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Abstract

In the development of oil and gas fields with elevated and high formation temperatures, the effectiveness of
hydraulic fracturing (HF) operations is largely determined by the correct selection of the breaker system, which
ensures controlled degradation of the polysaccharide gel after pumping and proppant placement. In conventional HF
design practice, breaker type and concentration are typically selected based on a static formation temperature, while
variations in the near-wellbore thermal regime during pumping are only partially considered. This study presents
the results of an analysis of formation temperature dynamics recorded in real time using an autonomous downhole
pressure—temperature gauge during an HF operation, including the injection test, mini-frac, and main fracturing
stages. It was established that injection of fracturing fluid at a surface temperature of approximately 20 °C leads to a
rapid reduction of near-wellbore temperature by several tens of degrees relative to the initial formation temperature.
Operational pauses result in partial temperature recovery; however, the original thermal state is not restored before
subsequent stages. The results demonstrate that the effective temperature governing HF fluid performance during
a significant portion of the operation differs substantially from the static formation temperature. This discrepancy
affects gel degradation kinetics and the efficiency of persulfate-type oxidative breakers. Comparison of field
temperature data with laboratory rheological test results obtained using a Chandler 5550 viscometer confirms the
necessity of accounting for dynamic temperature conditions when selecting breaker systems. Incorporating actual
thermal history into breaker design improves selection reliability and enhances fracture cleanup efficiency in high-
temperature reservoirs.
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Introduction

Hydraulic fracturing (HF) is one of the key technologies for hydrocarbon production stimulation
and is widely applied in the development of low-permeability and heterogeneous reservoirs,
including fields with elevated and high formation temperatures [1, 2]. Over more than half a century
of development, HF technology has undergone significant evolution; however, the fundamental
principles of operation design remain closely associated with the proper selection of fracturing fluid
properties [2].

The effectiveness of HF operations is largely determined by the rheological and filtration
properties of the applied fluid, which must ensure stable fracture opening, efficient proppant transport,
and subsequent controlled degradation of the polymer gel with minimal residual damage to fracture
conductivity [3-6]. Under high formation temperature conditions, the requirements for HF fluid
formulation increase substantially, since elevated temperature accelerates thermal degradation of the
polymer structure, alters the viscosity characteristics of crosslinked gels, and directly affects breaker
reaction kinetics [7-9].

In engineering practice, the selection of HF fluid formulation is typically based on a static
formation temperature determined from geological and geophysical data. Laboratory evaluation of
fluid rheological properties and gel-breaking kinetics is usually performed at a fixed temperature
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assumed to be equal to the formation temperature or at a reduced value. This approach is reflected
in current methodological guidelines and regulatory documents, including the international standard
ISO 13503-1, which governs methods for measuring the viscosity characteristics of completion and
HF fluids [10].

At the same time, the results of experimental and field studies indicate that the actual temperature
conditions in the near-wellbore zone during HF may differ significantly from the initial formation
temperature [11-13]. The injection of large fluid volumes, whose temperature is generally lower
than the formation temperature, leads to intensive cooling of the HF zone. The magnitude and nature
of this cooling depend on the pumping regime, injected fluid volume, and operation duration, as
confirmed by both analytical assessments and field observations [13, 14].

Variations in the temperature regime during pumping have a direct impact on the rheological
behavior of HF fluids and the efficiency of gel degradation. As temperature decreases, breaker
reaction rates may be significantly reduced, resulting in delayed fracture cleanup and retention of
polymer residues within the proppant pack [15, 16]. Consequently, selecting breaker concentration
solely based on static formation temperature without accounting for actual thermal transients may
lead to a mismatch between laboratory-designed fluid formulations and real reservoir conditions.

Despite the recognized importance of temperature effects, most existing HF fluid design
methodologies implicitly assume quasi-stationary thermal conditions and do not incorporate real-
time temperature evolution during pumping. In this regard, optimization of HF fluid formulation
with consideration of dynamic formation temperature represents an important scientific and practical
challenge.

