K| B E pB E3 |_] E KA OCBITa, Hayka, TexHiKa Ne 3 (35), 2026

CYBERSECURITY: Crenianpauii Bumyck ISSN 2663 — 4023
J EDUCATION, SCIENCE, TECHNIQUE . .
Special issue

DOI 10.28925/2663-4023.2026.35.1443

UDC 004.72:004.75

Maksym Kotov

PhD student at the department of cyber security and information protection
Taras Shevchenko National University of Kyiv, Kyiv, Ukraine

ORCID: 0000-0003-1153-3198

maksym_kotov@ukr.net

Serhii Toliupa

Doct. Sci. (Engineering), Professor,

Professor of the department of cyber security and information protection
Taras Shevchenko National University of Kyiv, Kyiv, Ukraine

ORCID: 0000-0002-1919-9174

serhii.toliupa@knu.ua

HANDLING SPLIT BRAIN SCENARIOS WITHIN REPLICA STATE DICOVERY PROTOCOL

Abstract. Distributed systems often require coordination capabilities for resource and task
allocation among participating nodes. Traditional coordination solutions rely on centralized control
planes or leader election algorithms involving risks of authoritative decisions. In that regard, the
Replica State Discovery Protocol (RSDP) was created to achieve similar capability in a one-rank
network. RSDP defines peer-to-peer communication phases aimed at gathering a cluster state
consisting of participants’ perspectives. The architecture takes into account diverse requirements of
different execution environments with a stratified system and modular approach towards
constructing cluster state reducers responsible for their own data slices. When a network must
organize into a coherent system, the potential losses of messages and nodes, as well as entire
communication links, must be considered and handled on the protocol’s design layer. One of the
common pitfalls in that regard is network fragmentation and the requirement to guarantee cluster
stability in such scenarios. Previous work of RSDP has been concentrated on crash fault tolerance
and operational stability but has also explicitly acknowledged the absence of a formal mechanism
for handling split-brain events. The purpose of this article is to provide a theoretical basis for
building state reducers of two categories: those that tolerate network partitioning and those requiring
additional reconciliation mechanisms. It is also within the ambit of this work to formally describe
and verify such a mechanism without extending the initial set of messages used for the protocol and
avoiding additional communication or coordination overhead to handle such events.

Keywords: distributed computing; crash fault tolerance; failure detectors; state synchronization;
cluster management; state convergence; Replica State Discovery Protocol (RSDP); eventual
consistency.

INTRODUCTION

The Replica State Discovery Protocol was created as a solution for the general-purpose coordination
problem in distributed systems without reliance on an authoritative plane [1-4]. It is built upon the principles of
layered abstraction and architecture, which allows it to isolate complexities from spilling into adjacent domains.
RSDP is also built on the principle of modularity, which is mostly visible in its state reducer architecture. The
reducers could take disjoint responsibility for different state slices while using the same coordination primitives
and synchronization rounds. By extending respective layers, RSDP could be adapted to distributed and
decentralized environments [2-3].

Previous work in the series described the crash fault tolerance mechanism of RSDP and provided proofs
that the TTL eviction mechanism is an eventually perfect failure detector [5]. The work also provided closed-form
bounds for convergence which were later tested in both sandboxed and real environments. In Theorem 3 of that
article, the network partition event was addressed, describing what happens before the partition and after and how
the reconciliation works, but the work explicitly limits the mechanics during the fragmentation and declares it as
a scope of future work [5]. There could be different types of reducers that imply different requirements toward
handling such events. For example, those requiring exactly one answer, such as leader election, imply that during
partition, the mechanism has to prevent multiple simultaneous leaders from converging in subnetworks.
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To establish bounds of what could be achieved from this work, we should first mention the work of Gilbert
and Lynch [6], which formalized Brewer's conjecture and showed that a partitioned system cannot at the same
time guarantee availability and single-copy consistency. Later work [7] provided insight that the previous result
could be a design choice made per partition. RSDP works within a partially synchronous model of Dwork, Lynch,
and Stockmeyer [8], with a failure detection mechanism based on TTL state eviction as described in Chandra and
Toueg [9], and thus avoids FLP impossibility [10]. In this work we chose to work with Brewer’s framing, meaning
that the decision about the CAP trade-off could be done on a per-reducer basis. To do that we would have to
formally describe both types of the reducers and the constraints they impose on their members.

