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C IIOMOILIBIO Hpe}lHO)KeHHOi/'I MaTeMaTH'—lCCKOﬁ MOACIN ONPECACICHBI yCJ'[OBl/IS[ INOBBILICHHSA BOCIPOU3BOAMMOCTHU pe3yanaTOB
KpHOOHOJIOrHYEeCKOro HccienoBaHus. [lokazaHo, 4TO MOBBILICHHE BOCIPON3BOANMOCTH PE3yIbTaTOB HCCIIEJOBAHNS 00SCIICUHBACTCS
IpU ydYeTe HAa4yaJbHOTO COCTOSHUS OMOJIOTHYECKOro marepuaia U 3((GEeKTUBHOCTH €ro HMCIONb30BaHus. [IpuMeHeHne naHHOM
MaTeMaTPI'-leCKOﬁ MOJEJIN IMOBBIIIACT BOCHIPOU3BOAUMOCTb PE3YJIbTATOB UCCICOBAHUA 10 5 pa3, 4TO Ja€T BO3MOXHOCTH IOJIYYUTH
JIOCTOBEPHBIN PE3yJIbTAT MPH YMEHBIICHUH KOJMYECTBA OMOIOTHYECKOTo MaTepraa o 25 pas. Anpobanus npeioKeHHONH MOaeIn
IoKasaljia, 4TO y4€T Ha4aJIbHOI'O COCTOAHUSA CIICPMUCB 6]:[Ka U KapiIia, 3M6pl/IOHOB MBIIIX MMOBBIIIACT BOCHIPOU3BOAUMOCTDb PE3YJIbTa~-
TOB B CPCIITHEM B 1,5 pasa, 4To 4a€T BO3MOXXHOCTb CpaBHHUBATh pe3yanaTbl, l'lOJ'ly‘IeHHbIe B Pa3HBIX OIIbITAaX.

Kniouesvie cnosa: BOCTIpON3BOAMMOCTb, MaTeMaTHUECKass MOJIENb, KPHOKOHCEPBHpOBaHUe, 3p(HEeKTUBHOCTD, criepMun ObIKa U
Kaprma, YSMOPUOHBI MBILIH.

Ha ocHoBI 3anporioHOBaHOT MaTeMaTHYHOT MOJIEITi BU3HAYEHO YMOBH ITiIBUIIICHHS BIATBOPIOBAHOCTI pe3y/IbTaTiB KPioOioIori4HOrO
nocunimkenss. [Tokazano, 1110 MiABUIIEHHS BiATBOPIOBAHOCTI PE3yNIbTATIB [0 CITIKSHHS 3a0€311euy€eThCsI IIPH BPaxyBaHHI [I0YaTKOBOTO
cTaHy 0i0JOriyHOTo Marepiany i epeKTHBHOCTI HOr0 BUKOPHCTOBYBaHHS. 3aCTOCYBaHHS JaHOI MaTeMaTH4HOI MOJEJI ITiJBHUILYE
BIZITBOPIOBAHICTh PE3yJIbTATIB AOCIIIKESHHS 10 5 pa3iB, 110 HA/Ia€ MOXIIMBICTh OACPIKATH JTOCTOBIPHUI pe3ysbTaT PU 3MEHIICHHI
KiJIbKOCTI 6i0JI0TiYHOrO MaTepiaiy 1o 25 pa3iB. Anpobaiis 3anpornoHOBaHOT MOJIEINI OKa3aia, [0 BpaxyBaHHs M0YaTKOBOTO CTaHY
cnepMiiB Oyras i kopora, eMOPiOHIB MHIII I JBHIIY€E BiATBOPIOBAHICTh PE3yJIbTATIB B CEPEAHBOMY B 1,5 pa3u, 1110 Hajae MOXKIIMBICTh
HOPIBHIOBATH PE3yNIbTaTH, OJeP)KaHi B Pi3HHUX JOCIiIaX.

Kniouogi cnosa: BinTBOpIOBaHICTh, MaTEMaTHYHA MO/IEJIb, KPIOKOHCEPBYBaHHs, €pEKTHBHICTb, CiepMil Oyras i koporna, eMOpioHH
MUILTI.

Conditions of reproducibility increase for cryobiological research results were examined with the proposed mathematical model.
It has been shown that increase of reproducibility of research results is provided with taking into account the initial state of biological
material and the efficiency of its using. Application of this mathematical model increases the reproducibility of research results up to
5 times that provides the obtaining significant result when reducing the biological material number to 25 times. Testing of the suggested
model showed, that taking into account of initial state of bovine and carp spermatozoa and murine embryos increased reproducibility
of results in average in 1.5 times, allowing the comparison of the results of various experiments.

Key words: reproducibility, mathematical model, cryopreservation, efficiency, bovine and carp spermatozoa, murine embryos.

Heob6xonnMoe yciioBre HayqHOTO HCCIIEIOBAHUS —
BOCITPOU3BOJMMOCTD €T0 PE3YJIHTaTOB. AHAIH3 OIIBITA
paboTsl MHCTHTYTa BBICOKMX CTATHCTUYECKHX TEXHO-
goruii u 3xkoHoMeTpukn MI'TY nm. H.O. baymana
MoKa3ay, 4TO MPUYMHONW HU3KOH 3PPEeKTUBHOCTH
MIPOBEACHUS JKCIIEPUMEHTa SBJISETCS NMPUMEHEHUE
YCTapeBIINX U YaCTUYHO OIINOOYHBIX CTATHCTUYEC-
KUX TexHomoruit [9]. DxoHOMHYeckuit 3hPekT oT
KCIIOJIb30BaHUS CTATHCTUYECKOrO KOHTPOJISI B MPO-
meiuiesHocTd CIIA cocrasnsier 0,8% OT BajioBOro
HaIMOHAIBHOTO MporyKTa (20 MIIp/T JOIUTAPOB B TO),
YTO CYIIECTBEHHO OOJIBIIE, YEM OT JIF0O0TO MHOTO IKO-
HOMHKO-MaTeMaTHYSCKOTO METO/Ia.

[Ipu ucnob30BaHMKM HECOBEPIICHHBIX CTATHUCTH-
YECKUX TEXHOJOTHI B KPHOOHMOIOTUIECKIX UCCIIE]I0-
BaHUSX HEBO3MOXHBI yUeT HAYaJIBHOTO COCTOSHUS
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The requirement to scientific research is reproduc-
ibility of its results. Analysis of the experience of the
Institute of High Technologies and Econometrics of
N.E. Bauman Moscow State Technical University
(MSTU) showed that the reason of low efficiency of
performed experiment was the usage of outdated and
partially incorrect statistical technologies [9]. Economi-
cal effect of using statistical control in the USA indus-
try makes 0.8% of gross national product (20 billion
dollars annually) that is significantly higher than any
other economical-mathematical method.