The objective of this study is to substantiate an adaptive approach to HF fluid formulation
selection based on real-time downhole pressure-temperature monitoring and laboratory investigations
of the rheological properties of crosslinked gels. By integrating field-measured thermal histories
with controlled laboratory testing, the proposed approach enables improved design reliability and
enhanced effectiveness of HF fluids under high formation temperature conditions.

Materials and methods

Object of study and initial reservoir conditions

The study is based on field and laboratory data obtained during an HF operation conducted in
a terrigenous reservoir characterized by elevated formation temperature. In order to comply with
confidentiality requirements, the field name, well number, and stratigraphic designation of the
productive interval are not disclosed in this paper. The considered object represents a typical oil
field with low-permeability porous reservoirs, for which HF is the primary method of production
stimulation.

The main geological, physical, and thermobaric reservoir parameters are summarized in Table 1.
The reservoir conditions are characterized by significant burial depth, high formation temperature,
and moderate reservoir pressure, which impose increased requirements on the thermal stability and
gel-breaking kinetics of the HF fluid.

Table 1 — Main Initial Reservoir Parameters

Parameter Value
Average reservoir depth, m 2,640
Reservoir type Porous
Average effective thickness, m 9
Porosity, % 14
Permeability, mD 2
Formation temperature, °C 108
Initial reservoir pressure, atm 285
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Brief description of the HF operation

The HF operation was performed in several consecutive stages and included an injection test,
a mini-frac, and the main HF treatment. The total pumping duration, including operational pauses
between individual stages, was approximately eight hours.

HF fluid injection was carried out in a staged manner and was accompanied by periodic pump
shutdowns between operation stages. The presence of operational pauses was dictated by the specifics
of the field execution and had a significant impact on the thermal regime of the near-wellbore zone.
During active pumping periods, intensive cooling of the formation occurred due to the injection of
fluid with a temperature substantially lower than the formation temperature, whereas during pump
shutdown periods partial temperature recovery was observed.

Within the scope of the present study, pressure parameters, pumping schedules, injected fluid and
proppant volumes, as well as fracture geometry characteristics were not analyzed. The HF operation
was considered exclusively as a controlled hydrothermal process, allowing investigation of formation
temperature dynamics and its influence on HF fluid rheological properties and gel-breaking kinetics.
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Downhole Temperature Monitoring Methodology

To record the temperature regime in the near-wellbore zone during the HF operation, an
autonomous downhole pressure—temperature gauge AMT-10 was installed within the HF treatment
interval. The gauge provided continuous recording of temperature and pressure throughout all
pumping stages and the subsequent recovery period.

Pressure and temperature data were recorded with a time step of 1 second, ensuring sufficient
temporal resolution to capture both rapid temperature changes during active pumping and gradual
temperature recovery after pump shutdown. The obtained data were used for a detailed analysis of
temperature dynamics during the injection test, mini-frac, and main HF stages.

The main technical specifications of the applied measuring equipment are presented in Table 2.
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Figure 1 — Schematic representation of HF operation stages
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Table 2 — Main technical specifications of the downhole pressure—temperature gauge

Parameter Value
Type Autonomous pressure—temperature gauge
Model AMT-10
Temperature measurement range up to 150 °C
Pressure measurement range up to 100 MPa
Temperature measurement accuracy +0.5 °C
Data recording type Internal memory
Logging frequency Programmable
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HF Fluid System

The studied HF operation employed a water-based HF fluid formulated with a crosslinked
polysaccharide gel. Guar gum derivatives were used as the gelling agent, providing the formation of
a three-dimensional crosslinked structure with rheological properties suitable for efficient proppant
transport.

Viscosity enhancement and thermal stability of the system were achieved through the application
of a borate-based crosslinking agent, providing reversible crosslinking of polysaccharide chains.
Such fluid systems are widely used in field practice for HF operations under moderate and elevated
temperature conditions.

