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Abstract

Objectives. This study aimed to evaluate the effects of high-load, low-repetition (HLLR) and low-load, high-
repetition (LLHR) resistance training protocols on muscle strength, muscle mass, and muscle damage in active adult

males.

Materials and methods. This quasi-experimental study involved 28 active adult males aged 18-22 years with a body
mass index of 19-23 kg/m? selected to actively participate in the study and given HLLR and LLHR interventions with
a frequency of 3x/week for 4 weeks. Data collection was carried out by assessing maximum muscle strength, muscle
mass, and muscle damage between baseline (pre) and week 4 (post). Statistical analysis used an independent sample

t-test, with a significance level of 95%.

Results. There were significant differences between HLLR and LLHR interventions in max strength lower body
(effect size (ES): 1.024), max strength upper body (ES: 1.241), and muscle mass (ES: 1.184) (p < 0.05). Meanwhile, CK
activity was found to be significantly reduced in LLHR compared to HLLR (ES: 0.828) (p < 0.05).

Conclusions. This study demonstrated that high-load, low-repetition (HLLR) training was more effective for
increasing muscle strength and muscle mass, while low-load, high-repetition (LLHR) training reduced muscle

damage, as indicated by lower creatine kinase levels.
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Introduction

Resistance training is integral to physical fitness,
rehabilitation, and athletic performance, being widely
recognized as a foundational element for enhancing muscle
strength, promoting hypertrophy, minimizing muscle
damage, and sustaining functional capacity across diverse
populations (Lopez et al., 2020). As an exceptionally
adaptable form of exercise, resistance training can be
customized to address the specific requirements of athletes,
older adults, and individuals undergoing rehabilitation
(Fragala et al, 2019; Bjarnason-Wehrens et al., 2022;
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Papa et al.,, 2017). Among the most commonly utilized
resistance training modalities are high-load, low-repetition
(HLLR) and low-load, high-repetition (LLHR) approaches
(Liu et al., 2024). HLLR, characterized by heavier loads
(exceeding 70 % of one-repetition maximum, 1RM) and
fewer repetitions, is traditionally preferred for maximizing
strength via the recruitment of high-threshold motor units
and generating greater mechanical tension on type II muscle
fibers (Schoenfeld et al., 2015; Nobrega & Libardi, 2016). In
contrast, the LLHR protocol, which employs lighter loads (at
or below 50% of 1RM) with higher repetitions, is frequently
associated with hypertrophy through mechanisms involving
metabolic stress and sustained motor unit activation, offering
an alternative for populations emphasizing reduced muscle
damage and expedited recovery (Dobson, 2021). Despite
the widespread application of these protocols, ongoing
investigations focus on their relative efficacy and associated
trade-offs concerning key muscular adaptations.
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Prior studies have compared LLHR and HLLR
in various contexts. For instance, Ikezoe et al. (2017)
reported no significant differences in muscle strength or
hypertrophy between the two protocols when repetitions
in LLHR were sufficiently increased, suggesting that LLHR
could serve as a viable alternative to HLLR. Likewise,
Schoenfeld et al. (2017) concluded in their meta-analysis
that while hypertrophy can be attained across a spectrum of
loads, maximal strength gains are most effectively achieved
through higher loading protocols. However, critical
distinctions emerge regarding muscle damage and recovery
requirements. Yeom et al. (2023) demonstrated that LLHR
is associated with lower levels of muscle damage markers,
such as creatine kinase (CK) and lactate dehydrogenase
(LDH), compared to HLLR, positioning LLHR as
advantageous for populations necessitating faster recovery.
Additionally, studies by Schoenfeld et al. (2015) and Bello
et al. (2024) revealed that while HLLR yields superior
strength adaptations, LLHR excels in improving muscular
endurance. These findings underscore the necessity of
discerning the physiological trade-offs inherent to these
resistance training methods.

