
so, the investigated linear model is adequate @ndhise of | £ %% & ¢ o ¢t , & %
’ o . : 8 & P Gl FEP S, & @
cross-validation as well. The residual sum of sgsais ;39&»‘;%“ fg‘; 2 &f ﬁjf 5 &“gﬁé i’i?’
739151. The true observed values of conveyancestlaad “a000 ¥
corresponding forecasts are displayed at Figure 3.
pr we analyze the single index model in.detai.lse WEig. 6. Forecasting by the Single Index Mode
begin with a choice of the bandwidth size. Our t&sto find
the optimal valueh of bandwidth that gives a minimal value TABLE 11
of RSS[4]. The series of experiments was performgd dued t THE VALUES OFRSS
different estimates off and values ofRSSdepending of Smoothin
varioush were obtained as well. The corresponding resalts f 9 Cross
the analysed single index model are shown in TabWe can Model before after validation
see that estimates ¢f differs from each other depending on removal of outliers
h in spite of they were obtained from the same isigrt LM 801 111 259 096 739 151
point 3,. The values oRSScorresponding to various are SIM 165 843 10 053 147 810

resulted in Table 10. Thus, the best resultR&Sis achieved

As we can see, the linear model smoothes and fei®ca

for h = 1. The forecasted conveyances by the singlexindgmall conveyances more precise. Single index mgides no
modelwith h" = 1 and observed conveyances are shown on thegative estimates and forecasts.

Figure 6.

The best chosen single index model with= 1 can be
ertten as (11), where vector of estimated coeffits
By =(283 —380 4 2709 01).

Obviously SIM gives more exact forecasts of convegs
in comparison with linear model. We have colledtsel values
of RSSfor both investigated models in cases of smoothimd
cross-validation in Table 11. As we can see, tHeesm0fRSS
for SIM are less in all the considered cases.

TABLE 9
SIM ESTIMATION FORC-V
~ Bandwidth h

Ai 10 5 1
ED1 1876 1 060 000 282.6
ubD 3171 2 215000 -380.0
SD 16 11 820 4.1
BD2 -4 972 675 200 2709
SN 54 650 5 653 000 0.1
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VIl. CONCLUSIONS

In the course of the suggested research severatimaod
multiple regression, which allow evaluating theluehce of
the main social-economic factors on the volumepassenger
conveyances by the railway transport in the regioinkatvia
have been obtained. As the result two group mouedse
compared: the multiple linear regression model tuedsingle
index model. Various tests for hypothesis of exatary
variables insignificance and models correctnesse hbgen
lead, and the cross-validation approach has besiedaut as
well. Removal of outliers from data set according
Mahalanobis distances has decreased the error @bthing.
The results of analysis show the preference ofihgle index
model in cases of smoothing and forecasting. Iremthords
the semiparametric approach has given better segbHln
classical parametric approach.
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Diana Santalova. PasaZieru dzelzé® parvadajumu prognozeSana Latvijas regionos ar pusparametriskiem regresijas modgem

Saji rakst tiek apskati Latvijas rajonu un pilgtu regresijas modiedzelzcéa pasaZieru gsvadijumu aprakgBanai un progn@sanai. Statistiskie dati tika
sawakti uz tadu avotu Bzes ki LR Centila statistikas prvalde (LR CSP) un VAS ,Latvijas dzel4& Gadagimata. Rrvadajumi no Rgas, armalas un Ogres
vairakkart parsniedz @rvadijumus no ciim pilsitam un rajoniem. Sajzipa petijuma galven probkma ir parametrisko un pusparametrisko njodestiade, kas
adekwti apraksta gan lielos, gan mazasvyadajumus. Bdam noiikam tika veikti dazi ptijumi. Ne visi no tiem bija viemdiz veiksnigi. Galvenais iemesls
vargtu bt tads, ka vaigku pilsstu un rajonu iediwotaji izmanto dzelzck transportu dadliem notikiem. Piendram, &du lielu pilstu ka Riga, Ogre unarmala
iedZvotaji izmanto dzelzck transportu k pilsstas municiglo transportu. Betadu pilsstu ki Ventspils ied&otaji izmanto dzelzck transportu starppiigi
braucieniem, piegram, uz galvaspi&u. Pirmlart ir nepiecieSams i&leties regresoru kopu, kas adékvapraksta gan lielus, gan mazuavadajumus.
lepriek®jos pEtijumos bija izdati méginajumi izskgt iznpemumus no statistisls izlases saska ar daZdam pazmem. Statistikas dati abija sadati divas
dadlas, t.i., atbilstosi prvadijumu lielumam. Sakarar to tika ndginats samekit atsevikus modéus, t.i., atsevi lielos un mazos rvadijumus. Saj petijuma
izpemumi bija izskgti uz Mahalanobija attuma kizes. S& petijuma visi apskatie moddi ir grupali. Tika saidzimati divi novertsSanas pgemieni:
parametriskais un pusparametriskais (viena indeia@elis). Analizjamie modé tika parbaudti izlidzinaSanas gaglma un prognozSanas gaguma. Otrajam
gadjumam bija pielietot3pass,t.i., kross-valitijas pagémiens. le@tie rezulti paiadija viena indeksa motke neapSauimu priekSrotbu.