Controlled degradation of the gel structure after pumping completion was achieved using an
oxidative breaker based on inorganic persulfate-type oxidizers. Its mechanism of action is associated
with oxidative destruction of polysaccharide chains, resulting in viscosity reduction and facilitating
subsequent removal of degradation products from the fracture.

Special attention was paid to the selection of breaker concentration, as the rate and efficiency
of breaker action are largely governed by the temperature regime. The base fluid formulation was
initially designed using the static formation temperature, after which its applicability was evaluated
considering the actual temperature dynamics during pumping.

Laboratory Rheological Testing Methodology

Laboratory investigations of HF fluid rheological properties were conducted using a high-
pressure, high-temperature rotational viscometer Chandler 5550, designed to simulate HF fluid
flow conditions at elevated temperatures and pressures. The testing methodology complied with the
requirements of the international standard ISO 13503-1 [10].

The rheological testing program consisted of three consecutive stages performed to simulate
temperature conditions characteristic of the main HF treatment. At the first stage, the stability of the
crosslinked gel was evaluated at formation temperature for a duration exceeding the calculated main
HF pumping time by 20%, corresponding to pad-stage conditions within the main treatment. At the
second stage, tests were conducted at a temperature reduced to approximately 85% of the formation
temperature, simulating intermediate thermal conditions during the main HF pumping process. At the
third stage, gel breaking and structural degradation were investigated at a temperature defined as the
arithmetic mean between the formation temperature and the surface-injected fluid temperature. This
temperature level was used to simulate the conditions of the final stages of the main HF treatment
and the initial post-pumping period, when a mixed thermal regime forms in the near-wellbore zone
due to heat exchange between the injected fluid and the formation.

All tests were performed at a constant shear rate representative of fluid flow conditions within
the fracture. During testing, viscosity evolution over time was recorded, allowing evaluation of gel
stability, degradation kinetics, and system sensitivity to temperature variations.
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Figure 2 — Example of a rheological test of a crosslinked gel under different temperature regimes
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Data Processing and Analysis

Downhole temperature data and laboratory rheological test results were analyzed jointly.
Temperature curves were segmented according to HF operation stages, and characteristic temperature
ranges were identified for each stage. Laboratory results were interpreted with consideration of these
temperature ranges, which enabled evaluation of the adequacy of the conventional static-temperature-
based fluid design approach and substantiation of the need for HF fluid formulation optimization
accounting for dynamic formation temperature behavior.

Results and discussion

Formation temperature dynamics during the HF operation

The results of downhole pressure—temperature monitoring provided a continuous temperature
history of the near-wellbore zone throughout all stages of the HF operation. The overall dynamics of
temperature, pressure, and operational parameters are presented in Figure 3.
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Figure 3 — Overall dynamics of temperature, pressure,
and operational parameters in the near-wellbore zone during
the hydraulic fracturing operation

Analysis of the temperature curve indicates that the thermal regime in the near-wellbore zone
is distinctly non-stationary and differs significantly from the static formation temperature assumed
during HF design. Already at the injection test stage, a sharp temperature decrease is observed due
to the injection of HF fluid at approximately 20 °C, which is substantially lower than the initial
formation temperature of 108 °C (Table 1). This rapid cooling develops within the first minutes of
pumping, indicating intense heat exchange between the injected fluid and the surrounding formation.

After pump shutdown, partial temperature recovery occurs as a result of conductive heat transfer
from the surrounding rock; however, the temperature does not return to the initial formation level
before the onset of subsequent operation stages. As a result, a reduced thermal background is
established in the near-wellbore zone early in the treatment and persists throughout the operation.

A more detailed view of temperature evolution during the injection test stage is presented in
Figure 4. Even short-term injection of cold fluid leads to a pronounced temperature reduction,
forming the initial thermal conditions for subsequent stages.