Nonetheless, several critical gaps persist in the literature.
Firstly, existing studies have predominantly concentrated on
narrow populations, such as untrained or well-trained young
males, limiting the generalizability of results to broader
demographics, including older adults or individuals engaged
in rehabilitation (Schoenfeld et al., 2015; Fragala et al., 2019).
Secondly, while the improvements in hypertrophy and
strength resulting from these protocols have been extensively
elucidated, the implications for muscle damage and recovery
duration remain inadequately explored, particularly in active
adult males representing a wider spectrum of fitness levels
(Yeom et al., 2023; Dobson, 2021). Thirdly, the long-term
consequences of integrating LLHR and HLLR for optimizing
both hypertrophy and recovery have yet to be systematically
investigated. Lastly, while studies by Ikezoe et al. (2017) and
Yeom et al. (2023) infer that LLHR can achieve outcomes
comparable to HLLR, evidence remains scarce regarding
the applicability of these benefits in populations prioritizing
reduced recovery demands or minimized joint stress.

To address these gaps, this study endeavors to directly
compare the effects of LLHR and HLLR on muscle strength,
muscle mass, and muscle damage within active adult males.
Specifically, the research aims to ascertain whether LLHR can
achieve comparable hypertrophic and strength adaptations
while simultaneously reducing muscle damage relative to
HLLR. By examining these variables in conjunction, this
investigation aspires to deliver significant insights into the
relative advantages and limitations of each training protocol,
thus providing practical guidance for the customization of
resistance training to align with individual objectives and
capacities.

This research enriches the expanding corpus of literature
on resistance training by clarifying the trade-offs between
load and repetition schemes, emphasizing their integration
to achieve balanced training outcomes while considering
recovery demands. Ultimately, the findings aim to inform
evidence-based practices for athletes, fitness enthusiasts,
and clinical populations, addressing both performance
enhancement and recovery management.

Materials and Methods

Study Design

This study was a two-group pretest-posttest quasi-
experimental design. A total of 28 active adult males aged 18-
22 years, body mass index 19-23 kg/m2, had normal blood
pressure, normal resting heartrate, normal oxygen saturation,
and no history of chronic diseases, including heart failure,
coronary heart, diabetes mellitus, hypertension, and chronic
lung disease and no history of alcohol consumption and
no smoking in 5 years were selected to be actively involved
in the study. The participant recruitment technique used
consecutive sampling and was divided into two intervention
groups, namely high-load, low-repetition (HLLR; n = 14) and
low-load, high-repetition (LLHR; n = 14). All participants
involved in the study had received information about the
purpose, benefits, and risks of participation and they had
given informed consent. Following informed consent,
all subjects underwent health screenings and pretests for
maximum muscle strength, muscle mass, muscle damage.

Protocol of high-load, low-repetition (HLLR)
and low-load, high-repetition (LLHR)

The HLLR and LLHR training programs were
implemented and supervised by professional coachs from
the Department of Sports Coaching Education, Faculty of
Sports and Health Sciences, Universitas Negeri Surabaya
to ensure that the movements performed were correct.
HLLR was implemented with bench press and leg extension
exercises performed 3-5 sets, 8-12 repetitions, with an
intensity of 80-90% IRM. LLHR was implemented with
bench press and leg extension exercises performed 3-5 sets,
25-35 repetitions, with an intensity of 40-50% 1RM. The
repetition rhythm was performed in a controlled manner
with concentric contractions of about 1 second and eccentric
actions of about 2 seconds. Rest between sets was done for
90 seconds. The HLLR and LLHR training programs were
implemented with a frequency of 3x/week for 4 weeks.

Data Collection Technique

Assessment of maximum muscle strength, muscle mass,
muscle damage was carried out at the baseline (pre) and week
4 (post) in each group. Maximal muscle strength, namely
maximum strength lower body and maximum strength
upper body was assessed using the 1RM test, namely with
leg extension (lower body) and bench press (upper body).
Muscle mass was assessed using the TANITA BC-545N.
Muscle damage was assessed by measuring Creatine kinase
(CK) Activity in serum using an Assay Kit (Cat.No.: E-BC-
K558-S; CK Activity; Elabscience Biotechnology Inc.,
Houston, TX 77079, USA).

Statistical Analysis

Normality was applied using the Shapiro-Wilk
Test, then the normally distributed data were tested for
differences using the paired sample t-test to observe changes
between baseline (pre) and week 4 (post) in each group in
all variables. Meanwhile, to observe differences between
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groups, the independent sample t-test was applied. Effect
size analysis using Cohen’s D. All statistical analyses used a
95% significance level. Statistical analyses were performed
using SPSS 21.0 for Windows 10.