The first class of the reducers, which does not require coordination, uses basis and structures that were
studied in works of Shapiro et al. [11], which showed that a replicated state forming join-semilattice does not
require additional coordination. Hellerstein and Alvaro [12] described the CALM theorem, saying that a distributed
module could be consistent if it is monotone. In the previous work, RSDP already admitted CRDTS as possible
state reducer implementations, but it did not clearly separate monotone reducers from others.

As for the coordinated side, it could also be done in a few ways: the model described in Isis [14] allows
only one partition to make progress, while Extended Virtual Synchrony [15], the specification of Babaoglu, Davoli,
and Montresor [16], and the systems described by Chockler, Keidar, and Vitenberg [17] allow merging partial
views during the merge event. To avoid critical point of failure on the primary partition, leases [18] could be used
as described in Chubby [19] and Raft [20]. Another important mechanism to avoid stale updates is epoch
numbering, as was used in viewstamped replication [21]. Weighed voting could be used to govern the decision-
making process and provide more influence for more credible nodes [22]. There are also established mechanisms
and research about handling overlapping majorities without making a few primary partitions [20, 23]. To handle
catastrophic or planned reloads of nodes, incarnation numbers could be used like in SWIM to distinguish between
participation phases [24].

Having said that, the purpose of this article is not in creating novel techniques of split-brain handling or
discovering new coordination primitives. The goal is to adapt the existing mechanism as shown to be used in RSDP
for its purposes. Self-merging data structures, leases for holding primary references, epoch numbers, and
incarnations should be adapted in the context of RSDP to handle two primary classes of reducers: those requiring
coordination under a partitioned view of the network and those that do not need any additional mechanisms beyond
reducers conforming to properties declared in previous works [5]. It is therefore the goal of this article to also
minimize mechanical changes in RSDP to achieve the sad functionality and to leverage existing mechanisms such
as TTL eviction and data exchange to achieve the desired effect.

EXTENDED MODEL

To describe a process of handling split brain events, in this section, we introduce additional mechanics for
the RSDP. First is electorate attached to the “SHARE” payload with an epoch and an additional parameter 6,
which is an additional timeout parameter shorter than evection threshold. That mechanic will be used to make a
decision whether the node is authoritative and can actually derive cluster state. Second, an epoch for electorate to
handle shadow nodes and reappearing peers.

First, let’s start with the voter configurations K = (g, A, w), where € € N is an epoch; electorate set is
expressed as A € V; and w: A — R, are weights assigned to the electorate members. Every node v; in the cluster
holds its own X; (t) to make the state derivation decisions. When a node freshly enters the cluster or rejoins it after
crashing it gets an initial empty state X;(t) =L= (0, @, @) or a preconfigured set of nodes through administrative
channels. With that, the “SHARE” payload changes and includes the state derivation data itself, node incarnation
number from a previously defined model [5], and the voter configurations supplied as the third param in the tuple
PF = (P;,1;,%;). Then upon delivery of a payload with voter configs %' = (&', A", w'):

K =K'if ¢ > el else K}~. )

We define the voting wait for a subset of cluster nodes S € V as a sum of all node weight in the electoral
configurations that are both in S and A:

Wi (S) = Zjesnaw (), 2
where nodes that are not a part of the electoral configurations set (where not injected into configuration set
by an administrator) do not have any voting power.

We denote Maj,(S) as a majority voting group in given configurations set if majority condition holds:

Majyc(S) & Wic(S) > 22, 3)
with the majority margin:
1(%) = min {WK(X) P gy} Majgc(X)}. @)
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Next, adjacent configuration I’ = (&', A',w") is the next step after adding or removing a node from the
electorate K = (g, A, w). For a configuration to be considered adjacent, the following conditions must hold: (a)
epoch should be an increment ¢’ = ¢ + 1; (b) the electorates should differ by at most one node |[A @ A’| <1,
where @ shows the difference between sets; (c) weights of other nodes did not change w’ = w,on 4 n A’; (d) and
the increment of weight added by a new node is at most 2u(3_), where ¥ _ is configuration without the new node.

The adjacency is used to validate the configuration set updates issued by the administrator. Let us define
the injection operation inj; (") which means that a configurations set X’ should be installed at node v;, and is
only accepted in case if the node v; holds authority in that moment (has the majority quorum) and at the same
time, the I’ is an adjacent configuration to F_.

