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Pedepar:

1. Incepranjifina po60Ta IpUCBIY€HA JOCIIKEHHIO CIOCO6iB (POPMYBaHHSI i30JIbOBAHOTO KEPOBAHOT'O HE3AJIESKHOTO
BiZl p06040ro By3ja 064MCII0BAIbHOIO KJIacTepa CEPELOBUIA BUKOHAHHS IIPUKJIQJHOTO IPOrPaMHOTO
3a0e3nevyeHHs MIIIXOM iHTerpallii TexHoJIorii BipTyasnisauii y rpia. ¥ po6oTi npoBeneHo aHali3 0Co6IMBOCTEN
B3a€MOJii eJ1IeMeHTIB rpifi-iGHPaCTPyKTyp IIPU BUKOHAHHS I'Pijl-3aBJaHb. 3Ha4YHY yBary MpUiJIEHO 3aJI€KHOCTI
CepeloBHUIIA BUKOHAHHS IIPUKJIAAHOrO IPOrPaMHOro 3a0€e3Me4eHHs Bill TporpaMHO-anapaTHoi KoHQirypatii
pob0ounx By3J1iB 06YMCIIIOBAJIbHUX KJIACTepPiB rpin-iHdppacTpykTyp. MeTa po6oTu nossrae y po3pobieHHi MeToiB Ta
IIPOrpaMHUX 3ac06iB CTBOPEHHSI CEpPELIOBUILA He3aJIeXXHOr0 Bifl KOHPIrypalii reTeporeHHUx pecypcis rpif-
iHppacTpykTypy, IIJISIXOM iHTErpalii TeXHOJIOTI! BipTyai3alii Ta BAKOPUCTAHHS IPUKJIAAHOTO IPOrPaMHOro
3a6e3neyeHHs y BipTyaJlbHUX MalllMHAaX, 3allyleHUX SIK Ipifi-3aBIaHHs. Y AucepTaliiiHiil po60Ti 3apONIOHOBAHO

METOJ, 3aITyCKY BipTyaJIbHUX MalIWH $IK IPifl-3aBIaHb LIJIIXOM iHTerpalii TexXHOJIOriN BipTyasisauii B rpif, sKuil He



IPU3BOJIUTH 10 Moaudikalii METOMIB Ta MigXOAiB 4O IPOrpaMHO-anapaTHOi KOHPIirypartii pobounx By3JiB

004K CIIOBAIbHUX KJIACTePiB rpif-iHdpacTpykTyp. 3alpOIIOHOBAHO METOAU 3ab€e31eYeHHs iHTePaKTUBHOIO JOCTYILY
710 IPUKJIAJIHOTO ITPOrPAMHOTr0 3a6€3MeYEHHS IJISIXOM Bifl1aJIEHOTO MMiAKII0YEHHS 10 3allyL€HUX BipTyalbHUX
MalllVH $K Ipif-3aBOaHb 3a JOTIOMOIOI0 CTAHAAPTHUX [IPOTOKOJIIB BifajeHOro AOCTyIly. CTBOPEHO Ta iIHTETPOBAHO
IIO IPOrpaMHUX KOMILJIEKCIB HAYKOBO-IOCIIZHUX IIPOEKTIB IPifi-cepBic aBTOMATH3Allil 3aI1yCKY BipTyaJbHUX MalluH
SIK IPifi-3aBAaHb. 3aCTOCOBAHO MaTEMATUYHUI anapaT TPAaH3ULIHHUX cUcTeM Ta Mepex [leTpi st MonentoBaHHS

po6OTH Ipifi-cepBicy aBTOMaTH3allii 3a1yCKy BipTyaJbHUX MALIMH SIK TPiJl-3aBJjaHb.

2. The use of grid computing in various research projects has yielded a number of important results in high-energy
physics, body surface, molecular biology, astrophysics, medicine and has given impetus to the construction and
use of modern computer infrastructures in research. Wide adoption of grid computing in various research projects
has yielded noticeable results in fields of high-energy physics, surface physics, molecular biology, astrophysics,
medicine and has given momentum to development and use of modern computing infrastructures in scientific
research. Each research project relies on its own in-house specialized application software for modeling and data
processing. Controlling the relevance of installed versions, configurations, available software libraries and porting
of application software incompatible with software and hardware architecture of the grid require significant
administrative efforts in the context of heterogeneous distributed infrastructure of the grid. For each virtual
organization which is granted access to the computing resources, individual installation of libraries, application
software and configuration of the runtime environment should be performed on each resource provider in the
grid. Use of virtual machines for creating isolated, manageable, independent runtime environments of grid services
has become widespread in grid infrastructures. Thus, the crucial task is to develop methods for integrating
virtualization technologies into the grid, which will enable running virtual machines as a job in the grid providing
interactive access to application software inside. Such methods should allow the execution of application software
in a controlled, isolated, computing environment of virtual machines running as grid jobs on the computing
resources of grid-infrastructure independently of the compute cluster worker nodes environment. The
combination of the possibility of creating an execution environment for the application software and interactive
interaction with it in virtual machines running as grid jobs enables using more flavours of application software,
which will significantly expand applications of grid technologies. Objective of this paper is to developing methods
and tools of creating computing environments that do not depend on the configuration of heterogeneous
resources of grid infrastructure through integrating virtualization technologies and running application software
in virtual machines running as grid jobs. A new method of running virtual machines as a task grid has been
developed, which allows use of container and hardware-assisted virtualization technologies. A new method of
interaction with application software running in the grid has been developed, which enables interactive mode and
use of graphical interface for different families of operating systems. A new method of executing application
software in a virtual machine running as a grid job has been developed, which allows configuring the execution
environment and running application software in batch and interactive modes of for different families of operating
systems. The Rainbow software solution developed in the work implements methods of running a virtual machine
as a grid job with interactive access to application software and allows the use of technologies of hardware-
assisted virtualization and container virtualization. Developed architecture of grid service allows automating
launch of virtual machines as grid jobs, manage virtual machine lifecycle, interacting with services of cooperation
layer of the grid and providing means of integration into software packages of virtual organizations. Developed
techniques and architectural principles of the formation of an isolated, independent from working node of
computing cluster of the grid infrastructure managed environment for running of the application software in the
grid jobs. Mathematical modeling by means of transition systems and Petri Nets for modeling grid service of
starting automation of virtual machine as grid tasks was conducted and it confirmed that such network is alive,
and such mathematical tools can be applied to grid services.
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