Results

Details of the baseline characteristics of the study
participants are presented in Table 1. No significant
differences were found in baseline characteristics of study
participants between groups (all p > 0.05). Assessment of
maximum muscle strength, muscle mass, muscle damage at
baseline (pre) and week 4 (post) on each group are presented
in Table 2 and Figure 1-2.
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Fig. 1. Assessment of maximum muscle strength, muscle mass,
muscle damage at baseline (pre) and week 4 (post) in LLHR
group. *Significant at pre (p < 0.05). Data are presented as
mean + SD. p-value was obtained from the results of paired
sample t-test analysis. Effect size analysis using Cohen’s D

Table 1. Baseline characteristics of study participants
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Fig. 2. Assessment of maximum muscle strength, muscle mass,
muscle damage at baseline (pre) and week 4 (post) in HLLR
group. *Significant at pre (p < 0.05). Data are presented as
mean + SD. p-value was obtained from the results of paired
sample t-test analysis. Effect size analysis using Cohen’s D

There were significant differences between baseline
(pre) and week 4 (post) the intervention of low-load, high-
repetition (LLHR) in max strength lower body (p = 0.001;
effect size (ES): 0.967), max strength upper body (p = 0.001;
ES: 0.784), and CK Activity (p = 0.001; ES: 3.438) (p < 0.01).
Meanwhile, no differences were observed in muscle mass
(p > 0.05) (Figure 1).

There were significant differences between baseline
(pre) and week 4 (post) the intervention of high-load, low-
repetition (HLLR) in max strength lower body (p = 0.001;
ES: 1.091), max strength upper body (p = 0.001; ES: 0.951),
muscle mass (p = 0.001; ES: 0.875), and CK Activity
(p =0.031; ES: 0.941) (p < 0.05) (Figure 2).

Parameters (iL_Hll;) (II;IELII;) Inge;::l‘fent

sample t-test
Age, yrs 19.57 £ 1.87 19.14 £ 1.56 0.516
Resting heart rate, bpm 65.72 + 8.84 66.79 £ 6.79 0.722
Oxygen saturation, % 97.29 £ 1.21 97.50 £ 1.16 0.636
Systolic blood pressure, nmHg 118.22 + 4.63 116.57 £ 3.96 0.322
Diastolic blood pressure, mmHg 70.36 +5.99 70.86 +7.91 0.852
Body weight, kg 64.14 + 6.65 61.43 +7.31 0.314
Height, m 1.71 £ 0.04 1.69 £ 0.05 0.224
Body mass index, kg/m2 21.87 +1.53 21.56 + 2.06 0.655
Body fat, % 16.83 £ 3.11 15.23 +4.38 0.275
Total body water, % 54.61 + 3.06 55.34 + 3.34 0.548
Bone mass, kg 5.87 £0.69 5.57£0.91 0.334
Muscle mass, kg 49.39 + 5.09 45.81 +5.97 0.100
Max strength lower body, kg 118.26 + 14.99 108.79 + 23.75 0.221
Max strength upper body, kg 76.71 +16.28 78.33 + 25.81 0.844
CK Activity, U/L 1.49 +0.53 1.39+£0.77 0.681

Data are presented as mean + SD. p-value was obtained from the results of independent samples t-test analysis
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Table 2. Maximum muscle strength, muscle mass, muscle damage assessment at baseline (pre) and week 4 (post).

Parameter (iI;HlIZ) (II;Ii'LlIZ) p-value Effect Size
Post-Max strength lower body, kg 132.79 + 15.06 136.82 +27.48 0.635 0.181
Post-Max strength upper body, kg 90.87 + 19.65 104.76 + 29.59 0.157 0.553
Post-Muscle mass, kg 50.46 + 4.26 51.17 £ 6.27 0.730 0.132
Post-CK Activity, U/L 0.16 + 0.14° 0.73 £0.62 0.002 1.272
A-Max strength lower body, kg 14.54 £ 6.72 28.02 +17.37* 0.012 1.024
A-Max strength upper body, kg 14.16 +7.49 26.43 £11.82° 0.003 1.241
A-Muscle mass, kg 1.07 + 3.54 5.36 + 3.71* 0.004 1.184
A-CK Activity, U/L -1.33 £ 0.53° -0.66 + 1.02 0.038 0.828