When using imperfect statistical technologies in
cryobiological researches a scientist could not take into
account an initial state of bioobject and efficiency de-
termination of its cryopreservation stages, and that is
the reason of low reproducibility of experimental re-
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O0noo0BeKTa H onpeseseHre 3PPEKTHBHOCTH 3TAIIOB
€ro KPHOKOHCEPBUPOBAHHS, YTO SBIISETCS MPUIHHOMN
HU3KOH BOCIIPOM3BOIMMOCTH PE3YIBTAaTOB OIBITOB [3—
6]. CoxpaHHOCTb HATHBHBIX CIIEPMHUEB H SMOPHOHOB
B Pa3HBIX ONBITAX MOXET M3MEHSTHCS B Mpeaenax
HECKOJIbKUX I€CSITKOB IPOLEHTOB [4—6]. DTO orpaHu-
YUBAET BO3MOKHOCTh IIPUMEHEHHUSI METOJIOB MHOTO-
(haKkTOPHOTO HCCIIeAOBaHMS IpU paboTe co cCriepMusi-
MU ¥ SMOPHOHAMU.

OOmenpuHATHIE TapaMeTpHUecKue () U Hemapa-
MeTpuueckue ()?) KpUTepHH aHAIu3a MOTyYEeHHbBIX
pe3yabTaToB OCHOBAHBI HAa YCPEIHEHUH MTOKa3aTenen
COXPAaHHOCTH OMOOOBEKTa, OIEHEHHOT0 JI0 W TIOCIIe
skcnepuMenTa [1, 7]. HemoctaTtkoMm maHHBIX METONOB
SIBIISIETCSL OONBLIOE KOJTMYECTBO MPOO (IAKYISTOB HITH
AMOpHOHOB 71 = 30) B KaXK10i BBIOOPKE, YTO CBSI3aHO
C PaHTOBBIM pacrpeeseHueM 3Ha9eHU I COXPaHHOCTH
01oo0OnexTa (o1eHka B 0amnax). CleACTBUSIMU yCpea-
HEHUsl paHTOBOTO paclpeiesieHus MoKas3aTenei co-
XpaHHOCTH OMOOOBEKTA SIBISIFOTCS OOJBILON Pacxon
OHMOIOTHYECKOr0 Marepraia i MOTydeHUs! T0CTO-
BEPHOTO PE3yNbTaTa v CJIOKHOCTh CPABHEHHUS PE3YITh-
TaTOB OT/IEIBHBIX OIIBITOB.

Takxum 06pazom, HU3Kas! BOCIIPOMU3BOANMOCTE pe-
3yJIBTaTOB OTJENBHBIX OIBITOB 3aTPYAHAET COMOCTa-
BHMOCTbH TaHHBIX BCETO 3KcTiepuMeHTa. C MOMOIIBI0
OOLLIETIPUHATHIX CIIOCOO0B TAPHOTO CPABHEHHS PE3YIIb-
TaTOB COXPaHHOCTH OMOO0BEKTA (B OIBITE U KOHTPO-
JIe) HEBO3MOYKHO ONpeAeInTh 3P PeKTHBHOCTH Mpotie-
OypBl €ro KPUOKOHCEPBUPOBAHUS U OTHEIBHBIX €€
9TanoB (KyJbTUBHPOBAHUE, IPUMEHEHHE KPUOIIPOTEK-
TOpa M peXrMa 3aMOpaKUBaHHUA-OTTauBaHus). Jns
COIOCTABJICHHUS PE3YJIBTATOB, IIOJIyYE€HHBIX B Pa3HBIX
OTIBITAX, TIPH MAJIOM KoltaecTBe mpoo (n < 30) Heobxo-
MO CO37]aTh MaTEMaTUYECKYI0 MOJIENb, 00ecedn-
BaIONIYIO yYeT WHANBUAYALHBIX 0COOCHHOCTEH OHO-
00BeKTa U OLIEHKY 3 (PEKTHBHOCTH BHIOPAHHOTO CIIO-
c00a ero KpHOKOHCEPBHUPOBAHHSI.

Lenp paboThl — pa3paboTaTh MaTeMaTHYECKYIO
MO/IEJIb, TOBBIIIAOLIYIO BOCIPOU3BOAUMOCTD PE3yilb-
TaToB KPHOOMOIOTNUECKOTO NCCIICAOBAHUS, U OIIpee-
JIMTH yCIIOBUS, 00€CIICUNBAIOIME YMEHBLICHUE KOJIU-
YecTBa UCIONB3YEMOro OMOOOBEKTA.

Marepuanbl n metoasl

CoxpaHHOCTh OMO00BEKTA, ONCHEHHYIO Ha I-M
OTallC KPUOKOHCECPBUPOBAHUA, OIIPEACIIAIN U3 BbIpa-
HKEHHS:

S =L, Q8

e 71, — KOJIMYECTBO IPUTOJHOIO K JajbHeimemy
HCIIOIb30BAHUI0 OMO00BEKTA, OLIEHEHHOIO HAa i-M
3Tane KpMOKOHCEPBUPOBAHHUS; 71, — O0IEE KOMUYECT-
BO OMOOOBEKTA.
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sults [3—6]. Integrity of native spermatozoa and em-
bryos in different experiments could vary within the
range of several tens of percent [4-6]. It limits the
possibility of multifactor research methods’ applica-
tion when working with spermatozoa and embryos.

Conventional parametric (#) and non-parametric (y?)
criteria of analysis of the obtained results are based on
averaging the integrity indices for the bioobject, esti-
mated prior to and after the experiment [1, 7]. A huge
number of the samples (either ejaculates or embryos
n > 30) in each sampling, associated with the rank dis-
tribution of the bioobject integrity values (estimation in
points) is disadvantage of these methods. A high ex-
penditure of biological material for obtaining a sig-
nificant result and difficulty of'its comparison in differ-
ent experiments are the results of rank distribution av-
eraging of the bioobject integrity indices.

Thus, low reproducibility of the results of different
experiments makes difficult a comparability of the
whole experiment data. It is impossible to determine
the efficiency of cryopreservation and its single stages
(culturing, exposure in cryoprotectant and utilized
freeze-thawing protocol) for the results of bioobject
integrity (in the experiment and control) using conven-
tional paired comparison methods. It is necessary to
develop a mathematical model, providing considera-
tion of the individual peculiarities of bioobject and esti-
mation of efficiency of chosen cryopreservation method
to compare the results, obtained in different experi-
ments with a little number of the samples (n < 30).

The research aim was to develop the mathematical
model, increasing the reproducibility of the results of
cryobiological research and to establish the conditions,
providing the reduction of the used bioobject's amount.

Materials and methods
Integrity of bioobject, evaluated at i-th cryopreserva-
tion stage was determined by the formula:

s =2 (1)

where n, is amount of bioobject, suitable for further
use, evaluated at i-th stage of cryopreservation; n is
total amount of bioobject.