Temperature dynamics during the mini-fracturing stage are shown in Figure 5. Compared with
the injection test, the mini-frac results in deeper and more prolonged cooling of the formation. The
minimum temperatures recorded at this stage are significantly lower than the formation temperature,
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indicating an accumulated cooling effect from preceding pumping activities. After pump shutdown,
partial thermal recovery is observed; however, by the start of the main HF stage the temperature
remains noticeably below the initial formation value.
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Figure 4 — Temperature dynamics in the near-wellbore
zone during the injection test stage
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Figure 5 — Temperature variation during the mini-hydraulic fracturing stage

The most pronounced and long-lasting cooling of the near-wellbore zone occurs during the main
HF stage (Figure 6). During this period, temperature decreases by several tens of degrees relative to
the initial formation temperature and remains at a reduced level throughout the entire active pumping
interval. Consequently, the HF fluid system operates under thermal conditions that differ substantially
from those assumed in conventional laboratory-based fluid design.

The characteristic temperature parameters for each operation stage are summarized in Table 3.
These data clearly demonstrate that the effective operating temperature range of the HF fluid is
shifted toward significantly lower values relative to the formation temperature, particularly during
the mini-frac and main HF stages.
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Figure 6 — Temperature dynamics in the near-wellbore
zone during the main hydraulic fracturing stage

Table 3 — Characteristic temperature parameters during different stages of the HF operation

Operation stage Stage Temperature Minimum Average Deviation of
duration, min | before injection, temperature temperature average temperature
°C during injection, | during injection, from formation
°C °C temperature, °C
Injection test 7 108 63 83 -25
Mini-fracturing 10 92 44 70 -38
Main hydraulic
fracturing 23 97 36 56 -52

Comparison of field temperature data and laboratory rheological tests

The results of laboratory rheological tests of the crosslinked gel conducted in accordance with
ISO 13503-1 [10]. The experiments demonstrate that both viscosity stability and gel-breaking kinetics
are highly sensitive to temperature conditions. A decrease in temperature relative to the formation
value results in a slowdown of oxidative breaker action and prolonged retention of elevated viscosity.

Comparison of the downhole temperature history obtained in the field (Figures 3-6) with
laboratory test results reveals that the conventional approach to breaker selection does not adequately
represent the actual operating conditions of the HF fluid during pumping. Effective cooling of the
near-wellbore zone leads to a reduced rate of gel degradation, which may delay fracture cleanup
and negatively affect proppant pack conductivity. These observations are consistent with findings
reported in previous studies [15, 16].

Comparison of conventional and optimized temperature selection approaches

To quantitatively assess the discrepancy between calculated and actual temperature conditions
used for breaker selection, a comparison between the conventional and optimized approaches is
presented in Table 4.

As shown in Table 4, the temperatures applied within the optimized approach are systematically
lower than those assumed in traditional design. The most significant deviations are observed at the
intermediate and final stages of the main HF treatment, where the actual operating temperature of the
fluid is tens of degrees lower than the formation temperature. This explains the reduced efficiency of
breaker action when using fluid formulations designed without consideration of dynamic temperature
conditions.
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Table 4 — Comparison of calculated and actual temperatures

Parameter Conventional approach Optimized approach
(based on study results)
Initial stage, °C 108 97
Intermediate stage, °C 92 60
Final stage, °C 64 40

Justification for optimizing HF fluid formulation

The obtained results confirm that a HF operation should be considered not only as a hydrodynamic
process but also as a pronounced hydrothermal process. The temperature regime in the near-wellbore
zone is governed by the injected fluid temperature, pumping rates and stage durations, as well as the
presence of operational pauses between stages.

Under such conditions, optimization of fracturing fluid formulation should be performed with
consideration of the actual thermal history of the operation rather than relying exclusively on
static formation temperature. Selection of breaker type and concentration accounting for reduced
temperature conditions allows maintaining viscosity stability during pumping stages and ensuring
effective gel degradation after fracturing completion, which is critically important for improving
efficiency and repeatability of HF results in high-temperature reservoirs [7-9, 15].