The implication here is that an electoral pool of nodes is a set of stable nodes that could be significantly
smaller than the entire set of cluster nodes. Hence, the scaling operations could be done independent of the current
electoral set and would not require administrative intermissions. The point of this mechanism is that in a dynamic
cluster, an electoral set has to be stable, otherwise it could end up with an authoritative threshold weight of 5 when
having 20 nodes which could lead to the split-brain scenarios.

Lemma 1 (adjacent majorities intersect). If  and XK' satisfy requirement from the definition of an
adjacent configuration, then every majority in X intersects very majority in &'.

Proof. If two electoral configuration sets are equal and the update only increments the epoch, then having
two disjoint majorities would imply that their weight would be bigger then total sum of weights. If not, then let S
be a set without a new node e and T = S U {e}, and majority of S as X and the majority of T as Y such that X n

Y =@. With that Y\{e} € S\X, meaning W(Y) < W(S) — W(X) + w(e) while W(Y) >M hence

wX) < WZ(S) + Wie) and W (X) would then have a margin less than

definition of an adjacent configuration set.
With 0 < 0, < 0 and quarantine Q > 0 (a minimum tenure a node has to hold for its weight to be counted),
freshness, voting, and authentication mechanisms apply to figure out if node is authoritative (can produce a state):
Fresh;(t) = {j € dom Z;(¢t): C;(¢t) — tf(j) < 6,3 U {i}, (5)
where X;(t) is the current view of state collection gathered from “SHARE” messages, C;(t) is the local
clock of the node v; and t; £ s when it was last heard from.
Vote;(t) = {j € Fresh;(t) n A;(t): C;(t) — xt(j) = Q }, (6)
gives a condition for the voting count, where only admin-approved electoral candidates have weight. Here,
Kkt (j) is when i first saw j's current incarnation and C;(t) — kf (j) is how long it was known.

Woc.(4;(t)
Auth;(t) = ]I{W;K (Vote,(t)) > M} (7
gives a condition of authoritative state of a node. All nodes inside RSDP cluster would still provide
perspectives that will be used for state derivation, authoritative status just says to a particular node if it can trust
its own derivation logic and can produce a state. That means that a translator would drop state L whatever the
incoming perspectives from other nodes are if it does not have authority.

Lemma 2 (handover gap). Given 0 < 6, < 6 and j—p > A+ @r”s‘”“l”_;k'n”y””, and if partition happens

att, = GST, then every node in minority segment will have Auth=0 before they get evicted from any other node
through TTL mechanism.
Proof. Any message that could cross the partition boundary would arrive at t, + 4, Where A is message

w(e)

, Which contradict requirement (d) from

Tsweep

be reevaluated at —— and yield 0 since Vote won’t hold a majority. Also, since at most k — 1 messages could

Tresync

be lost and sent at mtervals Tesync the node will hear it after £, — k - , and eviction will apply after —

9r+Tsweep

Lemma 3 (quarantine). Wrth — > A+ , if the node restarts at any point, it will not count on

other nodes before its previous mcarnatron will get removed from the view set of currently running nodes.

The argument here repeats from Lemma 2, with restart time as a reference point. Since the rejoining node
must wait the quarantine time, its previous incarnation will be evicted to avoid double counting of the same entity
and potential split-brain events.

Every node must also retain ;(j), an incarnation number seen from all its peers. Then if the node v;
reappears and ¢; = ;(j), it means it was missing because of partitioning, and in other cases, if ;; > #;(j), it means
that the node has restarted.
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PARTITION-AWARE ADMISSIBILITY

In RSDP, state reducers is a set of functions working one by one in a predefined pipeline schema [1]. The
main components in the reducer defining its nature and purpose are the aggregation and translation functions.
Starting with aggregation function G, which takes a batch b, which is the multiset of payloads from space X taken
from the node memory X;, along with the previous internal state s € §, and then produces a new state. Then, a
translator function T takes the aggregated state and transforms it into a useful view for the client. For example,
aggregator could perform membership gathering, putting identifiers into a set, while translator could give a count
of members and ordinal position for the client.

One of the results of the previous research aiming to prove crash fault tolerance of RSDP was a formal
admissibility ruleset for a state reducer that guarantees that when incoming data is the same — the nodes will derive
the same states in the cluster. The limitations require reducer chain to be deterministic, independent of order
permutations, independent of duplications, and have historical independence. The problem here is that partitioned
networks will not have the same set of data to aggregate on nodes, which could create inconsistencies. That’s why
in this section we are introducing a new property.