Integrity of bioobject is the value of general prob-
ability, which may be presented as the product of con-
ditional probabilities of consequently related events
according to the Bayes' formula [1,7]:

3
S=S 11", 2)
=1

1

where S is initial integrity of bioobject, i. e. ratio of number
n_ of suitable native bioobject to total number n (S, =
n/n)); W, is efficiency of i-th stage of cryopreservation:

of cryo%icmlgg]n;
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CoxpaHHOCTh OMOOOBEKTa SABJISACTCS BEIUUYUHOM
o0mieil BEpOATHOCTH, KOTOpasi MOXKET OBITh Mpej-
CTaBJIeHa KaK MPOU3BENICHNE YCIIOBHBIX BEPOSITHOCTEH
MOCTIeIOBATENBHO CBA3aHHBIX COOBITHI B COOTBETCT-
Buu ¢ popmymnoii baiteca [1, 7]:

S =S HW. )

rae S, — HayaubHas COXPAHHOCTh OMOO0BEKTA, T. €.
OTHOIIIEHUE KOJIWYECTBA MPUTOJHOTO HATHBHOI'O
0no00beKTa 7, K 00meMy uuciy n, (S, =n/ny); W, —
3¢ (HEeKTUBHOCTH i-TO dTamna Mpoleaypbl KPHOKOH-
CEPBUPOBaHMs: KyIBTUBUPOBAHMA W, MPUMEHEHUS
KPHOIIPOTEKTOpa W, 3aMOpaKuBaHUsA-OTTauBaHus W,
TOJIHOTO IIMKJIa KPHOKOHCEPBUPOBaHus W .
CoxpaHHOCTb OMOOOBEKTa ONpeAessuId Ha cie-
AYIOIMX dTanax: KylbTuBuposanue (S, = S.W));
00paboTKa KpUONIPOTEKTOPOM H KyJIbTHBHPOBAHHE
(S,= S W W), 3amopaxuBaHue-oTTauBAHUE U
KynsTuBupoBanue (S, = SW,; WW =S W). Cne-
JOBAaTEIBHO, U3 BBIPAXKEHUS (2) MOXKHO ONpPENEIUTh
3¢ PexTUBHOCTH i-TO 3Tama KPHOKOHCEPBHPOBAHUS
Yyepe3 OTHOIICHHE MoKa3aTelell COXpaHHOCTH OHo-
00beKTa Ha 33JJaAHHOM H MPEJIIIeCTBYIONIEM JTarax:

==t 3)

OnenuBanu nokasarens 3¢ ekTuBHOCTH Ha 3Ta-
nax: KyJAsTUBUpOBaHus W, = S /S ; npuMeHeHuns Kpuo-
nporekropa W, = S/S ; 3aMOpaKuBaHHUS-OTTaNBAHHS
W_=S /S, HONHOro IMKIIa KpUOKOHCEPBUPOBanus W=
SJS.= WWW,

CpenHexBaJpaTHIECKOe OTKJIOHEHHE PAaCCUHUTHI-
BaJIM IO METOAY aJIbTEPHATHBHOTO BapbHUPOBAHUS

[1,7]:

o=+(P1-P), 4)

rae P —BepoaTHOCTb coxpaHHOCTH (1) uu 3 dexTus-

HOCTh KPHOKOHCEPBHPOBaHUS OM000BEKTa (3).
Bocnpon3BoarMoCTh pe3yasTaToB SKCIIEPUMEHTa

OLICHUBAJIH [P IIOMOLIN KO3 huleHTa Bapuanum:

C =%-100%. (5)

[ToBbImeHNe BOCIIPOU3BOJUMOCTH PE3YIIHTATOB
9KCTIEPUMEHTA OTPEICIISUIN KaK OTHOIIICHUE BEJTHYNH
K02 PUIIMEHTOB BapUalliy, TIOTyYSHHBIX JUIS [TOKa3a-
TEJIsl COXPAaHHOCTH U 3(p(pEeKTHBHOCTH KPUOKOHCEPBU-
poBaHwust OMOOOBEKTA!

z= (6)
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W, of culturing, W, of cryoprotectant use, W_ of freeze-
thawing, W, of complete cycle of cryopreservation.

Integrity of bioobject was determined at the fol-
lowing stages: culturing (S, = S W), treatment with
cryoprotectant and culturing (S,= S W W,); freeze-
thawing and culturing (S, = S.W,; WW, = SW).
Therefore the efficiency of i-th stage of cryopreserva-
tion could be determined from the formula (2) through
relation of the indices of bioobject integrity at given
and previous stages:

==t (3)

Index of efficiency was estimated for the following
stages: W = S,/S_for culturing; W = S/S, for cryopro-
tectant application; W_= § /S, for freeze-thawing; W =
S/S.= WW W for complete cycle of cryopreservation.

Root-mean-square deviations were evaluated by
the method of alternative variation [1,7]:

o =,(P(I-P), 4)

where P is probability of integrity (1) or efficiency of
bioobject cryopreservation (3).

Reproducibility of experimental results was esti-
mated with variation coefficient:

v

c =%-100%. (5)

Increase of experimental results’ reproducibility was
determined as the ratio of values of variation coeffi-
cients, obtained for integrity and efficiency of bioobject
cryopreservation:

z= (©6)

Minimal amount of bioobject, providing significant
mean value of the indices of integrity and efficiency of
cryopreservation, was determined according to [2, 3]:

; 2
n=|—C
[p V]: (7)

where ¢ is Student's criterion (at n > 30 ¢t = 2); p is
admissible relative error (p = 5%)

Decrease in bioobject's amount was estimated as
the ratio of minimum number of bioobjects, providing
the significance of its integrity estimation, to cryopre-
servation efficiency (A =n/n ). During substitution by
(7) and reduction of the values of admissible relative
error p and Student's ¢ criterion with further replace-
ment for (6) we obtain:

h=z". (8)
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MuH#uMaIbHOE KOJIHYECTBO OM000BEKTa, 00ecIe-
YHBAIOLIETO TOCTOBEPHOE CpEelHEee 3HaueHHe IOKa-
3aresiell COXpPaHHOCTH U YPPEKTHBHOCTH KPUOKOH-
CEpBHUPOBAHUSA, OTIPEAEISIH 110 2, 3]:

/ 2
n = _CV )
p

rae ¢ — kpurepuit Cterogenta (mpun >30¢1=2); p—
JIOTTyCTHMasi OTHOCHUTE/bHAs omunoka (p = 5%).

VYMeHbIIeHrE KOIINYeCcTBa OM000BEKTA OIIEHUBAIN
KaK OTHOLIEHHE MUHUMAJIBHOTO 4YHcia OnooObeKTa,
o0ecreynBaroIero J0CTOBEPHOE 3HAYEHUE OLICHKH
€r0 COXPaHHOCTH, K 3 PEKTUBHOCTH KPUOKOHCEPBH-
posanus (& = n/n ). llpn noacranoske (7) u co-
KpalleHW! 3HAaYCHUH NOMYCTUMON OTHOCHUTEIBHOM
omnOKku p u kputepust CTbIOAEHTA ¢ ¢ TOCIEAYOLIeH
3aMeHOH Ha (6) moTy4yaeMm:

(7,

h=z", (8)