A: Post-Pre. aSignificant at LLHR group (p < 0.05). bSignificant at HLLR group (p < 0.05). Data are presented as mean * SD. p-value was
obtained from the results of independent samples t-test analysis. Effect size analysis using Cohen’s D

Discussion

This study evaluated the effects of high-load, low-
repetition (HLLR) and low-load, high-repetition (LLHR)
resistance training protocols on muscle strength, muscle
mass, and muscle damage in active adult males. The findings
demonstrate that HLLR is superior in increasing maximum
muscle strength for both upper and lower extremities,
whereas LLHR resulted in significantly reduced muscle
damage and meaningful hypertrophic adaptations. These
results align with established theories on resistance training
and provide insights into optimizing training protocols
based on individual goals and recovery needs. The findings
of this study are consistent with and extend the results of
previous research comparing low-load, high-repetition
(LLHR) and high-load, low-repetition (HLLR) resistance
training protocols. For example, Ikezoe et al. (2017) found
no significant differences between LLHR and HLLR in
terms of muscle strength and hypertrophy improvements,
suggesting that LLHR can produce similar outcomes to
HLLR when repetitions are increased. Our results similarly
indicate that LLHR is a viable alternative for promoting
hypertrophy while reducing muscle damage, as reflected in
lower creatine kinase (CK) levels. Furthermore, the study
by Yeom et al. (2023) demonstrated that LLHR induces
lower muscle damage markers, such as CK and lactate
dehydrogenase (LDH), while still activating key anabolic
signaling pathways (e.g., p70S6K1 and 4E-BP1), supporting
hypertrophic adaptations. This aligns with our findings that
LLHR minimizes muscle damage while eliciting comparable
hypertrophic effects. Consistent with Schoenfeld et al.
(2015), our study also observed that HLLR produced greater
improvements in maximum strength compared to LLHR.
This is likely due to HLLRSs ability to recruit high-threshold
motor units and stimulate neuromuscular adaptations,
which is critical for developing maximum force. Similarly,
the systematic review by Schoenfeld et al. (2017) highlighted
that maximal strength gains are best achieved with high
loads, whereas muscle hypertrophy can be achieved across
a spectrum of loading ranges. These findings further
reinforce our conclusion that HLLR is optimal for strength
development, while LLHR provides a safer and more
effective alternative for hypertrophy. Bello et al. (2024) also
reported that high-load training leads to superior increases
in I-repetition maximum (1RM) strength compared to
low-load training, supporting our observation that HLLR
is more effective for improving strength outcomes. However,

our findings emphasize that LLHR has the additional
advantage of reduced recovery demands, which could be
beneficial for specific populations, such as older adults or
those in rehabilitation. Additionally, our study complements
the findings of Schoenfeld et al. (2017) by confirming that
hypertrophic adaptations are not load-dependent, as both
LLHR and HLLR protocols produced meaningful muscle
mass increases. Overall, our results align with prior studies
while providing additional insights into the distinct trade-offs
between LLHR and HLLR protocols, particularly in terms of
muscle damage and recovery demands. By confirming that
both approaches can be effective for different training goals,
our study adds to the growing body of evidence supporting the
adaptability of resistance training to meet individual needs.
The mechanisms underlying these findings can be
explained through distinct physiological pathways and the
theoretical basis of resistance training. The superior strength
gains observed with HLLR can beattributed to the recruitment
of high-threshold motor units, which predominantly engage
type Il muscle fibers essential for maximum force production
(Del Vecchio etal., 2019; Morton et al., 2019). This aligns with
the principle of progressive overload, where high-intensity
loads promote neuromuscular adaptations and enhanced
motor unit synchronization (Pope et al., 2016). Conversely,
LLHR leverages metabolic stress to stimulate hypertrophy
by activating the Akt/mTOR signaling pathway, promoting
protein synthesis, and engaging both type I and type Il muscle
fibers when performed to failure (Grgic, 2020; McIntosh
et al., 2023). This mechanism explains how LLHR achieves
meaningful hypertrophic effects with less mechanical tension
per repetition, reducing the risk of structural muscle damage.
Furthermore, the elevated levels of creatine kinase (CK)
observed in the HLLR protocol reflect greater microtrauma
induced by heavier loads, which, although beneficial for
muscle remodeling, necessitate extended recovery periods to
avoid overtraining or injury (Callegari et al., 2017).
Therelationship between the protocolsand their respective
outcomes highlights important trade-offs. For muscle
strength, HLLR was significantly more effective due to the
high mechanical tension and superior recruitment of type II
fibers (Lixandrao et al., 2017). Although LLHR also produced
strength gains, its effects were less pronounced, suggesting its
potential as a complementary approach for individuals unable
to tolerate high loads (Schoenfeld et al., 2015; Evangelou et
al,, 2021). In terms of muscle mass, HLLR elicited greater
increases, consistent with the higher mechanical stress
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imposed by heavy loads, while LLHR produced comparable
hypertrophy via metabolic stress mechanisms, providing a
safer alternative for populations prioritizing joint health
or injury prevention (Jenkins et al., 2017). Finally, muscle
damage, as indicated by CK levels, was significantly lower
in LLHR, further supporting its use for faster recovery and
reduced structural stress (Baird et al., 2012).