To compare outputs of different reducers, each declares its fact map F, showing exactly the list of facts, the
client will act upon after obtaining the state view through translation function. For cluster members reducers with
the resulting set {a, b}, the fact map would contain two claims: “a is a member” and “b is a member”. For leader
reducer a fact map would have a single claim “node a is the leader”.

With that, a new property Monotonicity (M) which delimiters partition-tolerant reducers from those
depending on additional consistency mechanisms:

bcb =FV®)cFV®)), (8)

which is basically saying that the reducer is partition-tolerable if it cannot retract its claim because of

additional data. For example, with members reducers, if the cluster heals, the other part held node c, the reducer

will not retract memberships of nodes a and b. In contrast, for leadership reducer, the appearance of node ¢ could

change the claim of the reducer, depending on the algorithm. The principle of monotonic reducer based on what it
returns comes from monotonicity of the CALM theorem [12].

Proposition 1 (sufficient condition). Let LI be an operation that is associative, commutative, idempotent
operation on §, and let us also define relation x = y which is equivalent to x LI y = y. Equation 8 holds if given
batches b and b’, if G(b W b’,s) = G(b,s) U G(b’,s) and F o T maps C-larger states to S-larger fact sets, where
W is a multiset union, and o shows function composition (F o T)(x) = F(T(x)).

Proof. For batches b € b’, G(b") = G(b) U G(b'\b), hence G(b) E G(b"),and F o T carries E to C.

State-based CRDTs were studied in many works and have been proven to have both properties of crash-
fault-tolerant admissibility of reducers, as well as monotonicity property described in equation 8 [11, 13].

Proposition 2 (merge on heal). Given a reducer that is partition-safe and given a partition event that splits
network into P, ..., B,, with its own state views V;, which after remerging of network will produce V, F(V,) <
F (V) for every k.

Proof. As was shown in crash fault tolerance analysis, after remerging networks, each node will hold in its
memory X; a superset of states of all partitioned networks. Hence, b, satisfies b,, € b and equation 8 will apply.

THEOREMS

Having established two types of possible reducers in context of split-brain handling, this section will
concentrate on proving properties about partition-sensible reducers. The first theorem pertains to the guarantee
that partitions without authority will not produce conflicting state reducer results, while the second theorem aims
to prove that legitimately authoritative partitions will continue functioning under such events.

The results work under a few following conditions:

1. Partitioning happens at time t, = GST, where network splits into a set of subnetworks inside which
nodes can communicate between each other but not across the boundary, and there is also an authoritative subnet
which has the majority of nodes derived from electorate before partitioning.

2. At t, the cluster is converged and participating nodes agree on electorate set and configuration set X..

3. Until the network remerges and heals from partitioning, nodes do not crash, restart, change membership
status. This particular condition is only for the first theorem and is relaxed for the second.

4. Parameters of RSDP engine satisfy conditions from Lemma 2 and 3, and the lower bound of 6.,..

5. Administrative configuration changes happen, as per initial assumption, once an epoch.

Then, by Lemma 2, subnetworks, and consequently nodes that are not in the authoritative network will stop
producing a state to the client for a set of partition-sensitive reducers in the following bound:

575



K BEPBE3NTEKA: ocaita, nayka, Texnika Ne 3(35), 2026

CYBERSECURITY: Crenianpauii Bumyck ISSN 2663 — 4023
J EDUCATION, SCIENCE, TECHNIQUE . .
Special issue

O +T:
ta =ty + 4+ 2202 ©

and that also means no node will evict partitioned peers from its state and view before the specified bound

ty.

Theorem 1 (no split-brain). After partitioning event at t, and reconvergence bound t;, only a single
authoritative subnetwork will produce state outputs for partition-sensitive reducers, while others will yield L.
During the transitive period, all subnetworks will still produce the same result for partition-sensitive reducers.

Proof. Before t; nodes will still hold the same electorate set and state outputs that was obtained during
previous synchronization session, including conditions 2 and 3 from the list above, all non-L values will be the
same. After t;, following Lemma 2, only authoritative subnetwork with the majority of voters will produce a state;
the electorate set cannot change more than once per epoch as per assumption; and two disjoint subnetworks can’t
both represent the majority and gain authority at the same time.