[IpennoxxeHHyI0 MaTeMaTHYECKyI0 MOJEINH IMPO-
BEPSUTH Ha OCHOBE ITOJTYYEHHBIX PE3YIIBTATOB KPHOKOH-
CepBUPOBaHMA CIIEpMHUEB ObIKa, Kapna 1 SMOPHOHOB
MBI [3—6]. B KaXa0M OTAEIbHOM OMBITE U3MEHSLIU
TOJIBKO OJIMH TEXHOJIOTHYECKHIA ITapaMeTp B COOTBET-
ctBuH ¢ [1, 7]. 3amuTHYIO Cpemy Ui KPHOKOHCEPBH-
pOBaHHUs CHEpMBl Kapmna TOTOBUIN MO METOJIUKE
JI.W. lIBeTkoBo#t [11], a ObIKa — MO METOIUKE
®.1. Ocramxko [10]. Bce marumynaunu ¢ sMOpuo-
HaMH MBIIIHN — BBIIEJICHUE U MTOJITOTOBKA K IKCIIEPH-
MEHTaM MPOBOJAWIN MO OOIIETTPUHATHIM METOAUKAM
[8]. B kauecTBEe KpHONIPOTEKTOPA MPUMEHSUIIN PACTBOP
1 M mmnepraa. SMOPHOHBI HHKYOUPOBAIH B TAHHOM
pactBope nipu 20 + 2°C B teuenne 10 mun. Ilocme
3aMOpa’kKHBaHUA-0TOIPEBA KPUOTIPOTEKTOP OTMBIBAIIN
¢ nomousto pactsopa 0,5 M caxapossl. 3aMopaxxu-
BaHHE CIEPMHEB U SMOPHOHOB OCYIIECTBISIOCH B
pa3paboTaHHBIX HAMHU YCTPOHCTBAX, OCHOBAHHBIX HA
MIACCUBHOM OXJIAXKJICHHUH TEPMOOJIOKAa B TOPJIOBUHE
cocynoB proapa X-34 (V=35m)uX-5(V=5m)[3].

OKCIIepUMEHTAITFHO TOTYYeHHbIE 3HAaYE€HUS CPe/l-
HEKBaJIPaTHIECKOTO OTKIIOHEHHS () HEKTUBHOCTH i-I'0
JTara KpHOKOHCEPBUPOBaHUS OMOOOBEKTa pacCUNTHI-
Banumno [1, 7]:

9

e Wﬁ —3(HexkTHBHOCTH KPHOKOHCEPBUPOBAHHUS j-TO
9MOpHOHA (MK CTIEPMO/IO3BI IS CIIEPMHUER ), BHIYUC-
JICHHAs KaK OTHOIICHHE TMOoKa3aTened COXPaHHOCTH
j-ro OMo00OBEeKTa Ha I-M S, M TIPS/ICCTBYOMEM S, |
JTanax KpUOKOHCEPBUPOBAHHUS; 7 — 00II[ee KOJMYESCTBO
SMOPHOHOB (CTIEpPMOJI03).
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The suggested mathematical model was examined
on the base of the obtained results of bovine, carp sper-
matozoa and murine embryos’ cryopreservation [3—
6]. In each particular experiment just one technologic
parameter was changed according to [1, 7]. Protec-
tive medium for cryopreservation of carp sperm was
prepared according to L.I. Tsvetkova [11], for bovine
sperm the method of F.I. Ostashko [10] was used. All
manipulations with murine embryos such as obtaining
and preparing to the experiments were carried-out ac-
cording to the standard methods [8]. As cryoprotectant
IM glycerol solution was used. Embryos were incu-
bated in cryoprotectant solution at 20 + 2°C during
10 min. Cryoprotectant was washed-out after freeze-
thawing using the 0.5 M sucrose solution. The sper-
matozoa and embryos were frozen-thawed in devel-
oped by us devices, which are based on passive cool-
ing of thermoblock in the neck of Dewar vessels X-34
(351)and X-5 (5 1).

The experimentally obtained values of root-mean-
square deviation of efficiency of bioobject i-th cryo-
preservation stage were evaluated [1,7]:

)

where w, is efficiency of j-th embryo cryopreservation
(or dose for spermatozoa) calculated as the ratio of
Jj-th bioobject's integrity assessed at the i-th cryopreser-
vation stage S, and the previous stage SH; n is total
number of embryos (sperm doses).

Integrity S, was determined as the ratio of n_, the

i L ji
number of admissible j-th bioobject at i-th stage to N
the initial number of j-th bioobject.

For reduction of root-mean-square deviation value
(9) the current values of integrity w, of j-th bioobject,
assessed at the i-th stage of cryopreservation, W, were
averaged. This operation eliminates systemic errors of
experiments by transition from indirect measurements
to direct ones [1, 7].

Results and discussion

The mathematical model, based on the Bayes' for-
mula (2) and (3), was developed for determination of
the conditions of increase for cryobiological research
results’ reproducibility. For testing of the suggested
mathematical model the expressions (4-8) were used.
Efficiency indices were calculated by substitution of
virtual values of integrity of the bioobject, assessed at
different stages of cryopreservation: 80% after obtain-
ing, 70% after culturing, 60% after cryoprotectant ap-
plication and culturing, 50% after freeze-thawing and
culturing (Table 1). Variation coefficients made 50, 65,
82 and 100%, correspondingly. Obtained efficiency in-
dices for culturing made 88%, equilibration in cryopro-
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CoxpaHHOCTh Sﬂ OTIpEIETISUTH KaK OTHOIIIEHUE KO-
JIUYECTBA MPUTOJHOTO j-T0 OMO0OOBEKTA HA i-M JTaIre
n,; K HAYaIbHOMY KOJIMYECTBY j-r0 OHOOOBEKTA 71,

Jns1 yMeHbLIEHUS BEIMYMHBI CpeJHEKBapaTHiec-
KOTO OTKJIOHEHHSA (9) ycpeqHsTu TeKyline 3HauYeHHs
W, OTHOCHTENBHOH COXPaHHOCTH j-r0 GHOOOBEKTA,
OLIEHEHHOTO Ha I-M 3TaIle KPUOKOHCEPBUPOBaHus W
HaHHas omepauusi yCTpaHsEeT CUCTEMaTHYECKHE
OMKOKY OTBITOB TIOCPEJCTBOM MEPEX0/ia OT KOCBEH-
HBIX U3MEPEHNH K npsMbM [1, 7].

Pe3yAbTatbl M 00Cy)xaeHue

s onpenenenus ycioBUi NOBBILICHHS BOCIIPOU3-
BOJIMIMOCTH PE3yJIbTaTOB KPUOOHOIOTHYECKOTO HCCIIe-
JIOBaHMS CO3/1aHa MaTeMaTHYecKas MOJENb, OCHOBON
KOTOpO# sBIst0TCA Gopmyasl baiteca (2) u (3). s
anpoOanny NpeAaoKeHHONH MaTeMaTHYeCKON MOAEIH
npuMeHsin Beipaxenus (4-8). [Tokazatenu s¢dek-
TUBHOCTH PacCUUTHIBAIH MTOCPEICTBOM MOJCTAHOBKH
BUPTYaJbHBIX 3HAYCHUH COXPAaHHOCTH OMOOOBEKTa,
OLIEHEHHOTO Ha Pa3HbIX 3Tarax KpHOKOHCEPBUPOBAHKS:
niocie noydeHus: — 80%, kynsruBupoBanus — 70%,
MPUMEHEHUST KPUOTIPOTEKTOPA U KYIETHBHPOBAHUS —
60%, porie1yp 3aMOpaXKMBAHNSA-OTTAUBAHNA U KYJIb-
tuBupoBanus — 50% (ta6n. 1). KoaddunmenTs! Bapua-
muu coctaBuau 50, 65, 82 u 100% cOOTBETCTBEHHO.
[Tonmyuensl nokaszarenu 3pPEKTUBHOCTH IS 3TAIIOB:
KyJBTUBUPOBaHUS — 88%, SKBUIHOpALK B KPUOIIPO-
TekTope — 86 %, 3aMopakuBaHUA-0TTauBaHus — 83%,
MIOJIHOTO ITMKJIa KpUOKOHCepBHpoBaHUs — 63%. Ilpu
3TOM K03(D(DUITMEHTHI BapUAIK CHIDKAIOTCS 110 38, 41,
45 1 77% COOTBETCTBEHHO.