Juana Canranosa. I[Iporao3upoBaHue :Keae3HOJ0POKHBIX MACCAKUPCKUX NEPEBO30K B paiioHax JIaTBHH ¢ HOMOLIBIO MOJTyIApAMeTPHYECKHX
perpeccHOHHBIX MojieJIeii

B 11aHHOI cTaThe PacCMaTPUBAIOTCS PErPECCHOHHbIC MOEIH, HCIIONB3yeMbIe ISl OIMCAHHS U HPOrHO3HPOBAHMUS NACCAKUPCKUX HKENE3HOLOPOKHBIX IIEPEBO30K
u3 ropofoB U paiioHoB JlatBuu. CTaTHCTHYECKHE JaHHBIC O IMEPEBO3KaX M3 IVIABHBIX CEMH TopoioB H 26 paifoHoB JlatBuu Obutd cOOpaHbl Ha OCHOBE
nnpopmarmy, nomydeHHoi u3 Llentpansroro Crarucrmdeckoro bropo Jlateuu (LR CSP)u T'omoBoro otdera Latvijas dzelzck. IlepeBosku u3 Gombmmx
ropozos (Pura, FOpmaina u Orpe) HpeBbIIIAOT IEPEBO3KK U3 APYTUX FOPOIOB M PailOHOB BO MHOTO pa3. B 9Toif cBsi3u riaBHas nmpobieMa HCCIICI0BaHHUS COCTOUT
B TOM, 4TOOBI MOCTPOHMTH IPYIIOBBIC TAPAMETPHYCCKUE U TONYNAPaMETPHIECKHEe MOJICIH, OJMHAKOBO aJeKBaTHO ONMCHIBAIOLINE KaK OOJBIINE, TAK M Majble
epeBo3KH. B 9Toii cBsi3u ObLIM IPOBEACHBI HEKOTOPHIE HCCiIenoBaHns. He Bce OHM ObUIM OMHAKOBO yCIENIHbI. [IpHurHa MOXET COCTOSITH B TOM, YTO JKHTEIIH
rOpoJI0B U paifoHOB JIaTBHH HCIIOJIB3YIOT XKEJIC3HYIO AOPOTy B pasnudHbix nemsix. Hanpumep, sxurtenu Puru, Orpe u FOpMais! HCIIONB3YIOT JKEIE3HOA0POXKHBII
TPAHCIOPT KaK OObIYHBI MyHHLMMAIBHBIN TpaHcIopT. HanmpoTuBs, KUTENH TaKHX TOPOIOB, Kak BEHTCIHIIC, HCIOMB3YIOT JKENe3HOAOPOXKHBIN TPAHCIOPT s
HOJHOLICHHBIX JJAIbHUX MOE3/10K, HAIpUMep, B cToiuiy. [Ipexae Bcero, HeoOX0AuMO BbIOpaTh HaGop (HaKTOPOB, afEKBATHO ONUCHIBAIOMIMX OONBIINE U Maslble
[EePeBO3KH. B NpemslAylMx HCCICNOBAaHMSX OBUIM OCYIICCTBICHBI MONBITKM HCKIIOYHTH BHIOPOCHI M3 CTAaTHCTHYECKON BBIOOPKHM COITTACHO Pa3IMYHBIM
npusHakaMm. Takke HaOMIOAEHHS! ObUTH MOJENCHBI HAa JBE IPYHIIBI, TO €CTh COOTBETCTBEHHO BEJIMYHMHE IEPEBO30K. B CBs3M ¢ 9THM ObLIM 1MOAOGpaHBI ABE
OTHENbHBIC MOJCTH. B JaHHOM HCCIENOBaHMM BBIOPOCHI OBLIM HCKIIOYEHBI COIVIACHO paccTosHMIo MaxanaHoOuca. B 3ToM HccnenoBaHumu Bce
paccMaTpUBaeMbIe MOJEIH SBISIFOTCS IPynnoBbiMA. CpaBHHBAINCH [Ba IMOAXOAA OLCHHUBAHMS: MAPAMETPHYCCKHIl U MONyNapaMeTpuuecKkuil (0HOMHICKCHAS
Mozens). PaccMarpruBaeMbie Moaenr ObUIM MPOTECTHPOBAHBI B CIIydae CIIIAXUBAHUS H B CIydac IIPOrHO3UPOBaHMS. JIJIst OCIEIHEro OBLIT MCIIONB30BaH MOAXO0
Kpocc-Bauaalui. [loqydeHHble pe3ybTaThl MOKa3ai 04eBHIHOE IPESUMYIIECTBO MOJTyapaMeTPUIECKOi OHONHACKCHON MOZEIIH.
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