Conclusion

Within the framework of the present study, the influence of dynamic formation temperature
behavior on HF fluid performance under high-temperature reservoir conditions was systematically
analyzed. Based on downhole pressure—temperature monitoring data, it was demonstrated that the
thermal regime in the near-wellbore zone during HF operations is highly non-stationary and is
governed by the sequence of pumping stages, the temperature of the injected fluid, and the presence
of operational pauses between treatment stages.

It was established that a significant temperature reduction occurs already during the injection test
stage, while subsequent temperature recovery is limited and incomplete. During the mini-fracturing
and main HF stages, an accumulated cooling effect develops, resulting in an effective operating
temperature of the HF fluid that remains several tens of degrees lower than the initial formation
temperature for a substantial portion of the treatment duration.

Comparison of downhole thermometry data with laboratory rheological test results showed that
the conventional HF fluid design approach based on static formation temperature does not adequately
reflect the actual operating conditions of the gel system during pumping. In particular, reduced
temperature conditions lead to a pronounced slowdown in polysaccharide gel degradation kinetics
and a corresponding decrease in the efficiency of oxidative breakers, potentially impairing fracture
cleanup and proppant pack conductivity.

Based on the obtained results, the necessity of optimizing HF fluid formulation with consideration
of the actual thermal history of the operation is substantiated. Adaptation of breaker concentration
and fluid formulation parameters to the dynamically evolving temperature regime enables the
simultaneous achievement of viscosity stability during pumping stages and effective gel degradation
after HF completion.

The proposed approach can be readily implemented in HF design workflows without additional
operational complexity, relying on the interpretation of downhole temperature data and adjusted
laboratory testing protocols. The conclusions obtained have practical significance and may be applied
in the design of HF operations in high-temperature reservoirs to enhance the reliability of engineering
decisions, improve fracture cleanup efficiency, and increase the repeatability of field results.
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KABATTbI 'NIPABJIMKAJIBIK ’KAPY KE3IHJIET'T KEH)KAP
MAHBIHAATBI AUMAKTBIH TEMIIEPATYPAJIBIK PEKUMIHIH
EPEKIIEJIIKTEPI 7KOHE OJIAPABIH bIABIPATYIIBIHbI TAHIAYFA 9CEPI