[Ipumenenue oTHOCH-
TETBHBIX MoKa3areneit (3)
Uit O1eHKH 3P PeKTUB-
HOCTH COCTaBJISIOIINX 3Ta-
I0B KPHOKOHCEPBHUPOBAHUS

tectant did 86%, freeze-thawing did 83% and com-
plete cycle of cryopreservation did 63%. Herewith the
variation coefficients decrease down to 38, 41, 45 and
77%, correspondingly.

Use of relative indices (3) for evaluation of cryopre-
servation stages’ efficiency increases the reproduc-
ibility of experimental results in 1.3-2.2 times, enabling
to obtain significant data during reduction of the used
bioobject's amount in 1.7-5 times (Table 1).

To determine the conditions of bioobject cryopre-
servation results’ reproducibility increase in depend-
ence on its initial state and efficiency of the selected
stage(s) of cryopreservation it is necessary to calcu-
late the complete cycle of cryopreservation (1-8). The
obtained results show that considering the efficiency
of bioobject cryopreservation stage(s) increases the
reproducibility of the study results in 1.1-4.9 times in
the case if bioobject integrity decreases from 90 down
to 30% (Table 2). It enables the obtaining of signifi-
cant result even after reducing the amount number of
bioobject in 1.2-24 times [2]. Increasing the reproduc-
ibility of the results has been found when analyzing the
final stage of technological chain after decreasing of
biological object integrity (Tables 1 and 2).

For testing the suggested model the comparative
analysis of the calculated by (2) and (3) values and
empirically obtained from (1) data of cryopreservation
of various biological material (bovine and carp sper-
matozoa and murine embryos) was carried out (Table 3).
Analysis of experimentally obtained data showed that
efficiency of two-step cooling of carp spermatozoa

Tadmuna 1. YMeHblIeHHe KOJIMYeCcTBa UCI0Ib3yeMOT0 OM000BEKTa [TOCPEICTBOM
TIOBBIIICHUS BOCIIPOU3BOAUMOCTH PE3YJIBTATOB KPHOOHOIOTUYECKOTO IKCIIEPUMEHTA
Table 1. Reduction of used bioobject’s amount by reproducibility increase
of cryobiological experimental results

TOBBIIIAET BOCITPONU3BOIN- Orarne CoxpaHHOCTE, % OdderTuBHOCTD, %
KPUOKOHCEPBUPOBAHUS Integrity, % Efficiency, %
MOCTDB pPE€3YyJIbTAaTOB JKCIIC- 6100OBEKTa Z h
Bioobject
PUMCHTA B 1 ’ 3_2’92 pasa, cryopreservation stages S G, o w C, n,
49TO Ja€T BO3MOXKHOCTH I10-
TMoayuenue
Jy4YeHHUsI JOCTOBCEPHBIX Obtaining 80 50 400 - - - - -
JaHHBIX IIPU YMCHBIICHHUA
KyabruBupoBanue
KOJIM4YeCTBA choﬂbgye_ Y- Cultulr)ing 70 65 686 88 38 229 1,73 3,00
Moro 6mooonekra B 1,7-5 3 -
KBUANOPAI WSt
pa3 (Ta6ﬂ. 1) Equilibration 60 82 1067 86 41 267 2,00 4,00
st onipenenenus ycio-
= SavopaxuBaie 83 45 320 2,24 5,00
BUM ITOBBINICHUA BOCIIPOU3- Freezing ' '
BOJUMOCTHU PE3YJIbTATOB 0 100 ) 1600
KpuokoHCcepBUpOBaHUe 63 77 960 129 167
KpPHUOKOHCEPBUPOBAaHUMA Cryopreservation ' '

0M000BEKTa B 3aBUCHMOC-
TH OT €ro Ha4aJbHOTO COC-
TOSIHUS U 3P (HEKTUBHOCTH
BbIOpaHHOTO 3Tamna(oB)
KPHUOKOHCEPBHUPOBAHUS
HEOO0XO0JMMO paccuuTarh

npobnemobl
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Ipumeyanmne: S, W~ cpennue 3uadenus; C,, C, — ko> QHUIMEHTB! BAPUALIUK; 11, 71, — MUHUMAIILHOE
KOJINYEeCTBO OMO00BEKTa, 00ECIIeYHBAOIICe YPOBEHb HAISKHOCTH cpeHero 3HadeHus P=0,95;
Z — KpaTHOCTb HOBBIIICHHUSI BOCIIPOU3BOIMMOCTH pe3ynbsTaToB (6); s — ko3 HLUEeHT coKpalieHus
Konuyectsa 6nooobekra (8).

Note: S, W are mean values; C, C, are coefficients of variation; n, n_are minimum numbers of
bioobject, providing reliability level of mean value P = 0.95; z — increase multiplicity for repro-
ducibility of results (6); # — coefficient of bioobject’s amount reduction (8).
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TIOJTHBIN IUKJI KPUOKOHCEPBH-
posanus (1-8). IlomyuenHsie
pe3ynbTaThl MOKa3bIBAIOT,
41O y4eT 3 PeKTuBHOCTH

Taéuauna 2. [ToBbleHHEe BOCIIPOU3BOIUMOCTH PE3YJIbTATOB SKCIIEPUMEHTA B
3aBHCHMOCTH OT Ha4aJbHOW COXPaHHOCTH OM000beKTa M 3P PEKTUBHOCTH
BBIOPAaHHOTO 3Tarna(0B) KPHOKOHCEPBUPOBAHHUS

Table 2. Increase of reproducibility of experimental results depending on initial
integrity of bioobject and efficiency of chosen cryopreservation stage(s)

COCTaBISIOMHUX 3Tana(oB)

ToBrimenue BOCIIpDOM3BOAUMOCTH, YCA. €A,
KPHUOKOHCEPBUPOBaHNA 01o- 34)(5:;;;1[?)1;;)@5 Increase in reproducibility, arbitrary units
00BEKTa IPU CHIDKEHUU €T0 KPHOKOHCEPBHPOBAHHS,
90 30% % HavyanbHass cCOXpaHHOCThL OMO0OBEKTa, %
COXPaHHOCTH OT Ho o Efficiency of Initial integrity of bioobjects, %
MOBBILIAET BOCHPOU3BOIU- cryopreservation
stage(-s), %