This study is not without limitations. The intervention
period of four weeks may be insufficient to capture the long-
term adaptations or cumulative effects of these protocols. The
study also focused exclusively on active adult males, which
limits the generalizability of the findings to other populations,
such as women, older adults, or clinical groups. Additionally,
the reliance on CK as the sole marker for muscle damage
may not fully represent the complex structural changes
occurring at the cellular level, and further studies using
imaging or histological techniques are warranted. Lastly, the
study did not explore the potential benefits of combining
HLLR and LLHR protocols, which may offer complementary
advantages for both strength and hypertrophy.

These findings have practical implications for designing
resistance training programs. HLLR is optimal for athletes
aiming to maximize strength and power, while LLHR is a
safer and more sustainable option for individuals prioritizing
recovery, joint health, or moderate hypertrophic gains. A
combined approach may be beneficial, incorporating HLLR
during strength-focused phases and LLHR for hypertrophy
and recovery phases, thereby balancing the benefits of both
protocols while mitigating their respective limitations.

Future research should investigate the long-term effects
of HLLR and LLHR, particularly in diverse populations such
as women, older adults, and individuals with pre-existing
conditions. Examining the combination of these protocols
and their effects on muscle adaptation over extended
periods could provide further insights into optimizing
training outcomes. Additionally, molecular and structural
investigations, such as muscle biopsies and imaging studies,
are needed to elucidate the physiological mechanisms
underlying these adaptations. By addressing these gaps,
tuture studies could refine resistance training strategies and
enhance their applicability across various settings.

This study contributes to the growing body of evidence
on resistance training by demonstrating that HLLR is highly
effective for maximizing strength and hypertrophy, while
LLHR provides comparable benefits with reduced muscle
damage and faster recovery. These findings highlight the
importance of tailoring resistance training protocols to
individual goals, capacities, and recovery demands, thereby
optimizing performance outcomes in both athletic and
clinical populations.

Conclusions

This study demonstrated that high-load, low-repetition
(HLLR) training was more effective for increasing muscle
strength and muscle mass, while low-load, high-repetition
(LLHR) training reduces muscle damage, as indicated by
lower creatine kinase levels. HLLR’s superior strength gains
result from greater neuromuscular adaptations and high-
threshold motor unit recruitment, whereas LLHR offers
comparable hypertrophicbenefits with less recovery demand,
making it suitable for populations prioritizing endurance

or injury prevention. These findings suggest that tailoring
resistance training protocols to individual goals—strength
versus recovery and joint health—can optimize performance
outcomes. Combining HLLR and LLHR may provide a
balanced approach to maximize training effectiveness.
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Brn3sHauyeHHA NOKa3HUKiIB MaKCMMaJibHOI cUnn M’'A3iB,

M’A30BOI Macn, NOWKOMKEHHA M'A3IB Y aKTUBHUX JOPOCNX
YONOBIKIB NicNA NpoBeAeHHA CUIOBUX TPEHYBaHb i3 HU3bKUM
HaBaHTa)KeHHAM Ta Be/INKOIO KiNbKiCTIO NOBTOPEHb Y NOEAHAHHI
i3 BUCOKMM HaBaHTaXXE€HHAM Ta MaJIolo KiJibKiCTIO NOBTOPEeHb

Ipmanrapa Cy6amkio'ABPF, @amkap Exa Camyapa'4®PE, Ani [Ipanoto'“?, [IBi Kaxo KapTuko

2ABD
>

Ovue BipiaBan'®?, Auapi Cyexo'*®P, [Jlani IIpumanara'®®, Bekip Epxan Opxan®-?