Anjgarna

Kabar Temneparypachl »orapbl MyHal )oHE a3 KeH OpbIHIAPBIH UIrepy JKarJaiblHaa KadaTThl I'MaApaBiIuKa-
abIK kapy (KIK) onepaumsinapbIHbIH THIMALTIT KoO1HECe BIIBIPATYIIBI )KYHECIH IYPHIC TaHJIayMeH aHbIKTaJIa Ibl.
Byn skylie mponmaHTTBHI aiijiay JKOHE OpHAIACTBIPY asKTaJFaHHAH KEHiH NoimcaxapuiTi TeNbIiH OaKbLIayJIbl
Typae Oy3pUIysIH KamTaMach3d etyi tuic. KK xobamayabrH gocTypiti ToxipuOeciHae BIABIPATYIIBIHBIH TYPl MEH
KOHIICHTPAIMACH, 9ETTE, KabaT TeMIepaTypachlHbIH CTATHKAJIBIK MOHIHE HETI3AENIN TaHAANaabl, al aiiiay mpo-
[ECiH/Ieri OKMaH MaHbl aliMaFbIHIAFbl TEMIepaTypanblK PeXKUMHIH e3repyl IMIeKTeysl JeHTeiie FaHa ecKepiiesni.
Kympicta aiinay cbiHarbl, MUHU-KI K jxoHe Herisri rujpaBinukaibik xapyabl kamTuTeiH KK onepanusicsr ke-
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3iHJIC aBTOHOMJIBI TEPEHJIIK TepMOOAPUKAIIBIK JaTUUTIHIH KOMETIMEH HaKThl YaKbIT PEKUMIHJE TIpPKEJITreH Kabar
TeMIIepaTypachIHbIH JHHAMHKACHIH TaJI1ay HOTHKENEpi YChIHbUIFaH. beTki Temneparypacs mamamen 20 °C 6onarsia
JKYMBIC CYHMBIKTBIFBIH aiijjay OKIaH MaHbl allMarbIHJIaFbl TeMIIepaTypaHbIH 0acTamKpel KadaT TeMmeparypachIMeH
CalbICTBIPFaH/ia OHJaFaH TPagycKa Te3 TOMCHJICYiHE OKeJeTiHI aHbIKTAIABL TeXHOIOTHSIIBIK Y3LTiCTep Ke3iHae
TeMIeparypa iliHapa KaJlblHa KelleAdi, anmaiina KaOaTThIH OacTamKsl JKbUTY KYHi Kejleci Ke3eHaep OacTanmFaHra
JIEHiH TOJBIK KaJIbIHA KEJIN yarepMeni. AbIHFaH HOTIDKEIep KOPCETKeH IeH, onepalisHbIH eadyip Oeirinae
KI'K cy#WBbIKTBIFBIHBIH KaCHETTEPIH aHBIKTAHTBIH THIMJII TeMIIepaTypa CTaTUKAJIBIK Ka0aT MOHIHEH alTapIibIKTail
epekieneHei. by colikecci3ik renb/iH bIABIpAY KMHETHKAChIHA JKOHE MEepCyNb(arThl THITET! TOTHIKTHIPFBIII
BIIBIPATYIIBUIAP/BIH  THIMIUTITIHE ocep ereni. KeH opHbIHmarbl Temmeparypanslk nepekrepai  Chandler
5550 BHCKO3MMETPIHIE >KYPTi3iUIreH 3epTXaHANBIK PEONIOTHSUIBIK CHIHAKTAPABIH HOTIDKEIEPIMEH CAIBICTBIPY
BIIBIPATYIITBI JKYHETep i TaHAay Ke3iHAe THHAMAKAIBIK TEMIIepaTypaIbIK PEKAM/II €CKepy KaKSTTIIriH pacTaiiabl.
OnepanusiHbIH HaKThl TeMIIepaTypablK TAPUXbIH €CENKe aly BIABIPATYIIbIHBI TaHJIAY CEHIMIUIITIH apTThIpasIbl
JKOHE HKOFaphl TEMIIEpaTypajbl YKbIMIBIK KadaTTap sKaraaiblHIa )KapbIKIIaKThIH Ta3apyblH xakcapryra opi KIK
HOTIDKEIICPIHIH KalTaJaHyblH KAMTaMacChl3 €Tyre MYMKIHIIK Oeperi.

Tipek ce3mep: KabarThl THAPABINKAIBIK JKapy, Ka0ATThl THAPABIMKAJIBIK JKapy CYWBIKTBIFBI, KEH)Kap MaHbIH-
JIaFbl aliMaK, BIABIPATYIIbI, PEOJOTHSIIBIK KaCHETTED.
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OCOBEHHOCTH TEMIIEPATYPHOT'O PEKUMA
NMPU3ABOMHOMU 30HbI TPU T'NIPOPA3PBIBE IIJIACTA
U UX BJIUSSHUE HA TOJBOP BPEMKEPA