MOCTH PE€3yIbTaTOB HCCIIe- getsh 40 %0 60 70 80 % 100
aosanus B 1,1-4,9 pasa 10 1,90 1,63 1,45 1,32 121 1,13 1,06 1,00
(Tabm. 2). 910 maer BO3MOXK-
HOCTb TOJYYUTh JOCTOBEP- 20 1,98 1,70 1,50 135 1,24 1,15 1,07 1,00
HBIV pe3yJIbTar pyu yMEHbIIIe-
AU KOJMUEcTa 6H006LEKTa 30 2,08 1,77 1,56 1,40 1,27 1,16 1,08 1,00
B 1,2-24 pasa [2]. [osbiwue- 40 2,21 1,87 1,63 1,45 1,31 1,19 1,09 1,00
HHE BOCIIPOU3BOIUMOCTH pe-
3yJIbTaTOB YCTAHOBJIEHO IPU 50 2,38 2,00 173 1,53 1,36 1,22 1,11 1,00
aHaJIM3€ 3aBEPLLIAOIIUX ITa-
[1OB TEXHOIOTHYCCKOM e 60 2,61 2,18 1,87 1,63 1,44 1,27 1,13 1,00
BCIENCTBUC CHIKCHUSA CO- 70 2,96 2,45 2,08 1,80 1,56 135 1,17 1,00
XpaHHOCTH OMOJIOTUYECKOTO
oObekTa (Tadu. 1, 2). 80 356 | 292 2,45 2,08 177 1,50 125 1,00

[ns mpoBepku npemio-
JKEHHOI MOJIENHN MPOBEeH <) 4,93 4,00 3,32 2,77 2,3 1,87 1,45 1,00

BHUTEJILHBINA aHAIN -
cpa en av amms pac 100 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00
YETHBIX 3HAYCHUH 10 (2) u

IIpumeuanue: cm. Tadm. 1.

3)u OMIIUPUYECCKHU I10JIY-
( ) p y Note: see Table 1.

YEeHHBIX JaHHBIX 10 (1) mocre
KPHUOKOHCEPBHUPOBaHHS Pa3-
JUYHBIX THUIOB OMOJOTMYECKOTO Marepuaja: crep-
MueB OblKa, Kapra, SMOpHOHOB MBIIHK (Tald. 3).
AHanu3 SKCIEPUMEHTAIBHO MOJYyYEHHBIX JaHHBIX
MOKa3all, 9To 3PPEKTUBHOCTh JBYXCTYIEHYATOTO OX-
JIAKIEHUS CIIEPMHEB Kapra JOoCTHTraeT 58, a ObIka —
70%, uTo obecreunBaeT COXpPaHHOCTh 45 u 52%
COOTBETCTBEHHO [3, 4]. [Tokazarenu 3 PeKTUBHOCTH
MIPUMEHEHUS KPUOTPOTEKTOPa COCTABIAIOT 92-94%
Y PeXUMOB 3aMOpPAKUBAHUSA-OTTauBaHU — 77—-89%.
Bonee Bbicokoe 3HaueHUE 3P HEKTUBHOCTH KPUOKOH-
CepBUPOBAHMS TOJXYYEHO AJSl SMOPHOHOB MBILIH —
93%, Ha sTanax NpUMEHEeHNs1 KpronpoTekropa — 87%,
pexumMa 3amopaxxkusanus — 100%, mpu KOTOpBIX ypo-
BeHb coxpaHHocTu coctaBui 80% [5, 6].

VYcTaHOBIEHO BIHSHHE BapHallMM HA4albHOTO
COCTOSIHUSI CTIEPMUEB KapIiia Ha pa30poc rmokaszaresen
WX COXPAaHHOCTH, OIICHEHHBIX Ha 3Tale UHKYOaIuu ¢
KpHUOTIPOTEKTOPOM (51-67%) 1 mocIie AEKOHCEPBHUPO-
BaHus (35-52%). B pesynsrate mpuMeHeHHs MOKa-
3arens 3pQeKTHBHOCTH KPUOKOHCEPBUPOBAHUSI JIaH-
HBIW pa3dpoc yMEeHbIIHIICS OoJiee YeM B 2 pa3za OTHO-
CUTENIHO COXPAaHHOCTHU U cocTaBuI 68—78 1 46—-51%
COOTBETCTBEHHO IS Ka)KJ0To ATamna [4].

[TokazaHo, 4T0 pa3zHbIe CII0COOB! KPHOKOHCEPBHUPO-
BaHUs CIEPMHEB Kaplia U BapHauus UX Pa3IUdHOrO
HAYaIbHOTO COCTOSTHHS JIAIOT MPAKTHYCCKH OIMHAKO-

KpnoGMOnOrMM

T. 20,2010, Ne3

251

achieved 58 and bovine done 70%, that provided in-
tegrity of 45 and 52%, correspondingly [3, 4]. Effi-
ciency of cryoprotectant application made 92-94% and
freeze-thawing regimens did 77—-89%. Higher efficien-
cy value was obtained for murine embryos, 93%; for
the stages of cryoprotectant application it made 87%
and for freezing regimen it was 100%, where the in-
tegrity level was 80% [5, 6].

It has been established that the effect of variation
of carp spermatozoa initial state on the dispersion of
their integrity indices, assessed at the stage of incuba-
tion in cryoprotectant, was 51-67% and after freeze-
thawing it was 35-52%. After application of cryopre-
servation efficiency index this dispersion decreased
twice for integrity and made 68—78 and 46-51%, cor-
respondingly, for each stage [4].

It has been shown that different methods of carp
spermatozoa cryopreservation and variation of their
initial state provide almost the same dispersion of in-
tegrity indices, 3553 and 35-52%, correspondingly.
When estimating the efficiency of cryopreservation the
dispersion of the values made 44—-67% for different
methods of freezing spermatozoa, derived from one
ejaculate. When using different ejaculates and one
method of freezing the dispersion made 53—65% (ini-
tial motility of spermatozoa varied from 60 to 90%).
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BbI pa3dpoc nokasarenel coxpaHHocTu 3553 n 35—
52% cootBercTBeHHO. [lpu onenke 3 pexTruBHOCTH
KPHOKOHCEPBUPOBAHUS paz0pOC 3HAYEHUH COCTABISIET
44—67% myist pa3HBIX CIIOCOOOB 3aMOPaKUBAHUS CIIEP-
MHEB, NIOTYYEHHBIX U3 OAHOTO 3KyJIsiTa. [Ipu ncnoss-
30BaHMHU PA3HBIX MIKYJIATOB U OOJHOTO crocoda 3amMo-
paxuBaHus pa3dpoc coctaBmi 53—65% (HavampHAS
MTOABMKHOCTE CIIEPMHEEB BapbupoBaia ot 60 1o 90%).
[Ipu nmouTu oguHaKOBON HaYyaJbHOWU MOJBHXXHOCTH
cnepmueB Obika 70—80% u pa3HbBIX crocobax KpHo-
KOHCEPBHPOBaHHUSA pa30dpoc Mmoka3aTeseil uX coXpaH-
HocTH coctaBull 13—52%, a addexrusroctu —20—70%.