Theorem 2 (authority where possible). Throughout the partitioning event, the majority subnetwork holds
authority and continues to produce states for the clients. After the network remerges and partitioning heals at t;,,
all participating nodes from the majority subnetwork as well as other partitions will converge in the following
bounds:

max {TCO,W, Thy + M“’;”ef";l)mt}. (10)

Proof. Electorate stay fresh within 6,., majority subnetwork will not lose its authority and will reconverge
in T.,n», While evicting partitioned nodes treating them as crashed ones. After healing, peers receive “SHARE”
from lost nodes within Ty, and the electorate restores within @, authority reevaluated in T,/ (1 — p), and state
Dmax/(1 —p).

TLA+. The mechanized component for TLA specification was written and executed with TLC version
2.19. All the specifications, as well as the execution logs and parameters are specified in the GitHub repository
attached in source links of this article [25]. Protocol operates over time but to simplify and reduce the state space,
in this specification we discretize the time in ticks, where each tick SHARE message is being sent. At most k-1
messages could be lost and SHARE message could be delivered in at most 1 tick. The parameters used by default
are ® =5, 0r=2 Q=4 k=2and A = 1. Checked: D — NoDualLeader, C — ConsistentOutputs, A —
MajorityKeepsAuth, R — AuthReturns, M — MergeOnHeal, L — Lemma 1.

Table 1
TLA specification evaluation results
Configuration n Mechanism Checked | Result Distinct Depth Time
removed states
lemmal nocap / | — | weight cap L X1V 1/1 1/1 3s/1s
ca
gart)e_off 3 authority gate D X 973 7 1s
agg_fresh 3 aggregation over ¥ | D X 196 4 <1s
order_off 3 O r<®®r=0)| D X 985 7 1s
quar off / on 3 quarantine (Q=0) | D,C X/v | 5605/10984 | 9/16 | 2s/3s
tenure evict /| 3 tenure reset on | D,C,R X /v | 4/400/20,968 | 8/10 | 2s/15s
fresh staleness
adj off / on 4 adjacency D,C X/v | 6463/1278 | 8/7 1s/1s
spacing off /on | 4 spacing (A3) D, C X /v | 10,871 []19/16 | 3s/7s
18,166

cap off / on 4 weight cap D,C X /v | 1,567/318 8/7 <l1s
tie 4 — (stale changein | D, C v 9,722 9 4s

a tie)
merge_n3 3 — D,MR v 20,968 10 15s
rec_tight 3 — (boundk+Q—-| R X 453,371 9 59s

1
full_n3 3 l (any split, | D,C,AR| ¢ 1,045,001,965 | <38 4h 06min

crash, restart, heal)

The execution results showed that excluding any of the introduced mechanisms leads to a duplicate leader
situation in a span of a few states. Additionally, during execution another failure mode was found related to the
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tenure mechanism. When split brain scenario happens and then heals itself but one portion still receives delayed
SHARE message in 1 tick, 2 leaders could emerge because the smaller partition does not consider freshness for
the tenure. Thus, another requirement for tenure is to be continuously fresh.

CONCLUSIONS

Organising distributed systems into a coherent service entails complexities related to unstable transmission
channels, participants, and the environment. Hence, it is important for the coordination protocols to provide robust
operational mechanisms and guarantees of operational stability during their execution in the face of message loss
or network fragmentation. In that light, RSDP has been proven already to handle message losses, participant
departures, and, within this article, also the network fragmentation scenarios.

Within this work, a new property (L) lattice-mergeability of the reducer has been defined to differentiate
between partition-tolerant components and those requiring the fragmentation-handling mechanism. This allows us
to also establish a network where the overhead of sending an explicit electorate list could be omitted in favour of
performance.

Secondly, this article provides a formal definition of the mechanism required to guarantee the mutual
exclusion of authority, single authoritative component, and liveness of the coordination cluster. Multiple scenarios
of network fragmentation have been considered, including latent node participations and rejoins. Properties of
such networks were verified through the use of TLA specifications.