AHHOTALMA

B YCIIOBUAX pa3p360T1<I/1 He(I)THHI)IX " Tra30BbIX MeCTOpO)K}IeHI/If/'I C IIOBBIIICHHBIMU W BBICOKMMMU I1JIAaCTOBBIMU
Temrieparypamu 3(pQGeKTUBHOCTH orepanuii ruapopaspeisa miacta (I'PI1) B 3HauMTENILHOM CTETIEHN OnpeelnseT-
Csl KOPPEKTHBIM BBEIOOPOM OpeHKepHO! CHCTEMBI, 00eCIICUMBAIOIICH KOHTPOIMPYEeMOe pa3pylIeHHe MoIncaxapu/I-
HOTO TeJIsl TIOCIEe 3aBEPIICHUS 3aKAUKU M pa3MEIleHHs MPONIAaHTa. B TpaAnMOHHON NpaKTHKE MPOESKTHPOBAHUS
I'PII i m kOHIIEHTpamms Opeikepa, Kak MPaBIIIO, MTOIOUPAIOTCS MCXOII U3 CTATHIECKOTO 3HAYCHHUS IIIaCTOBOI
TEMIIepaTyphl, TOTa Kak M3MEHEHUs] TEMIIEPAaTyPHOTO peXnMa B MPH3a00HHOM 30HE B MPOLECCE 3aKAUKU yUH-
TBIBAKOTCA JIMIIb B OFpaHH‘IeHHOﬁ crenenu. B pa60Te MPCACTABJICHBI PE3YJIbTAaThl aHAJIN3a JUHAMUKU IIACTOBOM
TEMIIEpaTyphbl, 3apETUCTPUPOBAHHOI B PEXKHUME PEalbHOrO BPEMEHH C UCIIOIb30BaHUEM aBTOHOMHOTO ITyOMHHOTO
TepMOOapUICCKOTO JJaTYMKA B X0/ MpoBeAcHuUs onepanuu [ PI1, Bkirovaromeil HarHeTarenbHbIH TecT, MUHU-I PT1
1 OCHOBHOH THAPOPA3PHIB. YCTAHOBICHO, YTO 3aKauKa JKHIKOCTH THAPOPA3phIBa C IOBEPXHOCTHOH TeMIIepaTypon
mopsiaka 20 °C mpUBOIUT K OBICTPOMY CHIKEHHIO TEMITEpaTyphl B MPpU3a00WHONW 30HE Ha NECATKH TPATYCOB IO
CPaBHEHMIO C UCXOAHOM IJIAaCTOBOM TeMneparypoil. Hannuue TeXHOIornueckux nays conpoBOXKAaeTCsl YaCTUYHBIM
BOCCTAHOBIICHUEM TEMIIEPATYPbI, OJTHAKO HCXOJHOE TEIIOBOE COCTOSIHUE TUIACTa HE BOCCTAHABIMBACTCS JI0 Hayala
nocieayromux craauil. [lomydeHHble pe3ysbTarhl MOKa3bIBAIOT, 4T0 A(deKTHBHAs TeMIleparypa, Onpeelstomas
nioBezieHue sxuakocty ['PIT B Tedenue 3HaYMTENILHOM YacTH Ollepanny, CyIeCTBEHHO OTIINYAeTCs OT CTATHYECKOTO
IUTACTOBOTO 3HAYEHHS. DTO PACXOXK/ICHHE OKa3bIBACT BIMSHHME HAa KMHETHKY pa3pymIeHus reist ¥ 3QpQeKTHBHOCTh
OKHCIINTETBHBIX OpeiikepoB nepcyabdaraoro Tuna. ComnocraBieHne TPOMBICIOBBIX TEMIIEPATYPHBIX JAHHBIX C pe-
3yJabTaTaMA J1TAOOPATOPHBIX PEOIOTHYECKUX HCTBITAHWH, BRIMOMHEHHBIX Ha BHcko3uMeTpe Chandler 5550, mon-
TBEP)KAAET HEOOXOAMMOCTh yuéTa JUHAMUYECKOrO TEMIICPATyPHOTO PEXHUMa MPH MOA00pe OPSHKEPHBIX CHCTEM.
VYuer akTuueckoil TeMneparypHOi HCTOPHH OIIEPAaIMH ITOBHIIIAET HAJIS)KHOCTh BBIOOpa Opelikepa U CIIocoOCTBYET
YIYYLICHHIO OYMCTKH TPELIMHBI U TIOBTOPsieMOcTH pe3ynbsraroB ['PIT1 B yciioBHsAX BBICOKOTEMITEpATypHBIX KOJIIEK-
TOpPOB.

KuroueBble cjioBa: THIPOpPa3phIB IUIACTA, KUAKOCTh THAPOPA3PHIB IJIacTa, MpU3adoiiHas 30Ha, Opeiikep,
peoJIoruuecKre CBOMCTBa.
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