[lepexon k moxazareisiM 3Q(HEKTUBHOCTH JaeT
BO3MOKHOCTb B 2 pa3a YMEHbBLINTH BIMSTHUE KaueCTBa
(OT yIOBIETBOPUTEITHHOTO /IO OTIIMYHOTO) SMOPHOHOB
MBIIIH Ha OLIEHKY 3TAIOB BEIOPAHHOTO CIIOCO0a KPHO-
KOHCEPBUPOBAHHUS: HHKYOALUs C KPHOTIPOTEKTOPOM —
77-95%, pexum oxnaxaeHus-otorpea — 73-93%.
CocrosiHue SMOPHOHOB OLICHUBAIIM 110 MOpdoJIorryec-
KHUM TI0Ka3aTeIsIM U Pa3BUTHIO B KYJIBTYpE in Vitro |5,
6]. Ilpu Bapuanyu Ha4aIbHOTO COCTOSIHUS SMOPHOHOB
MBIIIH (OT YAOBIETBOPUTEIBHOTO N0 OTIUYHOTO)
pa3zbépoc COXpaHHOCTH JIEKOHCEPBHPOBAHHOTO OOBEK-
ta coctaBmi 31-80%, uro B 1,4 pasza Gomble (cM.
Tab11. 2), 4eM PacxoXIeHHE COXPAHHOCTH — 52-86%,
00yCIIOBJICHHOE BEIOOPOM CITOCO0a KPHOKOHCEPBHUPO-
Banusl. [Ipu ucrionp3oBanuy nmokasareneit 3G dexrus-
HOCTH KPHUOKOHCEPBHPOBaHMs OMO0OBEKTa pazdopoc
yMeHbIIMJICS B 1,6 pa3a OTHOCUTENBHO COXPAaHHOCTH
u coctaBuil 64—83 u 63—-93% COOTBETCTBEHHO.

Jns mcciaenoBaHus BapualnWM TOKazaTenen co-
XpaHHOCTH W 3P PEKTUBHOCTH MPOAHATUZUPOBAHEI
BEJIMYMHBI UX KO3QPHULINEeHTOB Bapruauuu (tabdm. 3). B
pe3yAbTaTe CONOCTaBICHUsI KO3 (UIMEHTOB Bapraun
(6) ycranoBneno ysenuueHue B 1,2-3,8
pasa BOCIPOM3BOJANMOCTH PE3yJIbTaTOB
OITBITOB ITPHY KCIOJIL30BAaHUH MTOKa3aTernen
a¢dexTuBHOCTH (3) OTHOCUTEIILHO COXPaH-
HoctH (1). Takoe pacxoxaeHue MoTy4eH-
HBIX BEJINYUH OOBSCHSAETCS BIHSHHUEM
Pa3HOro HAYAITLHOTO COCTOSTHHS OO0OBEK-

Use of quite similar initial motility of bovine spermato-
zoa 70-80% and different methods of cryopreser-vation
provides the range of their integrity indices of 13—-52%,
and efficiency of 20-70%.

The transition to the efficiency indices enables the
double decrease of murine embryo quality influence
(from satisfactory to excellent) on the estimation of
chosen cryopreservation protocol stages: application
of cryoprotectant gave 77-95% and cooling-thawing
regimen does 73-93%. State of embryos was assessed
by morphological indices and in vitro development [5,
6]. When varying the initial state of murine embryos
(from satisfactory to excellent) the dispersion of fro-
zen-thawed object integrity made 31-80% which is in
1.4 times (see Table 2) higher than the integrity disper-
sion of 52—-86% due to selection of cryopreservation
method. When using the indices of bioobject cryopre-
servation efficiency the dispersion decreased in 1.6
times as for integrity and made 64—83 and 63-93%,
correspondingly.

For study of integrity and efficiency indices’ varia-
tion the values of its variation coefficients were analy-
zed (Table 3). After the correlation of variation coeffi-
cients (6) the increase of experimental results’ repro-
ducibility in 1.2-3.8 times was established when using
the efficiency indices (3) relative to integrity (1). This
difference of the obtained values is explained by the
effect of different initial states of bioobject on the one
hand, and peculiarities of sequentially applied cryopre-
servation methods on the state of cryopreservation stud-
ied system, on another hand.

The following regularity was found: the higher is
integrity variation, the higher is the sensitivity of effi-
ciency index to the estimation of analyzed cryopreser-

Tadamua 3. Bocripon3BoauMocTs COXpaHHOCTH Onoo0bekTa (S) 1
3 QeKTUBHOCTH €r0 KpruokoHcepBupoBanus (W), o0ycioBiieHHas
BBIOOPOM TEXHOJIOTHH (Pa3IMYHBIM Ha4aJIbHBIM COCTOSIHAEM)

Table 3. Reproducibility of integrity of S bioobject and W efficiency of
its cryopreservation, due to the technology selected

(various initial state)

Ta, C OJTHOW CTOPOHBI, 1 OCOOCHHOCTSIMHU

Pas6poc nokasareneit M__+M M {S,W,C}, %

MOCJIeIOBATENbHO MIPUMEHSIEMBIX METO- Dispersion of indices M""sM™ M {S'W.C}, %

JI0B KPHOKOHCEPBUPOBAHUS, C JIpyrou, Ha B};zg%?eef

COCTOSTHHE UCCIIeTlyeMON CHCTEMBI KPHO- S c. W c, 2=c, /C,
KOHCEpPBHPOBAHUSI.

BrisiBnena cnenyromasi 3aKoHOMeEp- Criepun 45053 04137 e oe113 913
HOCTB: YeM OO0JIbIIE Pa3OpPOC COXPAHHOC- Canonerm | (35+52) (96+136) (53+65) (73:94) (1,3+1,5)
TH, TEM BBIIIIE YYBCTBUTEIHHOCTD TTOKA3a-

Teist 39 (HEKTUBHOCTH K OLICHKE COCTOSI- Crepun

HHS QHATU3HUPYEMOT0 CII0C00a KPHOKOH- Bovine 1352 96+258 20+70 06+200 I3l
cepBUpoBaHus. Pa3anuHOE HauyanbHOE sperm

COCTOsTHHE YMOPHUOHOB J1aeT 00JIee BhICO- OMGpHOHEI

KM€ MoKa3areny ko3¢ duuueHTos Bapua- Murine (221:2%) ég:?fg) (211%33) é%:i% (11'%:%',72J
LIUU, OllEHEHHBIE TI0 coxXpaHHOCTH (50— embryos

149%) u addextuBHOCTH (38—46%), Yem
BBIOOp croco0a KPHOKOHCEPBUPOBAHUS
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IIpumeyanue: cMm. Tabm. 1.
Note: see Table 1.

problems
of cryobiology

Vol. 20, 2010, Ne3



(40-96 u 30—36% cooTBeTCTBEHHO). Biinsiaue paznmuy-
HOTO KadecTBa SMOPHOHOB MBIIIM Ha BAPHALUIO CO-
XpaHHOCTH OnooObekTa B 1,3-3,2 pasa Ooiblue, yem
BBIOOP C1IOC00a KPHOKOHCEPBUPOBAHMUS.