!Nep>xaBuuit yHiBepcuteT Cypabast
*CraMOy/IbChbKMIT yHIBEpCUTET ATIVH

ABTOpCBHKNMIT BKIAL: A — FU3aiiH JOCTiIKeHHsT; B — 36ip ganux; C - crarananis; D - migroroska pykomucy; E - 36ip xomuTis

Pedepar. Crarts: 6 c., 2 Tab1., 2 puc., 22 KeperL.

Merta pocnipkenns. Ile mocnifiykeHHA Malo Ha MeTi OLiHUTY BIIMB IIPOTOKO/IB CMJIOBMX TPEHYBaHb i3 BUCOKMM HaBaH-
Ta)XeHHAM i Mano KinpkicTio noBropeHb (HLLR) Ta HM3bKMM HaBaHTa)KeHHSM 1 Be/IMKOIO KinbkicTio moBTopens (LLHR) Ha
MOKa3HMKIL CHJIU M 513iB, M'sI30BOI Macy Ta IOLIKO/PKEHHs M 3B Y JOPOC/MX YO/MOBIKIB, sIKi BeAYTb aKTUBHMII CIIOCIO KUTTSL.
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Marepianu ta Mmeropu. Ile kBasiekcriepyMeHTa/IbHE JOCTIPKeHHA BKII0Yano 28 aKTUBHMX JJOPOCINX YO/MOBiKiB BikoMm 18-
22 pokiB 3 iHfjekcoM Macu Tima 19-23 kr/M2, BigibpaHuX /1A aKTUBHOI y4acTi B TOCIi/KeHHi, AKi mpoxopumu intepsennii 3 HLLR
ta LLHR TpeHyBaHb i3 4acTOTO0 3 pasy Ha TYDK/IEHb BIPOOBXK 4 TYDKHIB. 306ip HaHNX IPOBOAMBCS IULIXOM OL[{HKY ITOKA3HVKIB
MaKCHMAa/IbHOI MM M’sA31B, M’30BOI Macl Ta IOMIKOKEHHs M 53iB MDK ITOYaTKOBMM €TaroM ([j0) Ta 3aBepLICHHAM IHepiofy
4 tyokHiB (mics). /1 CTaTUCTUYHOTO aHali3y 3aCTOCOBAHO t-KpUTepill [Is He3a/leXXHUX BIOIPOK 3 piBHeM 3HaIy1mocTi 95 %.

Pesynbrarn. [JocToBipHi BigMiHHOCTI crioctepiramica mMix intepeHnismMu HLLR Ta LLHR TpenyBaHb y moKasHMKaX MakK-
CUMa/IPHOI CU/IM HIDKHDBOI YacTiHU Tynyba (posmip edekry (ES): 1,024), makcumanbHOI cumy BepxHboi dactuHu Tyny6a (ES:
1,241) ta m’s30B01 macu (ES: 1,184) (p < 0,05). BogHOYac BCTAaHOBJIEHO, 1110 AKTUBHICTh KPeaTNHKIHA3M 3HAYHO 3HIDKEHA IIij] 9ac
BukoHaHHA LLHR Tpenysanb nopisaano 3 HLLR (ES: 0,828) (p < 0,05).

BucnoBku. [loc/imkeHHs IPOLEMOHCTPYBaO, 10 TPEHYBAaHHA i3 BUCOKMM HaBaHTAXXEHHAM i HM3bKOKO Ki/IbKiCTIO IIOBTO-
penb (HLLR) € edekTuBHIIMM 3 TOUYKM 30py 30i/NbIIeHHA M A30BOI CMM i M A30BOI MacH, TOi AK TPeHYBaHHA i3 HM3bKMM Ha-
BaHTA)XEHHSIM 1 BICOKOIO KinbKicTio oBTopeHdb (LLHR) cpusioTs 3MeHIIEHHIO TOMIKO/PKEHHS M 531B, IIPO 110 CBijYaTh HIDKYI
PiBHIi KpeaTUHKiHa3M.

KitrouoBi cmoBa: MakcuMaibHa CjIa M sI3iB, IIOMIKOKEHHsI M 5I3iB, M'sI30Ba Maca, CU/IOBi TPEHYBaHHSI.
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