Overall, the purpose of this article was to address the consistency gap in previous versions of the RSDP
during network fragmentation scenarios. With that confirmed, RSDP benefits from a formally proven operational
stability in the face of both crash faults and network partitions, making it a reliable tool for non-adversarial
environments. Addressing the Byzantine mechanism is a scope of future work.
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OBPOBKA CIIEHAPIIB PO3JIVIEHHSI MEPEXI B PAMKAX ITPOTOKOJIY BUSIBJIEHHS
CTAHY PEILIIKA

Amnoranis. Po3nozineni cucremu 9acto NoTpe0yIoTh 3ac00iB KOOPAUHALIT TSl pO3IIOALITY PecypciB
1 3aBIaHb MDK By3JlaMU-y4acHUKaMH. TpajuiiiiHi pillleHHS Uil KOOpJMHAII CHHMPalOThCS Ha
LEHTPaJIi30BaHi IUIONIMHU KepyBaHHS ab0 alropuTMH BHOODY JiZiepa, 1o MOB’I3aHO 3 PU3HKAMH,
BJIACTHBUMH TPUUHSTTIO DillleHb €IUHAM aBTOPUTETHUM BY3JIOM. Y IIbOMY KOHTEKCTi Oyio
po3pobieHo nporokon BusiBieHHs craHy pemtik (RSDP) s 3a0e3nedyeHHs aHalOTiyHHX
MOXKIIMBOCTEH Y Mepexi piBHONpaBHHX By3iiB. RSDP Bu3Hauae eranu B3aeMofii MiX By3Jamu,
CrpsIMOBaHi Ha ()OpMyBaHHS CTaHy KJIacTepa Ha OCHOBI JaHUX, OTPUMAHUX BiJl OKPEMHX y4aCHHUKIB.
ApXITeKTypa BpaxOBye BUMOI'Y PI3HUX CEPEIOBUIL BUKOHAHHSI 3aBASKN OaraTopiBHEBil cucTeMi Ta
MOZYIEHOMY MiAXOMY A0 CTBOPCHHS KOMIIOHEHTIB 3BEIICHHS CTaHy (PEAYKTOpIB), KOXKEH 3 SKHX
BIJINOBIiIa€ 3a MeBHUI (parMeHT naHux. Komu Mepexxa Mae opraHi3yBaTucs B LIUTICHY CUCTEMY, Ha
piBHI TPOEKTYBaHHS MPOTOKONY HEOOXiAHO mependaunTu OOpOOKY CHUTyaliil, MOB’s3aHUX i3
BTPATOI0 IIOBIJIOMJICHb, BHUXOJOM i3 Jiaay BY3J]iB a0o po3puBOM KaHaliB 3B’s3Ky. OpHi€o 3
HOIIUPEHNX MPOOJIEM Yy IbOMY acreKTi € parMeHrailis Mepexi Ta HeOOX1IHICTh TapaHTyBaHHS
crabibHOCTI KiacTepa 3a Takux ymoB. Ilonepemni nmocmimkenHs RSDP Oynu 3ocepemxeni Ha
CTIHKOCTI 10 BiIMOB THITY «3ymnuHKa» (crash faults) Ta omepariiiHiii cTabijIbHOCTI, IIPOTE B HUX
TaKOX BH3HABaJacs BIJCYTHICTh (popMalibHOTO MeXaHi3My OOpOOKH CHUTYyalili PO3KONy CHCTEMHU
(split-brain). Meta mi€i cTaTTi — CTBOPUTH TEOPETHUHE TATPYHTS AJIsk HOOYIOBU PEIYKTOPIB CTAHY
JIBOX KaTeropiii: THX, IO CTIMKI J0 PO3MIEHHS MEpeXi, 1 THX, IO MOTPeOYIOTh IO0JATKOBUX
MEXaHI3MIB y3rO/DKEHHsI JaHuX. Takok y Mexax Iiei podoTH 3aiiCHIOEThCS (hopMasbHUI OIMuUC 1
Bepudikallisi TAKOro MeXaHi3My 0e3 PO3IIUPEHHSI TOYaTKOBOTO HA00PY MOBIIOMJICHb IPOTOKOITY Ta
0e3 JI0NATKOBHX BHUTpPAT PECYPCIB Ha KOMYHIKAII0O YM KOOPIMHAINIO Uil OOpOOKM 3a3HAa4YeHUX
CHTYyaITiil.

KawuoBi cioBa: po3noxiieHi OOYHCIEHHS; BIJIMOBOCTIHMKICTH /0 300iB; JeTeKTOpU 300iB;
CHHXPOHI3aIlis CTaHiB; yIpaBIiHHA KIacTepaMi;, KOHBEPTEHITis CTaHiB; MPOTOKOJ BUSABJICHHS CTaHy
pemtiku (RSDP); ocTtatodna y3romKeHiCTb.
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