TakuM 0Opa3zom, IpUMEHEHHE B KauecTBE MHCTPY-
MEHTa HayYHOTO HCCIICIOBAHMUS METOIOB MaTeMariJec-
KOTO MOJICJIMPOBAHUS MOBBIIIACT BOCIPOU3BOIUMOCTb
pe3yIbTaTOB KPUOOHOIOTHYECKOTO IKCTIEPUMEHTA.
JlanHas MOJIeTh TO3BOJISAET OIPENeNUTh (P PEKTHBHOCTD
BBIOPAHHOTO CIIOCcO0a KPUOKOHCEPBUPOBAHUS U €10 CO-
CTaBJIAIOIIMX 3TanoB. [loka3aHo, 4To Ha OLIEHKY COXpaH-
HOCTH CIIEPMUEB U SMOPHOHOB KUBOTHBIX OKa3bIBAIOT
BIIMSHUE Ha4YaJIbHOE COCTOSIHUE OMO0OBEKTa U 0COOEH-
HOCTH 3TaroB BEIOPAHHOTO crioco0a KPHOKOHCEPBUPO-
BaHus. Huskas BOCIPOM3BOAMMOCTD PE3yNbTaTOB
COXPaHHOCTHU JIEKOHCEPBUPOBAHHBIX CIIEPMUEB U SMO-
PHYIOHOB >KMBOTHBIX, & TAK)KE OTCYTCTBUE BO3MOKHOCTH
HX COTIOCTABIICHHSI IIPH UCTIONE30BAHHH Pa3HBIX METOJIOB
TIPOBEACHHUS KCTIEPUMEHTA 00YCIIOBIIIH HEOOXOMMMOCTh
[IPUMEHEHHS TTPEITIOKEHHBIX KPUTEPHEB OLIEHKH dPdex-
THUBHOCTH Pa3HbBIX ATANIOB KPUOKOHCEPBUPOBaHHs. [1pu
repexofie K rmokazaresisiM 3(pGeKTHBHOCTH TIOBBIIIAETCS
BOCIPOU3BOIUMOCTH OIIBITOB B CpejHEM B 1,5 pasa, uTo
00ecreunBaeT yCIoBUe CONIOCTABUMOCTH PE3YJIBTaTOB,
MOTy4YEeHHBIX B pa3HbIX onbITax. [loaToMy yuer cocros-
HUS OMOOOBEKTa U BBIOPAHHOTO CII0c00a KPUOKOHCEP-
BUPOBaHMS MIOCPEJICTBOM OIMCAHHOW MOJEIN MOMKET
OBITH OCHOBOW MHOTO()AaKTOPHOTO UCCIIEIOBAHUS MEXa-
HU3MOB KPHOTIOBPEIKACHHUS 00BEKTA C TIETTHIO JaTbHEH-
IIeTO TOBBITICHUS YPPEKTUBHOCTH KPHOKOHCEPBUPO-
BaHUS CTIEPMHUEB U SMOPHUOHOB )KUBOTHBIX.

BbiBOADI

1. [loBbIIeHUE BOCTTPOM3BOAMMOCTH PE3YIIBTATOB
HCCIIeIOBaHUsl 00eCIIeunBaeTCs y4YeTOM Ha4ajJbHOTO
COCTOSIHUS OMOJIOTHYECKOT0 MaTepuana v 3P eKTHB-
HOCTH 3TaIlOB €r0 KPHOKOHCEPBUPOBAHHUS.

2. IlpumeneHnne MpeIokeHHON MaTeMaTHYeCKOi
MOJIETIH TIOBBIIIAET BOCIIPOM3BOANMOCTE PE3YJIbTaTOB
HCCIIeIOBAaHMs 10 5 pa3, 4To AaeT BO3MOKHOCTD MOy~
YUTh JIOCTOBEPHBIN PE3YNBTAT P CHIKEHUH Pacxoa
OMOJIOTHYECKOTO MaTepraa o 25 pas.

3. DKcrepuMeHTaIbHAs MPOBEPKA MPETOKCHHON
MOJIEJIH TI0Ka3aj1a BEICOKYI0 CXOAUMOCTD IOJIyYEHHBIX
pe3ynbraros. Ilepexon k npeIoKeHHBIM ITOKa3are-
JISIM OLIEHKH 3 PEKTUBHOCTU KPUOKOHCEPBUPOBAHUS
criepMHeB Oblka M Kapna, SMOPHOHOB MBI MOBBI-
1aeT BOCHPOM3BOJMMOCTh PE3YJIBTaTOB B CPEIHEM
B 1,5 pasza, 4TO IaeT BO3MOXHOCTb COIOCTABIISITD
PE3YNbTaThl, IOIy4YEHHBIC B Pa3HBIX OIBITAX.

Jlutepatypa
1. naHy C. Meauko-6uonornyeckasi ctatuctuka.— M.: MpakTtu-
ka, 1998.— 459 c.
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vation method state. Different initial state of embryos
provides higher indices of variation coefficients during
estimationd of integrity (50-149%) and efficiency (38—
46%) if compared with the effect of chosen cryopre-
servation method (40-96 and 30-36%, correspond-
ingly). Effect of various quality of murine embryos on
variation of bioobject's integrity is 1.3-3.2 times higher
than effect of cryopreservation method selection.

Thus, application of the methods of mathematical
modeling as the scientific research tool increases the
reproducibility of the results of cryobiological experi-
ment. This model enables to determine the efficiency
of the selected method of cryopreservation and its par-
ticular stages. It has been shown that initial state of
bioobject and peculiarities of stages of the selected
cryopreservation method affect the estimation of in-
tegrity of animal spermatozoa and embryos. Low re-
producibility of the integrity results of frozen-thawed
animal spermatozoa and embryos and also the absence
of possibility of their correlation when using different
methods of carrying-out the experiment stipulated the
necessity of application of the suggested criteria of
efficiency estimation for various cryopreservation
stages. When transit to the efficiency indices the ex-
perimental reproducibility increases in average in 1.5
times providing condition of correlation of the results,
obtained in different experiments. Therefore, taking into
account the bioobject’s state and the selected method
of cryopreservation by means of described model may
be the base of multifactor research of the mechanisms
of bioobject's cryodamage for the further increase of
efficiency of animal spermatozoa and embryos cryopre-
servation .

Conclusions

1. Taking into account the initial condition of bio-
logical material and efficiency of its cryopreservation
stages provides an increased reproducibility of the re-
search results.

2. Using the suggested mathematical model in-
creases the reproducibility of results up to 5 times, ena-
bling to obtain significant result when reducing the us-
age of biological material to 25 times.

3. Experimental test of the suggested model showed
a high convergence of the obtained results. Transition
to the suggested indices for estimating the efficiency
of bovine, carp spermatozoa and murine embryos’
cryopreservation increase reproducibility of results in
average in 1.5 times, enabling the correlation of the
results obtained in various experiments.
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